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The Society of Motion Picture Engineers
Its Aims and Accomplishments.

^7°HE SOCIETY was founded in 1916, its purpose
(0 as expressed in its constitution being, "advancement in the theory and practice of motion picture
engineering and the allied arts and sciences, the standardization of the mechanisms and practices employed
therein, and the maintenance of a high professional
standing among its members."
The Society is composed of the best technical experts
in the various research laboratories and other engineering branches of the industry in the country, as well as
executives in the manufacturing and producing ends of
the business. The commercial interests also are repreted by associate membership in the Society.
The Society holds two conventions a year, one in the
ing and one in the fall, the meetings being generally
>ur days' duration each, and being held at various
places. At these meetings papers are presented and dison various phases of the industry, theoretical,
nd practical. Demonstrations of new equipment and methods are also often given.
A wide range
covered, and many of the authors are the
highest authorities in their distinctive lines.
The papers presented at the convention together with
full discussions arc printed as Transactions after
Transactions form the most comlibrary in existence of the motion picture
indv
jenl to each member of the Society
obtained by non-members at a very nominal Bum,
From the Hon. Secretary:
L. C. Porti.r
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PRESIDENTIAL

ADDRESS

Spring Meeting of the Society of Motion Picture Engineers
Hollywood, Calif., April, 1928.
W. B. Cook*
FELLOW Members, Guests, and Visitors of the Society:
This meeting is the realization of an ambition of many years
standing in our Society that we might some time gather in this
center of production and get better acquainted with those responsible
for production.
I wish particularly to express our sincere and hearty appreciation
to the resident members and their associates who have worked so
energetically to make our visit both delightful and successful. We
have never attended a meeting before where we have been so literally
overwhelmed with the kindness, consideration, and hospitality which
have been extended to us here.
I have been requested particularly to point out to the producers
the complexity of their problems and the dependence of the industry
at large upon the technician; that is, upon the engineer. I know of
no other industry which is so dependent on all the sciences as the
motion picture industry. No artistic conception of the author,
scenario writer, or director can be given to the public except through
the application of chemical, mechanical, and electrical engineering.
Let us briefly analyze some of the steps in the production of a
motion picture. Probably most of us think of a strip of raw film
as being one of the tools with which we work, or one of the products
employed in the industry, without realizing that for more than a score
of years some of the cleverest chemical engineers, some of the best
research men, some of the greatest inventors, have expended their
lives in the invention, perfection, and manufacture of that little
strip of celluloid which we call "raw film."
Then, suppose we proceed to the studio or lot. First of all, the
economical lay-out of that lot, the arrangement of the studio buildings, the laboratories, the projection rooms, and everything connected
with the production of the picture depend on the engineer called a
* Kodascope Libraries, Inc., New York, N. Y.
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"studio manager," but he had to have the essential knowledge of the
civil engineer to lay it out.
Next comes the cameraman, who takes this raw film and puts
it into his camera. This camera is the product of cumulative effort
on the part of mechanical engineers with assistance from the physicists. Now the cameraman is ready to go to work, but he must have
lights. You are acquainted with the electrical part of it because I
understand you are making tests of two different kinds of electric
illumination, so you are aware that there is a long line of electrical
engineers in the industry. After the director with his megaphone
and the stalwart star and beautiful heroine have done their particular
turns before the camera and the roll of film has the image on it,
everybody connected with it breathes a sigh of relief and says, "That
is over," but it is not. Upon the men in the laboratories depends
whether the result will produce a perfect picture or whether a slip
will necessitate a retake. This costs money and reduces the profits
in the production, so that the slightest mistake in the laboratory
may cause damage running into a great deal of money. We shall
suppose that the departments have the efficient production and
management that undoubtedly those in Hollywood have and that
the film passes from the hands of the producer into those of the distributor. Still it is not out of technical hands.
This film has all the possibilities of success or failure dependent
upon its exhibition, commonly called "projection," and it is one of
the most delicate operations to which the film is subjected. Optical
engineers have worked on the lens systems, and electrical engineers
on the sources of illumination. Architects have planned the building,
projection booth, and seating capacity of the place in which it is to
be projected, so that everywhere we see evidence of a complete,
correlated organization absolutely dependent on the strength of its
weakest link. Everywhere along the line some inefficient engineer
may cause disaster and necessity for repeating a great deal of the
work.
Now, I am told that there is a. lack of complete correlation between the artistic and the dramatic or idealistic; between the author,
the scenarist, the director, who represent the artistic, and the technical branches of the industry. It is evident that if these artists and
directors have a better grasp of the technical limitations imposed on
the product in its manufacture, they will all produce a more efficient
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result with greater economy, and, as a result, with greater profit to
their employer and greater remuneration to themselves.
The plea I would make is that those who are not familiar with
the technical part and who may hold it in some contempt, should
so modify their attitude as to familiarize themselves with it and thus
collaborate in the production of the finished picture.
Our Society membership embraces practically all of the technical activities that I have so briefly outlined to you. It collects
the knowledge of all through the presentation and discussion of our
papers and disseminates this knowledge to the individual by the
publication of its Transactions.
I find in the dictionary that the definition of an engineer is
"One who carries through an enterprise by skillful contrivance; an
efficient manager." By this definition it is evident that every man
contributing a real part in the motion picture industry qualifies as
an engineer. As such our Society invites you to join as an Associate
or Active member. You will take pride in your membership and be
of more value to your employer, to the industry and the public who
supports and enjoys the result of our individual efforts.

SPEECHES PRESENTED AT THE BANQUET GIVEN BY
THE ACADEMY OF MOTION PICTURE ARTS AND
SCIENCES IN HONOR OF THE SOCIETY OF MOTION PICTURE ENGINEERS*
MR.

DOUGLAS FAIRBANKS: We are here tonight to do honor
to the gentlemen who are responsible for the mechanical and
scientific instruments with which motion pictures are made — to you
who make and perfect the tools and have made possible the achievements of motion pictures today.
Those of us who get our names in electric lights are inclined to
forget the debt we owe you. It is by such means as you have provided
that the film was discovered and enabled many of us to leave the one
night stands, the barber chairs, and the fur business, and amass a
fortune sufficient to allow us to take our yearly trips to Europe. And
so we bow our heads and pay homage. It is a privilege to play host,
and we hope your stay will be pleasant and fruitful of accomplishment.
I am going to turn the chair over to Mr. Niblo.
Mr. Fred Niblo: The President of the Society of Motion
Picture Engineers will respond to the address of welcome.
Mr. Cook : Engineers are not writers; very few are able to make
speeches; one of the most gifted is at our table, and you will hear
from him later. The best speeches are by politicians; they are prolific in promises before election but sometimes fail in performance
afterward. The engineers as a rule work the other way; they are not
great promisers but fairly consistent performers. I am sometimes
asked : "Wha1 is a motion picture engineer?" and perhaps I can best
describe him by pointing out that after the author has written the
story, and the director has passed on the script, and the star and the
beautiful heroine and all the extras which Mr. Beetson's organization keeps listed and ready for drafting are arranged, and it looks as
if everything was getting along swimmingly, somebody comes along
and places restrictions on the wishes of the author. That is likely to
!"■ tie- engineer. Perhaps you call him "technical director" or "cameraman" or "electrician/' but he is likely to place restrictions or
some limitations upon what was before an idealistic and beautiful
Hotel, Hollywood, Calif., April 1 1, L928.
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dream, and it is not because he desires to do that, but he realizes
necessities which to the artistic mind are superfluous. Any technician in the industry is really an engineer, and it is our privilege in
the Society to number among our membership a great many of the
outstanding geniuses in many branches of the motion picture industry. These men have for about twelve years consistently gathered the information at their disposal. They have made many of the
outstanding inventions, improvements, and developments during
that time; and in the papers presented at our conventions and subsequently published in our Transactions, there is gathered probably
the greatest contribution of the industry. The purpose of the
Society is to gather the information from all and make it available
to each individual. The engineer who joins our Society benefits,
first, himself, because it makes him more familiar with the present
knowledge and development in the art, and makes him more valuable to his employer. Secondly, it brings his knowledge to our Society that we may use it and contributes to the enjoyment of that
public upon which we all depend for the support of the industry.
We have been overwhelmed in the welcome by your city. There
are no words of mine which can adequately express the sentiments
of appreciation and gratitude which our members feel in the wonderful reception you have tendered us from the moment of our arrival
and which reaches its peak at the present occasion. We can only
hope to deserve in some small measure this marvelous ovation that
you have tendered us.
Me. Xiblo : The next speaker will explain to our guests the functions of the Academy of Motion Picture Arts and Sciences. This
gentleman, if not the founder of the organization, is one of whom
I believe each member is very proud — Mr. Louis B. Mayer.
Mr. Mater: Honored Guests, Members of the Academy: It
is quite proper that the engineers should come to the capitol of the
film world, where their inventions and contributions are put to
practical use. When we look back two or three years and can remember and recall when an author conceived a great idea in an unusual
and imaginary situation, we said: "Remember the limitations of
the camera." We are so blase and spoiled that nothing phases us
now. The sky is the limit. Yesterday, it was a task to show a village
flooded, and now if we have to show the destruction of the world,
we put it on paper and then "shoot" it.
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My friends, the Academy has lived nine months. I am not the
founder; 1 wish I was. I had an idea and I propounded it, and Mr.
Niblo and Conrad Nagel took it up.
Since the Academy has been in existence, there has been agitation
between the artist and the employer, but that was adjusted through
the efforts of the Academy. Employers have realized that they must
have the good will of their employees. The great companies are those
who are Loved and trusted by their employees.
Scientific research laboratories are now coming into existence,
and I want to pay tribute to the engineering branch of the Academy.
I also want to make a bitter, and sad, and painful confession for the
producers and executives — they have not put their shoulder to the
wheel as they should, and I hope they take inspiration from the
engineering forces and the directors. I think that we actors are the
slackers, and I am ashamed.
Mr. Niblo: It gives me great pleasure to call upon a gentleman
for many years very closely and executively associated with the
Eastman Kodak Company. His subject will be "Research in Industry."
Dr. Mees: When history looks back on the first years of the
i wentieth century, I venture to say that the outstanding phenomenon
in world history of that period will be the enormous rise in the prosperity of the United States. That is the wonder and envy of the
world at the present time. Commissions have come from most of
the larger governments of the world to study the origin and source
of that prosperity, and those commissions have returned in most
cases reports which have been published. In those, stress is laid on
the various causes of the prosperity; on the size of the country, and
the willingness to trade, on the natural resources of the country; but
there is one cause of prosperity that has been stressed universally
and which it seems to me is much clearer than any other cause. These
t hi nn- are ao1 new. The United States had greater natural resources
years ago than it has today because it had to waste so much.
It has had a very large and well-educated population for many years,
"'"' >• ' the gr< -.-it prosperity of the country is a new phenomenon.
I believe the cause which will be assigned as the origin of that prosthe application of scientific knowledge to the industrial
■ ice of the counl ry. '
'n"- nineteenth century is distinguished from all the centuries
opment of scientific knowledge. At the opening
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of that century, the world was in a state of culture but little more
advanced than it had been. It is difficult to realize, but a fact, that
in 1800 the world was little more civilized than it had been in the
year 300. In 1200, to take a period in between, civilization had fallen
from the high point it had attained to an extraordinarily low level,
and it was not until between 1700 and 1800 that the world had recovered to the point it had reached fifteen hundred years before.
We see that the cyclic rise and fall was a regular phenomenon.
By 1900, the entire situation was revolutionized. It was not
revolutionized by the overthrow of government nor the skill of the
politician. It was revolutionized only by the discovery by mankind
of the enormous stores of natural knowledge made available for him
by science. In 1900 it could be said that "man stood on the earth
as upon a footstool and reached out his hands to the stars."
The period since then has been the application of science. In
1900 science was an academic matter. To be a scientist meant fundamentally that you were a professor and meant usually that you were
absent-minded and poverty stricken. About that time certain of the
industries required the application of science, and the new industries
started to apply science. With great hesitation they employed a professor or two and discovered that they knew things directly applicable
to the industry which lowered the cost, improved the product, and
made money for them. Those technical industries have never looked
back. At present, the technical industries are ruled throughout by
the methods of science.
Another change, however, took place soon after. The method and
philosophy of science penetrated not merely the scientific but the
council chambers of the industries. Twenty or thirty or forty years
ago, the leaders of the industries were men trained in finance and
business. Today, the leaders of these industries are usually engineers
— men whose training is in science and the application of the science
to those industries. This is the cause in my opinion and is the English,
German, and Japanese Commissions' opinion of the prosperity of
the United States today.
We are by no means perfect. We are only beginning to apply
science to our methods of life, but it is permeating all our thought,
and there is coming steady improvement in all our work.
The motion picture industry is a purely technical industry, as
technical as the electric industry. Curiously enough, it has not as
an industry at present developed the science which it is applying.
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It has left that science to be developed by the manufacturers of its
apparatus and materials. Those manufacturers have produced a
great body of technical knowledge which is the foundation of the
motion picture industry, and the Society of Motion Picture Engineers,
of which I have the great honor to be a member, is the group of
workers in that field who have developed the technical knowledge
which the industry uses. The time has come when the motion picture
industry must develop its own methods and problems, co-operate
with the work of the manufacturer, but nevertheless see that they
are applied and that no parts of the field are left unfilled.
This evening, I believe, is the opening of a new era which will
hasten the application of the knowledge available and stimulate the
production of new knowledge as it becomes necessary.
Mr. Niblo: It is with great pleasure that I call upon a great
master — the president of the Association of Motion Picture Producers, who will talk on "The Value of Motion Picture Production."
Mr. Cecil B. De Mille: Toastmaster, Honored Guests, and
Fellow Members of the Academy :
With the toastmaster's permission I will not talk on this subject.
While I represent the Motion Picture Producers' Association, there
are some things in which I approve of Bolshevism. One of them
is speaking. I merely want, on behalf of the producers, to augment
the welcome that Mr. Fairbanks extended to them and thank Mr.
Cook and Dr. Mees for showing us something that I am confident
many of us did not know, and I apologize to our honored guests for
not knowing there even was a Society of Motion Picture Engineers.
The majority of us, as Mr. Mayer so admirably pointed out, proceed
along our merry way, realizing that if anything happened to us as
individuals, "God help the whole industry!" When we are confronted, as we are tonight, with some of the best scientific brains in
the world, we realize that it is impossible to stand without the
pedestal.
There is no firmer foundation than science. There is no industry
more dependent than we are today, upon science. There is no industry more dependent upon unity than we are today, and there is
no more perfect means of acquiring that unity than the realization
of Mr. Mayer's dream, the Academy. I know that many of us have
looked with suspicion upon it. Many of us have thought — I can say
this, because I am on both sides of the fence — that it was a producer's
organization. Mr. Mayer shattered that with one terrific blow by
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saying we were the worst laggards in the Academy. I hope he has
exaggerated, but if he has not, I can pledge our word that we are
absolutely with you. We are not the foundation of the Academy,
but we are one of its strongest branches. That branch is useless
without the co-operation, general understanding, and unity of all
the other branches.
Tonight is a big night for the Academy and the industry, because
it shows us that the Academy is not merely name; that it is the
beginning of a great organization representing a great industry on
which all branches of that industry meet on an absolutely even
footing. There is no advantage to either side or to any one branch.
It is an absolutely honest organization, a necessary organization,
and one that must have the support of every intelligent brain in the
industry. It is vital to our success.
We are confronted by so much difficulty on the outside, that
we cannot be a house divided against ourselves. The European situation is very serious. Many countries are endeavoring to make the
same mistake we made in prohibition; that is, trying to legislate
against taste. You cannot pass a law to compel a British subject
to like Susie Jones better than Mamie Smith, because the public
won't do it, but several nations have passed a law.
We all owe deep respect and gratitude to Mr. Hays who has
handled the European situation in a very masterful manner. We have
reports from him of good results. Mr. Hays is doing a magnificent
piece of work there, and here we must stand together as a solid body,
for a house divided is doomed to fall, and there are many on the
outside looking in and waiting for us to display some point of weakness in order to attack that point. This Academy is the bulwark that
can stand against that attack, and the Society we are welcoming
tonight are a very important factor in it, because they have given
us the opportunity for this meeting and for showing ourselves that
we represent a solid front.

Mr. Niblo: The subject of the next speaker is "Announcement
for Producers," by the Vice President of the Motion Picture Producers Association.
Mr. Beetson: Toastmaster, Members of the Society of Motion
Picture Engineers, Members of the Academy, and our Guests and
Friends :
Some months ago the technicians' branch made a request of the
producers' branch of the Academy that they establish a research
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laboratory. This week was spent with the executive committee of
our associatioD in selecting, as we thought until a short time ago,
a head for thai laboratory whose name we hoped to announce tonight,
bul we could not do so. The gentleman in question will probably
be a member of the Society of Motion Picture Engineers and a
member of the Academy. At any rate, within a few days, we wih
have here as a contact man for the various branches of the various
croups represented a man approved by most of the leaders of the
Society, and we will start our first step in the scientific field.
It is my understanding that American industry spends
> 200,000,000 a year in research. We as producers are not educated
in that field. Speaking with Mr. Hawkins and Dr. Mees, they told
me thai this step would probably lead to our spending a million
dollars a year on research in the near future. In the event of that
happening, 1 know I shall be the man to come to the producers to
get that money, and this meeting tonight will make it a very simple
mutter. We need everything we can get to fortify this business.
I hope that within a few days, before the engineers leave, we can
make thai announcement.
Mi;. Niblo: I take pleasure in introducing the president of the
American Society of Cinematographers, Mr. Daniel Clark.
Mr. ( 'i.akk : Toastmaster, Gentlemen of the Academy of Motion
Picture Arts and Sciences, Members of the Society of Motion Picture
Engineers, Ladies, and Gentlemen:
A few years ago, before the foundation of the Academy of Arts
and Sciences, before the Associated Motion Picture Producers
bed, before the motion picture engineers had an organization,
a few cinematographers got together and recognizing the necessity
for research, organized what they were pleased to call the "American
Society of Cinematographers." They took for their purpose and
principle, and represented it by three letters— loyalty, progress, and
art. The meaning of loyalty is loyalty to each other and loyalty to
the producers \\\\<> pay our salaries and loyalty to the directors with
whom we try to co-operate and put upon a strip of celluloid what the
people hi
e. They saw the possibility of collecting, accumulating, and promoting anything of a mechanical nature that would
add '" the progress of the industry thai they represented. That is
the purpose in which we are nil engaged.
1 1. peaking of the Mazda demonstrations conducted in the
Warner Studios n few months aj^o, we believe we have a record on
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celluloid which is one of the finest scientific reels of pictures ever
produced, reels which will tell a story to any one who sees them
regardless of what they are looking for. I should like to say for the
benefit of everybody present that we have tried to edit those reels
without a single mercenary object in view, without an attempt on
our part to promote any particular film, or light.
I wish to again welcome the engineers to Hollywood and tell
them that the Society of Cinematographers hopes they buy some of
the lots which Mr. De Mille has mentioned and stay here, because
we need them and want them.
Mr. Niblo: Our next speaker is Mr. Hawkins of the General
Electric Company.
Mr. Hawkins: Toastmaster, Ladies, and Gentlemen:
Dr. Mees has told you of the growth of research in the manufacturing industries. The National Research Council is largely
responsible for the fact that we have in this country over a thousand
research laboratories. Their growth and increase in numbers will
mean a great acceleration in research development. Research means
progress, and any manufacturer unable to keep up with the progress
will be out of the race.
When one manufacturer organizes research, the others follow.
Industry has nothing to fear from the advance of research, for I am
sure that the officers of any company which for a number of years
has been operating a research laboratory under the direction of an
able research director would agree that the company had never made
a better investment than the money put into its research laboratory,
so that those of us who have watched the benefit to be derived from
this and those interested in the welfare of a motion picture industry
are pleased to know of the plans being made to initiate research in
the motion picture industry. We are sure it will be the best investment the motion picture industry has ever made.
The prosperity of anything determines the commercial welfare
of the country, but the motion picture industry has for the public
an interest which affects the culture of our people. The motion
picture is much more than entertainment although it is the greatest
source of entertainment that the American public have today. The
mass of the public has probably learned more of history than it has
ever learned from textbooks. It has opened wide the doors into the
world. We are convinced that research within the industry itself will
contribute most effectively to that end, and for that reason we are
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greatly rejoiced to learn of the plans for initiating research in the
industry, and if we can as manufacturers co-operate in the working
oui of those plans, we shall assume it a privilege.
Mi;. Sills: Toast master, Honored Guests, and Members of
the Academy:
The motion picture offers an opportunity to the artist for an
expressive subtlety and finesse that no previous dramatic art offers
to him, and this opportunity has been provided, not by his superior genius but by the profound scientific research, which has
given us a new medium of expression. From the days of Galileo,
Huygens, Daguerre, and Eastman, who invented the film, and
Edison, who made the photography of motion possible, and from
t heir t inie to the present, a long line of earnest workers in their laborai<>nr< have developed this significant art — have brought it to its
power. To these men, we certainly owe our homage. It is said that
the scientific man seldom achieves the height of fame accorded the
glittering personalities of the artists. It may be that the men who
have developed this art for us may not pass down in the halls of
consequence, but I feel that while some of us here present have a
momentary flashing significance, in a few years we shall be lost, but
the contributions of these men, even if their names are not known,
will represent a permanence far superior to the effervescent fame
that s< mie of us possess. Their contribution is lasting. They subscribe
to the history of civilization. .They represent a further conquest of
nature. 1 assure you most sincerely that if I had my own life to live
over, I should not elect to be a motion picture actor but a research
worker in t he sciences, because I feel there is a sincerity and a lasting
value and a contribution of the greatest utility to the human race.
As Mi. Mayer said, service is its own reward, and that burden cannot
be taken away.
In gathering here tonight, we are paying our tribute to the men
who have made this possible and those who have contributed more
'" the industry than any others. We give you our word of deepest
ad gratitude.

THE

ACADEMY

OF MOTION PICTURE
AND SCIENCES

ARTS

Frank Woods*
THE

Academy of Motion Picture Arts and Sciences is an interesting experiment in organization engineering. It is an attempt
to combine in one unified body the members of several associated
but diversified creative arts, on a basis of friendly co-operation for
the common good.
One of the problems that the Academy has considered has been
the co-ordination of the functions of the different production
branches. The Academy, established May 11, 1927, is composed of
the five production branches of the motion picture industry: (1) actors, (2) directors, (3) producers and producing executives, (4) technicians, including cinematographers, and (5) writers. You have had
papers from all these branches, and it is quite evident from questions
I heard some of you ask yesterday that there existed a certain confusion in your minds regarding the manner in which these different
creative forces operate together in the building of a picture story
and in recording that story on the negative film.
The situation is not so serious as you might suppose or we would
not be turning out successful motion pictures. And yet you have
hit upon a very great problem and one that the Academy may go
far to solve. The actual situation is not one of confusion but it is
too often one of unco-ordinated effort.
Mr. Wilson spoke to you from the writers' standpoint, Mr. Leison
from the Art Directors' standpoint, and Mr. YYillat as a director,
and the impression they gave you, taken together, is an excellent illustration ofa condition that exists in motion picture production. I am
not criticizing them, for to a certain extent this condition is inevitable.
I cannot conceive of a time when the mental functions of writer and
director, acting separately, both engaged in creating a piece of fiction
for transcribing on motion picture film, can ever be clearly defined.
The situation is further complicated by the practice in some of
the larger studios of having in charge of each production unit a supervisor who has control, subject sometimes to a super-supervisor or
* Secretary of the Academy, Hollywood, Cal.
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co-producer. But in spite of all this there is a certain harmony that
exists or we would never get any pictures. Writer and director frequently work too-other, collaborating, so that the finished script or
continuity is satisfactory to both. Then, if they can satisfy the
supervisor who may or may not upset the applecart, they can go
ahead and shoot the picture.
The ideal situation is one where the writer and director are in
harmony, under intelligent, non-destructive supervision, the art
director is called in early for consultation and advice, the technical
people, including the camera man, are in close contact and the continuity isworked over, scene by scene, time after time until the
blue print, as Carey Wilson calls it, is as near perfect as is possible.
How to insure always this sort of harmonious, effective operation
is the great problem in this profession. There is, I believe, a solution
for it but I have not time now to enlarge on it. It would be a paper in
itself. It may be that the Academy can, some day, solve the question.
One other subject that comes to mind as warranting the Academy
study is the new form of technique in continuity and direction that
will inevitably follow the further development of pictures in which
voice records are employed. This is a new field and the Academy
should be and no doubt will be foremost in its cultivation.
The Academy has a membership of 380 including nearly all the
great names in the five branches of the profession, with Douglas
Fairbanks, President, Fred Niblo, Vice President, Frank Woods,
Secretary, and M. C. Levee, Treasurer.
The (nullifications for active membership are stated by the
( !onstitution and By-Laws to be: "Any person who has accomplished
distinguished work or acquired distinguished standing in or made
valuable contribution to the production branches of the motion
picture industry, directly or indirectly, and who is of good moral and
persona] standing."
The purposes of the Academy are (1) to develop harmony and
adjust differences and grievances within the industry, (2) to promote
the good repute of the profession and protect it from outside attack,
and (3 to aid in the advancement of the motion picture in all its
and sciences.
' '" Brsl two of these three purposes, the promotion of harmony
;""1 good repute, are accessary steps in making possible the third
""l lll"-, importanl purpose, advancement. For this reason many of
the Academy activities m these early stages of the organization's
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existence have been devoted to the promotion of harmonious relations
within the industry although the other purposes are not being
neglected, as witness the researches inaugurated by the Academy in
relation to the problem of incandescent illumination.
Let us consider the three Academy purposes in the order named.
In the promotion of harmony and unity within the industry it
has been necessary to enter actively into the matter of employment
relations, because it was found that there were in existence no
established standards to go by. No two studios agreed in their employment practices and there seemed to be no prospect that they
would agree. Each studio had its own form of contract for engaging
players, and for employing writers, directors, and cinematographers.
Efforts had been attempted for several years by different branches,
notably the actors and writers, to negotiate standard contracts
through their individual organizations but no headway had been
made. The Academy seemed at once to furnish a common ground
for meeting these situations in a spirit of friendly and sympathetic
understanding in contradistinction to the usual method of antagonistic bargaining. The Academy membership from the start included the leading representatives of all the five branches, equally
divided as to influence and control, no branch predominating and
each branch having three members on the Board of Directors. It,
therefore, became a simple matter of taking up the several problems
of employment conditions with the result that a standard contract
for free lance actors is now in force and is recognized by all major
producers, and Academy committees are reaching amicable conclusions inregard to a contract for writers and a code of employment
practices for cinematographers.
In all these activities the Academy has endeavored to make it
clear, that it is not seeking to usurp the functions of any independent
class organizations. It recognizes the legitimate functions and value
of such associations and would not, if it could, supplant them. On the
contrary, it hopes always to work in harmony with them. It has
merely undertaken in the matter of employment to accomplish
promptly some of the standardizing processes within the industry
that seemed to demand immediate attention before the greater work
of the Academy could be fully realized. The implication, therefore,
that the Academy is in any real sense a "company union" so-called
is quite unjustified.
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In the process of promoting harmonious conditions the Academy
has also rendered great service in the adjustment of individual
grievances through its conciliation committee and through the several
branch executive committees. These so-called grievances are of
various kinds and importance, and it has been possible in nearly all
cases to bring about amicable settlements.
Promoting the good repute of the industry and profession, the
second of the Academy's aims, is being undertaken in two ways quite
unrelated to the usual methods of publicity. The Academy has no
publicity agenl and has sought to acquire its own reputation rather
by its acts than by its promises. The two processes by which it hopes
to enhance and maintain the good repute of the industry are, first,
by effecting favorable relations with the press by which the dissemination offalse information to the public may be prevented at its
source so far as possible. Second, by helping to establish within the
ranks of the industry a greater sense of responsibility which picture
people as individuals who are always in the spot-light of publicity,
owe i o i heir profession. In both of these ways, the Academy is achieving encouraging success. It is already recognized as representing the
motion picture production industry as a whole, active in its response
to civic duties and mindful of the obligations which are due to society.
In this connection the part being taken by the Academy in the
production of a benefit motion picture soon to be made in which the
Motion Picture Relief Fund of America will share, may be mentioned.
In this benefil picture many great stars of the profession will be seen
OB the Bcreen, all in one production.
\\ e now come to the third and chief aim of the Academy, namely,
to aid in the progress of the motion picture in all its arts and sciences.
The Academy's part in the matter of incandescent illumination and
•-operation in the present convention are but important inces. 1 1 is also actively associated with the University of Southern
tifornia in the establishment of courses in three branches of motion
picture work. These are (1) literary, as applied to writing for the
2 "' and architecture as applied to the building and dressing
scientific as applied to photography, illumination, and
i I ' is hoped in time to absorb into the industry young
""l womi i, graduates who will become the raw material from
11 come the future authors, producers, directors, art directors,
nicianj of the Bcreen. No provision has been made thus far
bred players bul this, too, may come later on.
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In sponsoring the courses established in the University of
Southern California, the Academy has adopted a policy which it will
follow in connection with other educational institutions. In addition
to this the Academy is largely responsible for and will sponsor the
research and experimental laboratory which the captains of the
industry are about to create in Hollywood. These are major projects.
There are others of a constructive nature under way, such as the
formulation of professional codes of ethics, and the holding of stated
meetings of the Academy and its branches, for the reading of papers
on subjects of importance to the profession and for addresses by
persons of prominence.
Looking into the future there is in contemplation an Academy
building with a museum, library, model theater, and quarters for
housing all of the Academy's operations.
Considering that the Academy has been in existence less than a
year and that it is founded on a theory of unity, the combination of
several branches of an extremely diversified industry, an undertaking quite unique in itself, it would appear that the success thus
far attained is such that the industry may feel well satisfied and
encouraged for the future.
DISCUSSION
Mr. Cuffe: Very successful pictures used to be made without
supervisors. Do you think they are essential with good co-operation
between the director and art director?
Mr. Woods: There never can be successful quantity production
without supervision. It has been held by many directors that we
should go back to the unit system which used to prevail, that is, a
director in control of each production unit. But this is not practical
with companies making large numbers of pictures. There must be a
certain amount of supervision. Today the outlay is so heavy that it
is not common sense to assume that the producer will have nothing
to say about the pictures. It would be impossible for Mr. Lasky or
Mr. Zukor or Mr. Schenck, for instance, to devote the necessary time
and attention to each production. They therefore select individuals
who supervise the work of each of the production units. The manner
in which that supervision is carried out is the whole problem.
Mr. Crabtree: I notice a tendency for actors, cameramen, and
directors to become free lances; that is, for every picture the producers choose a different director, cameraman, etc. I should think
a considerable time would be required for the director and camera-
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man to become acquainted. They are just about acquainted after
the first picture, and then the benefit of this acquaintance is lost by
not choosing the same combination for another picture. I was
wondering if there is any particular reason for this tendency.
Mr. Woods: No, I don't think so, except the haphazard manner
in which studios are conducted. System has not been introduced in
the production of motion pictures. No two studios agree. There is
no established standard by which motion picture studios are governed
in the conduct of their business.
There is another reason why you can't always expect to create
a unit of a director and a writer and a star, or a director and writer
alone, and continue that unit indefinitely, and that is the changing
demands of the stories to be produced. The director or the writer
ma}' not be the best ones qualified for the peculiar demands of the
production. Companies cannot afford to wait to fit the story to the
unit. We have made motion pictures out here on an intensive basis
that some day will find its own solution. We start to make a picture
and work night and day until it is finished. We can't expect to get
the best results in that way, but there is an economic reason for it.
The cost of any production is almost in direct ratio to the number of
days required to make the picture. Let us assume that the production
is costing $10,000 a day. The fewer number of days required, the less
the picture will cost. That is why they shoot so desperately — they
want to cut off that heavy expense, which is the major expense of the
production.
Mr. Crabtree : My point was : Why do they break up the teams
after they have performed a little while? I think there would be
greater efficiency in continuing the team for two or three pictures.
From what I can learn, if an actor plays a part successfully, he is
!'landed for that part and not called upon for others. A man who
played the part of a negro is called upon only for that part, which,
of course, occurs only seldom. Surely, the cameramen and directors
are more versatile than they are given credit for being.
Mi;. Woods: There is no question but that you are right. It is
done in many cases. We know of many cases where director and
who r work together for a year, and if they have changed from one
to another it is because the character of the story required
another. We are getting to the point of developing stories and fitting
,|" players into 1 1if in, so that a star might be very properly removed
from the unit and the writer and director continued. I have known
cameramen to be with one director very long, so that the cameraman
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refers to "my director" and the director refers to "my cameraman."
The fact that units are changed often is now due to lack of system
in the production management, caused perhaps by the tremendous
and rapid growth of the business. When I went to the Lasky Company in 1917, the average cost of a motion picture was $17,000.
I was there until 1922 in charge of production; that is, I was the first
supervisor, but not the kind that they now complain about. When
I left, the average cost had amounted to $100,000, and it has since
doubled, so that now it runs $200,000 for first class program pictures.
Down here on "Poverty Row" near the Christie Studio, however,
there are a number of producers who are known as "quickies." They
arrange a schedule of production and shoot the script as is, so that
they produce a five or six reel picture in a week or ten days or two
weeks at the outside. They fill the cast with big names by getting
somebody for a day. Maybe he is the father in the story, and he will
be in that one set all day long. That film which they have shot in one
day will be cut up and distributed through the whole picture, so that
it appears he has worked several days. He has probably been paid
$1000 for the day, so that that character of picture made by the
"quickies" while filling all the requirements of footage, scene, and
story, does not cost anything like those made by big companies.
A $50,000 "quicky" is a Super Special. Sometimes, by some chance,
one of those pictures will make a hit, but the great mass of them
cater only to the cheapest theaters and exhibition.
Mr. Leshing: To answer a question of Mr. Crabtree as to why
they do certain things, it is for the same reason why many a director
spends hours on a set doing anything but attending to his production,
while his cameraman stands idle and wonders what will be his next
shot. I am sure Mr. Woods knows as well as anybody else that the
cost of productions is not always due to the real necessary expense.
I wish that the producers would use the methods of "Poverty Row."
The main thing is, that when "quickies" are made in "Poverty Row"
they know exactly what to do. They don't spend months in preparation, and then start changing the script after the first shot. As far
as keeping the cameraman always with one director, I think it is a
bad policy. The cameraman used to like the idea. He was assured
of his job as long as the director worked, but the cameraman found
out that long work with the same director is detrimental to his
own progress. The cameraman of today wants to keep his job
not on the strength of a director's pull, but on the strength of performance.
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One thing I want to say about the Academy: I was glad to hear
about the laboratory course in a university. Perhaps Mr. Crabtree
doesn't
on the
Up to
money

know that while the producer may spend thousands of dollars
production, he does not show any interest in the laboratory.
today, little attention is paid to the laboratory. Some spent
on machines and buildings, but the personnel was neglected.

It was nobody's business. I am glad to hear that something will be
done in the matter of assisting the laboratory man in getting knowledge and the producer in getting better results from the laboratory.
Mr. Woods: I used to be with Griffith. He was making a
picture called Intolerance. He started in December, and there was a
baby in it stolen from Mae Marsh, playing the part of a young
mother. Mr. Griffith went to New York to promote the exploitation
of The Birth of a Nation. In six months he came back to continue
making Intolerance and in making the mother and baby part he
found that the baby had grown up and he had to retake every scene
in which the baby appeared with Mae Marsh. He recut Intolerance
and separated theT Babylonian part by itself. He had to make some
new scenes and called in Constance Talmadge. She had grown into
a young woman and there was no one to double for her. Griffith had
to spend a lot of time and film trying to contrive ways to conceal
her changed appearance.
.
Dr. Hickman: I can appreciate Mr. Woods' paper on general
grounds but can discuss it only on very limited ones. On the technical
Bide, the Academy of Motion Picture Arts and Sciences has announced
an elaborate program. There is one aspect not announced which will
probably have to be provided: Every branch of every industry comes
up againsl the rival patent claims. There are half a dozen ways of
doing any particular thing. I can name quite 2i number of examples;
for instance, trick work employing red and minus red separation
aegatives. I know three people who claim to have patents on this.
I- there going to be attached to the Academy any adequate patent
departmenl to promote harmony in such rivalries?
Mi: Woods: That has not been contemplated. In the establishof a laboratory which starts in as a research bureau, this patent
ion will be one of the important parts of the business. I don't
think it will be an Academy matter but a business matter of the
producers. The Academy will not operate the laboratory although
it hae promoted it. It will be operated by the producers themselves
who
fonsible for il and furnish the money for it.

HOLLYWOOD

AND

THE

16 MM.

FILM

John Beardslee Carrtgan*
THE

amateur motion picture movement having reached important proportions without any particular reference to its big
brother, the professional motion picture, now finds itself very definitely concerned with the professional through the entry of several of
the large producing companies into this new field of film distribution.
Conversely, the professional field has for some months shown a
very definite interest in the development of the amateur industry.
Therefore, it may be helpful toward a mutually pleasant and profitable relationship between these two branches of the motion picture
industry, to outline briefly the significant amateur developments
which have a bearing on professional activity in this field, as well as
to attempt translating these developments and tendencies into
possible guides for future action.
All of the facilities of standard motion picture photography
have always been available, of course, to amateurs, whom we may
designate as those individuals who engage in an activity from the
love of it and not with any thought of profit. But those who are
familiar with motion picture costs will realize at once why there were
not many amateurs prior to the development of the moderately priced
amateur standard 16 mm. equipment and film.
Experimentation in the narrow width field dates back, to be
sure, to the earliest days of motion pictures, a 17J mm., or split
standard, camera and projector having been produced as early as
1897. A score of other cameras and projectors, using every variety
of narrow film widths, were invented, and in some cases marketed,
prior to 1923. It was not until late in that year, however, that the
definite and successful development of this field began. After long
experiment the Eastman Kodak Company had discovered a satisfactory reversal process in conjunction with an emulsion which gave
sufficiently fine-grained images. This solved the chief difficulties
which had hitherto hampered development of the amateur field, and
the Kodak Company threw its tremendous resources behind the
* Editor Movie Makers Magazine.
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movement. Suitable cameras and projectors were placed on the
market by the Kodak Company and later by the Bell and Howell
Company, and the amateur movement was at last successfully
launched.
Since then the movement has grown with accelerating rapidity,
until today there are approximately 100,000 home motion picture
makers, whereas only three years ago there were but a few hundred
at best.
Many elements have contributed to this success. Solution of
the film problem has been mentioned, and, in this connection, the
moderate price made possible by the reversal method, and the fact
that processing was included in this price should be pointed out as
important factors in establishing the practicality of amateur motion
picture making. Since this brought all the film to central laboratories,
the beginning amateur was assured of the highest obtainable type of
film service, which, naturally, increased his chance for successful
results. Poor laboratory work, which might otherwise frequently
have been encountered, would have reflected on the practicality of
the whole plan, and so this program prevented the amateur movement being stultified in its early days by such an external factor.
Also the moderate price, compactness, portability and simplicity of
operation of the cameras and projectors have all been basic reasons.
To the unfailing excellence of these precision machines must go much
credit. Of course, we must not overlook the importance of the intelligent sale of the idea through advertising, which, in the United
States could be directed toward a people more favorably situated
economically than any nation in the world's history. Add to all
these factors the growing desire for a new national hobby to succeed
the now commonplace radio, and the scene was set for the success
of amateur motion pictures.
It might also be mentioned here that organization of the amateur
cine camera owners of the world into the Amateur Cinema League,
an international agency for mutual service, in July of 1926 came as
a logical development of this accelerating movement. Publication
of Movie Makers Magazine, the official journal of the League,
followed in December of 1926. Since then the League has grown
with great rapidity and Movie Makers Magazine is now read in forty
countries around the world.
Bui in what way is Hollywood concerned with people who have
their own motion picture cameras and projectors? A year ago this
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would have been a difficult question to answer, but much has
happened in the last year. Let us trace the course of the average
amateur's filming and we will find that it seems to be bringing him,
as a customer, straight to the professional producer.
Two chief urges seem to govern the purchase of amateur equipment, either the making of family records, or travel filming. Whichever is the primary urge, both functions are soon realized by the
average amateur. When the possibilities of these two activities tire
for the time, the personal filmer may turn to picturing his sports,
his business, civic events, or other activities in which there is a
definite personal interest. When these pall temporarily, or opportunity
is rare, there is the amateur photoplay to fall back upon, and this
activity proves practical either for informal groups of friends or for
regularly organized clubs. Thus the amateur gradually builds up
a variety of filming activities, and a personal film library. But does
this suffice? Experience has shown that the amateur still desires
other films than his own personal product in order to secure the
greatest possible enjoyment from his projector. Where is he to get
such films? The demand has naturally created the supply, and in
order to judge of the nature of this present supply, and its possible
future growth, let us briefly consider how the present film libraries,
as they are spoken of in the amateur field, have developed.
The desire of the amateur for supplementary films was recognized
early in the game by the establishment of the Kodascope Libraries,
with branches in chief key cities. This organization functioned until
January, 1927, without competition, providing films, largely reduction prints of professional pictures, on a rental basis. Then, in
January of 1927 the Bell and Howell Company entered this field by
offering 16 mm. prints for sale under the trade name, Filmo Library.
These two libraries occupied the field until June of 1927 when the
Eastman Kodak Company announced Cinegraphs, also a sale print
library.
A young man named Lindbergh had just flown across the
Atlantic Ocean. Wm. J. Ganz, a producer of industrial films, conceived the idea of buying the 16 mm. rights to the Lindbergh newsreel shots and offering them to the amateur market. It was a good
idea. He is reputed to have sold many thousand prints ofxthis and
succeeding Lindbergh releases. News of this success spread through
the film industry and, probably for the first time, the possibilities
of this new distribution field came forcibly to the attention of
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professional producers. By August there were ten libraries seeking
the amateur market. In this same month Mr. Ganz decided to make
his news reel idea permanent bjr issuing bi-monthly reduction prints
for the home of the outstanding news reel pictures of the month.
So we find that the news reel companies are now contributing
regularly to the amateur library field, and thus augmenting the
income possible from their negatives.
During September it became evident that an effort was being
made by some of those offering films to the amateur to dump prints
from ancient negatives, and odds and ends from stock libraries.
This, however, was an unsuccessful experiment and these efforts
" petered out" a few months later, as the amateur proved to be a sharp
critic and refused to absorb this trash. Another movement began
about this time which has proved to be sound and which promises a
wide future development. Special productions, designed solely for
the amateur market, were undertaken in Hollywood for the first
time, so far as we are advised, by Cine Art Productions. The number
of libraries had now increased to fourteen.
It was in October that Hollywood entered the amateur field
with a rush. Kodascope Libraries, Inc., announced that it would
distribute Paramount features through its rental libraries. Showat-Home Movie Library was formed to rent Universal features to
the home market. Pathe* announced that it would sell Pathe subjects under the name of Pathegrams. All provided for a proper
protection period on such releases. There were then seventeen
libraries.
The most interesting development during November was the
adaptation of the book of the month idea to the home movie field.
Ganz announced a Reel of the Month Club, an interesting idea,
which will probably see further development when conditions
within the industry are favorable. There were now nineteen libraries.
In December, Willoughby's, a leading New York dealer, announced alibrary made up of the releases of various of the national
libraries, and a plan for rentals on a period basis by a coupon book
method. This virtually comprised a modified block-booking program for home movies, an interesting development, as the Federal
Trade Commission hearing was in progress in New York at this
time, wild exhibitors endeavoring to eliminate the block-booking
method in the professional industry.
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Another important development came in January, 1928.
Loan of an industrial film, designed for advertising purposes, was
offered to the home projector owners for postage only by the Stanley Educational Film Division, acting for the Gorham Silver
Company. This plan met with such a welcome that a broad development of this field with advertising films is already under way,
with a number of industries producing special films for this type of
release, as it promises a solution of the distribution problem for
advertising films. Up to this time, also, libraries had been divided
as to the best method of distribution of film, some holding to the
outright sale idea and others preferring the rental plan. A definite
trend toward the rental plan now began to be evident, with several
of the largest sales libraries offering their films on a rental basis,
with sale optional.
In February another new factor was introduced into the
library situation. Complete courses of educational films on various
subjects, as used in the public schools for instruction, were offered
for home study by the Neighborhood Motion Picture Service,
Inc., a subsidiary of the DeVry Corporation, and a broad development of this idea will undoubtedly eventuate.
Since then two more Hollywood companies, the Fowler Studios
and the Hollywood Movie Supply Company, have announced productions made especially for the home projector. At present there
are twenty-two libraries actively offering films for the amateur
market, whereas fifteen months ago there was but one.
And what are the conclusions which Hollywood may draw
from these developments. First and foremost, that there is a
market in the amateur field for professionally made prints, a market
which in one year has managed to develop from supporting one, to
the point where it can support twenty-two libraries. Second, that
in the present stage of this development, the market will absorb
both sales and rental films, but that the tendency among the libraries themselves, and they are closest to the market, seems to be
toward a combined sales and rental policy or toward an exclusively
rental basis. Whether or not this proves to be the final development,
it must not be overlooked that there has been, is now, and probably
will continue to be a very active sales market for outstanding and
exceptional films such as the Lindbergh flight, the World War
films, etc. It is to the film of average interest that the prevailing
rental tendency seems to apply.
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And now a word as to the tendencies in the rental method. To
professional motion picture men this method will, of course, appear
to be analogous to the states' rights system of the professional field,
and this is usually the case with the central organization distributing
the prints to photographic dealers on a franchise basis for re-rental.
The degree of success of the various libraries operating on this
basis, it would seem, will depend upon the chance for profit which
they offer to the dealer. While, at present, the average photographic dealer looks upon a library as a good merchandising factor,
even at an operating loss, as it will bring customers to his store,
permanent success of any such library system must rest on its
ability to make money on its own account, both for dealer and
library company.
At present there are several of these large libraries, each
working to franchise one local dealer as its representative. There
are certain limitations to this method; and one possible outcome,
especially in smaller communities, may be the development of the
plan being tried out by Willoughby's in New York, in which the
offerings of several libraries are pooled and all of the best films
available offered to the entire community, with a measure of financial security for the dealer and library provided by the coupon
block-booking method for year or fractional periods.
Reviewing the present situation we find that the majority of
the films now being offered through the various libraries are professionally produced films of one sort or another, some bearing
the stamp of the largest and most powerful producers, others less
distinguished, but all utilizing this market only as a by-product
for their other purposes. We also find the beginnings of definite
production for the amateur market itself. What does the future
hold?
From close touch with the amateur field it seems logical to
believe that the special production for this highly specialized field
will be the eventual outcome, and that the by-product attitude
will not be of long duration. The present professional production
must be for the masses. Through the home market the motion
picture, even more fully than through the "art" theaters, is offered
the opportunity for the issue, in book publishers' terms, of limited
editions for the particular taste. This has proved such a productive
field for the book maker, that it is obvious- that it cannot be long
neglected by the motion picture, so analogous are the mediums.
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Therefore, it will be well for Hollywood to turn its attention
to the problem of producing the new types of motion pictures which
this new field will absorb. If this is not done, to point out the commercial factor, a splendid business opportunity will be lost.
The mechanical factors are also important in this connection.
The usual 16 mm. amateur taking reel is 100 feet (250^ft. standard). The present 16 mm. projecting reel is 400 feet (1000 ft.
standard) . The ideal amateur library film is one which is definitely
produced within these mechanical limitations. Pictures, 5000 or
7000 feet, which are cut to conform to these standards, or multiples thereof, suffer greatly in the process. Furthermore they are
usually old stuff, before the protection periods allow their release
to the home market.
A more important factor in the present situation than any of
these is the attitude of the theater exhibitor. The exhibitor, as
all know, is particularly sensitive to any possible competition.
Of late, we believe, he has become needlessly somewhat worried
over the home movie show. He argues that anyone who stays at
home to see a movie will not occupy a seat in his theater, and may
keep several friends away by the same token. With the present
number of projectors in home use, this is a negligible factor. It
is possible, however, that with the multiplication of these machines
into the millions in the next few years, his fears may be realized.
We believe, however, that a greater popularity for motion pictures
will result from their personalization which will make the theatrical
presentation of new subjects, with all of the trappings of music and
atmospheric lighting, even more popular than at present. The
simple home movie show will never compete dangerously against
the glamour of the theater, in view of the gregarious nature of
our people, and our desire to be on the go. In fact the closer knowledge of movies gained from their personal use will make for greater
interest in the medium, if, as now, the medium continues to be
used with growing skill and art. The sand lot ball games have
aided rather than hurt the development of professional baseball.
The phonograph and radio have aided rather than hurt the opera
and the concert stage. The amateur theaters have revitalized the
commercial stage. Golf, horse racing, dancing, music, every human
activity which has both an amateur and a professional expression,
depends for the success of its professional side upon the vitality of
its amateur side. No, instead of hurting the professional motion
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picture, the amateur movie will help it. More than it will ever be
realized until it has grown into a living actuality, the professional
movies have needed a background of amateurs, remembering always
that amateur means "lover."
Regardless of the merit of their contention, it would not be
surprising if the exhibitors, through their buying pressure, were to
force the large producers to discontinue releasing even their older
theater offerings to the home projector, for a time at least. Should
this take place, independent production for the home field would be
even more attractive than it is now.
Let us examine for a moment a more general possibility of
this movement which may prove of importance to Hollywood. The
amateur is inevitably an experimenter. It is always possible that
in such experimentation, conducted without reference to the box
office, notable discoveries in the use of the cinema may be made.
It is one of the high hopes for this amateur activity on the part of
scores of thousands of enthusiasts that they may contribute materially to the advance of cinematography.
In conclusion, it is obvious that in an industry so young only
tendencies can be. studied. Building on its brief past, it has been
the endeavor in this paper to point out some of the probable future
developments, and because of the particular interest of this group,
to indicate in what way Hollywood is and may be concerned in its
future growth. No matter in what direction this tremendous new
field may expand, it should be clear that everyone interested in
motion picture futures should keep a sharp eye on amateur movies,
for tremendous opportunities will await the men who rightly weigh
their future.
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1HAVE chosen this subject at the risk of covering ground which
may be familiar to many of you because I regard the maintenance
and development of the foreign field for American motion pictures
as perhaps the most important single factor confronting the trade
today. No other major industry in this country depends on foreign
markets for its profits in any such degree as does the film industry.
Over 30 per cent of the gross revenues from all sources on American
films come from outside the United States and in the case of certain individual companies this percentage total runs even higher.
In other words, if for any reason the returns from abroad were eliminated or even seriously curtailed, it would place the film business
and its allied trades in a rather unfortunate position.
Another reason why the foreign field assumes a rather spectacular importance right now lies in the nature of motion pictures themselves. To enlarge on this rather cryptic statement, the film besides
being a profit-making commodity has certain particular effects
which no other profit-making commodity has. It helps to sell those
many other lines of goods from gowns to automobiles which form
part of the setting of nearly every "movie" scene and are seen and
admired by the millions who see these on the screen. The slogan
"trade follows the film" has attained a very practical significance
in the eyes of our competitors. And then too the film sells ideas and
ideals. Without any thought of conscious propaganda our motion
picture producers have occupied an average of nearly 75 per cent
of the screen time of the world in showing how Americans live and
what their reactions are to that environment in which they live,
with the subtle and wholly unconscious suggestion that their manner of living and their reactions are perhaps a trifle better than
those of the other countries of the world. The net result of this is
that agitation against American films on these grounds has been
carried on for some time in many quarters abroad — notably in
Europe. And this in turn has brought about legislation in several
* Assistant Chief, Motion Picture Section, Bureau of Foreign and Domestic Commerce.
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countries designed to cut down the showings of American films in
favor of those of domestic origin. In other words, the foreign governments have felt that an instrument of such potentialities as the
film must be represented by a local industry strong enough to compete with the foreign product. Legislation of this character has
already been sufficiently drastic and wide spread to constitute a
barrier to the continued development of American foreign trade in
films and as such is worthy of the most serious consideration. We
will refer to it in greater detail later on.
Before doing so, however, it is essential in order to gain a
proper perspective to give a brief statistical picture of the extent
and division of our overseas trade in motion picture films.
First, an average of about 75 per cent of the motion pictures
shown day in and day out the world over are of American origin.
What the gross revenues to the industry are from such showings it
is difficult to estimate but for the year 1927 competent authorities
have placed them at over $50,000,000. In the absence of direct
evidence, however, any estimate should be accepted with caution.
So far as quantity figures go, for the year 1927 over 230,000,000
feet of finished motion pictures were sent abroad. In comparison
with this in 1913 the last pre-war year our total exports of this
product stood at about 32,000,000 feet. Ten years later this had expanded to about 146,000,000 feet; for 1924, to just over 178,000,000
feet; and for 1927 to the totals just given above.
Europe has always been our best customer for motion pictures
and will probably hold this position for some time to come. Thus
in 1913 she took about 17,000,000 feet or a little over 50 per cent
of our total exports for that year, which figure was increased to
nearly 35,000,000 feet in 1923 and about 70,000,000 feet in 1927.
Both Latin America and the Far East, however, have shown a
much more phenomenal growth proportionately than Europe,
when it is noted that exports of films to the former rose from
1,500,000 feet in 1913 to over 80,000,000 feet in 1927, and the latter,
from about 4,500,000 feet for 1913— nearly all of which went to Ausi ralia and New Zealand— to nearly 60,000,000 feet in 1927. It may
be added that Africa, which was virtually non-existent as a motion
picture market before the war, has since become a good customer.
Her takings in 1927 centered chiefly in the. Union of South Africa
and Egypt, reaching something over 5,000,000 feet.
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The European Market
While as may be seen Latin America imported a greater footage
of films from the United States than any other region of the world,
it is Europe, nevertheless, which supplies by far the bulk of our
foreign revenue. It has been roughly estimated that somewhere
around 65 per cent of our total royalties from abroad come from
the various countries of Europe. Taken in order the British Isles
contribute at least 50 per cent of the whole European total and form
by far our most lucrative market. Germany stands second, but far
below England, with France a fairly close third. Italy comes next
and then Spain and Portugal, which for film purposes are regarded
as a unit. It is rather difficult to place a correct estimate on the
other European markets in the order of their importance but the
probable order would be Sweden, Rumania, the Netherlands,
Hungary, Austria, Belgium, Poland, Baltic States (Latvia, Lithuania, and Esthonia), Yugoslavia, Czechoslovakia, Norway, and so
on down to Turkey, which undoubtedly stands lowest. These figures
are based of course on the year 1927.
In these countries the total number of American features
shown last year varied from 723 in the British Isles to about 140
in Turkey. The average for each country is not far from 300 and
with few exceptions these represent a majority of all the features
exhibited. In other words, the share of the United States in the
European film market reaches an average of as high as 75 per cent
and in certain territories such as Spain and Portugal, Belgium,
and the Netherlands runs up as high as 90 per cent.
An interesting reflection of the position of American films in
Europe lies in a brief consideration of the share which motion pictures from this country hold in the three major European markets.
These figures, by the way, have been supplied by George R. Canty,
our motion picture trade commissioner in Europe, who is likewise
responsible for much of the data concerning European film conditions contained in this address.
In Great Britain, according to Canty, while 723 American
features were distributed during 1927 as compared with 620 during
the previous year, or an increase of about 16 per cent, the American
share of the market declined from a little over 83 per cent, in 1926
to 81 per cent last year, when the increased American supply of
films failed to keep pace with greater consumption. As regards the
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German market, American features censored there during 1927
according to official returns totalled 192, a drop of 37 films from
the 229 total of 1926 or a little more than 16 per cent. The American
share of the German market declined similarly from 44 per cent in
1926 to 36 per cent in 1927. In France the American film declined
in quantitative supply as well, and in 1927 the 368 total of American
features represented a decrease of 76 films under the total of 444
for the previous year or 17 per cent. The American share of the
French market thus was 78 per cent in 1926 and 63 per cent in 1927.
European Production
Just as Europe is our largest money market, so what measure
of competition exists against American films also comes from
Europe. The big three of European film production are of course
Germany, France, and England. Of these Germany brought out
241 feature films in 1927; over 50 more, it should be noted, than
were imported from the United States. France stands second with,
however, only 74 features to its credit, while England turned out
44. Of the other European countries, Poland produced seventeen
features; Austria, sixteen; Czechoslovakia, eleven; Sweden, ten;
Denmark, six, and Italy, five. It can be seen from this that Germany produced more films than all the other countries put together
and stands by all odds as our most serious rival in the European
field. It is certain, furthermore, that during 1928 her film production
will not be any less than in .1927, while that of both France and
England — partly at least as an effect of film legislation enacted
during the year — will probably be considerably increased. England
indeed has about 115 features proposed for 1928 and may actually
produce over 100.
At this point, if you will pardon a brief digression, I should like
to state emphatically that while it is true that only a very few of
the more than 400 features produced in Europe in 1927 have been
or will be shown in the United States, it is distinctly not true that
these are discriminated against on the grounds of nationality.
Any American distributor would be glad to show as many
foreign pictures as he could get, provided he could make money on
them. Unfortunately, so far the few pictures from overseas which
have been exhibited in the United States have with rare exceptions
been a financial failure, which incidentally is no criticism of their
artistic merit. Beginning this year, however, there are signs that
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pictures from England, France, and Germany will be seen in
increasing numbers on our screens— all of which the trade considers
will be a very good thing as attesting in greater degree to the international character of the film business.
European Legislation
I now wish to refer for a moment or two to the question of
film legislation, for as I said previously, this subject forms a special
chapter in our film relations with Europe. The reasons why legislation of this character has been put into force have already been
referred to; it remains to be seen what countries have actually
passed decrees against foreign films and what the character of those
decrees are. Germany was the first country to adopt measures
against foreign made pictures. As far back as January 1, 1925, a
law was passed declaring that for every foreign made feature film
brought before the German censorship board a German film of
approximately equal length should be presented for censoring at
the same time. This system was known as the contingent or "onefor-one" decree and it was designed to encourage German film
production. Instead it brought about the manufacture of cheap
films to be used primarily to secure permits for the importation of
American features and so it was abandoned on January 1, 1928,
and instead a straight import permit system was substituted.
Two hundred and sixty of these will be granted for the showing of
foreign films for the period April 1, 1928, to June 30, 1929. These
permits are to be allocated to the different distributing companies
in Germany on the basis of the amount of production distributed
by them in 1927.
Austria too has a contingent system. Its original administration provided that every producer of a film in Austria should receive
as soon as his film was produced twenty licenses for the importation
of foreign films. These licenses were sold in the open market for
whatever price could be obtained to any distributor who wanted
to bring in foreign pictures. In other words, the number of films
from this and other countries which could be brought into Austria
was based squarely on the volume of Austrian film production and,
furthermore, the price of each license depended on the number of
licenses available. As these became scarce the price of each went
up; as the number became plentiful, the price went down. Faced
by this latter situation early in the spring of 1927, the Austrian
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government reduced the contingent by from twenty to one, to
ten to one. This was obviously too low and after protracted negotiation, participated in incidentally by Mr. Canty, the motion picture
trade commissioner of the Department of Commerce, the contingent
basis was raised again to sixteen to one, then to eighteen to one,
and now finally for the year 1928 it is to go back on its old twenty
to one basis. A curious provision of this newest regulation is that
each license allows for the importation of only three prints of a
feature, a new license being necessary for each additional print.
It will be interesting to see how this will work out, because in the
past as many as seven prints of the bigger American features have
been found necessary for the Austrian market.
A modification of the contingent idea is to be found in Hungary
also. Here every importer of twenty or more films annually must
pay a duty of about thirty-four cents a meter in addition to the
regular tax on each film so imported, or else produce or finance the
production of a Hungarian film of feature length. This law was
put into effect as of January 1, 1928, and according to estimates
it will involve a tax of about $175 for each American film sent to
Hungary.
It can be seen that the German, Austrian, and Hungarian film
decrees have certain strong, points in common in that they operate
essentially on the distributor. Far different is the system which
has been devised in England. Here the problem has been regarded
as one of getting more British made films actually shown on the
screen. Therefore a bill was passed just after Christmas, known as
the Quota Law, by which after April 1, 1928, all distributors in
England must distribute 1\ per cent British films and all exhibitors
must show on their screens 5 per cent British pictures. This scale
goes up 2J per cent each year till it reaches 20 per cent for both
distributors and exhibitors. There it remains until the operation
of i he law automatically comes to an end in 1940, it being considered
ili.ii by that time the British film industry should pretty well be
on its feet. To make sure that British exhibitors will be able to
reserve play dates for British made pictures, supplementary provisions againsl blind- and block-booking are included in the bill.
The particular effect of (his law will be to force American distributer- in Hh1 English market to include the necessary percentage of
British made features in their annual output. '
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A modification of this quota principle is found in Italy where
first run theaters are forced by law to screen one Italian feature for
every ten foreign features. As most theaters of this kind do not
change their programs more than once a week it involves the showing of from five to eight Italian pictures per year.
We come now finally to France which has produced a film law
radically different from either of the two types so far discussed.
Beginning March 1, all foreign films before they can be shown in
France have had to receive the approval of a special commission.
The basis on which such approval is given is not only that the
film in question shall not be offensive to French traditions and customs but more particularly whether the company offering the film
has bought any French films for showing in other countries. In
other words, those American distributors which will undertake to
distribute French productions in the United States and other countries will receive much more favorable consideration in the granting
of licenses than those which do not, it being likely that the latter
will be denied access to the French market altogether. Unfortunately the law has been in effect such a short time that it is yet
impossible to have any clear conception as to how it is going to
work out in practice.*
I regret that I shall not have time to tell you how the American
distributors in these countries are trying to adjust themselves to
these necessarily hampering restrictions. I shall also have to pass
over a number of other interesting factors which have considerable
effects on American film business in Europe— I refer here for instance
to the composition and action of censorship boards in the various
European countries and the various taxes imposed on the different
branches of the film trade, these being heavy enough in numerous
localities to interfere materially with the development of the
industry. Before forsaking Europe for other fields I should like to
comment very briefly on what Russia is doing today in the realm
of motion pictures. I feel it only fair to add in this connection that
as the United States has not as yet renewed diplomatic relations
with Russia all information on this country has been obtained
through unofficial sources and at second hand. We cannot therefore
*Note: This law as a result of the intervention of Will Hays, in April 1928,
was subsequently modified to a straight 7 to 1 contingent basis, to be applied
along the same lines as the Austrian contingent.
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be responsible for its accuracy, but we have endeavored in so far
as we can to inquire into its reliability.
Production in Russia
It is known that, until 1926, only a few motion picture production companies existed in Russia, which, however, had no right to
distribute their own films. The distribution and renting of films
was a state monopoly, under the title of Sovkino. This system made
it impossible for producers to establish a direct relationship with
distributors, and hindered them from getting any profit out of the
exploitation of their productions. By a decree of August 11, 1926,
the government abolished this system. All the existing production
companies were absorbed by Sovkino and thus formed into a cinematographic association assuring production, distribution, and
exhibition.
Not only was 1926 production more important than that of all
preceding years, but it showed a real improvement in the quality
of films. In 1926, fifty-one films were sold by the five Moscow and
the two Leningrad studios, of which thirty copies of each were
printed. Production expenses for 1926 for Russia, including the
Ukraine and the Trans-Caucasian countries, amounted to 3.5 million
rubles, excluding printing costs. As in all countries, technical and
artistic improvement of films means a constant increase in production costs. In 1927 there were scheduled for production 152
feature films and 120 educational films.
The most important motion picture organization, therefore, is
Sovkino, which owns three studios in Moscow with a total surface
of 1,451 square meters, and an equipment of 390 pieces of projection apparatus.
Besides Sovkino another producing company is MezhrabpomRuss which in 1926 was transformed into a stock company with
Government money, produced twenty-five films in 1927 of an average length of 2,000 meters each. The output of the printing establishment of this company is stated to be 300,000 meters of
positive film per month.
Gosvoen-Kino, which was instituted on March 1, 1926, is entirely devoted as expressed by its name (Military Motion Picture)
to providing the Soviet army with films. This company is distributing 400 films with a total of 800,000 meters, half of which represenl the organization and Life of the Red army and the other half,
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propaganda films. In the course of its first year of existence,
Gosvoen-Kino made forty-five films in 1927. Of these, thirteen
were artistic pictures, eleven demonstrated military instructions,
three represented scientific subjects, and eighteen were news reels.
In the Ukraine and Trans-Caucasia there exist four important
motion picture companies: Vfko in the Ukraine, Goskinprom in
Georgia, Asgoskino at Azerbeidjan, and Armenkino in Armenia.
Vfko is at. present employing 500 technicians and produced
thirty films during the 1927 season.
Goskinprom is the most important motion picture company
in the Caucasian Republic. It was formed in 1924. Until 1926,
this company had no studio and its production was very small.
But today, it possesses a studio and a printing establishment permitting the production of twenty films in 1927, for which seven
scenic directors were engaged. The subjects for these pictures were
rhiefly taken from novels by Tolstoi and Lermontow.
Asgoskino was created in February, 1926, and has since produced six films. Like the other companies, it possesses its own
studio and printing establishment.
Armenkino in Armenia was founded in 1926, and produced
three films. For the 1927 season it produced five pictures.
In the other Soviet republics, Belgoskino produced two pictures in 1926.
In western Asiatic Russia there is Usbekkino, the company of
the late Turkestan, which was formed in 1925 and transformed at
the end of the same year into a stock company controlled by the
Uskebistan Republic. The original capital of 150,000 rubles was
increased to 600,000 rubles in October, 1926. Usbekkino is located
at Tashkent and distributed 300 Russian and foreign films last
year.

This season's production will total eight films.
To produce a sufficient quantity of home-made films, so that
no foreign films, will be needed at all, seems to be the aim of a
certain section of the industry in Russia. This is probably due to
an element in the Soviet administration, which still desires to use
the screen primarily for propaganda purposes.
V. A. Eisenberg, the Russian correspondent of the Daily Film
Renter, describes the preparations now being made. The first conference to discuss matters connected with film production in Russia
has opened. Everyone connected with the industry has been busy
preparing material for this first screen conference. The year 1927
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has brought marry developments in Russian production. Sovkino
is building a large studio in Moscow, which some people are calling
the Russian Hollywood. It is 4,500 meters in length and will
include every modern organization, with 25,000 amperes of current.
A capital of ten millions of rubles has been given by the state
for this purpose. The Wufku organization will finish this summer
(1928) its new studio which is approximately as large as the Sovkino
one, and plans to make a hundred films yearly. In Leningrad, too,
it is hoped to build a new large studio in 1929, while Sovkino
expresses the intention of putting on the market not less than 100
to 120 films yearly. A factory for kino apparatus exists already in
Leningrad, where a number of improvements will be made with
the most radiant hope to make all film material without having to
import from abroad. The conference, which opens this month, has
as its chief note "no foreign films at all, or at least as few as
possible." Eminent members of the Soviet at the head of the
conference are still hugging to themselves some illusions and they
imagine that producing ought to be based only on reasons of strong
propaganda and not on the private interests of the auditors. They
want to dictate what the audiences shall see. From thirty titles of
new films to be screened in 1928 by Wufku more than a half are
propaganda films. Among the others are three or four adaptions
from foreign authors. One cannot deny, however, that the technical side of Russian films has improved strongly, although, of the
200 films produced in a year not more than ten per cent will reach
European markets. Russia has always had talented actors and
good directors and Russian camera men have shown that they
know the secret of good work. The production list of Sovkino contains again a number of films dealing with the country interests
which are not of great value for the great town public.
Latin America
Turning now to Latin America, we come to a field which produces comparatively small revenues compared with Europe, but
which nevertheless holds forth tremendous potentialities. A further
advantage to American distributors in this market is that outside
of a relatively small amount of newspaper demand for greater local
production there is comparatively little agitation of any sort against
American films.
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Several attempts have been made by private enterprises to
establish producing companies in several of the Latin American
countries, but due to lack of capital a majority of these ventures
have failed. There is a small amount of production in Argentina
and attempts have been made in Brazil and Chile. All told these
countries produced about thirty-five films in 1927, none of which
was shown to any extent outside of the country in which it was
produced.
American motion pictures command about 90 per cent of the
showings in Latin America and the majority of them are distributed
through the branch offices of American firms operating in at least
the larger territories. Occasionally films from Europe are given
some distribution by independent distributors but they cannot be
said to compete with the American product to any degree.
While there are no accurate statistics at hand on the number
of separate feature subjects sent to Latin America it is understood
that there are approximately 700 subjects used yearly in this
market.
As close a check as is possible indicates about 3,595 theaters
in all of Latin America. Most of these are antiquated and out of
date, but it is significant that there are, relatively speaking, as
many modern theaters in the commercial centers of such countries
as Argentina and Brazil as may be found anywhere. Theater
building in Latin America is proceeding rapidly and good houses
are going up everywhere.
The theater plays an important part in the social life of the
average Latin American. He likes to be amused without the necessity of any effort on his part. There are many holidays in all
South American countries and Sunday is also looked upon as a day
to be devoted to amusements. The lack of good roads prevents the
general use of automobiles as a means of amusement and there are
few other forms of general entertainment.
It is but a natural thing for the Latin American to turn to the
motion picture theaters for his amusement even in the summer
time. On holidays and Sundays all the theaters are filled at almost
every performance, of which there are an extra number. Few
theaters in South America are operated on the American plan of
a continuous show from opening time to closing. The usual custom
is to have three shows on week days, the first beginning 5:15 p.m.,
the second 7:15, the last at 9:15. A different film is shown at each
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show, the most important one being shown at the last session. On
Sundays and holidays there are shows at 11:15 in the morning and
another at 3:15 in the afternoon. The double feature program exists
in a majority of the countries and lights are flashed on between
reels in order that the people in the audience may see who's who and
who's there. During every other interval, advertising slides are
shown. These interruptions afford the management an opportunity
to gain or lose time for if the picture is long he cuts his intermissions
short or neglects them altogether, though in the latter case the
audience rarely fails to stamp or howl its displeasure, especially on
"social" days when one goes to the motion pictures because it is
the thing to do; correspondingly, if the picture is short, intermissions
are lengthened.
Amusement taxes in Latin America are most generally moderate as compared with those existing in Europe. In some instances,
however, heavy taxation does act as an obstacle to the development
of the theater business such as the heavy taxation that was imposed
on the theater owners in Guatemala, necessitating the closing down
of all the motion picture houses in Guatemala City from January 16,
1928, to February 2, 1928, as a protest to the government.
Censorship of motion pictures in Latin America while not very
strict is enforced very rigidly on one point at least. If any American
picture uses a Latin American type as the villain it is in for trouble
throughout all Latin America. In fact several years ago the product
of several American film companies was banned in Mexico for the
indiscriminate use of Mexican villains. Producers have been more
careful recently in this regard and have tried to conform with the
very natural prejudices of Latin Americans in this direction.
The Far East
The Far East is steadily rising as an important market for
American motion pictures. Australia has long been one of our best
mot ion picture customers, and not only here but elsewhere American pictures are becoming increasingly popular. Indeed with the
single exception of Japan, films from the United States occupy
nearly 90 per cent of the total screen showings in this section of
the world.
While t here is not much production in the Far East as a whole,
Japan

nevertheless, is the only country' in the world — with the
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possible exception of Germany — where the domestic product commands a majority of the showings. Japan in 1927 filled nearly 75
per cent of its film requirements with Japanese produced pictures,
and while these are constructed as to plot themes and methods in
a manner which make them unsuitable for world wide distribution,
a few Japanese films were shown in China, Siam, and other adjacent
territories. A few films for Indian consumption are produced yearly
in India, while China boasts a number of producing concerns. With
respect to these latter a bulletin compiled last year by Mr. North,
chief of the Motion Picture Section, describes in general connection
with the Chinese motion picture market a number of Chinese productions. Australia finally is seeking hard to create a native film
industry. There are now several motion picture concerns organized
in that country and three or four features were put out last year.
One of these, For the Term of His Natural Life, received quite extensive showings and was recently taken to England for distribution.
There is considerable agitation against American films in
certain sections of the Far East. In Australia a commission was
created to hold hearings to investigate the motion picture situation
there and out of it may come some sort of legislation that will
curtail in some way the imports of American motion pictures. New
Zealand has already introduced a bill which in some respects is
almost a duplicate of the recent English Quota Bill passed in the
mother country. In India also a commission was created to investigate the industry. Hearings are being held at present to determine the effect of films on the natives, with the idea of tightening
up the censorship. This same feeling has also appeared in the
Netherlands East Indies. The idea is not that films in themselves
are immoral or unfit for showing but that films which can safely
be shown to European audiences exercise a far different effect on
primitive and subject races.
There are in the neighborhood of 3,500 theaters throughout
the Far East. Australia leads the way with 1,300 and most of these
are as up-to-date as in the United States, for Australians are keen
film fans and show a greater per capita attendance at pictures than
any country in the world — our own included. Japan has about 900
theaters, a few of these in such centers as Tokyo, Osaka, and Kobe
being as modern as may be found anywhere. New Zealand boasts of
about 500 theaters — nearly all of them comparable to our own
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theaters, and India has about 400, followed by the Philippine
Islands and Netherlands East Indies with 250 and 200, respectively.
It is an interesting comparison to note that China with a larger
area and over three times the population of the United States has
less than 125 motion picture houses in the whole country. The
tremendous poverty of the Chinese masses is largely responsible for
this, as are also disturbed political conditions and a lack of transportation facilities.
Our film survey of the world would scarcely be complete without some mention of Africa and the Near East — this latter region
including particularly Syria, Palestine, and Arabia. American
pictures are, of course, shown in all these regions, but except for
South Africa the gross revenues do not amount to a great deal.
Egypt, where film titles have to be shown in four languages, is
perhaps the best market next to South Africa, but there are not
more than fifty motion picture houses throughout its whole extent.
South Africa on the other hand takes its place among the other
British dominions as an excellent market for American films. It is
largely in control of African Films, Ltd., which is said to own and
operate over three-fourths of the 400 South African theaters. This
company is likewise the largest, in fact, almost the sole distributor
of films in that territory and furthermore is considering going into
production. This latter move would necessarily be done on a small
scale and would not reach the height of real competition. There is
a certain amount of agitation against American films in South
Africa, with hints of a possible quota decree modeled on English
lines. There is no evidence as yet that this will be seriously considered.
Services Rendered by the Motion Picture Section
On July 1, 1926, a motion picture section was established in
the Bureau of Foreign and Domestic Commerce by a $15,000
appropriation from Congress. The chief reason which prompted
the creation of this section just at this time lay in a recognition
of t he size of t he motion picture industry among our other industries
and particularly of its importance in the field of foreign trade.
C. J. North is Chief of the Motion Picture Section and associated with him as assistant is the writer. There is also a research
assistanl in charge of industrial and educational motion pictures
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and appropriate stenographic assistance in the office at Washington.
George R. Canty is located in Paris with the rank of Trade Commissioner and as such makes special surveys of the motion picture
markets in Europe under the general authority of this section.
The work of the Motion Picture Section lies chiefly along the
following lines:
1. Reporting on all phases of film conditions abroad, both with
regard to the maintenance and development of American trade
in motion pictures. Such reports are received through sixty foreign
offices of the Department of Commerce, located in the leading
commercial centers of the world with the co-operation also of more
than 300 consuls of the Department of State. Besides the sixty
foreign offices of the Bureau, there are also maintained in this
country twenty-three district offices and forty-one co-operative
offices, thus making a total of sixty-four branch offices of this
Bureau to serve the wishes of American exporters.
With particular regard to Europe, the motion picture trade
commissioner mentioned above is the cornerstone of the reporting
service and he receives the hearty co-operation of those in charge of
the Department's European offices, all such material being made
available to the industry by the section in Washington. Special
circulars or bulletins are made public from time to time by the
section covering particular topics of interest. Recent Trade
Information Bulletins issued are: "The Chinese Motion Picture
Market," "Market for Motion Pictures in Central Europe, Spain,
and Italy," "Markets for Industrial and Educational Motion
Pictures Abroad," "Short Subject Film Market of Europe," "The
European Film Industry in 1927." During the course of the next
few months there will also be issued bulletins covering the "Short
Subject Film Market in Latin America, the Far East, Canada,
Africa and the Near East," and another covering the Scandinavian
countries and the Baltic States. Such material is of course part of
the permanent files of the department and is used by the Motion
Picture Section as the basis for answering the many individual
requests for information on the foreign field which are received by
correspondence, telephone or personal interview. Since its existence, the Motion Picture Section has answered over 1Q,000 of
these inquiries.
2. As full and accurate statistical data as is possible covering
our exports and imports and foreign production of films are given

56

Transactions of S.M.P.E., Vol XII, No. 33, 1928

to the trade each month. In this connection, through the cooperation ofthe commercial intelligence division of the department,
lists of motion picture theaters with seating capacity, prices of
admission and number of performances each week in every foreign
country are furnished to inquirers on request. Lists of motion
picture producers, distributors, and dealers are also available.
3. A weekly service has been inaugurated by which stories,
news items, and trade notes of interest and value are given out each
week to the trade press.
4. Tariff information. Through the cooperation of the Division
of Foreign Tariffs, the American motion picture industry is always
advised of any tariff changes, the imposition of special restrictions,
or other similar legislation covering motion pictures.
5. Film piracy has nourished in certain sections of the world,
notably Central America and the Near East — stolen and duplicated
prints of American motion pictures are unlawfully exhibited with
consequent losses in revenue to the authorized agents of American
producers. Through department representatives in those localities
and the aid of the Division of Commercial Laws of the department
and the Motion Picture Section representation has been made which
in some cases has stopped such unlawful exhibitions.
6. The Motion Picture Section is frequently called upon to
furnish sources for distribution of industrial and educational motion
pictures in foreign countries, also to suggest ways and means as to
how and in what manner they should be shown. While the educational and industrial film fall into an entirely different category
from the entertainment film it is interesting to know that a large
percentage of all the inquiries now received are from those interested
in furthering American trade or education.
7. A trade of growing importance lies in our foreign business
in motion picture accessories. These cover motion picture projectors, cameras, screens, laboratory equipment and the like. The
Motion Picture Section is expected to supply information on all
foreign markets for these, together with such other data as may aid
in developing American overseas trade in theater equipment.
Recently the section issued a bulletin entitled "Foreign Market
Possibilities for Motion Picture Projectors" and the number of
inquiries resulting from its publication illustrates the interest of
manufacturers of these lines in overseas trade.
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The Motion Picture Section maintains the closest contact with
recognized organizations and the trade press devoted to fostering
the development of the motion picture industry. It endeavors to
serve all alike in every legitimate way and will guarantee the closest
possible attention to every bona fide request for information and
will supply all the information it can.
I desire to express my thanks to C. J. North, Chief of the
Motion Picture Section, for his co-operation and aid in the preparation of these remarks.

SCENARIO

WRITING

Carey Wilson*
A

SCENARIO writer is a Creative Genius who writes a magnificent scenario which would have been a great picture if a
Stupid Director had not ruined it. A director is a God-given Personage, who would have made a great picture if the scenario writer and
the actors had not been impossible. An actor is a Divinely-inspired
Superman who would have given a great performance had not the
scenario writer, the director, and the producer been insane. And
a producer is a Heaven-sent Blessing to Mankind who would have
produced a great picture had not the scenario writer, the director,
and the actors murdered his original conception.
So, apparently, there is only the Technician or Engineer to
blame the whole thing on!
For it seems that the practical persons of the cinema industry,
the engineers, are the only unfortunate beings who have no alibi.
Consider, when a scenario falls down, how many other persons the
scenarist can blame. But when a building falls down who but the
engineer gets the blame for its collapse?
All of this alleged irony is in effect an admission that I fear we
self-styled creative geniuses — "artists" — are too prone to accept
the glory or disclaim the blame for elaborate structures which are
so obviously erected upon the solid concrete foundation, the practical fabric, for which the engineers are responsible. Too prone are
we to accept blithely the perfection of the delicately nurtured raw
stock on which our stories are photographically impressed; or the
amazingly delicate camera which must grind millions of feet through
its precise machinery without a semblance of scratch or disfigurement; or the electrical equipment which must supply light when and
where light is called for and without inadequacy or delay; or the
laboratory which must unfailingly send back prints of a beauty
and detail which the cameraman hoped to get — and which sometimes existed only in his conception rather than in his execution.
In other words, it is all too possible that we take lightly for granted
the physical foundation without which the imagination of the
Member Academy of Motion Picture Arts and
California.
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writer, the interpretive genius of the director, and the colorful
personality of the star would be houses reared upon ever-shifting
sands. As to how this mechanical efficiency can further help the
writer — or how the writer can in any way aid those who give us
such technical satisfaction, is not quite clear. It is easy to say
that a closer relation, a better understanding, of the problems of
both will lead to finer achievement. Perhaps a simple statement of
the writer's perspective upon the engineering aspect may be of
interest, if not of value.
Starting at the source, such things as the new supersensitized
raw stock make possible effects which a writer can easily and
blithely describe — and which may be a fiendishly expensive or
difficult effect to achieve, save with a more highly efficient negative
than exists at present. Personally, I look forward with great anticipation tothat day when I may be allowed to write a scene which
can be secured by placing a camera on the front of a motor car and
driving down Broadway at night. It is not necessarily for the socalled "production value" that one would desire such a scene. It is
because the writer's job presents daily difficulties since he can write
at present only such scenes as are economically possible — and a
miraculously speedy negative stock would afford him a new and
glorious leeway in the choice of the background upon which his
story hangs for its dramatic telling.
Cameras and lenses afford untold possibilities for imaginative
effects which the writer can plan in his story. I know of no branch
of our industry in which such tremendous strides have been made
within the last two years. The creation of artificial dissolves, the
use of prisms for what we have come to call "German" effects, the
ability to manipulate film after it has been photographed, developed
and printed — these things enable the writer to conceive and lay
out effects which formerly were outlawed by virtue of their prohibitive cost in the time they would require of directors, cast, and
crew. Surely this angle of cinema engineering is unlimited. I recall
with amusement the ambition of a friend of mine among your ranks
who once set as his goal the most difficult scene he could conceive :
that a camera be placed in an airplane flying over New York, and
that in one unbroken scene the camera noses down on the vast
panorama of the city until the scene becomes a close-up of a man's
face as he walks down Fifth Avenue. Nor do I believe such an
apparently mad conception to be an impossibility. That it, or any
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other seeming impossible photographic effect, may be evolved in
your ranks, gives the writer a feeling of security, a feeling that if he
dares conceive a weird idea, some practical engineer will make it
possible.
The conscientious writer is ever conscious of lighting equipment
and sets. No greater bugaboo exists for the scenarist than the fear
that some cherished scene or sequence may be eliminated because
of the cost of building and lighting a set. Miniatures, glass paintings, background processes, all of these schemes are ever present in
the mind of the writer. New, important, radical inventions and
devices will undoubtedly come into existence to further ease the
burden of the man who at present must plan his story not for its
best dramatic value but for the greatest dramatic value he can
secure with the production cost suspended as a sword of Damocles
over his head.
How easy it is for the writer to thus lightly ask for help! And
how difficult to conceive how we as writers can help you as engineers.
Possibly only by letting our so-called wild imaginations run riot
to bring into existence the necessity for new technical and artistic
achievements which you may therefore be called upon to produce !
I know of no other practical way.
But I can say this — in the creation of some one hundred motion
pictures, I know of no factor which has been as unceasingly and
unfailingly efficient as the material factor, that solid concrete
foundation, which the engineers supply. Were writers as progressive, were directors as efficient, were actors as reliable, as the
technicians, the complex problems of motion picture production
would be simplified amazingly.
If we take your efficiency too much for granted, then that is
the penalty of true greatness. I am sure that any writer would be
happy for such a clear economic conscience as is possessed by the
men who give us such practical reliability as the engineers of the
cinema.
DISCUSSION
Mr. Crabtree: Are scenario writing and continuity writing
synonymous? Providing they are, does ever a scenarist both conceive the story and write it in continuity simultaneously, or are
most of the pictures produced today adapted from stories previously
written? It seems to me that the motion picture writer of the future
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will be one who thinks in motion and writes the continuity accordingly.
Mr. Wilson: The scenario and the continuity are one and the
same thing, but the scenario (or continuity) and the story are not
the same. Most people have a false impression of the process of
adaptation of a story into a scenario or a script. These are two
separate items, the story and the script.
At present slightly more than half of the first grade motion
pictures produced are made from original stories conceived on the
studio grounds solely for their particular purpose, that is, fitting a
certain star, or a specific director, or a particular story conception.
Such stories are conceived and must be approved by the producers
as stories long before the script is ever thought of. The script (or
scenario, or continuity) is a chart or blue print of the story, and
its purpose is to enable the director to make properly the picture
of that story which the producer wants made.
Let us consider that A is the story, and B the script. In their
studio functions they do not conflict. A may be a New York play,
or the manuscript of it just as it was produced on the New York
stage. This we can call a story. B is a script or blue print of that
play, as it is charted into motion picture form for screen production.
Stories could all be conceived ideally in pantomime or action
directly for the screen, and we may some day come to using entirely,
or almost entirely, such original stories especially conceived. But
I don't
because
authors
speaking

think we shall ever eliminate the use of other material,
playwrights will continue to write screenable plays, and
will continue to write screenable novels; but just as the
stage depends almost entirely for its material on writers

who think only "stage," and write only "stage," so the motion
picture will, in my opinion.
The original story especially conceived is generally a story only,
just as we considered a New York play as a story. As to its conception— for instance, a producer once said to me: "I need a story
for a certain actress; have you an idea?" I had an idea. Over a
period of several weeks that idea was developed by the producer
and myself into a motion picture story which was especially designed
to meet that producer's idea of what that particular woman star
should do on the screen at that particular moment.
That was a story. After it was completed and approved, it
still had to be translated into the blue print or chart to be made
into a. picture.
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Perhaps I can give a clearer idea. I built a house last year — and
before it was started I was given two separate pictorial ideas of
what it would be like when finished. One was a water color portrait
of a beautiful home apparently completed and occupied with even
trees and flowers growing about it; the other was a sheaf of blue
prints which technically explained how the house was to be built.
We might call the motion picture story the water color portrait
of the house; the scenario or script, the blue print.
Mr. Crabtree: At the present time, the leading character in
a motion picture is a definite star. When I pick up the newspaper,
perhaps I am interested in "Mutt and Jeff" or "Jiggs," which is
a continued story. What I have in mind is when I go to a motion
picture theater, it is probably because it is advertised that they
have a "Mutt and Jeff" picture, and as a result of following these
characters in the paper I am interested in them. Why aren't motion
pictures made with definite characters or a family of characters?
At present every picture is one in which the star is featured, but
it doesn't deal with the doings of the star; that is, the picture
doesn't fit into the star, but the star into the picture. Several
individuals could take the part of the character; in other words,
several individuals made up and wearing the same costume could
act the part. I am not suggesting that probably all could do it
equally well, but I think it would be a solution of the star problem.
Mr. Wilson: I wonder if the producer wants a solution of the
star problem? I wonder if the producer really is not bemoaning
the fact that he has not got any more Clara Bows, Colleen Moores,
or Jack Gilberts — because he makes money out of those high-priced
stars. Personally, I believe the enormous salaries are to the producer a very small fly in a very large jar of ointment. I doubt if
Mr. Lasky is sorry that he has Clara Bow. I doubt if First National
is annoyed that they are paying Colleen Moore more money than
they did last year.
Now, as to your argument on comic strips, or their equivalent,
which I judge to mean the creation of a certain screen role to be
repeatedly depicted; possibly by different actors. The way I see
it is this: The stars themselves by their personalities rather than
their rules arc what the public wants to see — and thus the personality of the actor becomes the important issue just as in the comic
strip the character by constant repetition of interest endears itself
to the public. As a matter of fact, some stars repeatedly play roles
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so similar that they are practically comic strip figures. Charlie
Chaplin started out as a comic strip figure. I remember at that
time, in New York, we of the industry became conscious of the same
funny figure in baggy pants appearing week after week in Mr.
Sennett's comedies. Our first interest in Chaplin was in the pitiful,
comic little figure which we got so used to seeing and liking.
Again, the endearing of the character to the public on the
screen means inevitably the endearing of the actor. I fear that if
you took some prominent screen star and depicted him in several
pictures of the repeated adventures of one particular character, it
would possess the same monotony as seeing "Jiggs," the comic
strip figure, go through practically the same cartoon adventures
day after day.
Mr. Crabtree: Why is it necessary to tell the public that the
role is being played by a certain actor — say Jack Gilbert?
Mr. Wilson: Because the thing the public wants is the actors,
the Jack Gilberts.
Mr. Crabtree: But suppose they didn't know at first that
they were being deceived?
Mr. Wilson: How simply said! My answer is that I will offer
a theoretical million dollars for any actor who can fool the public
that he is Jack Gilbert. You see, I don't think you realize how much
the motion picture fans worship their stars. People name everything
from babies to dogs after them! And then, on the other hand, nice
old ladies write them charming letters in a motherly way — which
is often very touching. Star worship has its frequent comic moments, such as the times when unknown ladies insist on marrying
popular male stars.
I believe Hearst once had some difficulties with the artist
drawing one of his comic strip characters and engaged another
artist to draw the comic strip. In the comic strip game, I think
such a substitution would be acceptable to the public, but I doubt
if the public would accept a substitute for a popular star unless
that substitute possessed charm and personality as great as the
person for whom he was substituting, in which case the substitute
would become a star in his own right, and you probably would
start all over again. The public's worship of stars as individuals
is very intense. The fan public knows much more about motion
pictures than we do; they know much more about Jack Gilbert
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than Jack himself knows! You see, I think the word "fan" originally
was coined about these people because they are literally fanatics.
Summing up, let us say that to satisfactorily substitute an
unknown person for a popular star to save that star's ten thousand
dollars a week, he would have to be a substitute of such charm and
personality that in satisfactorily substituting, he himself would be
worth the same salary as the star — and would very probably soon
demand it and get it. Of course, you will understand that all of this
is merely my own personal idea.
Mr. Crabtree: Will you go more into the mechanism of
scenario writing, tracing the trend of your thoughts from the time
you conceive the idea and are given instructions to prepare a script?
Mr. Wilson: No two motion pictures are conceived or worked
out alike. Producers and all who are conscientious in the business
are searching in the interests of economy for the right degree of
standardization, but so far it is not working out. Sometimes a
picture is planned deliberately a long time in advance, and turns
out to be a bad picture; and then sometimes circumstances leap up
at you and you are forced to throw a picture into shape in a few
minutes. It seems to depend on whether a picture has the divine
spark.
Here is an instance. of how one picture came into being; it was
Norma Shearer in His Secretary, a picture which I think is the best
picture Miss Shearer has ever made. It happened like this: Some
three years ago Mr. Harry. Rapf sent for me in a hurry and said :
"I've got to have a story for Norma Shearer and Lew Cody right
away. Have you got an idea?" I answered, "Of course I have an
idea." Because a writer must always have an idea — he must always
have two hundred ideas, because the producer will think the first
one hundred and ninety-nine are no good. I told him my idea, as
simple as this: A very homely little stenographer is in love with
her boss. She is very efficient, and he should appreciate her, but
he doesn't; because there is a very inefficient blonde handy. One
day the girl sees that her boss's partner has been discovered by his
wife kissing the blonde, and she overhears her boss say, "I've got a
stenographer that will suit your wife; you wouldn't kiss her for
a thousand dollars!" That was pretty tough on the little stenographer, and we get a close-up of Norma Shearer leaving the office
heart broken. Mr. Rapf said, "That is very good; where do you go
from there?" I answered, quite truthfully, "I don't know."
So
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it over and tomorrow tell me the rest of it."
the thing more clearly in my mind. Obviously
cast with Norma Shearer and Lew Cody, the
was to a considerable extent inspired by the

screen personalities of the two principal players. "It is a comedy,"
I said to Rapf, "so we should have a twist in it. Certainly the girl
must become attractive and get even with him for that horrible
insult — in other words, the situation must be reversed." He said,
"That sounds good; work it out, and we'll shoot Monday." That
word "shoot" merely means starting the picture.
Now, I happened to be thoroughly tied up doing another script.
There were two very brilliant writers who lived next door to me;
they were assigned to do the blue print, or script, from my very
vague outline of a story. Naturally these people, Hope Loring and
Louis Lighton, had to supply much more than is the usual case,
because my story was only an idea, and not even on paper. Nevertheless, working under high pressure, in forty-eight hours they had
finished a splendid scenario. In sixteen days the picture was photographed, and while we thought it was a very charming little picture
we did not realize that it was of any importance. We sent it to
New York, and if I recall the figures correctly, it played to $64,000
the first week and $60,000 the second week at the Capitol Theatre;
the picture took in practically what it cost in this first single two
weeks' showing; now, despite the emergency circumstances something "clicked" in the making of that picture. I do not say that this
is a praiseworthy procedure, but somehow or other it seems that
frequently circumstances are like this and we must do it as best
we can and murmur a little prayer for the outcome.
On the other hand, pictures are generally conceived and prepared under less hysterical circumstances. I remember once Irving
Thalberg had lined up for a picture a great actor named Lon Chaney
and a splendid director, Victor Seastrom, and wanted to do a circus
story. Of course, you wouldn't have Lon Chaney and Victor
Seastrom clowning around with blond stenographers. Again the
nature of the star and director inspired the selection of the story.
I suggested to Mr. Thalberg the idea of making Andreyev's great
play, He Who Gets Slapped. Obviously the company thought that
something must be done with the ending which, as originally
written, involved the death of practically all the principal characters. So Mr. Seastrom and myself worked for five solid weeks until
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we had our scenario, eliminating the unnecessarily unpleasant
features of the original play but retaining the spirit and theme.
As some of 3rou probably remember, a splendid picture came out
of it.
Here is another instance: my very dear friend, Mr. Benjamin
Glazer, is going to write the scenario of the New York play success
Burlesque for Famous-Players-Lasky. He is going to New York
and study the play; will probably sit in the audience four or five
times watching the play and the actors and analyzing the audience's
reactions. This will be of tremendous help in writing his scenario.
As a matter of fact practically nothing about the play will need
changing, and yet he will probably be wise in spending two or three
months in making his blue print of this play which has such splendid
values.
Here, therefore, are instances of three different methods by
which motion picture scenarios are evolved.
Mr. Crabtree: Can you tell us something more about the
actual blue print itself? For example, the Norma Shearer blue print?
Mr. Wilson: Since I haven't thought much about His Secretary for the past two and one-half years, I don't remember it any
too clearly. Perhaps I might tell you something about a blue print
which I finished only yesterday. Here it is, a nicely typewritten
blue print in a fancy orange cover, on which is printed "Marion
Davies in Her Cardboard Lover." On the first page is "Fade In —
Close-up." The close-up is a page of a college magazine advertising
a cheap trip to Europe for college girls. It tells how you get a day
in Paris, a few hours on the battlefields, a night in Monte Carlo —
and so on, the whole thing being somewhat exaggerated. Dissolve
to — a magnificent hotel lobby in Monte Carlo with two hundred
and seventy-five assorted American school girls being lined up at
the desk by the comedy cicerone of the trip. Then it outlines some
comedy stuff introducing the different types of girls. Next comes
a medium shot at the hotel desk with the supercilious clerk condescending tolet these low-class guests register. Then, a close-up
as a girl's hand writes her name and "Pottsville, Iowa" on the hotel
register. She turns her face into the camera and we see that it is
Marion Davies as a little college girl from the Middle West. Now
a long shot of the hotel lobby and we see at the far end the entrance
of a gentleman designated as Count Andre Sallicel — and in this
scripl I described him simply as God's gift to women. The camera

Scenario Writing — Wilson

67

moves along with him and we see that he is magnificently attended
by his valet, his tennis instructor, his caddy, his secretary, and
his masseur — and they are all pretty swell. The next scene is a
close-up. It says simply that Miss Davies takes one look at this
guy and faints.
Now, there is a rough idea of how a blue print or scenario reads.
I do not mean that necessarily the director will set up his camera
exactly as I outlined in the script. He will not blithely shoot a
scene through a doorway, just because I suggest it, for the exigencies
of the set and the feel of the scene while it is being shot make
frequent changes advisable. But in general the director is supposed
to shoot the scenes as outlined in the blue print.
A scenario is, therefore, a series of long shots, close shots,
medium shots, etc., which tell the director how, by shooting the
scenes described, he will tell on the screen the story the producer
wants to make. The blue print is, therefore, the translation of the
story into the movie. For instance the original play, The Cardboard
Lover, started with its first act in a bar at Monte Carlo and a number
of characters conversing retrospectively about things that have
happened before the curtain went up. In making the scenario
I went back and showed these things which the people in the play
talked about. Of course I could have written a scene exactly like
that barroom one in the play, but in translating into motion picture
or graphic representation, we generally believe in showing things
as they happen. Sometimes these adaptation changes are necessarily very radical. Sometimes they are too radical; sometimes we
go too far afield; in fact I think that the greatest handicap to the
writer today is the producers' inherent tendency to want a story
radically changed. I say this seriously. A great producer-fault is
that instead of giving an extra effort to improving a story, the
tendency is to change it entirely — to strike out blindly in the dark.
This is not ever-present, but it does exist.
Mr. Crabtree: In the Shearer picture I understand that you
conceived the idea or story and the neighbor writers prepared the
blue print. In the next picture you spoke of you spent, five weeks
in preparation. Were you working on the story or the blue print?
Mr. Wilson: On the Chaney picture, He Who Gets Slapped,
my job partook of both angles. I had to make a treatment, or a
revised story, and then the blue print itself. In other words, sometimes one person has to do both A and B. Sometimes writing a
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blue print includes changing the story so much that you have had
to evolve an almost entirely original story. In the Shearer picture
I did A and someone else did B. In He Who Gets Slapped, Andreyev
provided the pla3^ A and I did B, but the B process involved a revision of A as well as blue printing it. If in building my house I said
I wanted certain features, in arranging those features the architect
might have to trespass on mjr design in executing it for practical
reasons.
Mr. Griffith: With regard to your last illustration dealing
with Marion Davies' story, in the original play you said there was
a conversational cutback to things that occurred before the start of
the play. What would happen if you should do this sort of thing
a year from now and had available sound recording and reproducing
devices fully perfected? Do you still feel you could get better results
by starting as you did or could you accomplish what they did on
the stage by sound recording film?
Mr. Wilson: Now you are hitting below the belt. I don't
know. I wish I did. I wish I knew exactly where to place in my
mind the new sound film. For instance, I cried freely over the
magnificent effect of Al Jolson's singing in The Jazz Singer and yet
I raved to myself against the bad technique necessary to secure it.
As a matter of fact, every time two writers, directors, or producers
get together they have a good time until someone says "sound
pictures." Then the battle starts. As for my own opinion, the
nearest thing to it which I could express would be something like
this: I think sound effects are great when they are great sounds, but
are limited when they depend on the mere novelty of sound alone.
I do not want sound motion pictures considered as one might consider adog walking on his hind legs — not that he does it well, but
because he does it at all. In The Jazz Singer we had great sound.
Mr. Jolson is a man who can repeatedly, by the charm of his personality and the power of his vocal appeal, pack large theaters all over
the country, and the adaptations of his ability to sound motion
pictures will, of course, retain a considerable amount of the audience
appeal of the original — but please get me some more Al Jolsons!
Answering your question directly, I don't think that five people
sitting in the bar in the opening of The Cardboard Lover and taking
the lines from the play would be either as good entertainment or
as good Bound effect as something else we could devise. A part of
that something else as I did it was the translation of this dialogue
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into the two hundred and seventy-five school girls in the hotel
lobby. If I had perfected sound at my disposal I could probably
find a happy medium, using both my pantomimic translation and
some desirable sound effects, but I don't think I should have merely
had the five people sit there and talk unless I couldn't think of more
beautiful and interesting sounds to record. The picture Wings with
its sound effects is a splendid instance of great sound. I've seen it
five times and each time those machine guns go off I want to get up
and yell. Here sound effects do what the silent screen cannot; for
a machine gun without that effective sound is about as dramatically
impressive as a powder puff.
Sound has vast possibilities. I fear, however, that sound effects
will get a black eye at first because motion pictures with sound
effects will be made not to show how well people can talk and how
effectively great sounds can be recorded, but merely because it is
a novelty to hear people talk from the screen.
Mr. Griffith: The use of sound will require the development
of a new technique.
Mr. Wilson: Benjamin Glazer and I talked until nearly four
o'clock the other morning on just that subject. At present we
believe it is bad technique to write a scenario where people merely
talk for twelve or fifteen speeches, because there you are using only
the sounds without employing to best advantage the vast canvas of
the screen and its action. So the writer is wondering and most of
us are studying where we are headed, if this new medium is placed
in our hands. Here is a new dimension, and we know we must
acquire a new vision. But the sound movie will never get anywhere
if it depends upon its novelty; upon the audience saying, "Look,
they talk!" If we can give the public the sound equivalents of
Jolson singing "Mammy," the machine guns rat-a-tatting, or other
sounds with a dramatic quality, then we will have the good talking
picture. If this idea of great sounds is too much ignored, in view
of the sheer novelty of talking pictures, I shudder to think what
will happen.
Mr. Palmer: What do you think about color in presenting
a picture on the screen? Does it enhance the dramatic quality?
Mr. Wilson: Undoubtedly color, sound, and anything else
.we can do to make movies more realistic, are assets. Color comes
into the same classification as sound. We live by public favor. If
we do not make pictures that the public likes, the public will not
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pay us the money to make any more pictures. The public has been
accustomed to silent and to black and white pictures. We must
proceed carefully so that we will have our audiences appreciating
the picture instead of the sheer novelty of sound or color. In several
instances I have seen, I have felt a certain tendency for the audience
to be appreciating the color rather than the dramatic significance —
in other words, "Look, her lips are red!" Certainly I am personally
fond of color; one of my cars is orange and the other lipstick red,
so I am extremely susceptible to the possibilities of color on the
screen. I think it is highly desirable if it is efficient, not too expensive, and does not carry too big a burden in photographing it.
I was present when millions of feet of film were shot on Ben Hur,
much of it in color, and I am, therefore, aware of the burden which
color at present imposes on your shooting. I think it will come
gradually. Already we have arrived at the stage where the audiences
appreciate a certain amount of color when it is used without destroying the fabric of the story, and it will be used with increasing frequency when someone says: "Here is a perfected color process
which is inexpensive." Of course, I don't think that the motion
picture's general form will ever change entirely. Although anyone
is a fool to say that certain things will never happen, I feel that the
basic technique of the motion picture will remain constant just as
the general stage technique has remained established over some
three thousand years. I think motion pictures will remain to a
certain extent a black and white medium without sound. That
films will be embellished by color and by sound is of course inevitable and desirable; but to say that in ten or twenty-five years
all motion pictures will be entirely in color and entirely with the
spoken voice, I would not have the courage to predict. May I sum
up by saying that when you give us color of the proper kind and
without cost and burden limitations, you will get it on the screen
to whatever dergee the public will accept.

SOME

PROBLEMS

OF THE

ART DIRECTOR

James Mitchell Leisen*
IN GATHERING together the material for this talk on the art director, ithas been my endeavor to present a part of the science of
motion picture production with which I feel sure the majority ef
you are quite unfamiliar, and yet it is necessary for a complete
understanding of the various factors which enter into the making
of a motion picture.
The art director occupies one of the five key positions in the
production of a film. Those five are: the director, the writer, the
art director, the camera man, and the actor. These are key positions, because the thing which the public sees, makes or breaks
this business and those five positions are in major control of the
picture shown to the public.
The art director's position in this quintet is that of a unifying
influence — if he takes, or is allowed to take, advantage of it. I say
that because of the gradual change in some studios as regards the
duties of the art director, from a person who merely built sets,
to one who decides on all material objects entering into a production
before these objects are submitted to the director. In other words,
the art director has ceased to be merely a designer and has become
an executive with a thorough training in art and the elements of
production necessary to films.
Before taking up a detailed discussion of this power for unification Ithink it would be wise to label it as an ideal condition, because
at the present time it exists, to the best of my knowledge, in only
one studio. In that studio the art director is the supervisor of not
only the settings but the furnishings of those sets, the properties
used, both mobile and immobile, the wardrobe worn by the characters, the make-up, trick shots, camera effects, general lighting,
mechanical details — in a word, the whole material side of the
production, the thing the public sees on the screen.
Therefore, you can easily see that the art director's position,
in this case, is one of grave responsibility. He may exert a" strong
* Member Academy of Motion Picture Arts and Sciences, Hollywood, Cal.
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influence for good or bad on the final result, depending entirely on
whether he is considering each element on its dramatic relation to
the whole or only on its individual merits as an object.
Let us now consider his relation to the other four key positions
in order to study just how this power of unification is used to the
best advantage. The first thing which the art director has to contend with is the human element, temperament, personality, personal
likes and dislikes. And here, if he hasn't already gained the confidence ofhis associates, is where he is called upon to exert the full
effect of his own personality and diplomacy, for if he is to carry
out his ideas for the unity of the story he must sell his conception
of the production to his director, and sell it in such a way that the
director is completely sold and takes full advantage of what is given
him in the way of a production.
The art director usually first comes in contact with the story
through script which is sent him to be read. After having read it
and formed a rough, outline in his mind of the production — and by
that rough outline I mean an idea of the dramatic value of the
different sets to the production — he arranges a conference with the
director to get his ideas for the story and his desires or likes in the
way of a production. And here he runs into a difficulty because
almost invariably the director's ideas of what this particular production must be, will cost at least twice the amount of money
allotted to that production. At this point the poor art director
goes into retirement and wrestles with his problem — the uniting of
the director's ideas and the production office's ideas.
This problem involves the making up of estimates, preliminary
designs, a consideration of existing sets, props, and wardrobe, the
alteration or redesigning of any of these that may be used, considering the use of trick shots to obtain a maximum production value,
a summing up of his costs and a comparison with the production
allol merit. — starting all over again in order to bring the costs within
Bpeaking distance of the budget. In other words, the beginning of
the greal and fascinating job of translating what has heretofore
been only phantasy into reality.
The arl director usually finds that the script calls for more sets
than are actually needed, or that certain sets can be combined to
reduce cost, so he confers with the writer to get his ideas on the
Btory and whal he conceived in the way of a-production and discusses
the suggested eliminations or changes with him. As for example,
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the writer has, for no particular reason, laid a scene in a library.
The fact that the room is a library has no dramatic value to the
story and could be played just as well in a drawing room. Therefore the art director suggests the change, primarily because books
cost money and shelves are expensive to construct. If he can therefore substitute a drawing room at less cost he has made one step
toward happiness in the production office. Similarly, the writer
may walk his characters out of a room to another — merely for a
change of background, and if the art director can show by his designs that this is unnecessary he has eliminated another set.
Further conferences with the director give him an idea of the
importance the director attaches to various sets, props, etc., and
moods of the various sequences are considered.
He now attacks his problem from his own angle — the giving
of material form to all these ideas and characters of the imagination
that the writer and the director have conjured up.
What kind of a person is this leading lady? What are her likes
and dislikes? How does she dress? What does she think? Who is
this leading man? What is his interest in life? What hobbies has
he? What sports does he like? What kind of a cafe is this? What is
it noted for? This tenement room — what joys and heartaches has
it seen? What tragedies have taken place in it in the past and what
background must it give now to the scenes that will be played in it.
All these things must be studied, worked out, and built, for an
audience who never notices them if they are properly done because
they are the proper background for the characters moving in them
and are a definite and material aid to the actor in creating a character.
There are times, however, when the set becomes the actor and
must tell the story, as in the following example: The script told
that a certain scatterbrained chap had inherited a considerable
sum of money from a severe father with the provision in the will
that he must settle down within a year and go to work; if not, he
must lose his inheritance. The scene in question involved the
arrival of the family lawyer, at the end of the year, to keep an
appointment with the son, who fails to arrive, leaving the lawyer
to play his scenes with the room as an actor. This room of necessity,
must express both the father and the son and allow the lawyer
sufficient means to make comparison. This was done by creating
a room fairly gloomy in character, paneled in the Georgian style
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and furnished in the elegance of the late nineties. A portrait of the
father was paneled in over the mantel. The son's character was
expressed, in contrast, by littering the large and imposing desk of
the father with sports magazines, unopened letters of a distinctly
feminine character, piles of bills, and jauntily perched on top of
it all, the model of a large and expensive yacht. A table in the corner
of the room was covered with dancing contest cups.
Having incorporated all these background essentials into his
drawings, and having worked out his geography, the movements
of characters around the set, the location in the set of the various
scenes, the type of furnishings, etc., and made his estimates agree —
he proceeds to sell these sketches to the director and the production
manager, or make such changes as are agreed upon.
And now comes the biggest part of his work; the plans and
actual construction. Exactly how will we make this earthquake?
What devices will we use to make the building fall? What trick
work is necessary to wreck this boat? And always in his mind —
how can the actors be protected from injury? This because often
in a large spectacular scene the people in it must appear to be in
great danger and yet of necessity must be protected to the utmost
from injury. This protection in a large measure devolves on the art
director in his construction. The best examples I can cite of this is
a picture in which an engine telescopes a pullman car full of people.
Due to the action called for in the script, that the leading woman
be caught up on the front of the engine and carried the full length
of the car, it was impossible to use a miniature, to print the people
into the scene or any other of the usual camera tricks. It therefore
became necessary to do it in actuality. The set when completed
was made up of over 3,000 pieces and operated by nearly 6,000
wires and cables. The important thing was, that the people in the
car get to certain designated places and stay there until they were
automatically carried to safety. Fortunately they all got there.
No one was in any grave danger and yet on the screen, people were
seemingly ground to bits beneath the wheels of the oncoming
locomol ive.
In another instance, the shooting schedule of a week and the
number of scenes to be played made if necessary to actually do an
episode in the basemenl of a burning building. Three people were
trapped in this basement, and Li was necessary to show it in flames,
and its gradual collapse, burying one character, keep it afire and
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yet not burn it for a week, collapse various parts at exactly the right
moment, and hurt no one. All was part of the art director's job.
In this case, fireproof material and a form of liquid fire kept the
building burning, and mechanically controlled collapses protected
the actors— and at the same time created the illusion of an immense
hazard.
After the plans are made, models are constructed of any set
that involves any unusual features, and these are discussed with
the cameraman for facility in lighting — and here, the art director
enters into his part in the lighting of a set, because by construction
and study of the problem of the cameraman, he can greatly aid or
hinder the proper lighting of a set and the rapidity with which it
is shot.
The use of wild walls that can be removed rapidly, open spaces
in the set, ceiling constructions that create an illusion but do not
hinder the use of over heads — all these things he enters into and
so he must have an understanding of the cameraman's field. In
this respect the art director is very much interested in the use of
incandescent lighting and panchromatic film.
Incandescent lighting considerably lessens his work due to
the easier handling of lights and the greater chance of concealment
of the fixtures. Panchromatic film allows him greater range of
subjects, as it permits of shooting with greater veracity in lighting
and less equipment, hence makes it possible to shoot small, more
intimate sets and actual interiors.
Two things which cause the cameraman worry are : the obtaining of realistic lighting from a source of light such as candles and
lamps. These difficulties are largely eliminated with incandescent
lighting, but in the case of arcs, it would be useful to have a lighting
device small enough to conceal in the average lampshade, and yet
powerful enough to be a real source of illumination. In the case of
candles, a natural reflection would be sufficient. I mention these
two things here for whatever interest they may arouse.
I have already touched upon the art director's connection
with the last of his four major associates — the actor.
He may materially aid or detract from the actor's characterization with the set he builds and his protection in a mechanical set.
Through the actor's wardrobe, the art director utilizes his
final influence for unity— tying together his furnishings and his
sets with the style, line, and color of the costumes, and principally
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through the color value of the materials used. For it is by the
handling of these colors in conjunction with or in contrast to his
set that a character can be accentuated or subdued and a mood
maintained — particularly where large crowds are used that can be
treated as a color mass.
Usually the last thing he handles is the selection of type for
the titles and their decoration, and when these are finished his part
in the making of the motion picture is finished.
DISCUSSION
Mr. Handley: In actual practice, how does the art director
determine the color of the walls of the set, or is this done by both
cameraman and the art director?
Mr. Leisen: I might take the liberty of enlarging on this
because it brings up a point of interest. It is a co-operative proposition between the director and the cameraman. Some cameramen
are happier with .dark sets and others can handle light or even
white sets with advantage. I have cameramen who like light green,
some want beige, and I have a few, who, I am pleased to say, like
white, because I like it myself.
It is a great detriment to make up sets in shades of black and
white; because of the influence on the moods and spirits of the
actors and people who have to work in them. It gets very depressing
about the third day. Consequently, I do the sets in color that will
influence the mood of those who are to play in them. With small
sets I use red; I subdue them with soft greens or browns. It is
difficult to play a vivacious set in a brown dress. There are factors
that the art director considers in his designing. Everything must
work together. We usually make a large and elaborate charcoal
drawing of the set and the people in it, because it is an aid in
lighting; not that it is followed always, because by the time a set
is finished, you often find it necessary to light it in a different way.
Mr. Dunning: Is any attempt made to create a stereoscopic
effect?
Mr. Leisen: Yes. I will take a paneled room, for instance, in
which I here are little wood moldings. They are painted two or three
shades lighter than the wall they are on so as to bring them out.
A sel is graduated in color or is laid out in planes of color. It
depends on the construction of the set and what is to be played in
ii. as to which part is to be given prominence.
Lights are often
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painted in. If a set presents some difficulty in lighting, we intensify
certain spots by spraying on aluminum paint to make them brighter.
Mr. Roemer: Doesn't that apply to other sets where the size
and stature of the performer is increased?
Mr. Leisen: That depends on the number of scenes to be
shot in a set. In a set where the action is confined to the foreground,
it is limited. Where the action is completed in a week, no false
perspective can be used. In the German technique, which styles a
great deal of false perspective, the cameraman is limited to one
angle; otherwise, a new set is needed. A cameraman, to avoid
monotony, likes to move around. We are hampered in our type of
stories by the necessity of doing them in actual scale. They deal
with the mental reaction of a person and express it in the story.
They can use false perspectives because they limit themselves to
one or two angles. It is not a practical way, because the set can
be used only once. It is a saving in production cost to keep sets
standing because by slight changes they can be given a totally
different appearance. We did one picture entirely as an experiment
to see how it would work. We made cameras turn circles, run down
stairs, and got an interesting result, but the cost was not commensurate with the return.
Mr. Roemer: In The Hunchback of Notre Dame the set was
taken all from the same angle. I wonder if this was deliberate so
that it could be used in another drama by shooting from another
angle.
Mr. Leisen: I had no connection with Notre Dame, but I
think that either the script was not in such shape that the art
director could tell what was needed and therefore built more than
was needed or that the director spent weeks in shooting and had
to cut out a great deal that was irrelevant. In building a large set
of that nature it is not built with a consideration of that picture
only; it is built with a consideration of future utilization. I built
a set for Chicago. It is not particularly typical of Chicago, but the
street is easily turned into that of any large city, and it contains
almost any building necessary in the average production. The
barber shop is given a new front and becomes a ' 'swanky" modiste
shop.
Mr. Pearsall: I should like to say a little more about the
idea of painting where more light is needed. Some time ago at an
A.S.C. meeting we had a long discussion as to the value of incan-
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descent light in relation to its color and photographic qualities and
as to the value of color in monotone on the set and the psychological
effect on the actors. I have worked with Mr. Leisen, and one
particularly fine thing he has done is the application of color with the
air brush and bringing out highlights where it is impossible to bring
them out by lighting.
Mr. Leisen: The average difficulty that I have found when
painting light on a set is that the characters moving through it cast
no shadows. The German production of Henry the Eighth showed
beautiful effects until the characters walked across the floor and
the sunlight stayed there. Probably few people noticed this.
I find it very helpful to paint light in above the heads or where
the character is not going to get into it. In the production of The
King of Kings, the appearance of the Christ — the lights and halos —
presented a problem not easy of solution. If you will remember,
such an effect appeared when he was not moving. It is very difficult
to put in when the character is moving; it means a dupe negative,
and at that time they were not easy to put in afterwards. Not
because I am out of sympathy with trick work, but because the
director I work with is out of patience with anything he can't see.
I had to bring the figure of the Christ on the scene and I had to
make the earthquakes quake and make the people fall into it. Those
lights were fine black gauze, three feet six inches, in front of the
camera and delicately air-brushed where the halos of light occurred,
and they were made photographic by gradually bringing up the
light on them at certain points in the scene. Owing to the white
robe of the Christ, they didn't photograph. The appearance in the
room of the Last Supper was attained in the same way — by disBolving one in after the other and then dissolving in the figure of
Warner. I wish that all effects could be as simple to handle as that.
Unfortunately, they make you stay up nights most of the time.
Mr. Volck has handed me a number of questions that he would
like to have me talk on. I will touch very briefly on them. In the
ideal condition I referred to the. art director's power of design as
absolute; having the full confidence of the director, he never interferes with what the art director wants to do as long as it is compatible with his conception of the story. The director usually asks
you for the first thing that pops into his mind that illustrates the
point he wants to put over. However, in finding out what he really
wants it for, what the idea in the back of his head is, you find some-

Problems of the Art Director — Lei sen

79

thing else is better. A director under the pressure of his work,
thinking of action, is not considering the set or the material adjuncts
of his production. Therefore, when he asks for something, it behooves you to be sure that is what he wants and whether somethingelse is better. In The Volga Boatman De Mille found that most
Russian interiors are decidedly French in design. He submitted
some that were almost Russian comedy in character, and he wanted
French. He felt in this country that the people wanted to see Russia
as they believed Russia to be. One Russian character in that picture
on the first set said: "That is the most perfect Russia I have ever
seen." There wasn't actually a Russian thing in it. In the selection
of wardrobe, particularly in a period production, for example,
Pickford's production of Dorothy Vernon of H addon Hall, an Elizabethan costume is very cumbersome, and it is generally hard for
an actress to wear almost any kind of costume. An American
actor will say: "Don't I look like a damn fool?" And they wear
that attitude in the picture. The public take the same attitude,
so we must simulate the period to create an illusion of the period
without being ridiculous. There was only one costume in the
picture that was actually Elizabethan — that of Queen Elizabeth.
Clara Ames had studied the part, and her costumes were about
seventy-five pounds apiece in weight, but when she appeared we
felt as though we were in the presence of Queen Elizabeth. She
made herself the part. In the other parts I simulated the period.
I made the people keep the costumes on, whether they worked or
not, so that they got used to them and overcame their self -consciousness. Idid the same thing in Robin Hood. Gentlemen wore chain
mail all day and finally loved it! They carried fourteen foot spears
and broke their necks for a few days falling over them and finally
found out how to handle them. In The King of Kings I carried a
stock company of twenty men and twenty women. They were hand
picked for their ability to wear clothes. In the forty days we had
we put on those people every costume in the production until they
knew backwards how they were to be put on and worn. Therefore,
when we got to the time of the production, my forty stand-bys or
assistants were assigned so many of the extras, and they dressed
the people and showed them how to wear the clothes, and^it overcame the difficult of their looking as though they had walked into
a rag bag. That is very disastrous to the production. If I remember
correctly, this happened in a recent stage production. Those things
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can completely destroy the illusion, and this business deals only
with illusions.
Mr. Volck brings up the point of the utilization of special dress
and set. I have found that the director in coming on a set to pass
judgment on it will say: "It looks awfully empty. You should have
something down here." He doesn't take into consideration the
number of people on the set who will dress it. To obviate this, we
show the people in the sketches, and this caused the difficulty that
the director saw the sketch with the people in it and the set without
them. The art director in the ideal case very often sets the camera
line for the director because he knows the best angle to shoot from.
In dressing it, he has mentally placed various things in various
spots. It behooves him to take the director and go over the whole
episode to be played, so that the director in building scenes can move
the characters so that they arrive at these spots at the proper time.

THE

OPERATION

OF A CENTRAL

CASTING

BUREAU

Fred W. Beetson*
IN THE past two years the employment of extras has been
centralized in a free employment bureau, owned and operated
by the members of the Association of Motion Picture Producers.
Prior to this, extra players either secured employment through
commercial casting offices, paying a fee of from 7 per cent to 10
per cent of each day's check, or they made the daily rounds of the
studios, soliciting work. With the development of the industry,
the producers felt that more attention should be given to the industrial problems of the industry. At the suggestion of Mr. Hays,
Miss Mary Van Kleek, of the Russell Sage Foundation, made a
brief survey and among her recommendations suggested a special
study of employment. This study was carried on for a year, with
the co-operation of the State Labor Commissioner, and in January,
1925, the Central Casting Corporation was established.
It is to this office that all applicants for extra work finally
come. With a registered list of over 13,500 men, women, and
children, to allow for a wide daily variation in type and number and
for drifting of workers to the stage and other former occupations,
the average daily placement of extras over a period of twenty-two
months is only 796. Not 5 per cent of all applicants are permitted
to register, and the irregularity of employment is made clear to
each newcomer.
The extra players are also called "atmosphere players." This
more truly describes them since they form the background which
gives a realistic setting for the principal players. They are shoppers
in the department store who watch the heroine sales-girl, the guests
at the exclusive wedding. In the selection of an applicant for
registration, type is the prime consideration. An applicant may be
any one of dozens of types, but he or she should only be admitted
because of being so outstanding an example of that type that the
industry, on the basis of superior quality, can offer employment as
against others of that type already in the industry. The sweet-faced
* President, Central Casting Corp., Hollywood, California.
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"mother" means nothing if our records show an over-supply of her
type. An exceptionally good-looking middle-aged man with unusual
wardrobe may be given preference over a man of some actual dramatic experience but with none of the other's attributes, if there
is an under-supply in the industry of the former type and an oversupply of "character men."
Thousands of applicants who have no special screen qualifications should have knowledge of certain facts which might be of
service to them before they discard other employment or go to
considerable expense to attempt to enter the industry:
1. That the calls for men outnumber the calls for women between two and three to one.
2. That while the average daily wage of $8.31 is high, actual
rates of pay for women being $5, $7.50, $10, $12.50, and $15 per
day for extra work, three days or more a week is a high average
actually received by forty-three women and one hundred and thirtyfive men in the past year.
3. That wardrobe expense, initial, for repair and for replacement, isborne by the extra and not by the studio.
4. That the industry officially recognizes no school of acting
or make up.
There is a definite place for the man or woman who is fortunate
enough to be of a needed type. Contrary to the general opinion,
extras serve a real apprenticeship in which the industry recognizes
progress by an increase in rate of pay and the opportunity to do
more important work.
The following statements, given in terms of a woman extra,
apply equally to men:
An extra must first learn, and constantly practice until she is
proficient, the art of make-up. From the moment she enters her
first set, she must learn to give explicit and unquestioning obedience
to orders from the director and his assistants. She must constantly
observe the work of the experienced players about her, and from
them learn:
1. To guard against looking into the camera unless directed
to do so, or walking into the camera.
2. To remember her position at a given point in the production
bo thai she can later lake that same position in the event of a closeup.
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3. To guard against walking across a scene in such a way as to
cover the principals.
4. To know the camera range so that in doing a close-up she
will not move out of the range.
5. To reduce the speed of action from a normal speed to a
slower rate which will register in the camera.
6. If she is classified as a "dress extra" (one whose value lies
in attractive appearance, good wardrobe, and the ability to wear
clothes well) she must learn the photographic value of colors to
apply in the purchasing of wardrobe: learn to select picture clothes
for their more distinctive design; and practice scrupulous care in
the upkeep of her clothing.
The Central Casting Corporation keeps on file a full personal
description and photograph of each registered extra, and each extra
is given a rating which credits him with every qualification which
has value in motion picture work, i.e., first rate wardrobe, acting
ability, ability to ride, dance, swim, etc. The men and women
credited with the greatest number of qualifications in demand by
the studios will obviously receive the greatest number of calls.
All of the casting is done over the telephone. The Bureau's
switchboard includes twenty-six incoming lines and nine direct lines
to studios. Orders for a following day's work are transmitted to
the Central Casting Office by the studio casting office, over the
telephone. The order includes full detail as to type of set, time of
year, wardrobe required, qualifications, number, and type of extras
required.
Regular extras are instructed to telephone in to the Bureau
for work, and 935 such calls are received during the peak of the
day's work — between 6:00 and 7:00 p.m. Approximately 70 per cent
of the selection of extras is made from these incoming calls. An
extra who is selected for work is given full instructions, including
the time and place of call, wardrobe, and rate of pay.
DISCUSSION
Me. Bird. Is there any liability on the part of the employer
for accidents?
Mr. Beetsox: Everyone working in pictures is covered by
state compensation. I might mention that this bureau serves its
people absolutely free. There is no fee required of the extra, the
operating cost of the bureau being borne by the producer, who pays
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5 per cent over the extra's salary to the office for operating expense.
This cost is in excess of $150,000 a year. Previously an extra paid
an agent from 7 to 10 per cent of the day's wages for each day he
worked. Now he receives the full amount. With regard to insurance, Mr. Woods and I met with some insurance experts recently
and hope to be able to work out a plan whereby these casuals will
interest themselves in some sort of insurance, but we will also help
in any way we can.
There are 13,000 registered extras. This number is exclusive
of the 35,000 or more casuals down town who work occasionally.
For instance, in Uncle Tom's Cabin, they wanted some colored
extras whom they secured, of course, and who in turn considered
themselves actors and endeavored to continue in the industry. It is
people in this class who cause us great concern, as far as the Motion
Picture Relief Fund is concerned. This fund was organized to take
care of the unfortunate worker in the industry and Mr. Frank
Woods is chairman of the executive Committee of the Relief Fund.
President Cook : The Casting Bureau is idealistic or altruistic
— necessary to the chaotic condition which existed before it brought
order out of that prevailing situation, and by statistics it is clear
how hopeless it is to attain the ambition to get into the movies.
I might add if any of the delegates would care to, we would be
glad to have them visit the casting office and also glad to have any
suggestions to improve its operation.
Mr. Crabtree: In Rochester, in connection with the Cinema
Club, we are proposing to make a motion picture within the next
few weeks, and Mr. Capstan7, the director, is having great difficulty
in casting. His system has been to stand on the main street, look
over the crowd, and after looking over hundreds of people, he still
has not seen people whom he might possibly approach. I wonder
if this situation exists in Hollywood; that is, can the director choose
from the list of extras what he requires, or do they have to resort to
schemes like that we have to adopt in Rochester?
Mr. Beetson: I am afraid if we pursued that method here,
we would have some broken noses. Three hundred fifty-nine
t housand placements were made last year. The next speaker will be
Mr. hvin W'illat, who is a director, and it is the director whom we
;iiin to please. Wegel his idea as to types and our twelve men in the
office do the rest. They sit at a large table and if you call on the
phone and ask for work, I he operator says "Mr. Crabtree." As soon
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as your name is mentioned, every one of those twelve men know
exactly what you look like, just as though you stood in front of
them. If there is any doubt they refer to their files where they have
your photograph. The question is often asked, "How do the men
know what the extras look like, if all the business is done over the
phone?" That is accomplished in this way. Today they put you
to work. Tomorrow the man who puts you to work calls at the
studio where you are working and dresses that set, as we term it,
that is, he looks it over, sees that everybody is up to the mark and
in that way he is thoroughly familiar with the appearance of the
extras from day to day. There are actually only about 3,000 extras
who really mean something to the picture industry. By that I mean
this small group is well known to all of the studios and are what
we call camera-wise. The balance have nothing distinguishing
about them. Occasionally we have a scarcity of type such as
bankers, grandams, lawyers, etc., and the industry is constantly
on the watch for people of this kind, and should people of these
types come into the office we will gladly register them.
Mr. Crabtree: Does occasion ever arise where you can't
select a type required from the people on your records?
Mr. Beetson: Whenever there is a doubt the studios ask
that these people come out to the studio so that they may make
their own selection. This rarely happens. Our chief difficulty is
securing an extreme type. For instance, in war pictures they may
want a man who has lost a leg, and the sequence might call for a
man who has lost a right leg, or a left leg, or a long or short amputation. Orders of this kind are more difficult and very often occasion
our sending down town into the crowded districts to actually search
for a particular type. All the casting of small town types, colored
people, Russians, Jewish, Mexicans, etc., is done by having people
we call runners go into the particular neighborhood and gather them
up. Most of these people do not have telephones.
Mr. Crabtree: We were interested in the psychology of
approach. How can you inveigle a person into coming along and
acting for you.
Mr. Beetson: If we wanted a large group and put an ad in
the paper, we would have the whole of Los Angeles apply ^ I am
sincere about that. There would be no difficulty in filling the
Colosseum by putting an ad in the paper for a sufficient number
of people.

A SYSTEM

OF MOTION

PICTURES

WITH

SOUND

H. B. Makvin*
IT IS the purpose of this paper to present a brief sketch of a
method of recording and reproducing sounds to accompany the
action of motion pictures and to demonstrate one form of the
results.
From the crude devices of thirty years ago have grown a highly
developed art and a large industry relating to motion pictures.
The combination of this art with a new one, that of simultaneous
reproduction of sounds, requires for satisfaction a similar degree
of development in the latter. Although perfection is not claimed
yet, it is believed that the system to be described has improved the
quality of the sound to the point where its use in combination with
the older art results in improved entertainment.
The chief requirements of a good system combining sound and
pictures are: first, synchronism between sound and picture; and
second, distortionless recording and reproducing; that is, a high
degree of faithfulness of sound both in loudness and quality.
Lack of synchronism may be caused by differences of speed
of sound and picture either in the recording or reproducing process.
Differences between original and reproduced sounds, called distortion, may be caused by mechanical, optical, photographic,
electrical, or acoustical characteristics of the system.
Of the mechanical requirements for good reproduction, one of
the most important is the ability of the machinery to move the film
past the sound record aperture at uniform speed since pulsations
in film speed due to non-uniform motion of gears, sprockets, etc.,
may result in bad reproduction. Weaving, curling, scratches, and
dirt spots are other causes of mechanical distortion.
The effects of optical devices on the quality have been studied
and a design obtained which is free from all except inherent limitations; namely, those, arising from the fact that an infinitely narrow
slil is not attainable.
Graininess of film has been minimized by the use of positive
stock for the negative on which the sound is recorded. Errors due
' rem ral Electric Go., Schenectady, New York.
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to wrong exposure and development are small with this system
because the results desired are constant density, minimum fog, and
sharp edges. A density of 1.3 and development to unity gamma
are aimed at, but these values are not critical. The uniformity of
film speed during printing of the sound is as important as in the
other processes, and no creeping or slipping is allowable.
Electrical distortion may be caused by failure of photo-electric
devices to convert accurately the variations of light into electrical
current; by failure of the amplifier to perform properly; and by
lack of steadiness of the power supply.
The experience of the General Electric Company in the development ofhigh quality loud-speakers has been utilized and it is
believed that the present form represents the best obtainable at the
present time. Reverberation in the room in which the sound is
reproduced may, of course, affect the results and should be treated
in each individual installation.
Another form of disturbance, while it is not properly called
distortion, should be mentioned. This is the presence of extraneous
noises, such as sprocket hum, mechanical vibration noises, radio
interference, etc.
The major points in the problem of development of the system
have been outlined. No attempt will be made here to discuss in
detail the solution of the above problems. A fairly comprehensive
knowledge of the characteristics of the process has been obtained
in the laboratory and steady progress is being made toward the
complete elimination of the faults. Thus the thirty years handicap
confronting those who are working on the addition of sounds to
the motion picture is being overcome.
The system which is to be demonstrated may be outlined as
follows: pictures made with a standard camera driven at constant
speed result in a picture negative of the same size as in the present
art. The sound negative is photographed on a separate positive
film moving in synchronism with the camera film. The two films
are separately developed each to its own proper density, then combined in a printing machine to produce a combination print on a
single film. The shape of the picture positive is maintained but the
size is made slightly smaller to accommodate the sound* record.
The reproduction on the screen is of the standard shape, the sound
record being masked in the projector. Dimensions of picture and
sound record in the print are shown in Fig. 1. The problem of
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synchronism has been solved by the use of synchronous motors both
in recording and reproduction.
There are two types of sound records in use. One is known as
"variable density — constant area" and the other
density — variable area." A theoretical treatment of
has been given by A. C. Hardy1 in a previous paper.
it is shown that there are certain advantages in the

as "constant
the two types
In that paper
variable area

/9S &//OWAf

.0/95/?/)0.

Fig. 1. Dimensions of film print bearing sound record.

system which are likely to result in better reproduction with greater
allowable deviations in exposure and development. This type of
Bound record is therefore used in. our system. Examples are shown
m Fig. 2 of sound records of pure tones, clarinet, French horn, and
full orchestra.
The recording and reproducing speed is 90 feet
1 The Rendering of Tone Values in the Photographic Recording of Sound.
Trans. S.M.P.E., 11 No. 31, 1=75 (1928).
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per minute. The picture and sound are printed about 15 inches
apart with the sound above the picture as seen in the projector.
Sound is recorded through an optically imaged slit 0.001 inch by
0.100 inch and is reproduced by means of an optically imaged slit
0.001 inch by 0.110 inch, although narrower slits have been used.
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Fig. 2. Typical

Tone

sound

records.

Conversion from light pulsations to electrical current is accomplished
by means of a gas-filled photo-electric cell having a caesium cathode.
The reproducing light is obtained from a 50-watt, concentrated
filament Mazda C lamp located on the projector. This light passing
through the film, on which the blackened area is proportional to the
sound, causes pulsations of current in the photo-electric cell. The
alternating component of this current is then carried to the amplifier.
The power is amplified and controlled to the value necessary
to operate the loud-speakers. The size of amplifier depends upon
the class of service for which it is intended. The largest amplifier
is capable of delivering 200 watts of undistorted power to the loudspeakers, which is believed to be sufficient for the largest theater.
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The smallest size is intended to operate a single type 104 R.C.A.
loud-speaker.
The loud-speakers are the moving cone type used in groups
and assembled with baffles to increase the efficiency of sound radiation. The number of loud-speaker units ranges from one to twelve
depending upon the size of installation. Each unit may be adjusted
in horizontal or vertical directions so as to produce uniform distribution ofsound throughout the theater. Power supply for the

*$

m*t

Fig. 3. 200 watt amplifiers in duplicate.

amplifiers and for the fields of the loud-speakers is obtained from
a motor generator set, the starting and adjustment being controlled
at the amplifier. Amplifiers are supplied wholly or partly in duplicate for emergency operation. Two types of reproducers have been
developed. One has an attachment for the Simplex projector inserted between the tipper magazine and the projector head. A
constant speed motor is substituted for the variable speed mechanism of the standard projector. The other is a complete projector in
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which sound and picture mechanisms are contained within a single
housing. Either of these arrangements may be run at constant
speed for sound and picture or at variable speed for picture only.
The apparatus used in the recording process consists of camera,
sound recorder, amplifier, sound collector, and the necessary power
supply devices. Standard cameras are used except that a synchronous motor is substituted for the hand crank or the variable
speed motor and a device is added to mark on the film the starting

Fig. 4. Loudspeaker group.

and stopping points. The sound recorder is substantially built to
operate with little vibration and uniform speed. It is also driven
by a synchronous motor. The film is carried over a drum with loops
between the drum and sprockets. This has proved to be a desirable
means of eliminating mechanical distortion caused by sprocket
teeth and gears. A small photometer is used to check the exposure.
The optical system is somewhat similar to that used in the reproducing device; namely, concentrated filament lamp and system of
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lenses to produce an image of a slit on the film. The variation of
exposed area on the film is obtained by means of an electromagnetic
galvanometer similar to that used in oscillographs. The moving
system comprising a current-carrying strip and a small mirror is so
designed that the response is practically uniform from zero to

Fig. 5. Projector-reproducer.

()()()() cycles. This covers the useful range in speech and music.
The sound collectors are of the type known as condenser microphones and may be used either singly or in groups. Each microphone is connected to its own two stage amplifier after which all
are connected to a power amplifier adapted to control the volume
of each collector separal ely and also the volume after combining.
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The power amplifier may be located near the sound recorder and is
equipped with a monitor loud-speaker.
Power for the amplifier

Fig. 6.

Sound recorder.

and the recorder is supplied by a storage battery and a small motor
generator set. Recorder and power amplifier are preferably located
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in a separate room or in outside work on a truck. Only the sound
collectors and the cameras need be at the scene of the picture.
The usefulness of the combination of sound and picture is
beginning to be felt. One application is to record action and sound of
scenes in which both originate and are recorded at the same time.
The sound may be speech, music, or noises which are intended to
enhance the effect of realism. In this field a new technique and a
new art remain to be developed and it, therefore, excites the greatest
interest in experimentally minded persons.
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Sound collector.

The reproduction of music to accompany a picture is a quite
different field in which the sound recording may be done either at
the time of the action or later. Both methods are feasible and each
has its advantages. The method in which music is recorded after
the final form of the picture has been decided upon seems on the
whole to be preferable. The highest quality of reproduction is
essential in this application, for its primary purpose is to provide
better music in local ions where the best is not already available.
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This principle has been kept constantly in mind during the development ofthe present system.
A third application is the reproduction on film of stage
sound effects where the primary object is accurate timing and
dramatic effects, and the primary requirements are synchronism
and adequate volume of sound.
Examples of motion pictures with sound have been obtained
in all three fields of application. The fidelity of reproduction can
now be said to be fairly satisfactory; for example, speech has been
recorded which is scarcely distinguishable from the original voice.

Fig. 8.

Recording

amplifier.

The same is true with instrumental music. Reproduction of explosive sounds has not yet reached the same degree of development.
These are probably the hardest sounds to reproduce. It has been
found feasible to transmit music and voice currents distances up
to 200 miles over telephone lines and record with satisfactory
results. The recording and reproduction of stage sound effects
has proved practical as evidenced by the film Wings, although in
this case the sound and picture prints are on separate films.
The demonstration which follows is an example of the recording
of music to accompany a motion picture. The recording was done
at a later time and in a different place from the photography.
It
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will be observed that in a few scenes there are opportunities for
simultaneous recording of sound occurring during the action which
leads to the conclusion that probably the combination of accompanying music with incidental sound effects will be desirable.
DISCUSSION
Voice : Is the recording done on the film on which the picture
is taken or on a separate film?
Me. Marvin: The picture is taken on a separate negative,
and the two are combined in the printer to form a combination
print on the positive.
Voice : If that is the case, do you use film wider than standard
film?
Mr. Marvin: It is standard 35 mm. film, and to obtain the
space for the sound track, we reduce the dimensions of the picture
frame 14 per cent and use a shorter focus lens in the projector to
get the normal size on the screen.
Mr. Willat: Is it necessary to dupe the film to get the sound
record?
Mr. Marvin : No, it is not; it is made direct from the negative.
Mr. Crabtree: How expensive an outfit would it require for
16 mm. film? Could a home radio apparatus be utilized for the
amplification?
Mr. Marvin: Not having done it, I can't say, but I should
say that probably in the same price range as other luxury devices
we have.
Mr. Crabtree: Could we utilize our existing radio apparatus?
Mb. Marvin: A high quality set could be utilized without
question.
Voice: In some processes they use large horns with no air
pocket. Is there any reason why the diaphragm type of speaker
is used?
Mr. Marvin: The answer to that question involves a compromise. The horn type loud speaker is more efficient because it will
give more sound per unit of power supplied. All horns have resonant
frequencies, and with the cone type of loud speaker, this effect of
of 1 he horn is eliminated. One of these baffle members is a horn with
180° opening, and il is impossible to get horn resonance. We think
we gel better quality at the expense of more power required.
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Mr. Clark: Is your projection print a print from a duplicate
negative?
Mr. Marvin: The picture negative and sound record negative
are fed simultaneously through a printer which prints the positive
in one operation. The prints are, therefore, made from original
negatives and not from dupes.
Mr. Ragin: Besides the difference in width of the sound track
and the fact that the sound is recorded on a separate film, what
differences are there between your method and the Movietone?
Mr. Marvin: Movietone has a variable density record, while
ours is of the variable area type. The latter requires a sound track
which has a high degree of contrast and that is all. We aim at an
exposure which will give us a density of about 1.3 and develop to a
gamma of 1, but these are not critical. The variable density system
requires fairly close control of exposure and development in order
to eliminate distortion due to the curvature of the H. & D. curve.
Mr. Clark: Could the two films be run in all apparatus?
Mr. Marvin: I haven't tried that, but I will say that during
the course of development we worked with variable density films
as well as variable area films, and both reproduce well. The only
change necessary, I think, would be in the reproducing slit, which is
a small metal piece which slides into the machine.
Mr. Wisson: Does the technique of your system as you
worked it out embrace such flexibility that you can go into the field
for news reels?
Mr. Marvin: I have not been in the field myself on location,
but I can say that the apparatus is sometimes built on a truck, and
all the apparatus stays on the truck except the camera and sound
collector.
Voice : What effect do grease or scratches on the film have on
the sound?
Mr. Marvin: That depends on the kind of grease or scratches.
We can run a film between a thousand and fifteen hundred times
before we prefer to have a new one. Grease uniformly distributed
does no harm. Scratches parallel to the motion do no harm. Little
digs in the film will cause a noise like that (demonstrating).
Mr. Crabtree: The film we saw was scratched in places, but
I didn't notice any distortion of sound. The sound is on the same
film, so we can assume that the record was scratched to the same
extent as the picture area.

98

Transactions of S.M.P.E., Vol XII, No. 33, 1928

Mr. Wisson: Does your apparatus embrace the use of a
projector developed independently in your laboratory or plant, or
can the device be attached to any standard projector?
Mr. Marvin: We have a projector built completely in the
laboratory and have attachments for Simplex projectors.
Mr. Sprunck: With duplicate negatives is the sound distorted?
Mr. Marvin: Any duplication process hurts quality to some
extent.
Mr. Sprunck: When printing the positive wouldn't it be
possible to leave an unexposed area alcng the edge and have the
sound negative printed on later?
Mr. Marvin: Yes, we have made many in that way.
Mr. Ingman: How do you judge the distance between your
aperture and that to your sound record and still allow for the loop?
Mr. Marvin: That is obtained by synchronizing marks put
on the picture negative and on the sound negative, which is done
if both are recorded simultaneously. The picture you have seen
was made weeks before the sound record. It is a case of making a
mark on the picture film and synchronizing the sound with that.
For the pistol records, they can be spliced in by observing the
picture. Our sound aperture is about fifteen inches from the picture.
Mr. Green: Regarding equipment for a theater, have you
attachments for the various projectors?
Mr. Marvin: Yes, although the mechanical condition of
most projectors in the booths is not quite good enough to insure
good reproduction. Imperfections in gears don't affect the picture
but sometimes do affect the sound.
Mr. Green: Would your attachment allow me to use the apparatus and then the regular pictures without sound?
Mr. Marvin: Yes.
Mr. Green: Is a separate generator also necessary?
Mr. Marvin: You must have a source of power for the amplifier, which may be a rectifier or generator set. We prefer the latter.
Mr. Green: Is any other apparatus necessary besides those
and your stage amplifiers or horns?
Mr. Marvin : The projector must be driven at constant speed.
Mr. Green: Thai is understood.
Mr. Physioc: Do you make all the prints from your records
by projed ion?
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Mr. Marvin: No, some are made by contact; some, by projection.
Mr. Physioc : Is there any improvement in tone by direct contact printing as opposed to projection printing.
Mr. Marvin: As far as we have been able to judge, equally
good results for the sound may be obtained by either method.
Mr. Physioc: Can you get sound reproduction from the
negative records?
Mr. Marvin: Yes. The negative run in the projector must
run with the emulsion side away from the light and requires a
slight change of focus.
Mr. DeVault: What is the function of the baffle board and
why the multiplicity of speakers?
Mr. Marvin: The function of the baffle board is to increase
the sound radiation at low frequencies. The baffle board or other
device should have dimensions comparable with the wave-length
of the sound.
Mr. DeVault: Do you mean low tones?
Mr. Marvin: Yes. The second question I can answer this
way: In a theater, the elevation and the floor plan require distribution of the sound energy through large angles, and in order to
accomplish even distribution, we use multiple units and direct them.
Mr. Sprunck: Does a heavy print give a better quality than
a thin print?
Mr. Marvin: It gives more volume than a thin print.
Mr. Gordon: With your particular photo-electric cells, what
is the color sensitivity across the spectrum?
Mr. Marvin: A caesium cell is used. I assume your question
bears on the use of tinted film?
Mr. Gordon: Not necessarily.
Mr. Marvin : Experiments have shown that the tinted films of
the lighter shades — amber, green, yellow, lavender, pink — have a
negligible effect on the volume but none on the quality. Deeper
dyed films may be compensated for by the amount of amplification
used.
Mr. Gordon: Is it more sensitive to the red or the blue?
Mr. Marvin: It is more sensitive to the blue.
Mr. Wisson: I understand that DeForest and Movietone
have the sound on the right-hand side and below the projection
aperture.
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Mr. Marvin: The sound track is on the right-hand side, on
the same side as in the Movietone. The sound precedes the picture
in the projector exhibited.
Mr. Crabtree : Were the speakers being operated at the maximum capacity or the minimum?
Mr. Marvin: Nearly minimum.
Mr. Crabtree: How many times louder could you make the
music and still have it undistorted?
Mr. Marvin: About sixfold.
Mr. Nye : With reference to the illusion in the case of speaking
pictures regarding the fact that sometimes the character and the
sound do not appear to have the same location, how is it affected
by the distance of your pick-up apparatus and the camera and the
fact that you have a multiplicity of loud speakers instead of a single
one?
Mr. Marvin: That is a difficult question. I think the most
important feature necessary for the illusion is absolute synchronism.
A displacement which is too small to be analyzed visually as a
time lag does have the effect of separating the voice from the figure.
A multiplicity of loud speakers apparently has no effect.
Mr. Physioc: Do you adopt a projection system of printing
merely to maintain the proportions of the picture?
Mr. Marvin: That was the principal reason.
Mr. Physioc: You can take my vote to destroy the proportions and maintain photographic quality if the suggestion is any
good to you.
Mr. Crabtree: As far as tone reproduction goes, it is possible
to get just as good results by optical printing as by contact.
Mr. Green: What happens to the sound continuity when you
have sprocket hole tears or the film is damaged and one or two
frames are cut out? What would happen in the case of the overlap
when cementing two frames together?
Mr. Marvin : At least ten splices were made in the picture you
saw tonight. Does that answer your question?
Mr. Green : Yes. In the dialogue, if two or three frames were
cut out, what would happen?
Mr. Marvin: Only a fraction of a syllable would be lost. I
think the effect is more pronounced on music than speech because
the rhythm is slightly interrupted by a cut.
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Mr. Griffith: I assume that the volume of sound for a given
setting of the reproducing system depends upon the amount of
light going through the sound record, as that determines the amount
of light affecting the cell. Therefore when you make a light or dark
print the only thing affected is the volume, as long as the edge of
the sound record is sharp.
Mr. Marvin: Unless exposure is carried to the point of fog.
The first effect is to fill up the valleys of the finest vibrations.
The effect on the ear is as though the higher pitched tones were
unduly suppressed. The slit is about one mil in width, so that some
high pitches cannot be recorded faithfully. The upper tones of a
violin may reach as high as 2,000 cycles. We have records containing 10,000. The effect of the slit width is to reproduce the highest
tones at a relatively lower volume than the lowest tones. That
begins to take effect at about 2,000 cycles, and very slowly at first.
That effect can be compensated to a large degree in the amplifier,
but the ideal would be a slit considerably narrower than 1 mil.
We have made records at 0.2 mil slit width. The only expense is
the amount of light necessary. As the slit is decreased, the amplification oflight must be increased.
Mr. Griffith: Those sound records which can conveniently
be made separately from the picture, as in pistol shots, are the
easiest form of application. The application which seems to me to
have the greatest possiblities is dialogue. Have you worked on
that?
Mr. Marvin: Yes.
Mr. Griffith: Does it seem difficult to get a perfect illusion;
for instance, of people talking together in a room? It would seem
to me that any position of the speakers other than behind the screen
would destroy the illusion.
Mr. Marvin: It has not so far. I think it is because we are
so used to watching the lips of speakers on the screen that we
unconsciously will do the listening by assuming that it comes from
the lips. If exact synchronism is obtained, the illusion is very good.
Mr. Griffith: Do you feel that it is essential to continue to
make the sound records separately, or do you feel that the technique will be developed so that the sound and the picture ban be
recorded on the same negative at the same time? Do you think
this desirable or difficult?
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Mr. Marvin: We believe that the sound record can be made
better on a separate film partly because it removes the sound
recording from apparatus which must have intermittent motion.
Then, it also allows the sound recording to be done in a separate
room or booth in which the sound can be monitored so that the
recorder can judge the quality before and during recording.
Mr. Bird : Do you use positive film in order to eliminate grain?
Mr. Marvin: Yes.
Mr. Bird: With regard to scratches and oil on the sound
track: What are the effects of after-treatment, such as waxing and
varnishing?
Mr. Marvin: We have often waxed film but have not tried
varnishing.
Mr. Crabtree: The application of a coating of wax over the
entire surface has no apparent effect.
Mr. Bird: I am referring to circulars I have had from a concern who process films for the purpose of prolonging their life
and I understand that it is a chemical put on the emulsion before the
prints are sent out. It is not a waxing process but a coating on the
surface of the print.
Mr. Cuffe: I think this is a varnish process, which is not
used to any extent as yet. I don't see how it would affect the sound
at all.
Mr. Marvin: In general, any transparent substance on the
film will not affect sound any differently from the picture.
Mr. Crabtree: I think the answer to this question is contained ina previous paper of mine. The film is treated with formalin
vapors or by the application of a Bakelite or cellulose nitrate varnish. Provided that the applications are uniform, they will not
affect the sound.
Mr. Clark: In recording dialogue in a picture, how would
you take care of a lap dissolve?
Mr. Marvin: Would you have speech going on during the
dissolve?
Mr. Clark: Yes; one action fading out with speaking and a
new one coming in, where you had the voices mixed together.
Mr. Marvin: I wouldn't do it that way.
Mr. ( Jufpe: They don't use lap dissolves at all in the Movietone. It would be only a conglomeration of noises when the two

were superimposed.
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J. B. Engl*
art of recording and reproducing motion pictures is going

to be expanded. In a short time general use of "speaking film"
processes will be a matter of fact. In the following lines I will try
to give a short review of the principles involved in the acoustics
of recording and reproducing rooms and I hope my paper may be
of some interest to those who will devote themselves sooner or
later to that new division of the motion picture art.
General Remarks
In a room where a sound phenomenon occurs, we distinguish
between a specific source of sound, the medium by whreh the sound
waves are carried to our ears, and some additional boundaries such
as walls, floor and ceiling, or bodies of any kind inside the room.
The source of sound may be a natural one, such as a singer, speaker,
or musical instrument; or an artificial one, such as a means for
reproducing recorded or transmitted sound waves. Since the
medium which carries the sound waves to the ear or a microphone
is always air, one fundamental property of this medium is very
important. The ability of the air to transfer sound energy is very
small. This is because of the difference in density between air and
the material of the sound source, consisting of wood or metal, as
well as the differences in the modulus of elasticity. This is the
reason why in all practical cases of sound production large quantities
of air have to be in contact with the vibrating parts of the sound
source. I refer to the resonance board of the piano, resonance bodies
of all wood instruments, and so on.
The sound vibrations in air are known as longitudinal vibrations, a periodical series of expansions and compressions, traveling
with a velocity of about 330 meters per second, depending on the
temperature of the air. The velocity of propagation in air is the
same for all frequencies of sound waves. The frequency range of
the waves is limited by the audibility limits of the human ear.
* Technische Hochschule, Berlin.
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On an average we can assume about 16 cycles for the lower limit
and about 16,000 cycles for the upper limit of audibility.
It is a generally known fact that the propagation of sound
waves does not occur in straight lines like the propagation of light.
Sound waves, especially of low frequency, go around corners and
obstacles. The physical reason for that is the length of sound waves.
The wave-length at the low frequency of 16 cycles per second is
about 20,600 centimeters, while that of the frequency of 16,000
cycles per second is 2 centimeters. We see that in the case of the
lower frequency, the wave-length is comparable with the dimensions
of obstacles.
The length of the recording rooms is usually about 10 to 20
meters and that of the reproducing rooms from 50 to 100 meters.
When sound waves impinge on the boundaries of the room, a reflected sound wave goes back from the boundary but the intensity
of the reflected wave is only a fraction of that of the impinging
wave, the value of which depends on the material of the boundary.
The coefficients of reflection have such a value that quite a number
of reverberations can occur before the wave intensity is weakened
enough to be of no more importance. It is clear that under these
conditions a sound wave will pass directly to the ear or microphone,
and a part of the same wave, after several reverberations, will
pass again to the ear or microphone but of course weakened somewhat in intensity and after an interval of time, depending on the
distance traveled by the reflected wave. If the time lapse is great
enough, we call the effect an echo, but if it is smaller, it is called
resonance.
Sound is not propagated through the air only, but also through
solid bodies. In solids, the rate of propagation may be from 3000
to 10,000 meters per second. This kind of propagation of sound
can be of importance and also a source of trouble.
The sound emitted by the source is generally of a very complicated nature, consisting of frequency components of different
cycles and intensities. As the coefficients of reflection depend on
1 he frequency, it is clear that the components of the reflected sound
waves may be changed in intensity and therefore the sound quality
changed.
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Recording Rooms
Let us assume a microphone arrangement, transmitting equally
all frequencies. This microphone is standing at some point in the
sound field, and generating electric currents varying with the sound
intensity in the field point. This sound intensity is built up of
several components : first, the direct waves coming from the sound
sources; and second, of the several reverberating waves arriving
from walls, etc.
One important difference between the normally used microphone arrangement and the human ear is apparent. We have two
ears, at a distance of 15 cm. from one another. This means that we
perceive sound intensities in two different points of the field. Furthermore, the human ear is a narrow tube, the sound-sensitive
parts of which are arranged on one side of the tube while on the
other side of the tube we have the shell of the ear. As a result, we
hear sound waves coming from a certain solid angle. The microphone now used generally in broadcasting and sound recording,
has only one sound receiving part and has no particular directional
effect. The consequence is that we are able to locate sources of sound
exactly by finding the direction from which the sound waves come.
Our brain has the ability to perceive the phase difference between
the sound intensities in the two points of the field. In this way we
can even locate the positions of all the instruments of a big orchestra,
assisted, of course, by the difference in sound quality.
In order to get a natural sound record, we have to imitate these
conditions existing with the ear. We have to use two microphones
with slight directional effects and to take care that both alternating
currents produced by the two microphones are treated • independently. This means that in broadcasting we have to use two
independently modulated carrier waves, two receivers, and two
sound reproducers and in sound recording we have to make two
records and reproduce them independently. The first has already
been tried with very good results, but is, of course, too involved
for broadcasting conditions. The second method for sound recording has not as yet been used but can easily be realized, with
small additions to existing apparatus. The trouble caused by the
sound waves being conducted by solid bodies to the microphone can
easily be avoided by mounting the microphone correctly as is done
already in all broadcasting stations. But we must not forget that
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in the case of deep organ pipes, big drums, etc., we actually feel
the sound being conducted to our body from the floor. If an
impression of realism is to be given, we must consider this possibility.
The secondary sound waves have given considerable trouble
in sound recording. Long experience in broadcasting has developed
certain methods of adjusting the intensity of the reverberated
waves. An important factor here is that our instruments of transmitting and repeating, microphones, amplifiers, loud speakers, etc.,
are not yet 100 per cent perfect. Any small defects in the apparatus
apparently magnify the bad effects of secondary sound waves.
Experience has shown that in recording, the walls and furniture
should have a greater absorptive power for sound waves than is
necessary for good oral acoustics. The general principle therefore,
is to reduce the intensity of the secondary waves. This is done by
laying carpets on the floor, by covering the walls with soft absorbing
materials, and by partially cutting off the reverberations with hanging carpets. All this can be done only to a certain degree. If all
reverberations are destroyed, the characteristic impression of the
sound quality of hearing in a closed room is lost. Only practical
experience together with exact measurements of reverberations can
guide us in this problem. Quite simple arrangements are very
efficient in regulating the intensity of the reverberations. For example, itis a good plan to arrange on all walls wooden frames of
a depth of about lj meters rotatable about a vertical axis and at
distances of about 1 meter. By this framework the secondary sound
waves are scattered in all directions and by multiple reflections
inside the framework are decreased in intensity to a suitable amplitude. The recording of speech requires a smaller reverberation
effect than that of musical productions.
An ideal way to remove all reverberations is to record in the
open air. The secondary sound wave reflected by the ground has
so small a phase difference from the primary wave, that we have
practically no reverberation at all. We have to remember this in
connection with reproducing. In certain cases an overwhelming
effect of intense reverberations is desired. An organ playing in
a big liall or church, a full orchestra in a large symphony hall is
connected in our memory with the effect of sound waves acting
from ;ill directions on the human ear.
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Reproducing Rooms
The reproduction of sound, especially for the purposes of the
talking film, generally occurs in rooms of large dimensions where
several hundred or even thousands of persons can be accommodated.
The sound reproducers are arranged in one part of the room.
The first problem is to fill the room equally with sound, so that each
person can hear equally well. Now all known types of loud-speakers
radiate in one direction only, and emit their radiation in a certain
solid angle which depends on the type. Horn-type loud-speakers
radiate in a comparatively small angle and have therefore a decided directional effect. Hence several instruments must be used,
arranged so that the solid angles of the radiations fill the room,
overlapping only slightly. This is a matter of experiment and is
always different with different rooms. Loud-speakers with pistonlike vibrating diaphragms have a greater angle of radiation and a
less directional effect. It is easier therefore to arrange them. A
factor which greatly diminishes the intensity is, of course, the
presence of the hearers. Dependable experiments therefore can
be made only in a full house. The dampening effect of the hearers
can be calculated by using figures obtained in the extensive measurements of W. C. Sabine.
In rooms, where sound reproduction only is desired and no
visual impression on the hearer required, it is, of course, easier to
equalize the effect of reverberations at all points of the closed
space. This can be accomplished by installing more than one set
of sound reproducers, not only on the stage, but at other places in
the room itself, where otherwise only weak sound amplitudes would
be heard. By means of these additional sound sources, rooms can
sometimes be given tolerable acoustical properties, which otherwise, in the case of one speaker placed at an unsuitable point of
the room, are decidedly bad.
For the reproduction of speaking films, this method can only
rarely be used, as it is not feasible to diminish the idea of sound
coming from the screen. This latter point is of great importance
for installing loud-speaker outfits in motion picture theaters. The
hearer naturally expects to hear the sound waves coming from the
corresponding persons or objects shown on the screen. Arrangements which injure this impression destroy the illusion. In theaters,
where talking films are to be reproduced, the position of the loud-
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speakers should be almost identical with the screen. Arrangement,
for instance, of horn-type loud-speakers with the mouths of the
horn above or below the screen, often gives the impression of the
actors speaking with their feet, or of voices coming from heaven.
This too is the reason for using sound reproducers with little or no
directional effect. The ideal solution is to place the loud-speakers in
the area of the screen. This can be done in case of horn-type instruments by placing them behind the screen. A minimum loss in intensity can be insured by using a very thin, sound-transparent screen
material. Or still better, in case of loud speakers with diaphragms of
large diameter, the diaphragms themselves can be part of the screen
surface. A point sometimes to be considered in big theaters is the
time required by the sound waves to travel from the loud speakers
near the screen to the hearer. This time of course, is different for
different positions of the hearers and the question of exact synchronism arises. The obvious way to get satisfactory conditions
is to synchronize in such a manner that hearers in the center of the
room see and hear with exact synchronism. The differences in synchronism are then balanced in the best possible way. The sensitiveness of the human mind to lack of synchronism is quite great, a
tenth or a twentieth of one second is comprehended readily by the
hearer.
Best Acoustic Conditions for Recording and Reproducing
A very good method of getting natural results has already been
mentioned above. It is what I call stereosonic recording and reproducing. In a previous section of this paper the method of recording
with a recorder similar in arrangement to the conditions existing in
the human ears was explained. As we photograph with two lenses
to get stereoscopic pictures, we record with two recording systems
in two points of the sound field. As we look at stereoscopic pictures
with two eyes from a certain distance with the known stereoscopes,
we have to reproduce the two stereosonic records with two reproducing outfits and loud speaker sets. Then we are able to locate
sound sources in the theater and we get an improved illusion of the
sound coining from actors seen on the screen, or from an orchestra
below and before the screen. Of course, the stereosonic distance
can be greater than the distance of the human ears, and the effect
thereby increased.
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The next best method is to record with as little secondary
sound wave effect as possible, as in the open air. The only reverberation effect then obtained is the resonance action of the
reproducing room. Generally in theater rooms too much reverberation exists and this effect is at least not over-emphasized. If a
theater room sounds too "dead," it is easy to produce some resonance effect by suitable arrangement of the reproducing units.
In any case, the clearness of reproduction and the intelligibility
will be good, which is of first importance.
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C. Francis Jenkins*
I SUPPOSE

there has never been an invention quite like radio

vision, radio movies, and "television." Certainly no other invention has ever had so much anticipatory publicity. The method
and mechanism which has now been demonstrated was fully described and illustrated in public documents as long ago as 1884, and
its attainment has been predicted by writers ever since.
Nevertheless, although it has long been well known just how
this invention would ultimately work out, no actual demonstration
of it had ever been attained until June 13, 1925. At that time
Secretary Wilbur, and others, of the navy, Acting Secretary Judge
Davis and Mr. Terrell of the Department of Commerce, and
Director Dr. George K. Burgess and Secretary Henry D. Hubbard
of the Bureau of Standards saw on a small screen in my laboratory
on Connecticut Avenue, in Washington, what was actually happening at the moment in the Navy Radio Station, at Anacostia, some
miles away.
Since then public demonstrations have been made by the
A. T. & T. Co., at New York City, and by the General Electric
Company, at Schenectady.
In all schemes up to the present time (except a certain one of
my own which I shall describe later), the basic principle involved
in the analysis at the transmitting station consists in: (1) scanning
the subject in elementary areas; (2) converting the light values of
these successive areas into electric current values; and (3) propagating these fluctuating values by wire or by radio. Then in the
synthesis at each receiving station translating these current values
back into a fluctuating light spot of elementary-area size; and
sweeping this light spot across a suitable picture receiving surface
in successive parallel, adjacent lines until the picture area is covered.
To attain this end, the mechanism usually employed at the
transmitting s! at ion consists of a scanning disk rotating between
* Washington, I). C.
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the image and a light-sensitive cell, i.e., the light-to-current translating element. The disk has a plurality of small apertures therein
arranged in a spiral. Through these apertures varying light values
from different parts of the subject pass to the light-sensitive cell.
This method was described and illustrated in 1884 in German
patent, No. 30,106.
A differing scheme for scanning the subject at the transmitter
is disclosed in French patent, No. 390,435, of 1908. In this scheme
a powerful source of light is projected onto a scanning disk in such
a way that passing through the apertures therein a small light spot
is swept across the subject. The reflection of this spot is picked up
on a plurality of light-sensitive cells electrically connected in
parallel.
In the receiving instrument a similar apertured scanning disk
is employed rotating between a light source and the eye, and a
small picture is seen, a faithful reproduction of the living subject
at the transmitter.
The separation of the apertures in the spiral determines the
width of the picture, and the offset of the ends of the spiral determines the height of the picture. The number of apertures in the
spiral determines the number of lines per inch, that is, the degree
of refinement in the picture. A disk 24 inches in diameter will give
a picture about an inch square.
The Jenkins Transmitter
Because of laboratory as well as financial limitations, I could
not employ in my transmitter the light and the sensitive cells required to make this scheme a success. So in the transmitting station,
I use a disk with large apertures therein and locate over each opening an objective lens. Each lens in succession projects the image
onto a light-sensitive cell having in front of it an apertured mask,
the aperture determining the elementary area of the image falling
on the cell.
I have always maintained that the scanning disk with minute
apertures therein would require a very powerful illumination, as a
pin-hole camera does; while scanning apertures with lenses over
them, like modern cameras, could be used with much less subject
lighting. I am still of the same opinion, and results seem to confirm
it.
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In the receiving mechanism also, as employed in the public
demonstration of June 13, 1925, referred to above, I employed a
lens disk having lenses arranged in a spiral thereon, each lens in
succession imaging a point source of light onto a small white screen,
across which the light image was swept by the rotation of the disk.
The light source intensity is fluctuated by the incoming radio
signals to build up a picture, of course.
By this latter means, we were able to use a small amount of
amplified radio energy because the whole of the light was concentrated bythe lens into a single elementary area on the screen.
Generally, these are the schemes which have been employed
by workers in the art to the present time. Each worker has his
favorite modifications, but basically they are alike.
The size of the received picture, however, is limited: (1) by
the limited intensity of the light source; (2) particularly by the
light loss due to the inverse square law; and (3) by the diameter
of the disk.
Motion Pictures by Radio Transmitter
In the transmission of motion pictures, however, as we now
do it, a series of lenses are mounted in a circle in a rotating disk.
Each lens in succession im.ages a source of light onto a standard
motion picture film. The rotation of the disk sweeps this tiny spot
of light cross the film. The light passing through the film falls
on a light-sensitive cell, the function of which latter, as usual, is
to convert the light values of the picture into corresponding electrical values for transmission.
As the film is in constant motion (not intermittent) these tiny
spots of light cross each frame of the film at a different level from
the top of the frame, until the whole frame is scanned, although
the lenses are all located radially equidistant from the axis of the
lens disk.
Such a construction insures a quiet, smooth-running mechanism, permitting taking not only the motion picture from the
film, but a sound record such as Movietone, as well.
Drum Receiver for Radio Motion Pictures
Recognizing the limitations involved in the disk method of
scanning, in the receiver, a new development was undertaken in
which a drum is employed, the drum having a source of light
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located in its axis of rotation. This light shines out through tiny
holes arranged in a plurality of helixes in the circumference of the
drum. To conserve our radio energy, and to overcome the light
loss due to the inverse square law, I put quartz rods between the
light source and the tiny holes in the drum surface. The outside
end of these small quartz rods is held just under the openings in
the periphery of the drum, and the inside end in holes in a hub
which envelopes the lamp. Looking at the drum end-on, it resembles
a miniature bicycle wheel, with spokes of quartz instead of spokes
of wire. (See Fig. l)
.
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Radio Movies Receiver
Fig. 1. This is the 6-spot lamp type. Picture 3x3 inches unmagnified. The lamp is slipped into the hub and the light of each spot in succession
shines out through quartz rods to miniature holes in the periphery of the
drum, thus conserving the light by eliminating the inverse square law loss.
The drum is 7 inches in diameter and is rotated by a 1/8 h.p. motor.

To still further conserve the radio energy available, the source
of light is divided up into six little glowing targets each of which
lies under its particular helix, and which are lighted in succession
one after another by a current-switching arrangement outside the
drum.
(Fig. 2)
The cumulative result of all these economies enables us to make
a three-inch square picture with current energy taken from the
plate of the second stage of any two-stage audio amplifier.
This three-inch picture appears in the air in a plane tangent
to the surface of the drum, and is viewed through a magnifying
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glass, so that the picture appears to be about 7 by 8 inches in
dimensions. This size makes it available for home entertainment,
for the picture can very conveniently be seen by six or eight persons
simultaneously.

Fig. 2. Jenkins Radio

Movies 6-spot lamp.

The picture drum is seven inches in diameter, and its hub is
slipped directly onto the shaft of a small standard motor, similar
to those used in household devices, such as washing machines and
vacuum cleaners. (See Figs. 3 and 4)

Fig. 3. Complete radio movie mechanism,
with drum cover on; and lamp in place.

Synchronism
When the motor is first started the picture may be out of
frame, jusl as pictures in the theater sometimes are; but it is easily
framed, as in the theater projector, by moving a lever.
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If the motor in the receiver is taking current from the same
power system which is supplying the motor of the transmitter,
the picture stays in frame without further attention.

Fig. 4. Radio Movies Receiver 6-spot lamp type, looking from the switching
gear end of the unit just as it appears when taken from the cabinet.

Where the receiving machines are located in cities distant from
the picture broadcast station, the picture is continued in frame by
a semi-automatic device which compensates for any difference in
speed of the receiver and the transmitter.

Fig. 5. Radio Cabinet for Pantomime Pictures, appearing in the mirror
to be about 7x8 inches square.

The mechanism is enclosed in a small cabinet with swinging
mirror mounted between uprights resembling nothing so much as
our grandmother's dressing table, before which she used to primp.
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This picture cabinet and its magic mirror are attached to any
loud-speaker of a radio set, just as the loud-speaker itself is attached ;
and gives a picture apparently about 7 by 8 inches. (Fig. 5)
Our system has been developed to the point where the transmitter can be attached to any broadcast station, and the receivers
to the usual loud-speaker radio receiving sets.
For business reasons we. are initially limiting ourselves to the
broadcasting of pantomime picture stories in silhouette, but as all
motion pictures are projected in theaters to tell a story rather than
for beauty alone, we have found that these pictures in their new
dress tell a story just as well as the old halftone motion pictures do.
Theater Radio Pictures
It will be noticed that the only method employed up to the
present time for building up an electrically transmitted picture
consists of sweeping a single spot across the receiving screen and
depending upon persistence of vision of the eye to assemble the
incoming light-signals into a picture.
Obviously if the picture is made up of 50 vertical lines and 50
transverse lines, then there are 2500 elementary areas in the picture.
As but a single one of these elementary areas is lighted at any one
time, the apparent light intensity of the whole screen is but 1/2500
part of the intensity of the light source.
This is another reason why only a relatively small picture can
be produced; and the prospect of a theater picture by this method is
not promising.
If, however, we could substitute persistence of light source for
persistence of vision, that is, could make it so that the light of
every elementary area would persist after the transient exciting
energy had passed on, then theater pictures would be perfectly
easy to make and we could distribute motion pictures to all theaters
by radio instead of by express.
This plan of substituting persistence of lighted elementary
area for persistence of the eye, was suggested by me in one of the
papers in our Transactions two or three years ago. I am now
putting it into demonstratable shape, and hope to have it as a feature
at one of our early meetings.

PERSPECTIVE CONSIDERATIONS IN TAKING
PROJECTING MOTION PICTURES

AND

Arthur C. Hardy axd R. W. Coxant*
THE motion picture has provided us with a method b}^ which
a scene or a number of scenes may be re-enacted many times
and simultaneously in many places. When proper attention is paid
to the photographic technique, the screen result is a satisfactory
representation of the brightness values of the corresponding picture
areas. Assuming that the brightness or tone values of the subject
have been reproduced correctly, the result may still be unnatural
in appearance because of faulty perspective. The distortion produced by sitting too far from the axis of projection in the theater is
of course very well known. In the present paper, a form of perspective distortion will be considered which would exist even if it were
possible to view the picture from a point on the axis of projection.
It will be shown that, under given conditions, there is only one
point along the axis of projection for which the perspective is
correct. This point should obviously be chosen in approximately the
center of the theater in order that the average amount of distortion
over the whole auditorium may be a minimum.
As one views the ordinary motion picture, he unconsciously
attempts to place himself in the correct position with respect to
the various objects in the scene. If he occupies a seat for which the
perspective is correct, he will imagine himself viewing the scene
from the position occupied by the camera when the exposure was
made. From this point of view, the relative sizes of the various
objects in the picture area and therefore their relative distances
from the observer appear correct. In other words, the screen might
be likened to a plate-glass window through which the observer
looks with one eye at the actual scene. From any other point in
the theater, the perspective is distorted and the observer makes an
erroneous estimate of his apparent distance from the objects in
the picture area.
Although this might pass unnoticed in the ordinary motion
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picture, the effect is manifest at once when the picture is combined
with the reproduction of sounds originating within the picture area.
For example, consider the case of an artist rendering a vocal solo
accompanied by an orchestra in the background. The addition of
the sound reproduction to the program provides another basis for
the estimation of the relative distances to various parts of the scene.
Thus, in the picture, the orchestra may appear to be only a short
distance behind the soloist, while the relative sound intensities may
place the orchestra far in the background in acoustical perspective.
The observer is forced to believe either his eyes or his ears and,
being more accustomed to believe the former, he fails to correlate
the sound with the action in the picture. That is, the program
becomes merely a picture with simultaneously reproduced sound
rather than a single entity wherein the sound and the action combine to produce a single effect.
The purpose of the present paper is to deal with the optical
perspective considerations only. It will be obvious, however, that
to produce the proper acoustical effect, a single microphone should
be used for the pick-up which should be located as close to the
camera as possible. The loud-speaker used in the theater reproduction should be placed behind the screen and the amplitude should
be regulated so that the *sound level is substantially correct at the
point in the theater for which the optical distortion is a minimum.
. Theory
In Fig. 1, let the point P represent the principal object in the
scene to be photographed.
This object is surrounded by other

— u-Ik.. 1.

->■

•<

v— V

I >iagram of Camera Optical System.

points in the object space such as Ph P2 ■.•'•, Pn- Obviously this
scene will photograph best from some particular point of view
which the camera man selection the basis of his previous experience
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and artistic ability. Although the choice of the proper point of
view is important, it cannot be made from theoretical consideration
alone, and must be distinguished carefully from the perspective
considerations which concern us in the present paper. Thus, in
Fig. 2, the principal object may be viewed (and subsequently
photographed) from such points as A, B, C, etc. The effect obtained
is different in each case, but we are not here concerned with the
choice of the proper point-of-view in taking the picture but rather
with the proper distance for viewing the reproduction. Let us
assume, therefore, that the scene has been carefully studied by the
camera man and that he has selected a view-point from which the
appearance of the principal object is most favorable.

^m
B
A

Fig. 2.

0

B
c

Diagram showing effect of viewing distance on perspective.

The first nodal point of the photographic objective represents
the view-point in making the picture as indicated by the point A'
in Fig. 1. Thus, after the camera man has selected a point from
which the effect is most pleasing, the camera should be placed in
such a position that the first nodal point of the lens coincides with
the position previously occupied by the first nodal point of his eye.
For simplicity, the principal object has been assumed to lie on the
axis of the lens. Other points or objects such as Pi, P2, ■ • • , Pn
make angles oli, a2, ■ ■ ■ , an with the axis. Assuming a small lens
aperture, these points in the object space will produce corresponding images on the film at P/, P2', • • • , Pn' • By the well known
property of nodal points, the angular distance of these image points
from the axis is the same as in the object space. Thus, the angles
subtended from N' by these points on the film will be a1} a2j ■ ■ • , oin
also. The distance Pn'P' is, of course, v tan an.
Suppose that the distance in the theater from the nodal point
of the projection lens to the screen is T, as shown in Fig. 3. xFor the
sake of simplicity, assume an observer seated on the axis of projection at a distance D from the screen. The distance Pn'P' on the
film will appear as Pn"P" on the screen and will subtend at the
observer an angle otn" .
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p,

I p It is obvious that if the observer is to see a distortionless reproduction, the angle aTO" must be equal to an, In other words,
any objectjmust subtend the same angle in the reproduction that
it did'from the camera man's point of view in making the picture.
Screet\
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Fig. 3. Diagram (partial) of Projection Optical System.

The distance Pn"P" is equal to Pn'P' multiplied by the magnification of the projection lens. The magnification in projection is,
P'

T-j>
where/' is the focal length of the projection
T -f lens. Therefore,

V

P/P"=Pn'P'
and tan ar

Pn"P"

Pn'P'

(1)

T-f

(2)

Now, as we saw above,
Pn'P'= v tan an

(3)

Therefore, for an" to equal an as required for zero distortion
tan a7

(4)

tan an =

P'Pwe' have
Therefore, by combining equations 2 and 4,
I)

i I)'

1) '1)1

rp

/•/

~T~ ~~d~ ~Jr
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T-f

or

f
D =/■«

. u-f

T-f

(5)

f

where / is the focal length of the camera lens.

In most cases u is

large compared to/, and T is large compared to/'. We then have,
D=jr-T
(6)
Thus we rind that the correct distance for viewing a motion
picture production is obtained by multiplying the projection distance in the theater by the ratio of the focal length of the taking
camera to the focal length of the projector. For example, if the
taking camera has a lens of two-inch focal length, and the projector has a lens of five-inch focal length, the best seat in the
auditorium is as close to the axis of projection as possible and at a
distance from the screen equal to two-fifths of the distance of the
projector from the screen.
Practice
By inspection of equation 6 we find that, since T and /' are
fixed in the theater, the best seat in the auditorium is determined
by the focal length of the camera lens. As has been indicated previously, the best seat should preferably be located near the center
of the audience in order that the average amount of distortion may
be kept a minimum. Since a two-inch lens is used more than any
other in the taking camera, a projector lens of about four-inch
focal length would seem to be correct. This places the most desirable
seat half way from the booth to the screen which, in most theaters,
will make the average perspective distortion a minimum.
Although this question of correct perspective in viewing photographs has been treated before in works on optics, photographers
have very frequently confused the bad pictorial effect produced by
choosing the wrong point of view with the
produced by adopting the wrong distance
duction. One frequently hears the statement
is the cause of violent perspective, when as

"violent" perspective
in viewing the reprothat a wide-angle lens
a matter of fact, the
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angle of the lens has no bearing whatever on the problem since it
relates only to the size of plate that can be covered. Of course, in
motion picture work, the size of the film is fixed, so that a wideangle lens is necessarily one of short focal length. A short focal
length, however, is not necessarily undesirable provided that
equations 5 or 6 are satisfied. It may indirectly be responsible for
a bad pictorial effect merely because it provides a temptation to
choose a point of view too close to the object in order to make it
fill a good fraction of the picture area.
To illustrate further this distinction between the choice of
the proper point of view and the choice of the proper viewing
distance, let us imagine a simple subject such as a long row of
fifteen or twenty tennis balls arranged in a line which we intend
to photograph from a point on the perpendicular erected at the
center of the row. Having decided on a point of view which appears
to be satisfactory, we place the camera in this position and make
the exposure. The image on the film of the tennis ball which lies
on the axis of the lens will be a circle, while the images of the tennis
balls lying off the axis of the lens will be recorded as ellipses. When
the film is projected, the result is a circle in the center of the screen
with ellipses on both sides, the ratio of the major to minor axes
of the ellipses increasing, to ward the edge of the screen. From one
viewing distance on the axis of projection, however, the distortion
produced by viewing the screen at an angle is just sufficient to
make the ellipses appear to be circles. From a viewing position
closer to the screen, they appear (with the exception of the center
one) to be ellipses with their major axes vertical. On the other
hand, at greater viewing distances, the circles appear to be ellipses
with their major axes horizontal.
It is difficult to include in a printed article illustrations which
will simulate exactly the effect which can be demonstrated easily on
the motion picture screen. The difficulty arises from the fact that
the illustrations are necessarily small and must therefore be viewed
from correspondingly short distances. The human eye does not
easily accommodate itself to view an object at a distance less than
ten indies. Consequently, in viewing the following illustrations,
when t he proper viewing disl ance is less than ten inches it is assumed
thai a reading lens of the proper focal length will be used to permit
of a -hoticr distance from the illustration to the first nodal point
of the eye.
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Fig. 4.

Fig. 5.

Photographed with a lens of 2j^ inch focal length.

Photographed with a lens of 5 inch focal length.
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Fig. 4 was made with a lens of two and one-half inch focal length.
Since the illustration is the same size as the negative, we may
consider that T in equation 6 is equal to }' . In other words, the
perspective in this illustration will be correct only if the cut is
viewed from a distance of two and one-half inches. When this is
done, it will be found that the left front wheel appears to be no
larger than the others, and the building in the background assumes
its proper size and distance from the automobile. Fig. 5 was made
with a five-inch camera lens and must consequently be viewed

Fig. 6.

Photographed with a lens of 10 inch focal length.

from a distance of five inches. Fig. 6 was made with a camera lens
having a ten-inch focal length, and is therefore correct when viewed
at a distance of ten inches. If it is viewed at a lesser distance than
this, the left rear wheel will appear to be larger than the left front
wheel. At a greater distance the left front wheel appears larger.
Fig. 7 was made with a lens having a focal length of twenty inches.
1 1 will be observed I hat the nearer portions of the automobile appear
loo small when this is viewed at any distance less than twenty
inches.
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In making this set of illustrations, the point of view as well
as the focal length of the lens was changed. Thus, Fig. 4 may be
undesirable because the view-point was one which tends to overemphasize objects in the immediate foreground as, for example,
the left front fender.
As stated previously, however, the object

Fig. 7

Photographed with a lens of 20 inch focal length.

of the present paper is to show that there is one correct viewing
distance at which the reproduction is free from perspective distortion. A theoretical method of determining the best point of
view in making a picture will not be possible until psychological
and psychophysical laws are better understood than they are today.

THEATER

MANAGEMENT

Harold B. Franklin*
THE management of motion picture theaters has been developed
to a high degree and has risen to the dignity of a profession.
There are over fifteen thousand persons in the United States who
are managing theaters of different types, and the experiences of
these men have developed certain definite methods, which, in a
measure, constitute a practice which controls the different phases
of theater management.
The successful operation of a theater requires a man of versatile
capabilities. It is a business requiring knowledge of many elements
of the theater, and consists of a highly detailed operation. The
manager of a theater has certain specific duties; to plan, to make
decisions, to select capable assistants, to inspire a spirit of loyalty
among the members of his staff, and to strive to make his theater
a public institution. Although he takes guidance- from the tendencies of patrons toward amusement, he must be the supersalesman in that he induces people to respond. He cannot cater
to patrons unless he is an alert, responsible executive, conscious of
the problems of his business, and is conversant with details, though
not ridden by them. A man driving a team does not pull the wagon
— he holds the reins and keeps an eye on the road.
Good management requires business judgment as well as a
familiarity with the different departments of a theater. It is not
necessary for a manager to be able to understand the details of
projection, for example, but the successful manager should be able
to distinguish good from bad projection, and the progressive
manager keeps abreast with the improvements that are brought
forth in that field. In the same way, the manager must know when
music is satisfactory or not. Many managers attend to their own
advertising and publicity, and those who operate theaters large
enough to employ advertising experts, must recognize the difference
between effective and wasteful advertising.
By planning future operations carefully, management avoids
mistakes, and clarifies the policies of a theater. Timeliness in theater
+ President Wesl Toast Theaters Inc., Los Angeles, Cal.
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operation is a consideration almost impossible to overemphasize.
It is not enough to anticipate a holiday and to plan a program
accordingly. The alert manager is on his toes to keep pace with
public-spirited movements. He must breathe the spirit of the day
and thus capture the confidence of the public.
Just as it is the understood purpose of the theater to sell entertainment, soit is the function of management to sell service.
Since the theater is a commercial enterprise, one of the duties
of the manager in relation to the public is to have a keen notion of
competition. He must not be lulled into a feeling of satisfaction
or security, but must strive for better and better results if his
theater is to maintain its progress. When a manager finds himself
waiting for the competitor to show him what to do, instead of going
him one better, he has fallen behind the march of the times and
dropped behind in the procession.
Management's objective can be summed up in two words —
Good Will. No theater can be successful without good will. Very
few institutions are so sensitive to good will as is the motion picture
theater. The entire staff must have an instinct for hospitality.
Each employee constitutes an important part that makes the whole
staff one perfect host.
So far I have spoken almost entirely of the manager, because
it is upon him that the emphasis falls. We know, of course, that a
number of people, from a handful to hundreds, are needed to keep
the theater going. But these people in the final analysis, either spell
one management, or the theater has failed. The girl who sells tickets
is not working for herself. If she is, the organization has one
decidedly weak link. She is that part of management that sells
tickets, and unless she understands that, she is incapable of representing the theater and furthering its policy. What applies to her,
applies equally to the projectionists, the musicians, or any one else
on a theater staff.
Every act of management, even to hiring employees or buying
supplies, must be actuated by the urge to acquire good will. The
manager cannot conceivably show each patron to his seat, so he
engages ushers to do it for him; instead of scrubbing floors with
his own hands, he keeps his theater clean with the hands of the
porters and the scrubwoman. Every element of the organization
is an extension of the theater policy.
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The successful manager must have a "show sense" or instinct
as to the public's amusement appetite, and should himself be a
man of taste. All of these qualifications spell the elements that make
for the word ' 'showmanship." Not every manager can qualify as
to these requisites, but that is the kind of manager that the industry needs, and men of this type are being developed more and
more as we go on. In the same degree that we encourage and develop
managers who qualify, so will the business itself continue to grow
and prosper, for with good management, theaters and entertainments are made more inviting and patronage is increased. Nothing
tends toward stabilizing the business of theater operation so much
as the development of the right kind of man power.
Theater management is the determining factor as to the location, architecture, size, and type of theater, as well as the financial
set-up of such ventures. It can readily be appreciated that correct
decisions on such matters can be made only after careful analysis
of the needs of a community, and that snap judgment is likely to
result in huge losses. For example, there can be no reason for a
theater where there are too many seats already, and frequently
theaters meet with disaster, where the investment is too great for
a given community. Ripe experience as well as judgment guard
against such mistakes.. To insure success there must be the need
for a theater that is being planned ; otherwise there is no foundation
on which to build a successful business.
As a theater approaches completion, management's next step
is the selection of the operating staff. The type and size of staff
depends a great deal on the kind of theater that is to be operated.
Management must plan the type of entertainment as well as the
policy; such factors are determined largely by the location and size
as well as the clientele that is to be catered to. Theaters differ in
their requirements in this respect. The problems, the possibilities,
the ingenuities of management will show a thousand and one
distinctions between this house and that, one manager and another
— to say nothing of the manifold differences of music, advertising,
service, and even sanitation which set off one amusement center
from all the rest. It is still possible to classify theaters according
to certain similarities. A number of types are recognized, and while
their function is the same everywhere, and their needs different
everywhere, they are found to group themselves according to broad
similarities determined by experience.
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The better sort of theater is known as "de luxe first run," a
title which indicates the richness of display and a priority in the
showing of recent pictures. This kind of house caters to the
pleasures of an entire metropolis, and is accordingly located in a
central zone. In larger cities, in addition to the motion picture
program, there may also be added stage presentations, which might
be a revue, a prologue, a soloist, or some stage number specially
produced.
Neighborhood theaters are located in residential sections. They
may seat three or four hundred, and be of simplest design, or they
may vie with the finest class of downtown institution. The size
and magnificence are determined by the size and character of the
surrounding population. Such theaters usually play second run
motion pictures. The type of program, otherwise, is practically the
same as that of the "de luxe," except that as the theater is smaller,
the auxiliary elements are fewer and less elaborate. The full-sized
orchestra dwindles by degrees to a solo organist as we go down the
ranks. Yet in cities of great size, the neighborhood theater may
present a program in every way as ambitious as those offered
down town.
Third, fourth, and fifth run theaters are to be found wherever
the population warrants the type. Another kind that may be
properly classified with motion picture theaters is the vaudevillepicture house, where a program may consist of a picture and five
or six acts of vaudeville. In some parts of the country there is the
"double feature" house. The purpose is to appeal to the bargain
instinct of patrons. Yet there are distinct advantages in such
policies, although the most constructive minds of the industry
discourage it as much as possible. It is like asking a person to read
two novels in the same evening
In the smaller towns the local theater often houses the motion
picture as well as the vaudeville, legitimate, or concert attractions,
playing each for a day or two. A community of such size is willing
to patronize a variety of amusements, but is not large enough to
support a run of any long duration.
No classification of motion picture theaters would be complete
without mention of the greatest type of all, which I shall classify
as "super." It is the last word in architectural treatment, and seats
from 3-,500 to 6,000 persons — a city under one roof! In most instances the "super" theater equals the finest public buildings any-
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where, and enjoys the spaciousness and luxurious appointment of
an elaborate mansion. Of this type, the best examples to cite are the
Roxy and Paramount Theaters in New York City.
Since these various groups are well defined in the industry,
it stands to reason that management must bear in mind the kind
of patronage to be attracted, and must act accordingly. Care must
be taken to insure the surroundings and accommodations which
will attract and hold the desired patronage.
Careful analysis, backed by sound judgment and experience,
is essential in establishing the definite policy of the theater. Mistaken judgment in this respect may seriously affect its future. After
determining the policy, management must plan the personnel, and
carefully select those who will fill the positions. In the technical
positions, only men of experience should be considered, although
experience is not necessary in the service department, providing
those that are considered are apt, young, and well-educated.
Naturally they must be well recommended. The task of training
this staff becomes a matter of great importance until the opening
of the doors of the new theater. Every individual employee is
instructed in detail, not merely in the routine of his task, but in
the manner of performing it in accord with the highest standards.
Specific instructions leave no doubt, and are administered to new
employees by every means possible; word of mouth, written rules,
and by example as well as drill. The maintenance of discipline is
important in guaranteeing proper service. The best discipline is
one that is not noticeable, but that nevertheless exists. The operation of a theater can be compared with that of a ship, where every
member of the crew, from bridge to engine room, knows his place
and does his duty.
The operator of a small theater books his own pictures, buys
his own supplies, perhaps acts as cashier or doorman, and sometimes projects his own pictures. His theater outgrows its possibilities, and he moves to a larger building. This newer theater demands more time, making it necessary for him to concentrate on
management. He engages an assistant to whom he delegates some
of the responsibility. In a larger theater, the manager has control
of each department, even though he delegates the actual work to
others. lie, therefore, is able to concentrate on administration,
while assistants carry on the routine — that is organization. In this
way, theater operation is divided into departments, with clearly
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defined obligations. Each department head is generally an expert
in his work. For every function there is a department. No department of motion picture theater operation is more important than
projection, and it is gratifying to note that constant improvement
in personnel as well as booth equipment, is establishing a better
and more uniform quality of projection. Innovations and developments, fostered to a great extent by the Society of Motion Picture
Engineers, have contributed toward a result that is establishing
definite standards. This is fortunate, indeed, as good projection is
of utmost importance and there cannot be any compromise in that
respect. The quality of projection can be no better than those who
are responsible for its operation.
The importance of color and its application in relation to
illumination, both for decorative as well as stage effects, is very great.
The effective use of light in the theater is of great value when its
possibilities are carefully studied. The proper use of color helps to
put patrons into moods sympathetic with the action on the stage
or screen. Light may be used by the master electrician as music by
the composer, and he can render color harmonies as if they were
woven into a musical symphony. That there is a psychological
effect produced by certain colors has been established by illumination engineers. No single color can produce a satisfactory result,
any more than one note can produce melody in music. It is the
combination of shades and their variations which produce a harmonious effect. Contrast may be achieved through the use of
harmonious colors in theater lighting. Color is used to good advantage in conjunction with music during the playing of solos and
special stage numbers with soothing and very satisfactory results.
Color has emotional value which can fit different moods. Bright
light is frequently used to stimulate applause, and likewise brilliancy
has been used to put over comedy scenes.
Advertising is the mouthpiece of the theater. Management
must display showmanship in advertising just as much as on the
screen and on the stage. It can do a great deal towards adding to
or detracting from the good will of a theater. Needless to point out,
advertising must always be honest. 'There can be no exaggeration
if it is to be effective. Great strides have been made in the past few
years in the character of the advertising used by motion picture
theaters. Extravagant adjectives used to be very commonplace,
and even today motion picture audiences read exaggerative ad-
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vertisements with a great amount of tolerance. Among more
progressive managements, however, advertising is prepared by
men who carefully plan their campaigns, and every effort is made
to appeal honestly to the patron. Style has replaced worn-out
phrases, and good lay-outs and illustrations have taken the place
of the extravagant use of space.
The motion picture theater has probably been the greatest
single force in bringing good music to the greatest number of
persons. When the motion picture first came, a piano was its only
accompaniment. In order to add a joyous touch, drums and taps
were added. From this humble beginning grew the fine house
orchestras which are permanently established in every important
motion picture theater in this country. The resourcefulness of the
motion picture orchestra is without limit. Music is the language
of sound, and every emotion can be expressed in it— joy, sorrow,
fear, longing. Quality, rather than quantity, is important in musical
interpretation. It is better to have a good string quartet composed
of two violins, viola, and 'cello, than to have an orchestra of fifteen
ordinary pieces.
Primarily the motion picture theater must depend upon the
photoplay itself for real progress. Other units of a program may in
themselves be important,. but it is the appeal of the animated screen
that has made the bill so popular with the people. Therefore, while all
effort should be made to add novelty, stage presentations, prologue,
all of which add contrast or color to a motion picture theater program,
it must be remembered that such efforts are merely supplementary
to the mainstay of the program — the feature photoplay.
The outlook for the motion picture theater is promising, providing all elements in the industry work together for the common
good. Selfishness should not dominate any group within the business
if true progress is to be made. This popular entertainment, which
has insured so many persons in the industry a pleasant vocation,
is to some extent being encroached upon by such devices as radio,
and in the near future perhaps television. This makes it more
necessary than ever that there be a free and sympathetic understanding between all the elements in the industry, so as to encourage
a further development of the business, and every new device should
be fostered and nursed for the benefit of all. With this as our objecl Lve, a new and better future stretches before our vision. Already
we have seen the successful application of sound to motion pictures.
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This is but one indication of progress that may be expected in the
mechanical field of our endeavor. Movietone and Vitaphone, for
example, have given an uncanny reproduction of voice and music
and much progress has been made in the perfection of sound synchronization. Such apparatus will eventually bring fine music to
the most remote communities where capable musicians are not now
available. The possibilities in this respect are tremendous. Music
in its very best mood, played by large orchestras and world-famous
artists and stars rendering great works of genius, will be brought to
theaters in the most remote hamlet. Naturally, new entertainment
angles arise daily in connection with the possibilities of such devices.
In all likelihood, personalities that lend themselves particularly to
this invention, will be developed in much the same way that the
radio has created the type of talent that fits particularly on the
air, and just as motion pictures themselves have created personalities that are adapted to the whirling film.
The process of synchronizing sound and motion pictures offers
a new type of presentation for many theaters that have previously
depended entirely upon the photoplay alone. When it is entirely
perfected, this mechanism should go a long way towards a fuller
uplifting of the industry, because of the possibilities presented, and
let me submit my belief that each of us should do nothing but our
very utmost in helping to encourage such installations.
Interest continues in television. As you probably know, experimenting inthis new field, inventors have been able to broadcast
objects over a meter wave-length which registers the same way
as sound on a radio receiving set, except that this apparatus is
equipped also with a screen on which the object is thrown.
Undoubtedly one of the foremost developments of the future
will be the erection of fine modern theaters of large capacity, which
will replace the ones of yesterday. Eventually every large community will boast of its super theater of fine architectural design,
of finer quality, and generous scale and grandeur. The motion
picture theater of tomorrow will be the noblest and most attractive
building in each community, if it is not considered so today. Such
large theaters will attract even greater audiences than before, contributing awider usefulness thereby, for the institution is definitely
established as a practical, dependable, and indispensable utility.
Motion pictures have a proved value both culturally and economically, and have been generally accepted throughout the world.
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I wish to compliment the Society of Motion Picture Engineers,
which has kept in touch with the progress of the industry through
world-wide scrutiny of the technical work as it relates to the field.
This association has caused such developments to be turned into
practical uses within the industry. It has been a clearing house of
scientific research, in which its members are always endeavoring
to discover better ways of doing things.
DISCUSSION
Mr. Boyle: With regard to ventilation, my survey indicates
that in the big theaters at nine o'clock the air is bad, and unless the
picture is particularly interesting and the music good, one goes to
sleep. That condition prevails not only in Los Angeles but many of
the other large cities and particularly in San Francisco, where
smoking is allowed upstairs. I think something should be done to
remedy this. In justice to Mr. Franklin, who has not attended
previous meetings, I would explain that questions are not intended
as a criticism on the paper or the policy of the organization that
presents the paper. It is an earnest hope that out of such discussions
we may all progress and benefit.
Mr. Franklin: Mr. Boyle brings up a very important point.
In the new type of theater, the ventilation problem has been given
consideration by engineers who have made a practical study of that
problem, and in these theaters ventilation is controlled by thermostatic apparatus which keeps the temperature in the proper relation
to the number of people in the auditorium. Unfortunately many
theaters were built from five to twelve years ago, and the ventilation
in such theaters is probably poorly designed, but in every worth
while theater built by those who have studied the subject, they
have no problems with regard to ventilation.
An important phase of ventilation has been developed through
what is known as "air conditioning," where it is not only fresh and
clean, but the temperature is controlled by apparatus. It would
be fortunate if there were some way in which the ventilation system
of older theaters could be replaced, but unfortunately this new
apparatus for air conditioning is so expensive in building that it
will take a little time before systems can be replaced in old theaters,
but I believe the matter is being given attention.
Mr. Pollock: Who determines the" projection speed of the
picture?
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Mr. Franklin: The manager naturally must schedule his
program. We have managers who are penny wise and pound foolish
and do not give the subject proper consideration, managers who
think that by running a picture fast, they are doing the theater
good. They are much mistaken. It may result in temporary boxoffice receipts, but it does considerable harm, in my opinion, not to
give due consideration to what was intended at the studio.
This brings up the point that it might be a splendid thought
for the producer to denote on the film the speed at which the
picture should be run to get the proper result. After all, the speed
at which the picture is run is determined by the camera work, and
only the studio officials know this. Such a suggestion from your
Society might be of practical value.
Mr. Cuffe: With regard to projection speed, it might be well
if the managers could get together with the producers and get
shorter pictures. Half the productions are too long, and that is
why they run them fast.
Mr. Franklin: Most managers and those connected with
the business end of the industry do feel that pictures are too long,
but it is difficult to tell that to a director who thinks he is putting
the art into it that an artist puts into a painting. We cannot be
arbitrary when we see pictures like The Covered Wagon and The Big
Parade. If you limit directors, perhaps motion pictures generally
would suffer, but I think that the studio executives are getting
a better understanding of the entire problem and there is less reason
for complaint today than a year or two ago.
Mr. Pollock: The average speed in the theater is about
ninety feet a minute and the taking speed about sixty. We who are
cameramen try to run the cameras faster. Some action takes longer.
The manager insists that the projection be faster. If they are going
faster, we must. The person who loses is the one paying for the
prints. If there is an optical advantage in running faster, and you
arrive at a standard, the industry will be much benefited. I have
seen pictures that have been totally spoiled by speedy projection,
and it is essential that we get the attitude of the theater manager
on this and explain that if they do continue to run the pictures
fast, all we will have to do is to run the cameras faster to keep up
with them.
Mr. Jones: A discussion of this kind is very valuable as it is
our opportunity for getting the point of view of the manager.
We
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have established certain standards for the projection speed; now,
are we right or wrong?
Mr. Ross : I should like to ask if the musical program does not
have a great deal to do with projection speed. I have been in the
projection room of the Capitol Theater and four o'clock was the
time for completing the program. There was a signal from the
orchestra leader to speed up projection and the finale of the picture
was shown at a hundred and twenty feet a minute, obviously
detracting from its presentation.
Mr. Franklin: I think the fault is fundamental. If the speed
of projection was indicated on the film and a record made that could
not be lost, there would be a guide for the projectionist. If the
conductor had synchronized the picture in the screening room,
there would be no need for speeding up. With the recording devices
in the Capitol, where the picture is screened, the director knows
how long it takes to score the picture. He has his library and should
have one of the best anywhere. It is carelessness on the part of the
conductor or the projectionist.
Mr. Ross: In larger houses it is customary to adapt suitable
music to the various scenes on the film and it requires skill in selecting musical passages to fit the length of a scene or group of scenes
without cutting either the music or the film. Some musical passages
cannot be cut and therefore it is customary to cut the film where
such passages are employed.
Mr. Franklin: It is very serious if you expect to fit motion
pictures to music. Music is merely an accompaniment to motion
pictures, and if you cannot fit it, it is better to omit it. The Capitol
is trying to make motion pictures fit music, which, I feel, is a
mistake.
Mr. Townsend: In the Eastman at Rochester, N. Y., we pay
a great deal of attention to music. We believe we have one of the
finest orchestras in the country. The pictures, however, are not run
to the music. The speed is determined first and the music is fitted
to that speed. Speed is one of my greatest bugaboos and I have
never been reconciled to the standard of the Engineers. I am not
satisfied that a picture can be taken at sixty and projected at
eighty-five and give normal action. I think the greatest satisfaction
was given me when' Dr. Mees, after seeing Sunrise with Movietone
accompaniment, said that it was the first, time he had seen normal
actios on flic screen. I don't see how we can get normal action
when the picture is taken at sixty and projected at eighty-five.
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Mr. Crabtree: If a theater has to fit a picture into a definite
time allotted on the program, the whole trouble is that the pictures
are too long. The suggestion was made at a previous session that
different versions be supplied of the same picture — one to be run
in two hours, an abridged version in one and a half hours, and a
shorter edition in one hour. Would this help?
Mr. Franklin: I doubt that it would be a practical plan for
the reason that the American public is picture-wise. You can't
show a nine-reel version in one place and a seven-reel one somewhere else. It is strange, but the public knows more about pictures
than the projectionists, and it would be unfair in a big city to sell
a large picture and then show another version.
I think it is a mistake to try and fit a program into limits,
within reason. I believe that the problem will automatically solve
itself for this reason : Distributors are interested in the final profits
of that theater. When it makes more profits, they want more film
rental. By running pictures in sufficient times to turn over the
audience oftener, it cannot help but be benefited. When a theater
runs a news reel, they feel that they must do it every week. Where a
picture runs two hours or two hours and fifteen minutes, they
should be satisfied to run that alone. Usually such pictures are distinctive and stand out. Originally, The Big Parade was shown alone,
but frequently it is with a news reel and comedy, and it must be
speeded up, but experience will solve that problem to a great
extent.
Mr. Swope: With regard to length of pictures, any manager
is willing to run any picture providing it is all good. The greatest
difTculty of the manager is the quality of the picture. As a manager,
I am willing and glad to run any picture provided it is good, and
I think the people are satisfied. We schedule our program as we
think best, but I think every manager should not be so selfish in
his schedule that the presentation may be spoiled. My projectionist
is told at all times not to spoil the picture, and the schedule cannot
be iron-clad, because the speed must vary. The manager's problem
is largely from an audience's standpoint.
Mr. Cuffe: With regard to the speed of projection, I think
that ninety is a good standard speed. I don't know whether * Mr.
Townsend will agree with this, but with a speed less than 90, the
wide aperture and the small cutting blade, we will have flicker on a
very large screen. It is almost essential therefore to run at ninety.
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Mr. Pollock: If there is some optical benefit in running at
ninety, it is desirable. It is desirable to run cameras at ninety, but
a picture sixty-five hundred feet long makes you lift yourself by
your boot straps. The better informed cameramen will run their
cameras faster.
President Cook: For the benefit of many of those present
who are not familiar with the considerations which preceded the
adoption of the projection speed recommended, I would say that
it is not a standard but recommended practice. The reasons for
the Society adopting this may be stated by Mr. Jones, who is
familiar with the details of this matter.
Mr. Jones: I am interested in this subject since at the present
time I am interested in the work of the Standards Committee.
I feel we are in an anomalous position in recommending 60 feet per
minute as standard taking rate and 85 feet per minute as standard
projection rate. Careful tests were made some years ago which
showed that with the projection machines as manufactured at that
time any projection rate under 80 feet tended to show flicker. As
screen brightness rises, this tendency to show flicker increases, and
hence the present tendency to increase screen brightness would
indicate we can not safely decrease the rate of projection. It seems
therefore that we must continue to recommend projection speed
of not less than 80 and probably 90 would be better. Now assuming
that people are moving at normal tempo during taking at 60 feet
per minute, it follows that the action will be greatly enhanced when
projection is at 90 feet. There is, of course, the possibility that the
actors may be capable of moving slower than normal so that when
the film is projected at 90 feet, the action will appear normal.
However, I have noted in many pictures that the action tempo is
entirely too fast and detracts very much from the desired dramatic
effect. We certainly will appreciate the advice of those intimately
concerned with production and exhibition on this matter. Of course,
the coming of the talking movies will make it essential that the
recording speed be identical with the projection speed in order to
reproduce sound without the distortion of pitch and voice quality.
In the meantime we should take any steps that are necessary to
make our recommended practice logical and consistent.
Mr. Ross: One of the objects of the Society is to establish
standards. Would it be possible to establish a standard length of
time as far as 1 he program is concerned? If there are special features
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the necessary changes can be made. The exchanges should indicate
the footage on the reels and forward this information to the theaters
before film is shipped, so that they will know the footage to be
given. At present many theaters pre-run and adapt the music to it.
Mr. Franklin: I doubt very much whether it would be
possible to establish a standard for the length of the show for the
good reason that the community type of theater and the picture
will determine this to a great extent. I think, however, that if
distributors had a better system through which exhibitors could
be appraised of the length of the picture in advance, it would help,
because many pictures are dumped at the exhibitor's doorstep the
morning of the play date, so that he doesn't know the length of the
picture and must run it, because he has paid for it and it is booked.
The time will come when there is closer cooperation between the
exchanges and exhibitors.
Mr. Porter: One factor which has not been brought out and
which was given careful consideration by the Standards Committee
is the psychology of the American audience. We are living in an age
of speed, and it is perfectly true that to reproduce action as it takes
place the taking and projecting speeds should be the same, but this
does not satisfy the average audience. Apparently, they want the pictures to go a little faster than the actual action, and in the last analysis, every one who is exhibiting pictures is doing it to please the audience. That had a bearing on the recommendation of the Society.
Mr. Park: This idea of speed is a psychological illusion.
A news reel is the worst thing, because people think that you are
running too fast. News reels are often taken under poor conditions,
and when projected they are running too fast. The patron therefore
thinks you are speeding up the show and the whole thing is run too
fast because one or two scenes are too fast. Most of our complaints
come from such instances but when you explain this to them, they
can understand it.
President Cook: I am glad to have that observation, because
it is really the psychology of the public which is the determining
factor in the success of our pictures.

THE

REPRODUCTION OF MOBILITY OF FORM
COLOR BY THE MOTION PICTURE

AND

KALEIDOSCOPE*
Loyd A. Jones and Clifton Tuttle
THE embellishment of the entertainment program with artistic
lighting effects is prevalent in many of the finest motion picture
theaters. Changing color effects are produced by the use of numerous flood and spot lights controlled by elaborate systems of dimmers,
and pleasing ornamental designs are procured by the projection of
lantern slides either singly or in multiple. Such effects are usually
of the static type although a certain amount of mobility can be
obtained by the use of devices for fading-out one design and simultaneously fading-in another, and by variable color filters which
can be moved across the optical axis of the projecting system. In
general, however, the element of motion with its powerful appeal
to the average motion picture audience is entirely lacking.
Many attempts have been made to devise methods of using
color as a means of entertainment and of playing upon the human
emotions in a manner analogous to the use of sound in the form
of music. While some interesting results have been obtained, very
little real progress in the development of an art of "color music"
seems to have been made. Many workers in this field have attempted to establish some definite correlation between the frequency of light vibration and the frequency of sound vibration,
and thereby build up a color art based directly upon the frequency
relations in the musical scale. A consideration of the great differences in the fundamental characteristics of the ear and eye as sense
organs indicates that there is little hope of success in attempting
to build an art of dynamic color on a foundation of musical principles. On the other hand, there seems to be little reason to assume
the impossibility of so combining colors in certain spatial and
temporal sequences as to produce an emotional effect, and there is
considerable evidence that colors as such possess a certain emotional
value all hough the correlation at present is not definite. In any case
* Communication No. 354 from the Kodak Research Laboratories.
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it seems to be a definitely established fact that the majority of
individuals find much pleasure in color when it is presented in
harmonious spatial and temporal sequence.
During the past three or four years, experiments on the production ofdynamic color effects have been made in this laboratory,
and while no pretense is made that any systematic art of dynamic
color has been established, the results, at least to many individuals,
are extremely interesting and entertaining.
The kaleidoscope in the form of a toy is probably well known
to everyone although the almost limitless possibility of obtaining
an infinite variety of designs in motion is not generally realized.
By using the kaleidoscopic principle, highly perfected from the
optical standpoint, in conjunction with a colored pattern plate
moving at a relatively slow uniform velocity, dynamic designs of
extraordinary beauty and symmetry can be obtained which show
a succession of evolutionary changes that are indeed remarkable.
The effects thus obtained can be recorded by means of color motion
photography and then projected on a suitable screen in the ordinary
manner. Recently the Eastman Theater in Rochester used some
of this film as a feature on one of its regular programs. At one
showing a period of five minutes was devoted to a film entitled
Mobile Color showing these moving kaleidoscopic patterns. This
film was presented with a musical accompaniment consisting of
an orchestral rendition of Debussy's Arabesque, which was chosen
by Mr. Victor Wagner of the Eastman Theater Orchestra as being
in perfect harmony with the type and tempo of the projected color
effects. The combination proved very effective and created much
interest. Since that time considerable use of this dynamic color
film has been made in this, and other theaters. In the following
pages the instrument and method used for the production of this
dynamic color film are described and illustrations of the results
obtained are shown.
The kaleidoscope was invented by Sir David Brewster in
1815,1 and it is stated that approximately 200,000 were sold in
London and Paris during a period of three months shortly after
its invention. So far as the authors know, little use has been made
of the kaleidoscope for public entertainment because of the difficulties in obtaining sufficient image size and screen brightness by
1 The Kaleidoscope, by Sir David Brewster. John Camden
London, 1820.
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direct projection of the patterns. Since the eye of the observer
must be placed at the aperture of the ordinary simple toy kaleidoscope, the entertainment is necessarily limited to one person. By
making color motion pictures of the patterns, however, it is possible
to show them on a grand scale and to fill the motion picture screen,
or if desired the whole proscenium arch, with moving designs of
much greater perfection and beauty than can be obtained with the
ordinary kaleidoscope.
The toy kaleidoscope consists of two or more mirror surfaces
joined at an angle. The observer looks down between these reflecting surfaces at variously colored bits of glass contained in a narrow
chamber at the farther end. Multiple reflections of these irregular
objects by the mirror surfaces give rise to symmetrical patterns
of considerable beauty. If the reflecting surfaces are inclined to
each other at an angle which is an even aliquot part of 360°, the
resulting patterns are symmetrical about one or more axes.2 Any
other angles will not in general give complete symmetry.

Fig. 1. Glass prism ground for the motion picture kaleidoscope.

The apparatus which was designed for making kaleidoscopic
patterns operates on the same principle as the simple toy device,
but much better results are obtained due to greater perfection in
t he opt Leal parts of the system. For perfect performance the surfaces
should reflect 100 per cent of light and should meet in an edge which
has no thickness. Such conditions are not possible when metallic
mirrors are used but they are very nearly realized with prisms made
from a single piece of. glass. Fig. 1 shows one of the prisms which
I sable angles for symmetrical kaleidoscope patterns are 180°, 90°,
60 . I.Y, 36°, 30 . 25.75°, 22.5°, and 20°.
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was ground for the motion picture kaleidoscope. Eleven prisms
have been made using homogeneous, white, optical glass, highly
polished, and with exceedingly sharp corners. Light transmitted
by the pattern plate enters one end of the prism and is incident on
the interior (glass-air) surface of the prism at angles greater than
the critical angle. This light is therefore totally reflected, and hence
the successive images of the objects which lie within the boundary
of the prism have the same brightness as the objects themselves
viewed directly by the eye. The entire field formed of a series of
reflected images is, therefore, of uniform brightness except for a
very slight loss caused by the absorption of the glass. In making
the prisms used in this work a very fine quality of borosilicate crown

Fig. 2. Pattern plate mounted in a ring gear.

glass was used. This material has a high transmission and, hence,
for all practical purposes, the entire field is of uniform brightness,
at least within the useful angle. The best metallic reflectors reflect
no more than 80 per cent of the light so if they are used, the outer
portions of the field are much less brilliant than the central area.
Instead of the colored bits of glass used in the toy instrument,
glass disks coated irregularly with dyed gelatin were employed.
Fig. 2 illustrates one of these pattern plates. So that they may be
rotated in front of the prism, each pattern plate is mounted in a
ring gear (see fig. 2). The actual conformation of the design of the
plates is not of great importance but the selection of colors must
be made judiciously in order that they may be reproduced satis-
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factorily by the two-color subtractive process. A diagram of the
optical system of the instrument is shown in Fig. 3 which represents a horizontal section through the optical axis, the rectangle E representing the kaleidoscopic prism. The pattern plate
D is placed as close as possible to one end of the prism and at C
is a sheet of opal glass which serves to diffuse the light, thus giving
a uniform angular distribution. The light source B is a 500-watt
monoplane Mazda lamp. The spherical reflector A is placed behind
the lamp in order to increase the illumination on the opal glass C.
The lens F is placed, as shown, very close to the outer end of the

Fig. 3.

Optical system of the motion picture kaleidoscope.

kaleidoscopic prism. In, the particular instrument built in this
laboratory, this lens is a wide aperture 50 mm. motion picture
objective. G represents a two-component collector or field lens
between the two elements of which may be placed a diaphragm or
mask plate H. The dotted rectangle 0 represents a standard Bell &
Howell motion picture camera in which the position of the film
is represented by L. The lens J is a second objective, of 150 mm.
focal length, which forms the final image on the film L. The two
color taking filters of the Kodachrome process are carried in the
holder I which slides laterally so that one picture is taken through
the red filter and the next through the blue-green. At K is shown
a beam-splitting prism formed of two totally reflecting prisms the
hypotenuse of one carrying a very thin film of reflecting metal.
These two prisms are cemented together and placed, as shown, in
t he opt ical path. The diagonal surface serves as a reflector, and by
means of this reflected light an image identical to that formed on
film L is formed on the focusing screen N. The mask plate M is
of such size and so positioned that the image seen on the screen N is
identical with that falling on the motion picture film L. In this way
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the observer can see at all times the exact form and color of the
image which is being photographed. The thickness of the metallic
reflecting film in the beam splitter is so adjusted that about 15 per
cent of the total light is used for viewing the image on the focusing
screen N, the remainder being transmitted to the film L. The lens
F forms an image of P, the pattern end of the kaleidoscopic prism,
on the plane H. The lens J re-images the plane H on the film L.
Thus both the kaleidoscopic pattern and the aperture plate H are
sharply focused on the film L. In this way any desired masking
of the photographed image can be obtained. For instance, the
aperture in the plate H may be circular, square, crescent-shaped,

~^~"sJf

ete
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Fig. 4. The

motion picture kaleidoscope.

or of any desired outline. The collector or field lens G is of such
focal length that it forms an image of the lens F in the lens J.
A photograph of the completely assembled instrument is shown in
Fig. 4. The camera is driven at a constant speed by means of a
synchronous motor which also moves the filters back and forth
at proper intervals so that alternate pictures are taken through the
red filter and the intervening pictures through the blue-green, thus
giving the required color separation negatives. A connection is
carried from the same driving mechanism to a gear which meshes
with the pattern plate gear mount. This is so arranged that the
pattern plate is moved a small distance intermittently
between
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each successive pair of negatives. The mechanical arrangement
is such that the pattern plate rotates and at the same time is shifted
laterally past the end of the prism. In this way the optical axis of
the instrument is made to describe a spiral path over the entire
surface of the pattern plate and by proper choice of the gear ratios
the instrument can be made to run for hours before a duplication
of pattern is obtained due to a repetition of travel over the same
path. Since the motion of the pattern plate is intermittent it can
remain stationary while the camera exposures are made; and thus
the exposures can be as long as desired without introducing any
motion during the making of the negative. The mechanism is
synchronized in such a manner that the pattern plate is moved
during each alternate camera pull-down period. By means of interchangeable gears the amount of motion at each step is under the
control of the operator so that any desired rapidity of pattern change
can be obtained.
In making film of this type it is very desirable to obtain a
perfectly smooth transition from one type of pattern to another
and for this purpose it is necessary to make a lap dissolve when
changing from a prism of one cross section to that of another. It
was found that the dissolving shutter mechanism of the Bell & Howell
camera worked too rapidly to give the desired sense of smoothness.
Because of the double negative required by the two-color process
the dissolve period occupied only 3 feet in the finished picture.
A neutral gray wedge was therefore mounted just in front of the
lens J and this was driven by means of a nut engaging the threads
of a slowly rotating screw mounted in a transverse position relative
to the optical axis. In this way the fade-out period can be increased
to 15 feet of film.
It is impossible to convey by means of still pictures an adequate
idea of the beauty and fascination of the dynamic effect produced
by the kaleidoscopic projector or by the reproduction of these by
means of color motion photography. It may be of interest, however, to show some illustrations of the general type of pattern
produced by prisms of different cross sections. The prisms as made
for use in this particular instrument are 8£ inches long. The cross
sections of those prisms falling within the classification of regular
or equilateral polygons are of such dimensions that the cross
sectional figure may be inscribed within a circle approximately
1 inch in diameter; while those of irregular polygonal type, such as
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the acute triangles, are of dimensions such that their cross sectional
figures may be inscribed within a circle from 1.25 to 1.5 inches in
diameter.
In Fig. 5 the photographic reproduction shows the type of
pattern obtained by using a prism having a cross section which is
an equilateral triangle as indicated by the line drawing at the righthand side of the figure. Each of these angles (A, B, and C) is 60°.
Since 360 divided by 60 gives 6, it follows that around each apex
of this triangle will be found a figure having a six-fold symmetry;
moreover, it follows, from a consideration of the geometrical characteristics ofmultiple reflections from the three surfaces, that the
entire field will be filled with a pattern which appears to be hex-

Fig. 5. Pattern produced by an equilateral prism.

agonal or triangular in construction depending to some extent upon
the configuration of the pattern plate which is viewed through the
prism. The pattern produced by a prism of this cross section has
perfect symmetry throughout the field, but because of the variable
hexagonal and triagonal nature of the configurations, the result,
during motion, does not appear so symmetrical as to be monotonous.
In Fig. 6 the photograph shows the pattern produced by a
prism having a cross section which is an isosceles right triangle.
The angle C is 90° and hence around this apex of the prism w^ill be
found a figure of four-fold symmetry. The angles A and B are
each 45° and hence around each of these apices will be found a
figure having an eight-fold symmetry.
These centers of eight-fold
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and four-fold symmetry are intermingled symmetrically throughout
the entire field, and the pattern plate when in motion in front of
this prism yields a very pleasing result.

Fig. 6. Pattern produced by an isosceles prism.

In Fig. 7 is shown the pattern produced by use of the prism
having a cross section as shown in the diagram at the right of the
figure.

This is a right triangle in which the angles are A = 30°,

Fig. 7. Pattern produced by a right triangular prism.

B = 90°, and C = 60°. Since 360 divided by 30 gives 12, it follows
that around the apex A will be found a figure having a twelve-fold
symmetry; while around the apex C will be formed a symmetrical
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figure having a six-fold symmetry, and around B a figure of fourfold symmetry. These three types of symmetry are geometrically
mingled over the entire field and this prism produces one of the
most fascinating patterns that have thus far been made.
In Fig. 8 is shown the design formed by use of a prism having
a cross section which is square. Each of the angles (A, B, C, and D)
is 90°, and hence around each corner of the square will be found
a figure having a four-fold symmetry. This is repeated in every
direction over the entire field. Because of the perfect rectangular
symmetry the results produced with this prism are usually somewhat monotonous. If, however, by careful manipulation the ele-

Fig. 8. Pattern produced by a square prism.

ments of the pattern plate are so arranged that the figures group
themselves across the field in a striping effect, some pleasing results
may be obtained.

In Fig. 9 are shown the results obtained by a figure of rectangular cross section. The pattern obtained by this prism is
similar to that obtained with the square except that there is an
unequal space between the pattern elements. This again, while
interesting under certain conditions, tends to be monotonous
because of the excessive symmetry.
The cross sectional forms thus far described include all of those
which by multiple reflection produce a perfect symmetry over the
entire field of view. Other forms, however, may be used which give
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designs exhibiting partial symmetry, especially in the central
portion of the field, with more or less confusion due to overlapping
of reflected images in the other portions of the field. This type is

Fig. 9. Pattern produced by a rectangular prism.

illustrated well by Fig. 10 in which is shown the design resulting
from the use of a prism having a cross section which is an isosceles
triangle, the acute angle being 36° and the other two angles, B

Fig. 10.

Partially

symmetrical

pattern

produced

by an isosceles

prism.

and (', 72° each. Three hundred and sixty divided by 36 gives 10;
this means that around the apices will be -found a figure having a
ten-fold symmetry. When a very prominent element in the pattern
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plate lies very close to, or on, one of the long edges of the prism
section, the symmetry apparently is of the five-fold or pentagonal
type. Three hundred and sixty divided by 72 gives 5 and hence
around each of the apices, B and C, will be found a figure of five-fold
symmetry. The first series of reflections therefore gives perfect
symmetry around each of the apices of each of the triangular cross
sections; but the second series of reflections, which occupies the
next concentric zone, produces overlappings that prevent the formation of perfect symmetrical forms. This particular prism produces
the impression of a central rosette, immediately around which is
a grouping of symmetrical forms, and beyond this a more or less

Fig. 11.

Partially symmetrical pattern produced by an isosceles prism.

indefinite or broken-up type of formation. In motion this is one of
the most fascinating patterns.
The photograph in Fig. 11 shows the result obtained with
another prism having a cross section which is an isosceles triangle,
the acute angle, A, being 22.5°, and the obtuse angles, B and C,
each being 78.75°. Since 360 divided by 22.5 gives 16, around the
apex A, a figure having a sixteen-fold symmetry is formed. Three
hundred and sixty divided by 78.75 gives 4.6, which is not an
aliquot part of 360. Around each of the apices, B and C, ai;e some
figures which are pentagonal, but the sides are not all equal, one
being appreciably shorter than the other four. The confusion caused
by overlapping in the secondary reflections is even greater in this
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case than in the prism described previously so that, aside from the
one central rosette with its surrounding group of approximately
symmetrical pentagonal forms about the apices, B and C, very
little symmetry is observable. It will be noted that three fairly
good reflections of the central rosette are formed by reflection in
the base of the prism. The other portions of the field are in a state
of extreme confusion. The results obtained with this prism, however, are excellent. It appears that while the eye enjoys a certain
amount of symmetry, the beauty of this symmetry is enhanced if
viewed simultaneously with a field in which the pattern is very
unorganized. In the manufacture of this prism it was found practically impossible to obtain a perfectly sharp edge at the apex A

Fig. 12.

Partially symmetrical pattern produced by a prism of trapesoidal
cross section.

and hence it was necessary to polish a face approximately 0.25 mm.
wide. This is just observable in the pattern as something that
appears to be a cylindrical stem penetrating the pattern at the
center of the rosette.
In Fig. 12 is shown the result of using a prism with a cross
section of symmetrical trapezoidal shape. The angle A between
the long faces of the trapezoid is 18°, while the basal angles, B and
C, arc each 81°. Three hundred and sixty divided by 18 gives 20,
and hence about the point formed by the intersection of the two long
faces should be a figure having a twenty-fold symmetry. Because
of the overlapping of secondary reflections,' however, this figure is
nol complete, and hence in actual use the pattern obtained is a
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fairly regular arrangement that appears to rise out of a chaotic
condition at the bottom of the field. About the apices, B and C,
the figures tend to have a pentagonal symmetry, but of a very distorted nature. About the central area of fairly organized grouping
is an area in which considerable confusion of pattern exists. The
evolution of this more or less regular pattern out of what appears
to be a chaotic condition at the bottom of the field, and then its
final disappearance into a region of unorganized elements at the
top of the field, are extremely fascinating.
Fig. 13 shows the result obtained by using a prism having a
cross section which is a regular hexagon. Because of the overlapping
of the primary as well as the secondary reflections, this does not

Fig. 13.

Non-symmetrical

pattern

produced

by a hexagonal

prism.

give anything approaching symmetry of form in any part of the
field. When the pattern plate is in motion the field seems to be
covered by elements which are moving in three directions, the axes
of which are inclined at 120° to each other. As the elements of the
pattern advance," they seem to interweave with each other so that
the entire grouping, while appearing to have a certain triangular
form, is triangular in motion rather than in grouping. Experience
indicates that a dynamic effect produced by this may be quite
entertaining, especially when inserted between the more symmetrical types produced by some of the other prisms.
Fig. 14 shows that the result obtained by using a prism having
a cross section which is a regular pentagon, has practically no
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symmetry either of configuration or of motion. If we may be permitted to use a mixed metaphor, the impression may be described
as futuristic jazz.

Fig. 14.

Non-symmetrical pattern produced by a pentagonal prism.

In Fig. 15 is shown the result obtained by using a prism having
a circular cross section, that is a cylinder of glass with polished ends
perpendicular to the axis of the cylinder. The sides of the cylinder,

FlG. 1").

Pattern

produced

through

a glass cylinder.

of course, are also highly polished. The effects produced by this
arc difficult to describe, but perhaps some idea can be obtained by
an examination of the pattern in Fig. 15. The dark area near the
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center of the field is deflected by the cylindrical face to its right
forming the dark crescent-shaped patch to the right and about
half way from the center of the figure. A secondary reflection of
this same dark spot forms another crescent to the left and near the
periphery of the field. As this spot moves across the end of the
prism, these crescents decrease and increase in size and move in
and out from the center. Usually the result can best be described
as a weaving in and out of a series of concentric crescents or spirals.
The effect is very interesting and to some persons more pleasing
than any of the symmetrical or quasi-symmetrical forms.
In Table I are summarized the characteristics of the eleven
different prisms which have thus far been used in the production
of these dynamic color motion pictures.
Table I
Xo.
Cross Section
1 Equilateral Triangle
2 Right Triangle
3 Right Triangle
4 Square
5 Rectangle
6

Isosceles Triangle

•J

8

u

u

u

9
10

Regular Hexagon
Regular Pentagon

11

Circle

Angle

Pattern
Symmetrical

90°-4oo-4o°
90°-60°-30°
60°
36°-72°-72°
22.5°-78.750-78.75(
90°
18°-81°-81°
90°

Quasi Symmetrical

120c
108c

Unsym metrical
Concentric

The position of the elements
on the pattern plate used for the
108°
production of pleasing dynamic color effects is of considerable importance. The size of the unit requires rather careful adjustment
with respect to the size of the prism cross section. For instance, if
the elements of the pattern plate are very small with respect to the
end of the prism the result obtained may be described as a symmetrical arrangement of dots over the field, giving a speckled
appearance with no continuity of design. This in general is not
especially pleasing. On the other hand, if the elements of the pattern
are very large with respect to the end of the prism the resultant
design is crude and lacks delicacy and sufficient intricacy to make
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it interesting. A pattern plate composed of long, slender, curvilinear elements pleasingly arranged with respect to color contrast,
usually produces the most fascinating results. The rate at which
the continuous transitional process takes place has an important
bearing upon the impression produced which may be likened to
the tempo in music. Many persons, some of them highly trained
in music, who have seen these moving kaleidoscopic patterns, have
expressed the opinion that they feel a definite emotional reaction
which can be correlated, to a certain extent, with musical impressions. For instance, results obtained by using a pattern plate
composed of angular elements in rather brilliant and contrasting
colors with rapid evolution seem to suggest jazz or ragtime; while
if the patterns evolve very slowly and the elements are composed
of curvilinear figures in more delicate colorings, the suggestion is
of a more harmonious and dreamy type of composition.
In the reel of motion picture film which was shown, some of the many
effects obtainable were demonstrated first in black and white to emphasize
the form factors, and then in color photography to demonstrate the fascination of these effects when shown in their natural colorings.

DISCUSSION
Mr. Cuffe: Are such pictures as those available for use on
the Coast?
Mr. Jones: They have not as yet been placed on the market.
Dr. Mees: They will be available if anybody wants them;
I don'f, think anybody has wanted them.

MOTION PHOTOMICROGRAPHS
OF THE PROGRESS
DEVELOPMENT OF A PHOTOGRAPHIC IMAGE

OF

Clifton Tuttle and A. P. H. Trivelli*
AN

account was recently published by E. P. Wightman and one
of us1 concerning the development of silver bromide grains.
Motion photomicrographs of the progress of development were
made at that time by E. P. Wightman, using a four mm. water
immersion objective immersed in a drop of dilute developer placed
on a single-grain layer plate. The optical resolution obtainable by
this method leaves much to be desired, and the presence of so much
liquid between the objective and object slide gives rise to difficulties
resulting from vibration and striation. Recently, a method has been
devised which permits the use of a 1.8 mm. oil immersion objective.
The consequent resolution is considerably enhanced and the difficulties ofthe former method are minimized.
For the purpose of this study, single-grain layer coatings of a
pure silver bromide emulsion are made on microscope cover glasses
0.18 mm. in thickness. A 15 mm. hole is drilled through the center
of a microscope object slide and over this hole is cemented a coated
cover glass. The slide is placed on the microscope stage with the
emulsion layer downward toward the substage condenser. The
objective is oiled to the upper surface of the cover glass and the
grain images are brought to an approximate focus on the film
aperture of a motion picture camera. A drop of very dilute developer is placed on the substage condenser which is racked up
until the liquid comes in contact with the emulsion surface.
Developer Formula
Elon
Sodium sulfite
Sodium carbonate
Potassium bromide
Water to make

0.5 grams
7.5
"
2.5
"
0.15
"
150 cc.

* Communication No. 341 from the Kodak Research Laboratories.
1 Photography through the Microscope, by E. P. Wightman and A. P. H.
Trivelli. American Annual of Photography, 1928, p. 11.
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Although a slight adjustment is necessary after contact is made
between developer and emulsion, it is found that the image can be
brought to a sharp focus before any appreciable action has taken
place. The motion picture record thus shows almost the entire
progress of development. The preliminary focusing is accomplished
by red light (No. 25 filter) to prevent excessive photo-decomposition
of the grains. The exposures are made by light of shorter wavelengths (No. 49 filter) to increase resolving power.

*

Fig. 1. View finder and focusing device for use in motion photomicrography.

It was found necessary in this work to have the image under
constant inspection throughout the course of development. The
plane of sharpest focus is constantly shifting because of the change
in thickness of the silver bromide grains as they are converted to
spongy metallic silver. The means which is used for observation
IS illusl rated in Fig. 1.
A beam splitter A composed of two prisms whose interfaces
have been silvered by cathode sputtering is placed over the ocular
of the microscope. Optical contact between prism and eyepiece is
made will) a drop of cedar oil. About 10 per cent of the image light
i- transmitted to the eye at B while approximately 85 per cent is
reflected to the motion picture film at D. The light which enters
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Silver bromide crystals before (left) and

after
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the eye is approximately parallel and the observer focuses on a
virtual image at about 25 cm. distance. The reflected parallel light
is brought to a focus in the plane of the film by a simple lens (C) of
the correct power. In this case, a 4.5 diopter lens is used at C and
the distance from C to D is adjusted so that the real image focus
is identical with the virtual image focus. A 10X hyperplane eyepiece
was used and the magnification on the film was about 900X.
It was found that light of sufficient intensity could be obtained
from the 6-8 volt, 108-watt ribbon filament lamp overvolted to
operate at 20 amperes. Pictures were made at the rate of four per
second (one-fourth normal speed). The usual time of development
was about one minute. When projected at normal speed, the scenes
last about fifteen seconds.
In Fig. 2 are reproduced two sets of pictures showing the grains
at the beginning and end of development. In these reproductions,
the blackening of the grains and change in general appearance are
pronounced. In the motion picture projected on the screen a number
of other interesting phenomena can be seen. The development with
Elon in most cases starts distinctly from centers on the grain. During
development, the grain is in constant vibration as a whole. This
movement, though it is very small (of the order of 0.00001 inch),
is plainly visible in the magnified image on the screen. During
development, the grain throws out thread-like protuberances which
likewise are in rapid movement. It is the appearance of these
streamers which has given rise to the idea that some grains explode
upon development. Different developing agents show a marked
difference in the type of action. In general those of high reduction
potential such as Elon show rather violent action and almost complete change in the exterior conformation of the grain. ' Developers
of low potential such as hydroquinone, however, result in less change
of the grain outline.
Further work using the same method to picture the deposition
of silver sulfide sensitizing specks is in progress.
The writers wish to acknowledge the help of C. A. Morrison
of this laboratory who assisted materially in developing the technique which has been described.
DISCUSSION
Mr. Nickolaus: Was the same developer used for all the tests?
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Mr. Jones: Yes, an Elon developer was used throughout.
We have made comparisons of different developers but in this film
only the results obtained with the developer are shown. As mentioned in the paper, developers of high reduction potential give
more movement and the grain of metallic silver may be different
in shape from the original silver bromide crystal. In the case of
low reduction potential developers, the metallic silver is more nearly
like the silver halide crystal in shape.
Voice: Is this the borax* developer or another?
Dr. Mees: It is a straight Elon developer used with carbonate
I think I might make clear that this picture has no practical importance. We wanted to see what happened to the grain in the
developer. We have often photographed it but have never before
made a motion picture of it. The most interesting thing about it is
that it wriggles, which is new to us.
Mr. Griffith: I think Dr. Mees is too modest in this. I
cannot conceive how something of this sort will not have ultimate
practical value because whenever you learn something that is going
on, you are advancing the practical as well as the scientific end.
Mr. Mitchell: Were the grains exposed to light before or
during development?
Mr. Jones: The grains were exposed only during the taking
of the picture. They must be illuminated intensely to work at
that magnification. As soon as they were ready to take the picture,
they switched to the blue filter, which exposed the grains.
Dr. Mees: That is rather important. In practice, the grains
were thousands of times over-exposed compared with ordinary
camera exposures, but this cannot be helped. We must remember
that fact in considering deductions from the results.

AERIAL

CINEMATOGRAPHY

Harry Perry*
DURING the past six or seven years scenes involving the
making of motion pictures in airplanes have been included in
a number of photoplays. About a year and a half ago production
was started on a war epic of the air which was to be entitled Wings
and in making this picture many problems in aerial cinematography
were solved.
The Government consented to allow the Army and Air forces
to co-operate and to give all the assistance possible, which meant the
use of the Government ground school at Brooks Field, San Antonio,
the advanced flying field (Kelly Field), the use of airplanes
and the help of their pilots. Also, the Government gave permission
to build a replica of the terrian of the St. Mihiel Drive at Camp
Stanley reservation near San Antonio, together with the help of
the United States Army Second Division, consisting of over five
thousand men, including all the different branches — tanks, machine
guns, artillery, infantry, etc. This division was the same one that
participated during the war in the real drive.
The set laid out for the St. Mihiel drive consisted of a piece of
ground about a mile long and one-eighth of a mile wide in the foreground, increasing to about three-fourths of a mile wide in the
background and was covered with trenches, shell holes, barbed
wire, pill boxes (machine gun nests), and all kinds of props, such as
broken guns, gun carriages, and shells. This set cost approximately
$300,000.00 and was made with the idea of photographing the drive
from airplanes, but when the actual work was started, it was found
that when the action was photographed from an airplane close
enough to the ground to show detail, the speed of the plane was so
great that it was impossible to hold anything on the screen long
enough to be seen properly, and that when the plane was up high
enough to show any part of the scene for a sufficient length of time,
detail was obliterated, so it was necessary to build a tower 100 feet
high with platforms every 20 feet from which the drive was photographed.
Member American Society of Cinematographers, Hollywood, CaMf.
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Another experiment which was tried, but was not successful
on account of sway and vibration, was the towing of a captive balloon and photographing from a height of about 100 feet.
A problem which caused quite a little trouble was the photographing from another airplane of the take-off of a group of airplanes in formation for a dawn patrol scene, which had for a background a road on which were marching troops. It was found that
too much dust was made by the rising planes and a good formation
was almost impossible to get, so that it was necessary to take off
first, then circle the field and go down nearly to the ground to get
a good shot of the squadron with the desired background.
In making airplane shots, either of single airplanes or planes
in formation, unless clouds were used for a background, the appearance of motion was lacking, although quite a few scenes were made
without clouds after awaiting weeks for them.
We had hopes of being able to put the clouds in with the help
of our special process department at the studio by camera printing,
but it was not successful because the grain was too evident on the
screen.
Much trouble was encountered in photographing what is
called a "dog fight" above the clouds. There were usually about ten
airplanes taking part in this, five to a side, in addition to two or
three camera ships, all of which would take off from the field and
then climb up about five or six thousand feet or more and go through
clouds for fifteen or twenty minutes without anyone being able to
see a thing. Finally a plane would break through and find a beautiful empty world full of billowy clouds, but no other airplanes.
Gradually one and then another would appear and at last we would
get all the formations together; the signal would be given, usually
a dip or dive of the camera ship, and the fight would start, ships
flying at each other, some falling down through the clouds in smoke,
which was made by releasing a gate in a box containing lampblack attached under the plane body. Finally the sky was clear
again of all but camera ships as they had all gone down chasing
each other or falling through clouds and so the cinematographer
followed in the hope that he had a successful story in the camera.
We had a mount made in the shape of a saddle which was put
back of the rear cockpit of the camera plane and secured with two
large straps around the body of the plane. This mount was used
mostly to permit the motor-driven cameras to shoot forward show-
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ing the back of the pilot in the foreground and in the background
anything towards which the pilot might dive, such as battlefields,
other planes, balloons, marching troops, pontoon bridges, German
automobiles and railroad troop trains. This mount was set set
up high enough so that we could shoot over the head of the real
pilot and just show the front cockpit in the foreground which made
the plane look like a single seater with our actor handling guns and
apparently operating controls. The cameras were run by motors
using three 45-volt dry cell batteries. Mounts were also fitted to get
the reverse shots of the ones just described by shooting back with the
actor still in the front cockpit with a large head rest back of him
which concealed the pilot in the rear cockpit, and which also made
the plane appear to be a single seater with the actor controlling the
ship. This mount had to be made so that no part of it would in any
way be in contact with the motor which would cause vibration and
it had to be supported by piping welded to the frame of the plane.
Some of the problems were as follows: All exposure settings
had to be made on the ground before going up and were in large
part guess work and judged from former results. Filters were usually
eliminated to enable stopping down the lens diaphragm so as to
carry the background more sharply. The lens used mostly was a
32 mm. The filter used mostly when clouds were wanted in a
background was the Wratten Kl|. The cameras required very thorough fastening and wiring down to prevent vibration and danger of
coming loose. Careful inspection was necessary after each shot. On
two successive shots in one day after the plane came down with a
camera shooting forward, a fly was found smashed against the center
of the lens. This shot had involved a big scene with an automobile
being "strafed" by plane, and many soldiers on the road. Another
thing that caused trouble once or twice was the synchronizing of
the camera shutter and propeller, and still another was by light
being reflected from the propeller when caught at a certain angle.
This was when the camera was shooting forward through the propeller which ordinarily cannot be seen at all and can be shot through
without any trace of it showing, providing it is not a light steel or
light painted propeller. In setting the camera motor speed for such
shots, I have learned that on account of the vibration and wind
pressure, it is usually-slowed up about two points and it is necessary
to balance the speed by setting the dial two points farther ahead.
Motor-driven cameras were mounted in several other parts of the
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plane such as on a shelf hung from a wing to get side views of the
pilot with a formation beyond him, and on a long flat board which
was secured to the wing with straps and lined with felt to keep from
damaging the wing fabric. These were all operated by motor in the
same manner as described before.
An airplane is usually an unpleasant place for a photographer
to work from on account of the terrific propeller blast. In the case
of an ordinary plane, it is like working on the ground in a hundred
mile an hour gale.
Another obstacle is the difficulty of keeping in communication with one's pilot, which is very necessary, but because of the
great noise made by the motor it is impossible to hear anything
said unless the motor is shut off and, as this is not always possible,
the cinematographer either has to write him notes or use signals
arranged beforehand.
I found that the best "ship" to use for photographing was a
DeHaviland with a Liberty motor, as the rear cockpit is set back
pretty well from the wings and allows quite a spread from end of
wing to rudder. The planes used in Wings were equipped with a
gun ring for which a camera mount was made and the cinematographer was able to swing it from one side of the ship to the other.
We also found that the Martin bomber was a very good camera
ship because the front cockpit is between the two motors away from
the propeller blast and out in front of the wings and allows a spread
of about ninety degrees. It also has gun turret mounts.
Filters Used with Panchromatic Film
(a) For cutting through haze when shooting toward the ground
I have had good results with the "Wratten Minus Blue."
(b) The most beautiful cloud effects that I have obtained in air
work have been with the Wratten K3 filter, when the atmosphere
was clear, and with a Wratten 23A when it was slightly hazy.
(c) For night effects shot in the air in the daytime, my best
results have been with the Wratten Alpha Filter with a wide open
aperture. I have also used a combination of 2.3 A and 56 and at other
times a Wratten "F."
The following items may be of interest: During the photographing of Wings, Dick Arlen and Charles Rogers each Were in
the air around fifty hours. The cameramen altogether flew over
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300 hours, and there were over two hundred shots taken with motor
driven cameras on airplanes.
DISCUSSION
Mr. Ross: A telephone communicating system was employed
during the war between the pilot and the gunner, and I wondered
if this could not be used for convenient communication between the
cameramen and the pilot.
Mr. Williams: When I was in San Diego ten days ago, all
directions were given by wireless.
Mr. Fischer: What kind of camera was used?
Mr. Twining: For the shots taken by the cinematographer,
a Bell & Howell; for the automatic shots, the Eyemo. The motor
shots were with a Bell & Howell.
Mr. Fischer: Was there any free-hand shooting?
Mr. Twining: Yes, from mounts on the gun rings, in the rear
cockpits of the Dehaviland planes, and from the front cockpit of the
Martin bombers. These shots were taken from universal mounts
which allowed the camera to be moved quickly when following action. There is also a base movement on the gun ring.
Mr. Fischer: It would be interesting to know whether any
free holding of the camera in the air has been done and the results
of it.
Mr. Twining: Some free holding of the Eyemo camera was
done. Test shots were taken through the bottom of the Martin
bombers showing the bombs after dropping and following them to
their target. I can't answer whether they were successful. The tests
were made by holding the Eyemo in the hand in a prone position
over the bombing hull.
Mr. Skall: I should like to make a suggestion about pilots
and cameramen. If you have an opportunity of photographing
from a plane and the telephone is not available, get about ten feet
of rubber tubing and connect it to two tin funnels, and you will
have a good telephone.

STILL PHOTOGRAPHY

IN MOTION

PICTURE

WORK

Fred R. Archer and Elmer Fryer*
THE still picture plays a very important part in the motion
picture industry, although, with the exception of a few who
come into daily contact with it, its importance and its uses are but
slightly known. To be sure, one says, almost immediately, "Why
of course they are used to advertise the picture." This is correct,
but there are equally important minor roles to be played by the
still pictures before they are used for advertising purposes.
The main objectives of the still pictures may be classified as
follows: Advertising the Production; Marketing the Production;
Production reference work; and Trick Photography. It is in the
latter three uses where the value of the still pictures is but little
known.
In the advertising field the still picture is used to illustrate
and help plant the articles broadcast by the publicity department throughout the periodical world and it is used for lobby displays. In this field the necessity for good stills can be seen. The
public of today is an apt pupil of the arts and people's minds keep
pace with the ever growing artistry of the world. A good "still"
will attract and hold attention where many poor ones will receive
but a passing glance.
Photography has striven for years to gain acceptance among
the arts and the struggle has been long and hard. It is only within
the last few years that photography has been raised from pure
mechanics and given its well deserved place with the other arts.
This is especially true of that branch of photography known as
motion picture photography and as it soars ever upward in its
merits so must the still picture hold its own place, because it is
through the still picture that many of our public are invited into
our theaters to view the motion pictures.
In order to have a motion picture in a theater for the public
to view, it is necessary to sell that production to the theater. There
has long been a saying that "The still sells the movies."

This is

* Members American Society of Cinemagraphers; Hollywood. Calif.
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very true and many theater managers, especially in these hurried
times, have not time to view every picture produced in order to
choose their program and the portfolio of stills carried by the
salesmen from the exchanges, telling quickly the story and quality
of the motion picture is an essential need of the sales force. As
this portfolio is to tell the story and shows the quality of the motion
picture, it is very important that we have good still pictures to
show to the theater managers.
Even before a production starts there is a great deal of preliminary still photographic work to be done. Copies must be made
from pictures gleaned from many sources, by the research department, showing costumes, buildings, properties and characters,
to which the several allied artisans of the studio refer for their
various needs.
Many times while filming a set it is necessary to photograph
it with the still camera in order that it can be made to appear exactly the same in retakes. Special make-ups must be photographed
in order that they are identical day by day. The art department
uses photographs of sets in order to adapt these sets for other pictures, planning from the stills the rebuilding or redecorating of
these sets.
Cinematographers often have stills shot and rushed through
the laboratory in order to get a confirmation of lighting, color
values, and other details before shooting a scene. It is very important in this instance that the still should record just what the
motion picture camera will record. In these latter uses the stills
save much time and are an invaluable asset to the production.
During the filming of one of the recent sea pictures it was
necessary to film medium shots of a boat on the rocks being torn
to pieces by the waves. This set was built in detail and hundreds
of men were employed to work the various mechanisms used to
portray this scene with realism. A terrific expense went on hour by
hour. The wreck was photographed in progression, each step requiring concentration and thought by all concerned. The daily
rushes could not be seen until the next day. In order to keep the
progression in their minds, the director and cinematographer had
the still man shoot each progression as each scene was filmed.
These stills were printed and delivered on the set twenty minutes
after being shot and were used to study out the subsequent proion. In this case these stills were invaluable because a great
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deal of time and argument was saved, also a perfect progression
could be figured step by step from concrete evidence of what had
been shot.
Still pictures also play an important part in trick photography,
helping the trick man with double exposures of clouds and scenery.
In art title work still picture backgrounds are unexcelled.
Perhaps at this time a short resume of how the still picture is
made, may be useful.
In the early days still pictures were posed, that is, after a
scene was shot, the actors were grouped and the still picture was
made. This allowed the director to get the best possible still, with
good composition and one that would tell the best story of the
action. This naturally took time. As the picture industry progressed, larger productions were made and the production cost
mounted even higher. Production managers racked their brains for
ways and means to cut down this terrific cost. It all summed up
to one answer — time. Time meant money, so every way possible
to cut down time was necessary. The time allotted for taking
stills was figured into many thousands of dollars and was called
prohibitive, and yet we had to have the stills. To offset this, it
was suggested that the "still" man shoot his stills in action. That
is, he set his camera as close to the motion picture camera as was
possible and tried to get the same angle of view. He watched the
action and when the scene approached the best story-telling stage,
he shot his still. Now in order to set-up near the motion picture
camera and get approximately the same view on the 8 by 10 inch
camera, long accepted as the standard size for this work, the focal
length of the lens used had to be increased. This meant that if the
cinematographer was using a 2-inch lens, the still camera should
have one of 20-inches focal length.
At this time the motion picture cameras were equipped with
lenses which had aperatures of //4.5, or thereabouts. It was impossible to get 20-inch lenses with a speed of //4.5 whose size would
permit them being used on an 8 by 10 inch camera. The nearest to
this was a lens of //6 and 19-inches focal length, but naturally the
field was flat and this lens had to be stopped down to get depth.
It was found that with this lens and a focal plane shutter fitted to
the back of the camera, by using super speed film, an exposure of
1/5 second could be used and fairly good results be obtained. This
applies, of course, to sets lighted with artificial light, the light
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sources used at this time being arcs and Cooper Hewitt tubes.
Naturally the number of films exposed had to be increased as a
large percentage showed movement or faulty composition, but the
time saved was considered far in excess of the cost of the film wasted.
Quality was sacrificed but speed was essential.
Now comes the rub, marching ever in the trend of progress.
The motion picture engineers speeded up the lens for motion picture
cameras so that they had the remarkable speed of //1.9 and still
held their quality and depth. Think of the poor "still" man trying
to compete with this lens and at the same time trying to stop action.
We know that the cinematographer does not have to absolutely stop
action, that if he did, his resulting film would be jerky on the
screen, but who will look at a still picture with a moved arm, leg or
head and say that it is good? What editor will publish it, and who
will give it a second glance? A still picture to demand a second
look must be capable of holding attention and if it does not do this,
its value is nil.
Then the enterprising motion picture engineers gave us the
incandescent lights. A boon to good photography. They gave us
fast panchromatic motion picture film, and from these two sources
came beauty. No more burned out white flesh, but real flesh values
and modulation with roundness of features.
For a long time some still photographers had been using incandescent lights for portraiture and other shots where lengthy
exposures could be given, but with sets lighted with incandescent
lights, and competing with //l,9 lenses, and trying to stop action,
what could the "still" man do?
There was but one thing left for him to do. He had to demand
time for posing stills. In other words, in the advancement of
cinematography, still photography stood still. No! not stood still,
it even went backward ! As a consequence the cost of stills has again
soared high.
This then is the situation of the men responsible for making
the pictures that sell the movies.. If the engineers in their tireless
efforts to advance the art of motion pictures, can by various ways
and means help us to keep pace with our brother, the cinematographer, then you will have contributed another of your valuable
helps to the great modern Art, the Motion Picture.
In closing we would like to state a few needs which various
still photographers have agreed would be a great help to them:
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A good strong, rigid but light and portable view camera of 8 by 10
inches size.
A focusing finder; that is, a finder that will automatically focus with
the camera, making it possible to focus the camera up to the moment of
exposure, giving the same field of vision as the camera.
A good practical matte-box and sunshade combined, in order that the
"still" man may balance his shots with those of the cinematographer, in
the use of gauzes, mattes, filters, etc.
A good speedy panchromatic film of very fine grain. (This may help
offset the slowness of the lenses.)

DISCUSSION
Mr. Crabtree: Has any attempt been made to use double
width film? With a picture four times normal area taken at 16 a
second, developed with a fine grain developer, I think you could
make 8 by 10 stills whose quality although not equal to the present
stills, would be satisfactory.
Mr. Archer: Experiments are being made at the DeMille
Studio.
Mr. Crabtree: There is another aspect to the still business:
that is, the use of the slide film for display. This would necessitate
photographing the stills with the motion picture camera although
you could probably use duplicates from the original motion picture
negative. Do you think much of the idea of using projected pictures
in the theater lobby?
Mr. Archer: The lobby display consists of a very small
percentage of the stills shot. The main percentage is used through
the newspapers and magazines. The lobby display involves possibly only 15-20% of the total.
Mr. Crabtree: Why couldn't the salesman project a strip
film for the prospective customer?
Mr. Archer: That would be possible, but a portfolio is much
easier and gives a better displays.
Miss Schmitt: Is there any way of preventing distribution
of stills not included in the picture itself. We display stills of shots
not shown in the picture, and our customers say we have cut out
some of the picture.
Mr. Archer: That happens where the picture has been
shortened in the New York office and they haven't eliminated the
stills. Those chosen at this end are actually in the production.
In
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New York they often take entire sequences out. Sometimes the
exhibitor does it too, of course, but he usually leaves out the stills.
Mr. Dubray: I wish to bring to your attention that still
pictures taken in action are very seldom satisfactory. The dramatic
quality is not good. It is almost impossible under these conditions
to take pictures of good composition and symmetry of movement.
I usually take my own stills and I always find it advisable to take
them after the motion picture scene has been photographed. Most
of the time I find it necessary to incorporate in one single still
several thoughts pertaining to a whole motion picture sequence.
Stills taken in action are successful in the two extreme cases; when
the action is so fast, as in a fall, for instance, that it would be
impossible to have the actor repeat the action, and in the opposite
case of very slow movements, in a dramatic crying scene, for instance, where the still photographer has the possibility of choosing
the most appropriate moment for snapping the picture.

THE TECHNICAL

STATUS

OF THE FILM LABORATORY

Leigh M. Griffith*
IN AN industry demanding continuous technical evolution, such
as that of motion picture production, it is well to make a periodical examination of the results achieved in order that we may
properly orient ourselves and obtain a more complete idea of the
next moves to be made. Such a summation constitutes a mental
vantage point from which one may view the trail ahead. The following isan attempt to cover this requirement insofar as it applies
to the field and functions of the motion picture production laboratory, but refers more particularly to the laboratory having a weekly
capacity of about three million feet of the highest grade release.
The term "laboratory" as used in the motion picture production industry is ordinarily applied to that division of the whole
organization which is primarily concerned with the chemical and
mechanical treatment of the exposed negative and the entire treatment of the positive prints, with the possible exception of cutting
and assembling sample copies. The work ranges from the highly
artistic and specialized requirements of negative developing and
light reading on the one hand to the routine manufacturing operations represented by the assemblage and shipment of release copies.
This group of activities is ordinarily and preferably housed in
a special building constructed for the purpose. This is primarily
made necessary by reason of the hygroscopic and dirt-gathering
characteristics of the film. Since these characteristics are in themselves brought under control largely through means for controlling
the humidity, temperature, and cleanliness of the air coming in
contact with the film, the equipment for maintaining such control
of air condition becomes the most important element of laboratory
equipment. The modern laboratory may therefore be said to be
constructed around its air conditioning system.
In the ideal laboratory, no room in which film is open to the
air will have windows or other openings which would allow the
entrance of air direct from the outside. Even in Hollywood, the
* wood,
Development
Engineer, Paramount Famous Lasky Corp.," HollyCalif.
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atmosphere is seldom so clean that we care to expose film to it for
any length of time. The educational efforts of the manufacturers
of air conditioning apparatus have resulted in a general understanding of the problem and an appreciation of the technical difficulties
involved, but it might be worth while to review briefly a few of the
more important but frequently neglected requirements of such
apparatus as applied to the film laboratory.
As the laboratory is usually operated both day and night, at
least in some of its departments, with a possible shut-down on
Sunday only, little time is available for repair or maintenance of
basic equipment. Standby or extra-capacity equipment must therefore be provided to insure uninterrupted operation, proper duct connections and controls being provided to permit the greatest practicable flexibility of interconnection. The air-conditioning equipment
as a whole should be divided into a number of units each serving
separate departments, thus making it possible to shut down such
units as are not in use. Cross connection of these units further adds
to the reserve capacity against breakdown.
It is to be expected that the most serious risk of failure will
reside in the circulating fans or their drives. The air cleaners,
washers, heater, and ducts involve a minimum risk of failure of
such nature that it can not be repaired or nursed along without
shutdown. The automatic control mechanisms are undoubtedly
the most delicate parts of the system and give the greater portion
of the trouble, but failure of them very seldom involves more than
a brief disturbance of desired conditions, hand operation of the
controls serving till repair is made. Washers of the water-spray
type involve little risk of failure, provided that a standby connection to the water supply main is installed to care for the possible
failure of the pump or motor. The adhesive or viscous type of air
cleaner is relatively simple and involves little risk of failure, except
possibly in the full automatic type. A high degree of cleanliness
in the air is best secured by the use of water-spray washers and
adhesive cleaners in series, the most of the dust being removed by
the water spray. The adhesive cleaner then has only to catch the
soot and greasy dust which is not wet by the water. A sufficiently
large adhesive cleaner alone will remove practically all of the dust,
of course, but the water spray would be required in any event to
control Hie humidity, unless steam humidifiers and refrigeration
were installed.
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Properly mounted and enclosed ball bearings, at least at the
more inaccessible end of fan shafts, insure reliability and freedom
from oil contamination of the air, as well as decreased maintenance.
Ducts, especially those of the larger sizes, must be so designed as to
permit thorough cleaning, in addition to the obvious cleaning of
fans and washers. Automatic temperature controls are usually
of the compressed-air operated damper type, the compressed air
being in turn controlled by valves operated by thermostats either
directly or through electrical relays. The thermostat and control
operating mechanism should be chosen with regard to securing a
short operating lag, in order to avoid temperature fluctuation of the
delivered air.
The complete universal air conditioning system includes a
refrigeration unit of at least sufficient capacity to condense the
excess moisture in the atmosphere on hot humid summer days, such
as are experienced in the eastern part of the country. In Hollywood
the average summer humidity is so low that the provision of a
refrigeration plant for air conditioning requirements alone is not
ordinarily considered economically advisable, the added costs due
to the few days of excessive humidity being relatively insignificant.
In some cases, however, the cooling of solutions calls for the abstraction of considerable heat and this requirement may in itself
justify the provision of a refrigeration plant, which may then be
easily utilized in connection with the air conditioning system.
This favorable climatic condition may be best shown by specific
illustration. Assuming a moderate degree of air movement, the
average person in a sedentary occupation is not noticeably uncomfortable at a temperature of 80°F. and relative humidity of
61%. This corresponds to an effective comfort temperature of 74°
F. and a wet-bulb temperature of 70° F., so that the real beginning
of discomfort may be said to start at a wet-bulb temperature of
71°F. The records of the Paramount Laboratory in Hollywood
show that during the year 1927 there was a total of four days on
which the wet-bulb thermometer in the air intake duct registered
71°F. or over, the highest being 73°F. All of these instances were
of short duration, the total time at and above 71°F. being nine hours.
Even the extreme condition of 73°F. wet-bulb can be changed in
the non-refrigerated system to 78°F. dry-bulb and 80% humidity,
or 80°F. dry-bulb and 72% humidity, which are not so unbearably
oppressive as to seriously interfere with production, if not main-
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tained too long. As to the effect of these conditions on the film,
the principal result is that an increased temperature or volume, or
both, is required in the machine dryer and in the drum rooms, the
quality of the positive film not, however, being adversely affected.
Since these high humidities never occur at night in Hollywood,
their effect on negative processing is nil.
As to the amount of air handled, it is good practice to change
the air every 3.5 to 4.0 minutes in all except the drum rooms where
a 1.0 to 1.5 minute change is required. The air quantity to the
dryers of processing machines is determined by the particular design and the condition of the air supplied, but the temperature
should not exceed 90 *F. In a laboratory of about 200,000 cu. ft.
capacity, the air-conditioning plant should have a total capacity of
not less than 75,000 cu. ft. per minute.
A satisfactory water supply is the element perhaps next in
importance to the air supply. While it has been shown that certain
impurities are apparently not detrimental in photographic operations, there can be little doubt that a reasonably high degree of
purity is of advantage, from the standpoint of elimination of potential causes of trouble if nothing else. The city water supply of
Los Angeles is quite free from deleterious hardness or other chemicals in solution, but does contain some solids and colloidal or
vegetable matter in suspension, especially after a rainy spell or
when the supply lines have been disturbed. It is therefore considered
quite sufficient to coagulate the colloids with alum, using about one
pound for each thousand cubic feet of water, then passing the water
through sand filters in series followed by an ample settling tank.
The treated water should be so clear that the bottoms of wash tanks
are plainly visible at a depth of five feet.
The proper control of chemicals used in the laboratory is an
important element of efficient operation. The application of modern
stores methods makes for efficiency in reduction of inventory investment and at the same time assures continuity of supply. The
stores-issued record provides the basis for the chemical item of
the daily costs. The chemicals of greater value or small bulk are
best .stored and weighed out in a room adjacent to the chemical
mixing room. Developing and fixing solutions are preferably mixed
in the chemical mixing room, from which they are circulated by
small centrifugal pumps to the various machine and hand tanks on
the floor above, then being returned by gravity. The temperature
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of the solutions is kept within the desired range by brine coils in
the receiving tanks or by the addition of ice, while the developer
is kept up to strength and quality by the addition of the necessary
"sweetener," both operations being performed in the chemical mixing room. Owing to the difference in requirements as well as in
the character of the film, different developers are used for negative
and positive, the former being thrown away at the end of its useful
life or at the end of the run. Positive developers of widely varying
characteristics are in use, some of them having a very long life.
In the case of fixing solutions, the best practice has been to
make up a fresh bath for each night's run of negative, at least for
those laboratories having a normal production relation between
negative and positive. At the end of the run, the hypo is transferred
to the positive system and used up in the release production, the
bath being ultimately sold to a reduction concern when the silver
content has reached a maximum of around 1.25 ounces troy per
gallon. Under normal conditions, this practice requires that the
original negative hypo be augmented by the addition of some fresh
hypo, in order to keep the silver content below the maximum figure
allowable.
This use of fresh hypo for positive can be avoided, and other
economies also effected, by providing suitable means for the continuous removal of the silver from the fixing bath, thus permitting
the bath to be efficiently used as long as desired. Electrolytic
deposition has proved effective and satisfactory for this purpose
and, if carried to the limit, will extract the silver so completely
that the used solution can be dumped into the sewer. The uniformity of fixation is improved by this practice, a point worth
considering whenever the quality of the release copies is very
important. The silver recovered by the electrolytic method needs
only to be melted to be in condition for sale to the U. S. Mint, an
important advantage as compared to the various chemical precipitation methods.
Practice in the larger laboratories with respect to the handling
of negative is presumably quite uniform, except where machines
are used for processing. The negative is weighed in, marked, racked,
developed, fixed, washed, dried on drums, polished and light tested
in the same way in which these operations have been conducted
for several years. Detail improvement of equipment and methods,
however, has effected some economies and greatly improved the
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quality. The cutting to the final answer, printing, polishing, and
storing operations have also changed but little. Some laboratories
are cutting and printing negative in full reel lengths, but it is doubtful whether the advantages exceed the disadvantages. The system
of handling negative in two hundred foot rolls allows of greater
flexibility and involves less risk of negative damage. Polishing is
generally performed by hand on cloth covered drums, although some
laboratories have adopted continuous machine polishing, particularly where the full reel length system is used. The increased
risk of scratching in mechanical polishing has prevented the general
adoption of that method, however, notwithstanding the decreased
cost made possible. Machine processing of negative has gained a
foothold, but the inherent problems are as yet far from solved.
Even a moderate degree of success requires the closest co-operation
between cinematographer and laboratory.
The practice with regard to positive stock processes is more
diversified. Raw positive is conveniently stored in the original cans
in a room adjacent to the printing room, the spliced and short rolls
being segregated, for convenience. The amount of stock kept on
hand is held to the minimum consistent with the individual conditions obtaining. The actual printing room procedure depends
mainly on the type of 'printers used, whether light changes are
automatic or manual, and whether negative is handled in small rolls
or full reel lengths. Constant-light duplicate negatives introduce a
further element affecting printing practice, but have not yet become afactor of importance in regular quality production.
Light testing is now generally done by making simultaneous
graduated-exposure positive prints of several adjacent frames from
each scene on the negative. The automatic gravity-operated,
stepped-aperture type of machine is reasonably satisfactory for
this purpose. The test prints are processed in the standard way for
positive, and are then given a first reading as the basis for printing
the daily. These lightings are checked when the sample copy is
made up, and corrected again after viewing the answers. Final
light cards are then made out for production. This is a rather
involved and not altogether satisfactory procedure, but it is
the presenl practice where quality is held uppermost.
The former assumption that only the step printer would produce the highesl grade of work has largely been abandoned, the
modern continuous printer as operated Under proper control yield-
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ing a quality which is at least as good and which involves less possibility ofnegative damage. The higher production rate of the continuous printer is naturally a strong point in its favor. Multiple printers
have not yet become a factor in high grade production. Commercial
printers can be made to yield much better results if carefully rebuilt, particularly with reference to securing the most intimate
contact at the aperture.
Where negative is printed in full reel lengths, the scenes are
naturally in the proper order when delivered to the assembly room,
and an average of five splices per reel is saved, but this system is
open to the objection that only one printer can work on each reel
at a time, and that the long negative involves greater risk in handling and polishing. Moreover, as polishing should be done after
about every ten copies are made, the negative is removed from
production for an undesirably large portion of the time.
Handling the negative in rolls not exceeding two hundred feet
makes it possible to have two printers working on each reel at the
same time, one printing heads first and the other feet first, thus
shortening the time of production and saving the situation for rush
releases. Polishing can be done without interfering with production,
by taking the rolls one at a time as released by the printer. The
small rolls also greatly facilitate the making of reprints, since the
required scenes are more quickly located. Printing in both directions
requires that the light changes or cards shall also be reversible, but
eliminates the necessity for rewinding the negative and incurring
that additional risk of damage. This method also halves the wear
on negative sprocket holes and light-change notches. It is applicable, of course, to both the roll and full reel negative systems.
As the majority of positive stock comes in rolls of one thousand
feet and as the length of release reels is usually made somewhat
less, straight unit printing would involve some short end wastage,
which is ordinarily avoided by printing the positive from end to end
and making the change to the next roll of positive by a pull-back
to insure continuity. This practice requires that the rolls of printed
positive must be kept in proper order through subsequent operations, arequirement offering no difficulty in practice where machine
processing is followed.
The above printing room procedure is predicated on the use
of machines for processing the prints. The old hand system necessitates that the prints be in lengths of not over two hundred feet, since
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that is the usual capacity of the racks. As modern practice is so
rapidly adopting the automatic processing machine for positive,
the hand method may now be considered obsolete. The great uniformity ofoperation of the machine has made possible a consistent
high quality of release prints which can not be equaled commercially
by hand work.
The modern positive processing machine is a very reliable
piece of equipment, the early difficulties having been overcome
through progressive development. The output has been increased
to the present maximum of about 22,000 feet per hour from one
double machine, and there is no fundamental reason why this rate
can not be further materially increased. In fact, the smoothness
of operation and delicacy of control tends to increase with the speed
of operation up to some at present unknown limit. Owing to the
progressive and continuous movement of the film through the
developer, hypo, wash, and dryer, all frames receive exactly the
same treatment, thus obviating the unevenness, rack flashes, etc.,
which characterize the hand processed product. Experience shows
that there also is a great reduction of abrasive defects, such as
digs, scratches, etc.
Because of the delicacy of the wet film, the machines must embody the most sensitive and elastic drive and control mechanism.
The drive must be so elastic and the control so positive that the
whole machine can be started, changed in speed, and stopped without developing slack or excess tension at any point. The individual
hydraulic impulse turbine drive for each spindle seems best to
assure this result. No sprockets should be used, in contact with
the wet film at least, because of danger of enlarging the sprocket
holes or loosening the emulsion around them. For the same reason,
the edge of the wet film must make only the lightest contact with the
guiding flanges on the spools. Quality and uniformity of finished
output being the desiderati rather than economy of machine cost.
The preferred type of drier consists of several stages through which
low-temperature drying air passes in succession in the same
direction as the film, thus providing for the prompt evaporation
of most of the moisture and a relatively lengthy period of conditioning before the film is delivered to the take-ups at the discharge
end. A cascade arrangement of the wash section insures the most
complete elimination of chemicals and at the same time economizes on water.
A somewhat similar arrangement of the hypo
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section might be of advantage when used in connection with electrolytic deposition or equivalent means for the continuous removal
of the silver from the solution.
To provide an immediate approximate check on the density, a
convenient inspection light must be placed between the developer
and the hypo sections. This preferably takes the form of a synchronized flashing light, especially in the case of the higher speed processing machines. As a further precautionary measure, it is well to
place a standard projector near the machine and run as large a
portion of the output as possible. This prevents the accumulation
of any considerable quantity of defective film before the trouble
is discovered in the assembly inspection.
Assembly room operations are well standardized and call for
no special discussion; laboratories differing but slightly as to the
detailed manipulations. Correct assembly is facilitated by printing
the rolls in proper order, and by printing from negatives of full
reel length. These methods also practically eliminate the density
jumps between scenes which result from differences in the emulsion
or processing. Polishing of the positive is satisfactorily performed on
machines, but great care must be taken to insure that the buffs are of
the right texture and are kept in the best condition. Waxing offers
no particular difficulty, although the machines must be maintained
in proper condition if the best results are desired.
To insure the most perfect release prints, every print should
be inspected by actual projection at a screen intensity comparable
with that used in the theater. The degree of perfection attained
depends of course upon the policy of the laboratory as to what constitutes rejectionable defects. Bearing in mind the number of people
who ordinarily view the picture from each copy, as compared to the
cost of a high degree of perfection, it would seem that no discoverable defect should be allowed to pass. Where a laboratory is content
to inspect by projection only a fraction of its releases, it is inevitable
that many poor and marred prints will be shipped. As a final check,
all reels which have been returned to the assembly table for the
correction of defects should be carefully inspected by hand. Where
the work on a reel has been extensive, the reel should be inspected
again by projection.
The liberal provision of conveyors, elevators, and chutes for
the transportation of film along the production line is an economic
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requirement in line with modern manufacturing practice and calls
for no special comment.
Satisfactory and efficient functioning of all departments of
laboratory activity can be secured only by maintaining the equipment in the very best of condition. The old practice of letting the
equipment take care of itself until it failed in some way has, in
the most progressive laboratories, been supplanted by systematic
periodical inspection and maintenance of the most careful kind.
Smoothness of laboratory operation and quality of product, as well
as production rate, have been greatly benefited. As a specific
example of this practice in the Paramount Laboratory, each projection machine is overhauled once every six months, at which time
it is completely disassembled, cleaned, inspected, repaired, reassembled (using new parts where required), adjusted and given a
running check inspection. This is in addition to the regular daily
servicing which all receive. Printing machines are serviced daily
and are completely overhauled every year.
As all laboratory operations are based upon the negative which
has been exposed in the camera, and as the final perfection of the
picture is to a large degree dependent upon the correct functioning
of the camera mechanism, it is good practice to place the camera
department under the same manager as the laboratory. This makes
possible the desired close contact and insures that the camera equipment will receive the same careful maintenance as the laboratory
equipment. It might be of interest to state that this is done in the
Paramount organization, and as a result the cameras receive the.
most careful and thorough reconditioning at the end of each production, and camera failures are unknown.
Quality in the release prints being mainly a reflection of the
degree of control of density, contrast and grain, at least as far as
the laboratory operations are concerned, it is of the utmost importance that eternal vigilance be exercised in the more important
contributory operations of negative processing, light testing, light
leading, light balancing, printing, positive processing, and final
inspection. The lack of a definite and universally recognized
n i ensure for quality, plus the varying artistic effects desired by the
director add to the difficulties and makes it imperative that final
responsibility for quality rest with one person in the laboratory.
Negative development, light reading, and final inspection arc
critical operations which still depend almost entirely on personal
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judgment, which is in turn affected by many physical and psychological factors. Variations in the characteristics of the negative
and positive emulsions, and to a slight extent also in the chemicals
used, are beyond the direct control of the laboratory, but frequently
exert an important influence on quality and must be promptly
detected and corrected. Final inspection, as well as light balancing
on answers, must be done with illumination conditions comparable
with those to be used in the theater projection, if the best results
are sought. Even after all this has been done, however, the matter
is still far from simple and the film which looks fine in the forenoon
may at night seem poor to the tired viewer who has been watching
the screen during most of the day. All of which indicates the need
for a yardstick of quality.
In dealing with a material as mechanically and chemically
delicate as motion picture film, many difficulties and irregularities
are naturally experienced, some of which are very obscure as to their
nature, cause, and source. The prompt solution of such difficulties
is usually dependent upon a quantitative knowledge of the various
possible contributing factors. As such detailed information can
not usually be obtained from memory, it follows that efficient
operation demands the routine recording of all measurable factors
of importance in laboratory operation.
The importance of such records is appreciated to a perhaps
unusual degree at the Paramount Laboratory. The engine-room
log contains entries of twenty-seven pressures, temperatures, humidities, and voltages for every hour of the day and night during
which any affected department is in operation. Continuous recorders register supply line voltage and printing-light voltage. A
special continuous recorder makes a photographic record on motion
picture film showing the operation of twenty machines, together
with a time record. This recorder can be connected electrically
with any selected machines throughout the laboratory and provides
a most valuable check on operation and production.
In addition to the more or less engineering type of information
represented by the above, it is of course necessary to maintain the
most complete daily records of all facts pertaining to the history
of the film itself as it progresses through the laboratory, with particular reference to data affecting the quality and production rate.
A most important report is that covering the routine tests and
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analyses, as well as the solution mixing data, originating in the
chemical mixing room. This general class of information is best
embodied in daily reports prepared by the heads of the various
departments involved, these several reports being then cleared
through an office where the essential facts are summarized into a
daily report of operations which goes to the manager.
With such detailed information available, it is usually a simple
matter to run down the cause of any ordinary difficulty. The solution of new or rarely experienced difficulties is greatly expedited by
the prompt elimination of suspected causes, and by the foundation
of definite facts upon which to build an analysis. Experience shows
that the cost of maintaining such complete records is small as compared to the benefits derived.
Looking ahead of present practice, we see a number of important developments in technique and equipment, some of which are
even now being seriously studied. The progress of development
technique may ultimately lead to chemically automatic developers
capable of yielding the highest quality by simple time-temperature
methods. Machine processing of negative will soon be the rule in
those laboratories requiring the very highest quality, provided their
volume is sufficient to. justify the investment. Automatic light
reading has received some consideration, but its potential utility
will ultimately be nullified by the perfection of methods for producing real duplicate negatives in the limited time available under
present production schedules. The multiple printing machine is
being developed and its perfection will bring important economic
advantages even when printing from duplicate negatives becomes
general practice. Assembly room procedure offers a fertile field for
economies to be effected through the application of the principles
of motion study and work organization.
Looking somewhat further into the future, the progress of
sound, color, and depth effects will give rise to many new problems,
a large portion of which will be so complicated that the superficial
methods characteristic of present day technical development within
the production industry will fail to yield solutions. Real progress
will then depend upon the utilization of modern scientific knowledge
by means of trained personnel and adequate research laboratory
equipment capable-of effectively dealing with fundamentals in the
fields of engineering, physics, optics, and chemistry. An important
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scientific fact may be discovered or grasped by a person of limited
training, but can usually be fully appreciated and developed only
by a scientific mind.
During recent years, considerable advance has been made in
the theory of photographic phenomena and much fundamental
scientific information has been developed by men and organizations
not directly connected with the business of motion picture production, the Eastman Research Laboratory being the most important contributor in this country, but little of this advanced
scientific knowledge has been utilized in actual production.
A certain amount of time lag in this respect is to be expected, since
the application of new scientific data to the problems of practical
production usually involves a connecting link of further work by
men who understand and appreciate the fundamentals and at the
same time are fully conversant with the limitations of commercial
operations. The actual lag is far too great, however, to be accounted
for on this basis alone.
It is sometimes difficult to get a proper perspective on matters
closely connected with our daily lives, perhaps because we are so
close to the wall that we can not read the handwriting. But consider
the recent inception and development of synchronized sound
recorders and reproducers. These devices are products of scientific
research of a high order and clearly depend for their further perfection on the continuation of scientific effort. The same is true of
full color and depth effects, as will be generally admitted, but it
is just beginning to be realized that the further perfection of the
older technical factors of the complete picture entertainment are
fully as dependent on research and scientific effort.
The industry claims fourth place (perhaps third place) in
financial importance in this country, and yet it spends practically
nothing on the direct scientific study of its problems. This condition must and will change with the advent of the general conviction that progress is dependent upon the maintenance of the
same sort of advance guard of scientific development as exists in
the electrical and other older industries. An interesting indication
of another aspect of the matter is the statement by Hugh Farrel
in his What Price Progress that "Eternal research is the price of
survival in modern industry. No investor or banker can feel sure
that his interest in any security is secure in the absence of the
assurance given by the knowledge that science is on guard."
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DISCUSSION

Mr. Crabtree:

What is the preferred time of development

at 65° to produce the quality of negative you are now producing?
What time is necessary for efficient handling of the negative by the
rack system?
Mr. Griffith : The proper time of development of the negative
depends upon the particular developer used. We have been working
with several different developers, striving always to find a better
one and the time varies widely. Our time is now about 12 minutes.
Mr. Ensign: Twelve to fourteen minutes is an average time.
Mr. Griffith: This might be different with another "soup."
One man is usually responsible for the quality of all the negative
going through.
Mr. Crabtree: What type of fixing bath is used? Alum or
plain hypo?
Mr. Griffith:
We use an alum hardening fixing bath.
Mr. Crabtree: What is the method of removing the silver?
If you electrolyze an acid fixing bath, you have to control the
voltage or you precipitate silver sulphide.
Mr. Ingman: We don't do anything to the hypo. We don't
pay much attention to .the voltage, but watch the amperage.
Mr. Crabtree:
What are the electrodes?
Mr. Ingman:
They are monel metal.
Mr. Crabtree: It is up to the laboratory to produce the
quality which the customer requires. Within the last twelve months
has there been any change in the quality required? Does the
customer want more density in the highlights than a year ago?
Is there any change in fashion of quality?
Mr. Griffith: There are psychological factors entering into
the matter; different men have to be pleased; some want negatives
soft and some rather hard.
Mr. Crabtree: We are very interested to get an analysis of
the likes and dislikes of a number of different people, not mentioning
any names.
Mr. Ensign : I shall endeavor to answer the question. It seems
to me that the style has changed in the last year. The tendency
now is towards the soft and yet brilliant negative. I should like
Mr. Wilkinson, who has charge of this and is fully familiar with it,
to outline in a very brief way the change during the year.
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Mr. Wilkinson: My knowledge of the subject is based on my
contact with the cameramen from our own organization and others
that we are working for. In the past six or eight months there has
been a noticeable inclination on the part of all the cameramen to
appreciate the softer values, that is, details in the shadows and in
bands of the spectrum where previously they have not been getting
results. They object to the highlights being too heavy.
Mr. Crabtree: Can you describe the flashing light for
examination of the film between developing and fixing in more
detail? Mr. Kelley at a past meeting described an arrangement
for stopping the film for a definite period and automatically starting
it again. The Neon lamp has been suggested as a means of examining film.
Mr. Griffith: In fundamental principle, it is the same as an
inspection device in which a mechanically controlled narrow slit
of light is moved across each frame as the film is moving at constant
speed. In order to secure a clear and steady image, the duration of
the light flash must be very short. It is almost too short on high
speed processing machines with film running at 180 feet a minute
to expect to accomplish the result with a mechanical device such
as a mirror or shutter, because sometimes it must run two or three
hours out of the twenty. The inspection light is more or less completely wet with developing solution, and it is difficult to keep it
in good condition. We have worked with a flashing light of the Neon
type. We are using a bulb at present practically the same as that
used in the Neon signs. Each discharge of an ordinary ignition coil
produces one brilliant flash of light. The primary circuit is controlled by an Atwater Kent interrupter, so that each flash, fast or
slow, is of the same character, except for slight electrical variations
in the .system. This provides a reddish light which is satisfactory
from the standpoint of safety to panchromatic film coming from
the developing bath.
Mr.
screening
lamps or
between

Crabtree: What is the preferred screen intensity in the
room? In connection with this, do you. use incandescent
arc, and for a given screen intensity is there any preference
incandescent and arc?

Mr. Griffith: We are using mirror arcs in the four main
projection rooms and incandescent for the small ones.
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Mr. Ingman : We use a small lamp house and a screen illumination of 15 foot-candles which can be raised to 20 foot-candles or
lowered to 8. On the big screens we use about 22 foot-candles. The
trouble with the little lamp houses is that we have yellower light
resulting from dropping the voltage of the lamps.
Mr. Crabtree: Is there any psychological difference between
incandescent and arc?
Mr. Ingman: Yes, the color.
Mr. Crabtree: Some people say the picture has more "roundness" with one and others think less roundness. You have great
experience, and I want to know if there is any difference in the
picture at a given screen intensity. One is obviously more yellow,
but is there any difference in the quality of the picture?
Mr. Ingman : I think so.
Mr. Wilkinson: I think there is a difference. Apparently, arc
light builds around the grain and it becomes more apparent than
with Mazda. It brings out the grain to a greater extent at the same
screen intensity.
Mr. Pollock: With the arc, you have a better point source
and a more perfect optical system so that there is seemingly a
greater amount of grain on the screen.
Mr. Ctjffe: There is a difference between Mazda and arc
projection undoubtedly. If you have the same intensity on the
screen with Mazda and arc, the Mazda has a softer quality. If
the brilliancy is the same, it is softer.
Mr. Jones: What method is used in measuring the screen
brightness and what type of screen do you use in the screening
room — flat white, or the specular type?
Mr. Griffith:
We use the Leeds-Northrup instrument.
Mr. Ingman: The present type of screen is an ordinary canvas
screen painted flat white.
Mr. Jones: I assume that the value of 15 and 22 foot-candles
refers to the machine standing still without the shutter running and
the actual apparent brightness of the screen.
Mr. Ingman: Yes.
Mr. Crabtree: What is the nature of the replenisher that you
use with developing solutions? That is, we know that during
development, the developer accumulates sodium bromide, the alkalinity drops and sulphite is oxidized. Also the developing agents
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are oxidized so that a replenisher should theoretically contain a
preponderance of the developing agents and a trace of sulphite,
carbonate, and no bromide. Have you any experience on that?
Mr. Griffith: That is out of my direct line. The Paramount
Laboratory is consistently wrestling with negative developers, and
we consequently have used a number of modifications of many
formulas and have developed some of our own. It is not easy to
give a general answer to the question; perhaps Mr. Ensign can say
how we keep our developer in the best possible condition for the
longest time.
Mr. Ensign: The booster is continually running into the
positive developer. Through our system of tests every hour, we
insure that the developer maintains the same density in the positive
prints.
Mr. Crabtree: Is the formula of the booster the same as the
stock or more concentrated?
Mr. Ensign: We vary the booster formula according to the
density tests made during the day. Generally, it is a more concentrated solution.
Mr. Crabtree: I suppose each laboratory has to work it out
for themselves.
Mr. Ensign: Yes.
Mr. Griffith: It seems to me that much of this discussion
has clearly indicated the personal psychological factor involved in
considering the quality, proper density, the question of detail in
the shadows, and all those things that change from time to time
and depend upon a hazy sort of mental picture, which must be
interpreted by the man in the laboratory responsible for the quality.
This to an engineer means only one thing — that we are trying to
control something which we are unable to measure. We must have
some means of measuring it.
Dr. Mees: It is perfectly possible to measure the qualny of
a film that is going through developers by means of ordinary
characteristic curve measurements. A certain number of sensitometer exposures can be run through with the negative film. These
are measured, curves plotted from the measurements and put on
record, and they tell what the machine is doing throughout the day.
There is no particular difficulty in doing this.
Mr. Pearsall: A cameraman gets on the set to shoot a
picture. Now he has not only himself to please but he has to deal
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with the laboratory, who have a certain method of developing the
film. A man at the tank hour after hour must determine whether
the density in terms of contrast or light and shadow from a technical standpoint is correct, which makes it difficult because of variation in exposure. We have been trying very hard to make various
laboratories see that it is necessary to have an established system
by which they develop the negative, so that it gives us the greatest
advantage in the latitude of the film regardless of whether it is
plain or panchromatic, so that we can tell what results we will get
when we put more illumination on the highlights or shadows. If
the method of testing film as used by the Eastman Laboratory is
applicable to our problem, we would be glad to learn about it.
The laboratories out here are making an effort, but there is need
for men who have an understanding of the technical points to fill in
the gap between the laboratories and those who are trying to fulfill
the practical needs of the cameraman.
Mr. Ross:_ Projectionists frequently complain of buckling of
first run films. This buckling is noticed when rewinding onto the
projection reels.. During projection these films buckle so badly at
the film gate from the heat that poor projection results. Cannot
this objectionable feature be eliminated by better inspection, or if
necessary by artificial aging of the film before exhibition? Proper
aging of the film seems to eliminate the trouble.
Mr. Griffith: I think that is merely a function of the film
condition. If the moisture content is too high, there will be difficulty
the first time the film is projected. It is because the emulsion within
the frames is losing moisture faster than that which is. protected
along the tracks. It seems to me highly important that the laboratory turn out film in a pliable but not over-moist condition. There
is just one degree that is right for operation.
It seems to me with regard to Mr. Pearsall's comments that
the situation is much like this: We have a considerable number of
cameramen who are turning in exposed negative for development.
They are working on different productions for different directors.
The chief developer man must know, in a general way at least,
what sort of quality is desired by the director and others interested
in each particular production in order that he may determine what
is the proper time to pull his negative from the "soup." I don't see
\\ow thai could be made any more mechanical with the present
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knowledge of the art. It depends upon the judgment of the man,
and he tries to get from the negative the closest approach to what
the cameraman and the director want on the production. It would
be nice if we could put all the negative through a standard timetemperature developing process, so that all of it was given the same
treatment, but when I humbly suggested this for our own laboratory
I was so sat on that I haven't dared to repeat it. I think it will come
some time; so that there will be a more mechanical form of control
which will give the best or very nearly the best quality for each
negative.
Dr. Mees: The principles of development are not so thoroughly understood as they might be. It was fought out about thirty
years ago, principally by the amateur photographers. You will find
it discussed in a book by Emerson in 1898 called Naturalistic
Photography. He believed, as most amateur photographers did,
that certain modifications of the exposure produced by the camera
could be produced by modifications in the developer, and he studied
the subject. Being a scientifically trained man, he studied the
theory and concluded that no such differences could exist, and that
the results believed to be attained were not attained, and he
accepted the position that the scientific people, Hurter and Driffield,
knew what they were talking about.
Assuming that Emerson was right, I will tell you what the
scientific people were saying.
If the density after development is plotted against exposure
on a scale in which the exposure increases geometrically so that
you have exposures of 1, 2, 4, 8, 16, 32, each step representing a
doubling of the exposure; the curve obtained is of the form shown
in Fig. 1. The greater part is a straight line, the bottom is slightly
curved, and then at the top the density falls off. In a normal
developer which is not bromided, the only effect of the time of
development is this : There is no change in the shape of the curve,
but the steepness varies. If the straight-line portions of the curves
are produced to cut the axis, all of them will meet the axis at the
same point for all times of development (Fig. 2). The amount of
contrast required in a negative for printing to get a print of a given
scale on the screen is perfectly well known. It is fixed by the limitations of the printing film itself. Contrast is a perfectly definite
thing. The distance from the highest light to the shadow depends
on the time of development and on the exposure and only on this ;
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that is, on the scale of the subject photographed. If the subject has
a long scale, it will cover a longer scale on the curve; if a short
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Fig. 1. A typical curve showing the variation of density with exposure of
motion picture film.

scale, it will occupy a shorter distance, and it will be less contrasty.
The man actually operating the developer must take into consideration the scale of the subject in fixing
,/ the time of development
by which he controls contrast. He can't do anything else.
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Showing the effect of time of development on contrast of the image.

One other factor that comes into the result is that the developer loads with bromide by continual development, because the
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bromide goes into the developer and the silver into the image. As
this proceeds, the character of the development changes also, and
the curve begins to go back, as shown in Fig. 3, towards underexposure, and as the developer loads with bromide, the quality of the
picture changes in the direction of under-exposure. It seems to me
that theidealdeveloperinaprocessinglaboratory should be one whose
composition remains fixed. Replenishment should be such that as the
developer continues to be used, the quality obtainable remains fixed.
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Showing effect of increasing concentrations of potassium
bromide in a developer.

Mr. Crabtree: What Dr. Mees has just said would point to
the fact that it is apparently up to the cameraman or whoever is
responsible for the lighting to so light the set, that with a constant
degree of development it will give the negative required. I think it is
almost impossible for a man in a dark room to develop a negative
to the correct degree so that it will give a print of the type required.
I don't see how he can know unless he knows exactly what each
scene is all about. I think that better results will be obtained by
standardizing the development. Then if the negative is not right,
the lighting is wrong. For exteriors in bad weather, it is different,
but 90 per cent of the exposures are made in the studio.
Mr. Ingman: Some statements were made that in Rochester
they were able to check on the development by tests. We tried
that a long time ago but were unable to get positive film giving a
uniform density. We tried to make analyses on developers and
asked several concerns manufacturing chemicals such as elon and
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hydroquinone for information on making the analysis. We were
unable to get this information which forced us to work it our
ourselves. I believe we could work out many of our problems if we
had help from those who manufacture the products we work with.
Mr. Pollock: Is there any way to obtain a developer of
standard quality by adding something and so eliminating the released bromide?
Dr. Mees: At the present state of our knowledge, there is
not; bromide cannot be eliminated.
Chemical analysis will not give all necessary information. It
may be useful as a means of control on the chemicals. Only photographic tests are valuable because chemical ones are too complicated.
Mr. Ingman:
We have found them very satisfactory.
Dr. Mees: I am wrong in that case, but we have not been
able to work it out. In our experience a chemical analysis of the
developer will not detect differences affecting quality. It is necessary to make photographic tests to determine that two developers
work the same way.
Mr. Ensign: For the benefit of Mr. Pearsall, Lasky's Laboratory has always endeavored and is striving at present to work in
conjunction with the cameraman. Our light test system, which we
put into operation severalyears ago, enables us to turn over these
tests to the cameramen every day. From these tests they should
have a fair idea of their exposures. Nine times out of ten faults in
the film revert back to the exposure rather than to the development.
Mr. Griffith: This discussion is clear evidence of the great
need for a better understanding between the various technical groups
who contribute toward the making of motion pictures. The old and
sometimes vitrolitic argument between the cameraman and the laboratory isreally based entirely upon a mutual lack of understanding
of the objectives of the other side and the limitations under which
they must or do work. This also applies to the several other
zones of contact, in particular to that between the motion pictures
technicians as a whole and the scientific men who are responsible
for all fundamental improvement in the art. The photographic
scientist, apparently, has a conception of the term "quality" which
is quite different from that held by the laboratory man and those
whom he must please. Such differences are undoubtedly reconcilable by a mutual diffusion of knowledge, which is the primary
object of this Society.

A NEGATIVE

DEVELOPING

MACHINE

C. Roy Hunter*
THE negative developing machine recently installed by the
Universal Pictures Corporation is an improved Spoor-Thompson Patent machine, manufactured by the Bennett Laboratories of
Hollywood, who have the exclusive rights of manufacture.
This type of negative developing machine has been in operation
in the LTniversal Laboratories for the past eight months, several
million feet of negative film have been developed with it, and its
functioning has proved so efficient and so highly satisfactory that
the Bennett Laboratories, under the supervision of Mr. Jack
Guerin, are at present installing a similar machine for their commercial use.
The advantages of mechanical processes over manual manipulations have been acknowledged through the ages. Industries have
prospered through the use of mechanical appliances and comfort
has thus been added to living conditions.
The motion picture industry has slowly, but surely, been
making progress in replacing manual operations by machine and
the laboratory practice in particular was improved, a few years
ago, by the adoption of positive developing mechanical appliances.
The developing of motion picture negatives by machine has
been under consideration for several years by some practicians in
laboratory methods but it was found difficult to bring it into actual
practice due to the extreme care required in handling motion
picture negative because of its high monetary value.
The false conception that faulty negatives could be saved or
at least improved through the process of developing, as conducted
in motion picture laboratories, was also an obstacle to the introduction of machine developing.
Approximately one year ago Universal Pictures Corporation,
after careful investigation, decided to install the machine in their
laboratories, and it is the purpose of this communication to present
its most salient mechanical, technical, and economic features.
Cal.

* Superintendent of Photography, Universal Pictures Corp., Hollywood,

195

196

Transactions of S.M.P.E., Vol. XII, No. 33, 1928
Mechanical Construction

The functioning of a machine for developing motion picture
positives is too well known to enter into any detailed description
of it.
The exposed film is carried through the machine by a series
of rollers and at a determined speed. The operations of developing,
rinsing, fixing, and hardening are carried on in tanks arranged so
that the film passes from one into the other with a minimum exposure to air. The drying and polishing are done in an inclosed
cabinet from which the finished film is led to the wind-up.
The adaptation of the positive developing machine to negative
developing has called for some modifications tending to increase
the elements of safety believed necessary in consideration of the
\alue of the product that the machine is required to handle.
All turning parts have been mounted on ball bearings throughout, and the general mechanism has been balanced mechanically
in all its parts. The shape of the carrying rollers has been changed
so that the film is carried by the film edges alone, preventing contact of either surface of the film with the roller. The shape of the
roller itself has been modified so as to preclude the possibility of
solutions adhering between the roller and the film.
The size of the tanks has been increased in the negative machine
to three times that of the positive type for the developing and
washing tanks and twice for the fixing tank. The drying cabinet
has also been enlarged so as to afford twice the drying space allotted
to the positive machine.
The developing is done in three separate tanks having two
rollers each. The flow and circulation of the developing solution
is controlled by a circulating pump, which takes the developer
from the central section of the tank system and carries it to the end
sections forcing it through a system of filters, which keep the solution
constantly free from foreign matter and pollution.
The pipings of the circulating pump are so disposed in controllable cooling and heating devices that the temperature of the
developer is kept constant and at the desired degree.
A special squeegee has been devised by which all excess
moisture is eliminated from the film after washing and previous
to its entering the drying cabinet.
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No corrosive metal comes in contact with the solutions. The
frame of the machine as well as all its steel parts are constructed
from steel specially treated to make it resistant to corrosion and
all piping and fittings of the developing and the fixing tanks are
made of monel metal while the rollers are made of a special composition which is immune to the action of the solutions.
A special chamber is built in the end of the machine at the
point where the finished film exits from it, whose mission is to
supply the film with the proper degree of moisture that will keep
it sufficiently supple to resist the strain to which it is submitted
during the process that follows.
Provisions are made for salvage of the exhausted hypo solutions. The draining is so arranged that no possible error can be
made in the proper evacuation of the tanks.
The temperature of the drying cabinet is controlled by air
kept at a constant temperature and filtered through a series of oil
filters. This arrangement precludes all possibilities of dust particles
entering the drying chamber and settling on the film.
Mechanical Advantages
The driving power of the machine is electrical. A motor controlled bycity or studio plant power is connected to a second motor
which operates immediately if the first should fail either because
of power shut down or any mechanical accident or imperfection.
The second motor is controlled by storage batteries of sufficient
capacity to insure a run of sufficient length of time to clear the
tanks of film. If both motors should fail, the operator can have
recourse to man-power and operate the machine with a minimum
of physical effort.
The lubrication of all moving parts is easy of access and so
disposed as to eliminate any possible contact of the lubricating
material, be it oil or grease, with the negative.
The speed of the machine can be controlled and guided by the
reading of a tachometer which is in constant view of the operator.
Exact data of the working condition of the developing machine
are automatically kept by means of a recording meter which makes
a graph giving the development time, the temperature of solutions,
and of the rooms, the temperature of the drying section of the
machine and the speed at which the machine has been running
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during the development. This data automatically and precisely
recorded should prove invaluable to the cinematographer and
others during the inspection of the negative.
The capacity of the developing machine is 4000 or more feet
per hour and strips of film of any length can be developed without
need of breaking into a scene as is often necessary in the rack and
tank system of development. Breaking of a scene is likely to be very
injurious to the continuity of the scene. This feature is to be greatly
appreciated in modern productions in which approach shots very
often contain a whole sequence of scenes including long shots, semilong shots, and close-ups in an uninterrupted sequel.
The shrinkage of the film during the drying process is taken
care of by the judicious placing of the drying cabinet rollers, and
the squeegeeing of the film as it exits from the washing tanks is so
conducted, that all risk of scratches or abrasions on the film are
prevented.
As the film runs through the machine at a very moderate rate
of speed it is possible to inspect it thoroughly as it exits from the
drying compartment.
The passage of the, film through the developing, fixing, and
washing tanks, is so accomplished that it eliminates all possibility
of spilling any of these liquids on the floor of the darkroom and
this means the possibility of maintaining cleanliness throughout
the developing quarters and adds greater comfort to the operators
of the machine.
The drying of the film as conducted in the enclosed drying
compartment not only eliminates all possibility of particles of dust
settling on the film during the drying process but also eliminates
further handling of the film, such as when it is transferred from the
racks onto the drying drums.
The arrangement of the several tanks and the pipe system for
the evacuation of used solutions, is such that the cleaning of the
tanks can be conducted in a more thorough and efficient way than
it has ever been possible even in the most carefully planned laboratories in which the rack and tank system is in use.
If the film should accidentally break in the course of developmenl it can be repaired in a minimum lapse of time of seven seconds.
Investigations of the possible inconvenience that could result from
a complete stop of the machine during development have proved
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that a stop of two full minutes proved of no consequence in the final
results in a nine minute developing solution.
Illumination of the Developing Room
Safe lights for panchromatic materials afford a thoroughly
efficient illumination of the darkroom throughout the whole length
of the machine. The intensity of the illumination is gradually
increased from the developing to the drying end, so that a very
pleasing impression of safety is given to the operator in charge of
feeding the exposed negative into the machine, the one in charge
of the inspection of the drying section and finally to the one in
charge of the re-winding of the dried finished product.
Wratten panchromatic safelights are used throughout and the
size of the lamps is gradually increased the nearer they approach
the drying end of the machine:
Technical Results
Negatives of varied quality representing a very wide variety
of subjects from exterior scenes to interiors, from glaring snowy
landscapes to the darkest interior sets or outdoor night shots, and
all developed by the machine, have kept, so to speak, the personality
that the cinematographer had injected into them and which has
been dictated to him by his personal conception of the quality of
photography necessary to interpret the meaning of the particular
scene or sequence of scenes. Negatives developed over periods of
months have shown an extreme evenness of results. The production
The Man Who Laughs has covered a period of six months in the
making. All negatives of this production have been developed
through this machine and in spite of climatic conditions and the
irregular schedule of photography due to production exigencies,
when assembled according to story continuity, have proved perfectly even and thoroughly corresponded to the results expected
by the cinematographer.
Apparently in the rack and tank developing system the change
of seasons affects, to a lesser or greater extent, the results obtained
in the negative under apparently similar conditions of photographing.
This unevenness of results is apparently due to general changes
in atmospheric conditions, uncontrollable even by extreme care and
large investment of money in the building of laboratories. The use
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of the negative developing machine eliminates this inconvenience.
The time of the development is reduced about twenty-five
per cent as compared with the rack and tank system. The constant
and regular motion of the film in the developing tank of the machine
produces a constant presentation of fresh developer on the emulsion.
It appears that in the rack and tank system a thin coat of developer
adheres, so to speak, to the film and the irregular motion imparted
to it by the shaking of the rack is not sufficient to obtain the presentation ofa fresh solution that is constant in the developing machine.
Nine minutes development in the machine has given equal density
on a negative exposed under exactly the same conditions and
developed in the same solution and at the same temperature for
twelve minutes in the rack and tank system.
A film measuring device is also installed in the machine at the
film exit end by which every foot of film that runs through the
machine is exactly measured, thus avoiding discrepancies that are
likely to occur in the weighing system in use today.
Evenness of Results
It is quite evident that all the mechanical advantages thus far
enumerated and the innumerable ones that have perhaps escaped
mention, tend to an evenness and consistency of results unattainable with the rack and tank system.
Of primary importance is the absolute elimination of the "rack
marks" which play a detrimental and costly part in the rack and
tank system. All these causes are eliminated by the machine and
this great evil has completely disappeared in the output of the
Universal Pictures Corporation.
The oxidation of developer on the film surface through undue
exposure to the air during the inspection of the film in the process of
development is completely eliminated.
Rack slugs and finger prints so apparent in the rack and tank
system, are no longer causes of worry to cinematographers and
producers, in other words, as heretofore mentioned all inconveniences caused by excessive handling of the valuable film by man
power are completely eliminated, resulting in an unsurpassable
degree of cleanliness of great economical value.
A very important advantage brought about by the machine
system of development is the reduction of the visible graininessof
t he film emulsion.
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The possibility of reducing the amount of carbonate that is
used as an accelerator in the developing formula and the full control
of drying conditions have a very noticeable influence on the fineness
of the grain, apparent in the developed negative.
This advantage has permitted the making of duplicate negatives which cannot be distinguished from the original except
through very meticulous inspection.
Economic Values
The general description of the negative developing machine
brings necessarily to one's mind the economies that can be obtained
by its use.
The greater efficiency of developing and fixing solutions, the
greater efficiency in the washing process which will assure a longer
life to the negative, the elimination of chances of losses of the
valuable negative due to uncontrollable accidents that may happen
through the human element involved in the rack and tank developing system, and the resulting economies, are too evident to dwell
upon at any length, but we wish to put emphasis upon the indirect
economic features which will be the consequence of the extremely
greater comfort of working conditions offered to its operators by
the machine system in contrast with the rack and tank mode of
procedure.
No more heavy rubber boots, no more cumbersome rubber
gloves and rubber aprons, no more wading into dampness, no more
inhaling of unpleasant vapors, no more eyestrain, nervous tension,
and heavy lifting; but white uniforms, polished floors, pleasing
illumination, pure air, greater comfort, which will lend greater
dignity to the profession of the developing operators and consequently result in greater efficiency.
DISCUSSION
Mr. Dubray: It is my personal opinion that a certain amount
of standardization in laboratory procedure is a future development.
Mr. Griffith stated in his paper that laboratories are working
towards this end, and Dr. Mees sustained the contention i,hat a
motion picture negative cannot be saved in the laboratory under
the present conditions of commercial laboratory procedure. Quite
a few years ago, I was engaged in photographic work, and I had
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specialized in the reproduction of paintings of the European art
galleries. I was using orthochromatic plates because panchromatic
materials were unknown at that time, and most of the time I colorsensitized the plates according to the desired rendition of the colors
of the painting I was to photograph. This and the lighting conditions in existence in museums made it very difficult to judge the
exposure with any accuracy. I could correct the imperfections of
exposure to a certain extent by always carrying in my portable
laboratory several developing solutions, generally three, and I
would transfer the negative from one developing solution to the
other during the process of development, according to the exposure
of the negative and the desired contrast. Such a procedure proved
to be quite helpful at times, but it is impossible to apply it to commercial motion picture work. The motion picture laboratory uses
one and only one negative developing solution. It is quite obvious
that the expenditure involved and the space required render impossible the installation of the tanks necessary to carry on a more
complicated system of developing. If I am wrong in this contention, Ishould like to. be informed of it. Many times I have
personally operated on the safe side of exposure, as we call it, for
fear that the laboratory would try to doctor the negative by reducing
or increasing the time of development. I am sure that beauty has
many times been sacrificed for this reason in order to protect the
investment of money involved in the production. To conclude,
I should welcome the proper standardization of laboratory procedure.
Mr. Crabtree: To what extent is the time of development
varied, or is no attempt made to vary the development time? Do
you control the length of the loop?
Mr. Dtjbray: It can be controlled by the speed of the machine
itself, not by the length of the loop. The machine is so constructed
that the negative can be developed in a single solution or with two
solutions.
Mr. Wilkinson:. Does the printing exposure of the developed
scenes vary more than at present?
Mr. Dubray: The printing lights do not vary any more than
in the usual system; in fact, it seems they are much more even.
Mr. Wilkinson: Arc they getting good results from all three
types of film?
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Mr. Dubray: Yes, the Universal Film Company uses different
stocks and all work equally well.
Dr. Mees: It is not generally considered that different times
of exposure require different times of development. It is usually
assumed that the time of development has nothing to do with the
time of exposure. What it has to do with is the contrast of the
subject. Different exposures developed for the same time must
affect the printing time; I don't see how they can avoid it.
Mr. Dubray: I do not question Dr. Mees' statements. Of
course, a variation in the printing lights occurs, but this variation
proves to be less when the negatives are developed with the machine.
Mr. Leshing ■ I was present when the first foot of film went
through the negative machine at Universal City, and as a "Doubting Thomas" I sent in over 400 feet of negative. The Universal
people didn't know what the subject was or which stock it was.
I was agreeably surprised when I saw the results. As a matter of
fact, we laboratory men are discouraged when we see this machine
working. We "expert" laboratory men have tried to photograph
for the cameramen. I do believe that this is a great step forward
in producing uniformity of results. I believe so much in the machine
that I am trying to sell the idea to Fox, who, I hope, will have new
negative and positive machines shortly.
Dr. Mees: I have no doubt that the development of automatic machines for handling negatives is a step forward in the
motion picture industry. Whether you can develop all the film you
receive, of every different type and every different subject for the
same time, and get thoroughly satisfactory results, I am not so
sure. I think two kinds of film could be made, each of which would
give excellent results when developed for the right time, but both
could not be treated alike. If film must be made to develop for a
fixed time, I suppose that sooner or later it will be done, but I
don't think that is in the direction of progress. It is a great advance
in photography to mechanize things where it is possible, but it is
also possible to mechanize things in the opposite direction, so that
modifications which could improve results are withdrawn, and I
don't think we should go in this direction. In negative development,
we must recognize the necessity for varying development and provide
for it. When you say that you do it and get away with it, I am
reminded of a visit I paid to a friend who was running an amateur
finishing plant. I was suggesting automatic printers, and he didn't
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want them because their prints were dodged by skillful workers.
He took me around and I saw a number of prints dodged. I said:
''Would ycu mind asking that girl to make a print without dodging?" She did it, and the result wasn't any worse than the print
she had dodged. In ten cases where we did this, the print that was
not dodged was better. It doesn't follow that you cannot dodge
prints. Every photographer knows you can, but the girls who were
doing it did not know how. It is perfectly true that it is difficult to
control development. A man developing panchromatic film at
three o'clock in the morning is not a good judge of the time of
development ; all of us know this. It is quite true that our judgment
may be so faulty that the automatic machine may be a step in
advance if it doesn't control development. It will be another step
if we can control development according to the subject and the
kind of material being used.
Mr. Leshing: According to information given me by Mr.
Hunter, a considerable number of cameramen were working on
different productions, and this is their experience: One man varied
exposures to such an extent that on development of the negatives
there was as much, as twelve points difference on the Bell & Howell
printer. The very next day, after developing in the machine, the
variation decreased to four points.
Dr. Mees: I understand that they vary the speed of the
machine according to the state of the developer, but I understand
they develop all kinds of film and all exposures of all subjects for the
same time. They may do this, and it may be satisfactory and an
improvement on present practice, but it doesn't strike me as being
the best possible practice.
Mr. Nickolaus: I think the development is varied according
to the subject.
Mr. Crabtree: How can that be done unless all scenes requiring the same development time, as indicated by tests, are
spliced together?
Mr. Nickolaus: The subjects must be segregated just as we
do today. It can be done with the machine as well as with the rack
and tank system.

LARGE

APERTURE

LENSES

IN CINEMATOGRAPHY

Joseph A. Dub ray*
THE exigencies of the art of motion picture photography have
been instrumental in creating a constant demand for photographic objectives possessing the largest possible aperture compatible with the degree of sharpness and depth of focus which are
requisite for the obtention of pleasing photographic results.
During the past two years, especially, designers and manufacturers of photographic objectives have tried to supply this
steadily increasing demand.
Cinematographic objectives are not supposed to cover an
exceptionally large field of view and this condition has made possible
the construction of objectives of extremely large apertures ranging
from//1.5to//2.5.
It is the purpose of this communication to analyze the influence
that these objectives have had on cimematography, the practical
results obtained, the advisability of sacrificing the orthoscopic
qualities of objectives for the sake of speed, and to give some conclusions arrived at by the practical use of these optical instruments.
The Need for Large Aperture Objectives in Cinematography
The demand for large aperture objectives can be attributed
to two main reasons :
First, the economic feature which they present by permitting
the use of less light energy in photographing interior scenes, and
the possibility of obtaining passable photographic results under
very adverse outdoor light conditions.
Second, the greater range of possibilities that they offer the
cinematographer for obtaining artistic photographic effects due to
a greater choice of the position of the critical image-plane in respect
to focus, and to the greater possibility they offer of arranging and
controlling the lighting of the subject.
The economical feature does not require any explanation wmen
the tremendous cost of lighting the huge sets used in modern motion
picture production is taken into consideration.
* Technical Editor, American Cinematographer , Hollywood, Cal.
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The photographic quality and artistic effects which are obtainable by the use of large aperture lenses, depend entirely upon the
conception of the cinematographer as to the rendition of the subject
or scene he is called upon to photograph. A thorough knowledge
of the objectives at his disposal and their particular qualities, will
guide him in his choice of the most suitable optical system.
It is acknowledged by cinematographers in general that the
need of absolutely sharp definition is a thing of the past.
The dramatic quality of present day cinematography demands
a certain softness of contours throughout the whole image. The
approval on the part of the public for softly diffused pictures seems
to correspond to the cinematographers' efforts in the obtention of
such effects.
Several means are at the disposal of the cinematographer for
softening the image, but all these means, such as the placing of
gauzes or diffusing disks in front of the objectives, are more or less
unreliable if we consider the evenness of results that is demanded.
It often happens that scenes photographed at intervals of
several hours, or days, or even weeks, are finally presented on the
screen in rapid succession and cover a certain well defined period of
time of the story that is told by the picture.
It is readily understood that such scenes will have to match
as regards photographic quality and it has been found extremely
difficult to secure the required evenness of results by mechanical
diffusing agents even when the utmost care is exercised in the
arrangement of lights, in the computation of exposure, in the checking of the effect that the various diaphragm apertures have on the
degree of diffusion, and in the development of the negative.
The degree of diffusion which is desirable can be obtained
through optical means by the cinematographic objective.
Such diffusion should be limited to a pleasing softness uniformly
distributed over the field of the picture, and it should be of such a
nature that it would be felt more than actually seen.
It appears that in their anxiety to increase the effective
aperture of cinematographic objectives, the designers have at times
exceeded the limits of permissible lack of definition and this is most
Qoticeable at the corners of the image where at times it becomes
offensive.
One of the greatesl difficulties encountered by the cinematographer inphotographing interior sets, is to reconcile the economical
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value which can be derived by the use of large aperture lenses with
the carrying of sufficient definition and sufficient depth of focus.
The rapid falling off of definition and corrections of the marginal rays that concur to form the image is very evident in all
cinematographic objectives of large aperture.
It is quite evident that the corrections of spherical and spherochromatic corrections are not carried as far as they should be, and this
imperfection is probably the result of the fact that the demand for
soft diffused objectives has been interpreted in too broad a sense
by lens designers and manufacturers at too great a detriment to the
orthoscopic qualities of the objective.
Extensive experimentation of a practical nature has been
carried out with a great number and variety of objectives of different
manufacture and of different effective aperture. A mean has been
arrived at through this experimentation and it has shown that the
luminosity of an objective does not increase proportionally and
accordingly to the geometrical progression of the area of the diaphragms.
An objective at the aperture of //1.8 should theoretically admit
twice the flux of light that is admitted by an objective at an aperture
of //2.5 of the same design and manufacture. Practical experimentation has proved that the increase in illumination of an //1.8 objective with respect to an//2.5 of the same construction and manufacture isquite below expectations.
Although it is impossible to give in this communication exact
measurements in this respect, a loss of about thirty-five per cent of
expected illumination has been detected taking the mean of the
results obtained in the investigation of a large number of such
objectives.
It is suggested that two main reasons probably concur to
explain these results which appear contrary to physical laws.
First: The greater thickness of glass used in wide aperture
objectives. The thickness of the glass used increases in some cases
in a proportion as great as one to three from an //3.5 to an //2
objective. The absorption of the incident light is thus greatly
increased, resulting in a noticeable decrease in the brightness of
the image, i.e., in the speed of the objective.
Second: The greater loss of illumination is also perhaps due
to reflections of the incident rays taking place at the different
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refracting surfaces of the objective, which prevents all of the incident
rays from contributing to the formation of the image.
The slow increase of illumination does not seem to warrant
the rapidly increasing losses in the orthoscopic quality of the objective due to an exaggerated desire to increase the speed of the
instrument.
Color Corrections
The use of panchromatic film and corresponding use of light
filters for the obtention of truer color renditions has proved a
crucial test of the chromatic correction of cinematographic objectives of large aperture.
Still more, the use of Incandescent Tungsten Filament Lamps
in photographing interior scenes, brings about the advisability of
considering and investigating a possible modification in the chromatic corrections of cinematographic objectives.
In exterior work where the requirements of exposure permit
the cinematographer to stop down a considerable extent, the use
of yellow and even of red light-filters, has not seriously affected
the quality of definition obtained with the large aperture objectives;
but in the case of interior sets illuminated by Incandescent Tungsten
Lamps whose radiations approximately correspond to the radiations
obtained by filtering noon-day light through aid Wratten LightFilter, the working of the objective at its maximum aperture is
indispensable, first for the economical reason previously expressed,
second because of the necessity of reducing the number of the lighting units to a minimum, in order to avoid an excessive and perhaps
unbearable amount of heat radiation.
During the recent period in which investigations and tests
were made in order to ascertain the qualities and possibilities of
Incandescent Tungsten Lights, the impossibility of obtaining
sufficient definition has been noticed several times under the most
diversified methods of lighting and by a great number of cinematographers.
It is known that the sensitivity of the so-called "ordinary
emulsions" is at its maximum in the shorter wave-length region
of the spectrum, and falls off rapidly in the longer wave-length
region, to the extent that the red radiations have no actinic effect
upon such emulsions. The panchromatic emulsions, almost exclusively used in modern cinematography, are, on the contrary,
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sensitive to the whole of the spectral radiations, yet the panchromatic emulsions possess an excess of sensitiveness in the blue
and violet regions, which excess is filtered out by the use of transparent colored media or by the use of artificial lights which do not
emit the shorter wave-lengths in such an excess as to impair the
true color rendition of the subject.
The use of "ordinary emulsions" has. prompted the designer of
photographic objectives to carry the sphero-chromatic correction
for the regions of the violet rays in proximity of the G' line (434 m^t)
and for the regions of the yellow rays in proximity of the D. Line
(589.3 m/x).
It is evident that since the panchromatic emulsions permit the
use of the longer wave-lengths in the formation of the image, a
better correction in the red is also desirable. For these emulsions
the G' line could be ignored and lines corresponding to the red and
the blue regions of the spectrum could be considered. It is suggested
that manufacturers make an effort to correct suitably for wavelengths from about 400 nu* to 700 rn.fi.
The investigation conducted by the writer on the practical
effect of the sphero-chromatic corrections of photographic objectives
has been carried on by comparing photographic objectives of large
aperture with achromatic objectives presenting only a tertiary
spectrum especially designed and constructed for use in trichromatic
separation work. These objectives have been tested at an equal
relative aperture and under equal lighting conditions on a chromatic
testing object, for purposes of comparison. The non-achromatic
objectives have shown an evident lack of definition in the areas of
the object corresponding to the longer wave-lengths.
The achromatic objectives used in this investigation were
objectives constructed for the purpose of photographing colored
objects for three-color reproductions (trichrome process work).
The inconvenience of longer exposures caused by the slow speed of
this type of objective is negligible in the special work they are
supposed to perform, but it would be prohibitive in the case of
cinematographic objectives; hence the suggestion that these be
corrected for the light radiations which are going to be most, and
perhaps exclusively, used in motion picture work.
In the practical use of cinematographic objectives of large
aperture, it is noticed that some of these instruments are much
easier to bring to correct focus than others of the same design, same

210

Transactions of S.M.P.E., Vol. XII, No. 33, 1928

aperture, and same manufacture. This is ascribed to the limits of
uncertainty and the limits of imperfection permitted by lens makers
in the delicate process of manufacture of photographic objectives.
The Area of the Disk of Confusion in Relation to Definition and
Intensity of Illumination
It is well known that the diameter of the disk of confusion
produced by uncorrected aberrations rapidly increases with increase
of the aperture of the objective. The writer has conducted a practical investigation on the possible influence that the size of the disk
of confusion could have on the intensity of illumination that forms
the image after passage through a lens system.
This investigation was prompted by the fact that portions of
an image formed by the longer wave-lengths emitted by an object,
always showed a lack of exposure greater than would be expected
when compared with other portions of the same image, formed by
the shorter wave-length radiations. These differences of exposure
apparently were not due to a lack of sensitiveness of the panchromatic emulsion for the longer wave-lengths.
The thought occurred to the writer that a great number of
these longer wave-length radiations were permitted to concur in
the formation of the image and that due to the lack of chromatic
correction of the objective for the particular regions pertaining to
them, the portions of the image corresponding to these uncorrected
radiations were composed of disks of confusion of a much greater
area than those portions of the image corresponding to the shorter
wave-length radiations.
Application of these considerations to the differences of area
of the above mentioned disks of confusion, has led the writer to
attribute to them the evident lack of exposure in the portions of
the image corresponding to the longer wave-lengths in relation to
the portions corresponding to the shorter wave-lengths. It is well
known that the intensity of illumination of a very small bright image
in a dark field decreases proportionally with increases in the area
of the illuminated area.
Again, tests were made using achromatic objectives in comparison with non-achromatic ones of the same effective aperture and
under the same conditions of lighting. . Although the means of investigation atthe disposal of the writer do not permit him to give
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exact measurements on the differences of intensities, in these
specific image areas, these differences are sufficiently evident to
warrant mention of their existence in this communication and to
be used as an argument in favor of the previous recommendation
pertaining to the modification in the correction of the zones of
sphero-chromatic error.
Some of the conclusions heretofore expressed have recently
been presented by the American Society of Cinematographers to
leading manufacturers of photographic objectives and the response
that so far has reached the Research Committee of the A.S.C. leads
to the certitude that a thorough and scientific investigation is being
conducted at this time and the solution of the problems expressed
in this communication will soon be given to the cinematographic
world.
DISCUSSION
Mr. Cuffe: I should like to take slight exception to one
statement as to the opinion of the public that they like softer pictures. Ithink it would be a good idea if the Society could find out
if this is true. It is the opinion of all the fans I know that fuzzy
pictures are annoying to look at.
Mr. Dubray: I do not mean at all that an excess of diffusion
is demanded. As I expressed in the paper, the quality and amount
of diffusion should be felt more than seen. Recently, I had the
privilege of representing the American Society of Cinematographers
at the convention of the Photographers Association of America,
which was held in Louisville last month. I had then the opportunity
of feeling the thoughts of the representative photographers of
America in respect to the photographic quality of motion pictures.
All of the photographers told me that they were following very
closely the results that the cinematographers are obtaining for the
screen. As the statement was of far reaching consequence for us,
I carried the investigation further, and learned that the photographer isnot selling any larger number of pictures by asking the
client to choose the style desired from an album ; the client himself
specifies this style referring to some motion picture that has apparently struck his fancy. Almost invariably softness is demanded
by the clients throughout the country. I am personally opposed
to an excess of diffusion. The proper degree of it should, of course,
be at least pleasing to the eye.
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Dr. Mees: Mr. Dubray is quite right in his view that the professional photographers are taking advantage of the experience of
the motion picture photographer and are utilizing lightings and
methods of photography which have been developed by the cinematographer. I feel, however, that the use of soft focus in motion
picture work can easily be overdone. It is undoubtedly pleasing
to the artist but the ordinary man in the street wants his pictures
clear, and too great a devotion to soft focus effects is likely to produce applause in Hollywood, but a diminution of receipts at the box
offices of the country.
Mr. Rayton: In the experiments on effective speed to which
you refer, I understood you to make the statement that two lenses
of the same type, one at a relative aperture of //2.5, and the other
//1.8 do not seem to give the exposure in practice which you would
expect from a comparison of their relative apertures. Do I understand by this that the same lens was used with the iris diaphragm
set for//2.5 and then opened to//l.8?
Mr. Dubray: No, I used lenses of the same manufacture and
design, one having its greatest aperture rated as//2.5 and the other
as// 1.8.
Mr. Rayton: You mean the two lenses were identical as to
the number of components.
Dr. Mees: Did you measure the relative apertures or accept
the markings on the lenses?
Mr. Dubray:
I took the manufacturer's statement.
Mr. Rayton: The chances for error in that respect would not
amount to 35%, but there would be small errors.
Dr. Mees: I have seen foreign lenses in which the aperture
was marked incorrectly.
Mr. Rayton: I have seen domestic lenses in which that was
true.
Mr. Dubray: I thought I could place confidence in the statements of the manufacturer.
Dr. Mees:
It is nice to see this faith.
Mr. Rayton: With regard to the color correction of the lens
and the possible effect on definition of the use of Mazda lights and
panchromatic emulsion, all experiments I have conducted with the
focal lengths used in motion picture photography fail to show any
need for departure from the standard type of color correction.
Mr. Dubray has given me the impression that he thinks the ordinary
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lens is corrected for ultra-violet and yellow. Possibly some of them
are and I can comprehend why a lens corrected in that way might
show some trouble, but what I consider standard correction for a
lens is to unite in a common focus blue rays well within the visible
spectrum of wave-length about 4300 with yellow rays of wavelength about 5890.
The difference between panchromatic emulsion and ordinary
emulsions lies in the increased sensitivity of the former in the red
end of the spectrum. The dispersion of glass is small in the red end
of the spectrum compared to its dispersion in the blue. Briefly,
the same holds in the distribution along the axis of a lens of the
focal points for light of different colors. The secondary spectrum
in the red, therefore, is reasonably insignificant.
By this reasoning we reach the conclusion, theoretically, that
the use of an emulsion sensitive beyond what we are accustomed to
in the red and the use of light sources containing more red than we
are accustomed to, need not necessarily be expected to upset the
performance of the lens. This conclusion is supported by experiment.
In experiments made here I understand it was found that panchromatic emulsion does not show the resolving power of emulsions
with more limited range of sensitivity. I don't know whether you
referred to those experiments in your paper.
Me. Dubray: Yes, I referred to the tests conducted in the
investigation of the value of Mazda lightings.
Dr. Mees: The resolving power of the panchromatic emulsion
throughout the spectrum averages about the same as that of the
ordinary emulsion in the blue. That is true for white light provided
it is focused.
Mr. Rayton: Some decrease in resolving power is at least
understandable, for on the film there will be many images of different colors, some out of focus and some in focus. It seems reasonable
that a film of extended spectral sensitivity might show somewhat
less resolving power. Even if this effect should be troublesome,
which it fortunately is not, nothing could be done about it short
of attempting to make an apochromat lens. An apochromat with
an aperture of //2.3 is difficult to contemplate.
Dr. Mees: Couldn't you unite C and G (indicating on black
board) and let the sensitiveness in the green rise?
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Mr. Rayton: It would be possible but with a focal length of
2 and 3 inches, I am convinced that it would not be effective.
Dr. Mees: I am convinced of this, but for another reason.
If you get the spectrum in the visible, the spectrum with Mazda
lighting on a grating spectrograph on ordinary film has some depression inthe green and rises in the red. This is due to enormous
increase in the red energy in the Mazda light. As Mr. Rayton says,
the dispersion of the glass flattens this out, and if you combine
C and G, the correction is correct. A more convincing proof of this
is that if you take Kryptocyanine film, it has a sharp maximum
outside the visible. Pictures taken with such a film are sharp
although the lens is not corrected for it, so that it is focused in the
yellow-green. It gives sharp pictures within practical meaning and
sharper than most of those seen on the screen. I entirely agree
with Mr. Rayton.
Mr. Buttolph: One of the unique advantages of the combination mercury-neon unit which the Cooper-Hewitt Laboratories
are developing is that radiation from this combined unit is of the
nature just outlined here in that you have two definite maxima:
one in the extreme violet and the other in the wave-lengths of less
than 540 out through the red, but not extending into the infra-red.
The light source has the same characteristic as that for which the
lenses are ordinarily calculated. Possibly because of insufficient
light of the quality necessary for work with panchromatic stock
here in the studios they have more or less consciously drifted to the
use of lenses of such wide aperture and little depth of focus that
they have been getting in their films a pseudo soft focus effect.
They have been able to keep in focus only a very shallow plane in
space, so that the resulting films give a total effect of fuzziness or
soft focus quite different from that obtained by diffusing means
with a lens of considerable depth of focus.
Mr. Rayton: Commenting on the suggestion of Mr. Buttolph,
I am convinced from my observation that complaints of lack of
focus are many times really complaints of lack of depth of focus.
The general impression given by the picture is one of unsatisfactory
definition, whereas, when analyzed, it may be seen that the foreground and background are so far out of focus that the general effect
is one of lack of definition. The observer fails to recognize this fact
but condemns the camera or the lens or anything else without
hitting upon the real source of the trouble.
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Mr. Dubray: I wish to state that lenses working at an
aperture of //2.3 and//2 have been in constant use for the past year
or two, long before the investigation conducted on Mazda lamps,
and with satisfactory results. It is true that in most cases we obtain
sharp pictures outdoors even when we use niters. I wish to remark
that in outdoor work, we always stop down to a certain extent and we
all know the effect produced by the use of small diaphragms on the
definition of the image. When we use filters outside of the yellow
range, red filters for instance, we are using them for the obtention
of distortion in chromatic rendition, mostly in order to obtain
night effects. In such cases definition loses its importance. I wish
to mention again, Mr. Rayton, that this communication is not
intended to make statements of actual facts. It is simply intended
to provoke a discussion on this subject of chromatic corrections of
lenses. We cinematographers have encountered a certain amount
of difficulty in properly focusing under Mazda lights and we desire
to know the causes of this difficulty.
Dr. Hickman: I want to refer back to the general statement
tentatively advanced by Mr. Dubray and partly answered by Mr.
Rayton. The statement has been made in reference to panchromatic
film, and I say this without reference to any particular kind of
panchromatic film, that with tungsten the definition is not that
obtained with ordinary film with arc or daylight, and several
cameramen have sufficient optical knowledge to suggest that it may
be due to extended spectral range and images of the different colors
not coming to the same focus. Two cameramen assured me that
it is so difficult to focus with tungsten on panchromatic that they
could never be sure of the sharpness. I said I supposed that as
experts they were familiar with filters. In answer, they favor
filters as deep as K 2, and many of them have used red filters. They
get perfect results in daylight with these filters. It is obvious that
a man who can take panchromatic film with daylight and cut off
the blue rays sometimes with an odd piece of glass, which may be
a dyed lantern slide, and obtain sharp focus — if that man takes
another picture by tungsten light and ascribes the lack of sharpness
to mysterious properties of the lamp, his explanation is obviously
wrong. The fact that he can get sharpness with a filter by modifying
the light source, shows that the yellow color is not entering into the
question.

AN AMATEUR

STUDIO

PICTURE

J. S. Watson, Jr.*
A

GREAT many people have said recently, and some of them
may have believed it, that the artistic future of the motion
picture was in the hands of the amateur. They were of course
using the word amateur as an antithesis to everything bad in professional practice. The word professional can be used outside of
its proper meaning either as a compliment or as an insult, either to
designate seriousness of purpose and knowledge of means, or on
the other hand, standardization at the expense of feeling, perfunctory haste in production, and callous and inappropriate imitation of known commercial successes. But really there are only three
kinds of pictures, good, bad, and medium. Everyone has seen bad
films with plenty of the latest professional surface glitter and good
films in which every drawback known to photography has not
upset the well-conceived plan or the good luck of the director.
Certainly what is called the amateur spirit, the desire for sincerity
and freshness of treatment, is not incompatible with a professional
desire to have your film a success. More good amateur films have
been made by professionals or semi-professionals than by strict
amateurs, the strict amateurs having only the one slightly disheartening advantage that their films do not have to be cut up and
titled by ill-disposed distributing organizations.
In November 1926, Melville Webber, a painter and archaeologist
told me that he would like to try his hand at sets for a photoplay.
We had an empty stable, plenty of wall board, and 12 KW of direct
current, but neither of us felt able to write an original story. We
finally selected Poe's Fall of the House of Usher which neither of
us had read for 10 or 15 years, and which we therefore felt all the
more able to treat as raw material. The liberties which we have
taken with the story, although hair raising, are not unprecedented
in the annals of the -motion picture industry. They will be explained
later.
* Rochester, N.V.
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Aesthetic Theories
We suffered from the pseudo-scientific prejudice, the essence
of modernism, which makes people believe that each medium of
expression can and should be isolated and purified just as a chemical
compound is isolated in the laboratory. You say to yourself that
the cinema is not theater or the dance, and certainly not the novel,
and then you begin to wonder what it is. You think of camera
tricks as essential, of oppositions of movement, changes in size,
changes in lighting and sharpness, accelerations and contrasts of
speed, distortions of shapes and perspectives. You decide to play
any number of tricks on time and space. Then you remember that
the worst picture you ever saw had all of this and nothing else;
that every possible trick was invented the same year as the camera;
that ideas have nothing to do with art and that there are too many
ideas anyway.
But just the same, suppose one could take the old tricks and use
them not only to illustrate the story, as double printing is used to
show Pharaoh in the Red Sea, but to improve the flow of the picture,
gathering force from scene to scene, so as to make the spectator
feel not with any particular hero or heroine as one does in a cheap
novel, but to make him feel the whole piece like a piece of poetry.
Practical Difficulties
Thus far our aesthetics would have affected our procedure no
more than a list of good intentions. The cumulative effect which
we hoped to get is the most important effect produced by any first
class picture no matter how little the average spectator may be
aware of it. We went on, however, to a thought which has occurred
before to a great many people, namely that the crucial point in a
motion picture is the point where one scene changes into another.
There is not only the action to be made coherent, but also there
are matters like speed, composition, and photographic quality which
must not be suddenly interrupted without good reason. An inappropriate change of scene is probably much more serious than
an illogical sequence of ideas in writing. Scenes to the sensitive eye
frequently appear to annihilate one another, and a picture in which
this occurs repeatedly, however meritorious it may be from other
points of view, will give you a headache.
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In feature pictures these transitions from scene to scene are
supposedly taken care of by the director and the photographer and
what escapes them has to be looked after by the cutting department.
We decided to eliminate the difficulty once for all at the very start.
Our first scenario called for continuous action during 1000 feet of
film. This was to be accomplished mainly by keeping the camera
moving from one part of the set to another, photographing successively wheels, doors, windows, actors, and pieces of actors. Anyone
who has tried to make a sequence of lap dissolves in the camera
will know how difficult it is not to be able to cut the film. And this
sequence did not permit even dissolves. We had taken about fifty

Fig. 1. Double exposure; large head moves forward, background retreats.
(Working drawing from the scenario).

feet of it when somebody made a mistake. It appeared impossible
to recapture the exact position and pose. We began over again and
only got to thirty feet. After spoiling a good deal of film, we settled
down to the cross reference system of the ordinary feature, where
you jump from the cellar to the attic, and where the hero lights a
match in a long shot and throws it away in a close-up.
Scenario
In The Fall of the House of Usher, the plot is of little consequencet; lie importance of the piece lies in its mood — in a development of emotional tone almost without action. We decided to make
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a picture with a mood rather than a story. It became clear at once
that for this the literal representation of a sequence of events in
time would not be appropriate. The characters and their relations
to one another became thematic material, in the organization of
which movement and progression were essential. For example:
the visitor to the House, the I of Poe's story, has been used as a
motive, running (often literally) through the whole picture and
supplying a key to the arrangement, which falls into three main
divisions.
In the first part he is seen entering the house, becoming affected
by the weird atmosphere of the place, and gradually being subordinated until only his hat suggests his presence.
The second part has to do with the Lady Madeline of Usher
and her brother Roderick, her fall into a cataleptic trance, her
entombment (which is represented as a mental submission) and
subsequent escape from the burial vault, and the effect of all this
on her brother's mind. In this episode the visitor is suggested
shortly after the burial by the shadow of a hat on the wall and again
by a more definite recurrence of the hat.
In the third part the sister and the mad brother destroy one
another and the house falls. At this point the hat becomes the
visitor again, and he flees from the scene of destruction.
Effect Scenes
As for our very numerous trick, or more properly (since there is
no attempt at deception) our effect scenes, probably not one of
them is new or even fresh. I think, however, that by a digression
I can show why they seemed to us to be an important and even a
necessary part of our picture.
Several years ago a member of the Society of Motion Picture
Engineers stated that the motion picture was not then an art and
probably never would be, but that theater presentation with colored
lights, music, and personal appearances was certainly an art and a
very important one. To this another member replied that if the
Broadway prologue is an art, the motion picture ought to be happy
to remain an industry
In spite of which, the word "art"
continues to be used by almost all the speakers at motion picture
banquets.
Now without getting involved in metaphysics one can perhaps
say that an art is quite simply a means by which the human spirit
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expresses itself. Action is also a means of expression, but imperfect
and at the mercy of circumstances. The artist prefers colors, words,

a. Beginning of movement.

Fig. 2.

Stairs

Travel

1). Later phase of movement.
Downward. (Working drawings from the scenario).

or sounds, over which, with practice and talent he gains a wonderful and intimate control. The perfect example of an art medium is
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modeling clay. The artist can actually feel his idea take shape, and
if he does not like the feeling of what he has done he can change it
immediately.
As an art medium, the motion picture lacks plasticity, sharing
a great many of the drawbacks of war and politics. You take
advantage of happy accidents and use your ingenuity to cover up
unhappy ones. The animated cartoon is about the only sort of
picture over which the worker has really intimate control.
In studio pictures, a moderate degree of control is exercised
by the professional director, and this is obtained mostly in the set.
The scenery is built, with or without miniatures, and lighted, the
actors trained, and the results transferred as directly as possible
to the screen. A few years ago the directors were so pleased with
their results that the camera came to be looked upon as a mere
recording instrument and it was generally believed that effect photography as such was unworthy of a part in the making of a serious
picture. Lately, due to the popularity of films like The Last Laugh,
effects have come back. Half of our feature pictures are now
decorated with "musical" sequences of lap dissolves which threaten
to last the rest of the evening.
Nevertheless the professional photoplay continues to aim
primarily at story interest put over by realistic pantomime. The
flexibility of the medium continues to depend on the expertness of
actors and on the ability to manipulate realistic settings. Control
over details of the latter sort is obtained as a rule only at great
expense. The careful lighting of a drawing-room 30 ft. high and
100 ft. long, even though half of it is painted on glass, is quite
beyond the amateur; yet this appears to be exactly the sort of clay
in which the professional director is working.
Is it necessary then for the amateur who wants to make a
studio picture which shall exploit the wonderful possibilities of
studio lighting and of screen acting, to content himself with even
less control than is enjoyed by the professional director? Not at all.
Although he cannot afford the expensive control of the setting,
there is another and surer method of control, the possibilities of
which have scarcely been touched. I refer, of course, to camera
and printer control, which the professionals use for economy, or
safety, or for a laugh, or to jazz up a dull sequence, but which could
be used just as readily for serious purposes.
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I do not suggest that the amateur undertake the enormous
labor after realistic effects of the professional trick department.
The important thing for the amateur is that the medium be flexible,

With prism

Without prism
Fig. 3. Interior set with and without prism.

not 1 hat i! be realistic. One should be able to control the rhythm
of a sequence in space and time, and then if the sequence has not
exactly the righl feeling, one should be able to change it in the
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darkroom. The more control a medium permits the better art
medium it is, and in this respect a pencil still has it all over a
camera.
Scenery
In The Fall of the House of Usher we started with painted
scenery, but we have come more and more to depend, for effects
of depth and weight on surfaces of plain cardboard broken with
moving prisms and tinted with light. We have also used the familiar
slow, stop, and reverse motion, multiple exposures, and double
printing. Shadows naturally appeal to the amateur as being easily
controlled and effective. We have used them a little but not half
so effectively as the makers of the film Ninety Seven Dollars, recently
released by F.B.O. This film was made in Hollywood by a painter
in collaboration with a professional director, and the cost is indicated by the title. The lighting equipment consisted of one 400-watt
lamp. Some magnificent shadow effects were obtained by moving
the lamp behind cardboard silhouettes. The film was also very
ably cut. It is all in the way you do it.
Another spare time film is being made after working hours
in one of the big studios by the art director of the studio and the
director of Ninety Seven Dollars. They are especially proud of the
small amount of electricity used on their sets. Apparently the
production of super features no longer appeals to professionals with
a real interest in the motion picture as being fun, and they are
descending to amateur methods to get a little satisfaction out of
their work.
The Picture
The picture is supposed to illustrate the mood or atmosphere
of the House of Usher rather than the story. We have taken
liberties with the story which is hair-raising, but that is not unprecedented inthe industry. Unfortunately, the picture is only
half finished and an unfinished picture is considerably worse than
an unfinished book. (Showing of the picture.)
DISCUSSION
De. Mees: An amateur is one who does things because he
wants to ; a professional does things because he has to ; we are mbst of
us professionals. I think you all realize that the amateur has been
a great contributing factor in photography; all the important

224

Transactions of S.M.P.E., Vol XII, No. 33, 1928

processes were discovered and developed by amateurs. In the
motion picture field amateur work has not been very common —
probably because of the great cost of making motion pictures. With
the recent introduction of small cameras and films for amateur
motion picture photography, a great many people have been
interested in amateur productions — those done for the fun of the
thing to see what could be done. There is no question in my mind
that the amateur motion picture photographer will be an interestingcolleague and competitor: not that he will make pictures suitable
for the screen, but he will think of things that the professional will
not, and he will give new inspiration to the motion picture. Amateur
motion picture photography is developing at an enormous rate all
over the country, and I think that we as professional motion picture
photographers — if I may call myself one of you — are bound to be
interested in it.

ARTIFICIAL

SUNLIGHT FOR PHOTOGRAPHIC
SENSITOMETRY

Raymond

p

Davis and K. S. Gibson*

1. The Need for Artificial Sunlight

HOTOGRAPHIC sensitometry was first put on a scientific
basis by Hurter and Driffield (J. Soc. Chem. Ind., 9 : pp. 455-469)
in 1890 with their classic paper, Photo-chemical Investigations and
a New Method of Determination of the Sensitiveness of Photographic
Plates. Hurter and Driffield used a sperm candle (the British
standard of candle-power at that time) for their illumination. While
many improvements have been made in their sensitometric procedure, a satisfactory standard quality of illumination has not yet
been generally adopted. In both research and the testing of light
sensitive materials, particularly those used for negatives, light
sources having relatively low color temperatures (such as the
candle, acetylene flame, or Mazda B or C lamp) will not give data
consistent with actual practice. Different types of photographic
emulsions (ordinary, orthochromatic, and panchromatic) have
widely different spectral sensitiveness, and relative speeds determined by the use of unfiltered artificial illuminants will be radically
different from the relative speeds under sunlight, to which the great
majority of photographic negative materials are exposed. The
problem has been thoroughly considered in a report on "The Unit
of Photographic Intensity" (Special Committee, Optical Society
of America, L. A. Jones, Chairman, J.O.S.A. & R.S.I., 12 : pp. 567586; June, 1926).
Artificial light sources satisfactorily approximating sunlight
being unavailable, the obvious alternative is to change the spectral
energy of the available sources by means of filters which will absorb
the excess energy in the red and yellow regions of the spectrum, so
as to obtain the desired spectral quality. However, while several
creditable filters have been devised to produce daylight or sunlight
color- from artificial sources, they have all been lacking in one or
more of the requisites (noted below) necessary to secure their general
* U. S. Bureau of Standards.
Publication approved by the Director of
the Bureau of Standards, Department of Commerce
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adoption in sensitometry. For example, like many others working
in this field, one of the authors adopted for his own sensitometric
use a filter to convert the radiant energy from a standardized
incandescent lamp to sunlight quality. The resulting energy distribution was satisfactory for his purpose and has been used in all
of the Bureau's published sensitometric work, but the filter was
of no value for general adoption because it consisted of a special
blue glass which is not precisely reproducible.
2. The Primary Standard of Sunlight
One of the principal functions of the Bureau of Standards is
the development and maintenance of standards, and in accord with
this policy the authors have devoted considerable time to the
problem of a standard light quality for sensitometry. Their interest
was accentuated by the action of the International Congress of
Photography in 1925, which tentatively adopted two standards for
this purpose — one, 2360°K; and the second, 5000°K, the latter to be
used 'in case it is considered necessary.'7 The value 5000°K was
chosen by the Congress as representative of sunlight. It is precisely
definable and has been used as a standard of white light for colorimetry. (For further details and discussion of the action of the
International Congress, .reference may be made to the report of
the American Committee on the Unit of Photographic Intensity,
referred to above.)
The authors believe, however, that 5000°K is not a satisfactory
representation of sunlight for photographic sensitometry for the
following reasons:
(1) While the colors of 5000°K and average noon sunlight are
not markedly different, the relative energy distribution of the former
is greatly in excess of the latter in the photographically important
region from 350 rmx to 420 m/x. This is illustrated in Fig. 1.
(2) The spectral energy distribution of average noon sunlight
from 350 m/j to 720 mjj, can be duplicated in the laboratory, by
moans of artificial light sources and reproducible filters, much more
satisfactorily than can that of 5000°K.
Iti Mil 7, Dr. C. G. Abbot of the Smithsonian Institution
furnished the Bureau of Standards with the spectral energy distribution ofnoon sunlight for both the summer solstice and the
winter solstice, each being the mean of twenty determinations,
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representative of average atmospheric transmission at Washington,
D. C. An arithmetical mean of these two sets of data was adopted
by the authors as their primary standard. (Practically the same
average has previously been used as a standard white in the O.S.A.
Colorimetry report for 1920-21. Cf. J.O.S.A. & R.S.I. , 6: pp.549,
557, 560, 563; August, 1922.) This choice of sunlight data in
preference to 5000°K is believed justified in view of the above discussion, especially since 5000°K was tentatively adopted by the
Table I
Primary standard of sunlight.
Relative spectral energy data for average noon
sunlight as adopted by the authors from data of Dr. C. G. Abbot.
Practically
the same average has previously been used as a standard white
in the 0. S. A. Colorimetry report for 1920-21.
Energy
Cf. Sec. 2.
Energy
Relative
Wave-length
Relative
Wave-length
in millimicrons
in millimicrons
550
101.72
60
360
15.97
100.00
70
20.47
70
98.37
80
80
97.18
25.06
30.08
95.65
90
90
400
10
20
30
40

45.19
57.34
65.85
69.20
77.76

600

450
60
70

650
60
70

80
90

86.85
92.25
96.94
99.04
100.57

500
10
20
30
40

101.77
101.15
101.20
101.05
100.91

10
700
20

10
20

95.17
94.26

30
40

93.16
92.16
91.01

80
90

89.67
88.52
86.37
84.70
82.69
80.54
78.05
76.09

International Congress to represent sunlight quality and is, therefore, only a means to an end and not itself an ideal. The energy
distribution of mean sunlight is given in Table 1 and illustrated
in Fig. 1.
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3. Filters for the Reproduction of Sunlight
To be suitable for use with incandescent light sources as working standards of sunlight for photographic sensitometry, filters
should have the following characteristics: (1) They must be reproducible from specification; (2) they must have a satisfactory
spectral energy match with sunlight; (3) they must be reasonably
permanent; (4) they must be of practicable dimensions; and (5) they
must have a reasonably high transmission. Glass, dyes, and quartznicol combinations, which have proved satisfactory for certain
particular problems in sensitometry and colorimetry, are all lacking
in one or more of these respects.*
By means of solutions in a double glass cell (illustrated below)
the authors have devised filters which, they believe, meet the
requirements noted above. The principal constituent of such filters
is a blue solution which converts the yellowish incandescent light
to white sunlight. Previous investigators, in attempting to construct
similar filters, have used copper sulphate in aqueous ammonia
solution to secure the requisite blue color. The ammonia solution,
however, attacks the glass of the cells and bottles. It is, besides,
very volatile and any change in the ammonia content changes the
spectral transmission of the solution.
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The authors have, therefore, used pyridine instead of ammonia
with the aqueous copper sulphate solution. (Mannite is used in
this solution as a preservative.) At the concentrations used the
pyridine has a negligible effect on glass. The pyridine is somewhat
less volatile than water (boiling point 115. 5°C). A second solution
(necessary, also, if ammonia were used) consisting of an acidified
aqueous mixture of copper sulphate and cobalt ammonium sulphate
produces desired absorption in the red and green.
These two solutions — A, the aqueous pyridine-mannite solution of c,opper sulphate, and B, the aqueous solution of copper
sulphate and cobalt ammonium sulphate — are contained in a twocompartment cell, such, for example, as is illustrated in Fig. 2.

Fig. 2.

Tentative form of cell used in preparing Davis-Gibson filters.

The essential specification of this cell is that it consist of three
borosilicate glass plates (each 2,5 mm. thick, refractive index,
D line, = 1.51), separated by two glass frames, each 10.00 mm. thick,
containing the respective A and B solutions.
A thorough spectrophotometric study has been made of the
various solutions and the glass cell. This study included extensive
measurements of spectral transmittancy on the medium concentrations ofthe three components, and a study of Beer's law and
possible changes of the solutions with time and temperature. Using
the spectrophotometric data thus obtained, a series of light filters
was designed for converting the spectral energy distribution of
light sources at any color temperature between 2300°K and 4000°K
to the nearest practicable energy match with the adopted sunlight
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data. (Spectral energy data for a complete radiator, "black body,"
were obtained from Bur. of Stands. Misc. Pub. No. 56. At any
given color temperature the relative energy distributions of a complete radiator and an incandescent light source are practically
identical in the visible spectrum.)
Filters were computed at every 100° of color temperature
of source (in addition to 2360° and 2848°), obtaining not only the
best practicable energy match, but also a perfect color match
with the sunlight data and therefore with each other. The filters
thus have important applications in colorimetry and photometry.
Furthermore, it was also possible to control the concentrations of
the three component salts so that, when plotted against color
temperature of source, perfectly smooth curves resulted. This
enables the proper concentrations to be obtained for any intermediate color temperatures.
In photographic sensitometry it is important not only that the
illumination which falls on the emulsion during the exposure be of
sunlight quality, but also of known quantity. It is, therefore,
necessary to know the light transmission of each filter for its respective light source. The light transmissions were computed from the
spectral transmissions using the respective energy distributions and
standard visibility data adopted by the International Commission
on Illumination (Cf. Trans. I.E. S., 202: pp. 629, 632; July, 1925).
The candle-power of the lamp and filter combination is obtained by
multiplying the candle-power of the lamp (without filter) by the
light transmission of the filter.
Detailed description of three of these filters, viz., 2360°, 2600°,
and 3000° to Mean Sun, are presented in Figs. 3, 4, and 5, respectively. These charts are self-explanatory. By comparison one with
another it may be seen that the lower the color temperature of the
the light source the greater are the concentrations necessary to
secure the proper color, and the greater the concentrations of the
components the lower is the transmission and the greater are the
departures of the resulting energy distribution from the sunlight
data. The best energy distribution match is obtained at approximately 3300°K. It may again be noted that the color match is in
all cases perfect.
Filters for any intermediate color temperature between 2300°K
and 3000°K can be prepared from the data given in Table 2 by substituting the weights of ingredients given in this table for those

given in the formulas of Figs. 3, 4, and 5. In the last column of the
table the light transmissions for each
ct filter are given.
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25" C

23 60°K
Mean
Sunlight
Relative Energy
of
Filter
Combination
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Filter
2360" K
= 0. I352

FORMULA

Copper Sulphate (CuSCV5Ht0)
3.707
Manmte
(C6H8(0H),)
3.707
Pyrid.ne
(C5H5N)
30.0
Water (distilled) to make
I000.

grams
grams
cc
cc

B
Cobalt Ammonium Sulphate „
(CoS04-(NH4),S04-6H20)

2 6.3Z7
Z7.S80

Copper Sulphate (CuS04-5H20)
I0.0
Sulphuric Acid (sp.gr. I.835)
Water (distilled) to make
I000.

grams
grams
cc

for= aI.5I).
one
These data are ne.
centimeter layer
cell
each
of solutions A and B in a double
icate crown
with
three plates
thick.
borosi
(refractive index. D
each 2.5 mm
glass
Adjusted to makeof sum of E - E from 400
to 720
m/i
equal ' practically
to zero
Factor to be used to multiply the candle-power
of the light source to obtain the candle-power
of the source- and -filter combination

Chart describing 2360 °-to-sunlight filter.
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Pig. 4. Chart describing 2600°-to-sunlight filter.
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Fig. 5. Chart describing 3000°-to-sunlight filter.
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Table 2

Concentrations (grams per liter) of ingredients necessary to convert so the color
and spectral energy distribution of the respective light sources to average
noon
CO
sunlight. The filters are prepared according to the specifications illustrated in

■1$

^3 A

2300

2400

20
40
60
80

2500

20
40
60
80

2600

20
40
60
80

2700

20
40
60
80

©

1
3^

3.901
3.835
3.770
3.707
3.644

28 . 300
27.801
27.312
26.827
26.347

28.25
27.90

3.582
3.522
3.463
3.405
3.348

25.870
25.397
24 . 943
24.495
24.041

26.48
26.13
25.78
25.43
25.08

.144
.149
.153
.158
.163

3.292
3.237
3.183
3.128
3.076

23 . 590

24.73
24.38
24.04
23.69
23.34

.168
.173
.178
.183
.188

3.024
2.973
2.923
2.874
2.825

21.400
20.972
20.556
20 . 145
19.732

23.00
22.66

.193
.198
.203
.209

2.777
2.730
2.684
2.639
2.595

19.325

CO

27.54
27.18
26.83

23.142
22.704
22.266
21.832

18.925
18.541
18.164
17.780

.

22.32
21.98
21.64
21.30
20.97
. 20.64
20.33
20.02

"«*

.122
.127
.131
.135
.140

IS

.214
.220
.225
.231
.236
.242
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UA} Solution in M
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Figs. 3, 4, and 5. The computed light transmissions of the filters for the respective sources are given in the last column.
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2800

20
40

60
80
2900

20
40
60
80
3000

235
.248

2.551
2.507
2.464
2.421
2.379

17.400
17.024
16.659
16.298
15.936

19.72
19.44
19.15
18.86
18.58

2.337
2.295
2 . 256
2.217
2.178

15.580
15.230
14.892
14.560
14.227

18.30
18.03
17.77
17.51
17.25

.277
.283
.289

2.140

13.900

17.00

.307

.253
.259
.265
.271

.295
.301

4. Miscellaneous Details Regarding the Filters and Their Use
A Bureau of Standards scientific paper is being prepared which
will contain a complete description of this series of filters as well
as a second series which converts
range from 3500°K to 10,000°K.
with the investigation which must
in that paper. The following more
be noted:

2848°K to any color within the
Innumerable details connected
be omitted here will be presented
important points may, however,

(1) The chemicals should all be of C.P. quality. In the cobalt
ammonium sulphate the proportion of nickel to cobalt (the metals)
should be not more than 1 to 200. The C.P. grade of pyridine
usually has a strength of about 98.5 per cent. The pyridine used in
our investigation was 98.4 per cent strength. For use in filters for
sensitometry a variation of 1 or 2 per cent either way would be of
little importance. For color matching purposes a correction to the
quantity used is recommended when the strength of the pyridine
departs appreciably from our standard of 98.4 per cent. Pyridine
may be tested for strength by titration with half normal sulphuric
acid, using methyl orange for an indicator.
(2) The cell, illustrated in Fig. 2, is one of several possible
forms. The essential part of the specification has been noted above.
The cell illustrated is 76 mm. square and the central aperture containing the solutions 43 mm. in diameter. Borosilicate crown glass
was chosen for the three plates because it is the hardest and most
transparent of optical glasses and is probably the most resistant to
chemical action. Black glass is recommended for the two frame
pieces, as it thus serves as a diaphragm preventing the passage of
any light except through the solutions.
A small hole, 5 mm. in
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diameter, cut from one side of the black glass frame to the central
aperture, may be closed with a cork stopper and used in filling the
cell.
(3) The effect of temperature change on the A and B solutions
was carefully studied over the range of concentrations used. The
data as adopted and illustrated are for 25°C and it is recommended
that working temperatures be kept as close to this point as possible.
While the colors of two otherwise identical filters differing by 10°C
may possibly be just perceptibly different (but only so under the
best photometric conditions), their transmissions at certain regions
of the spectrum (and, hence, the resulting energy distribution) will
differ by several per cent. The light transmission of the 2360°K
filter increases with temperature by approximately 0.0004 (i.e., 0.3
per cent) per degree C.
(4) The change in transmission with time has been investigated.
Solution B shows no change in a year's time. Solution A shows a
slight change with time. The data given apply accurately for the
first month or two after preparation. A 3.000 gram solution, after
standing a year in a stoppered bottle exposed to the ordinary
diffused light of a room, showed an increased transmission in the
violet and a decreased transmission in the red of several per cent,
sufficient to cause a possibly just perceptible difference in color.
The change in transmission through the brighter part of the visible
spectrum is small and of such a nature as to cause practically no
change in the light transmission.
(5) The uncertainty in the computed spectral transmissions has
been found very small by direct measurements on complete filters
for 2360°K, 2848°K, and 4000°K. Measurements were made at
32 different wave-lengths from 404.7 to 700 m/x without temperature
control (although on the average the temperature was close to
25°C) for each of the three filters. The deviations between the
computed and the directly observed values averaged less than one
per cciii, will) individual deviations rarely as large as two per cent
and none larger than three per cent. Some of these deviations are
explainable as temperature effects, and further work would have to
be 'lone to provi thai the computed values are in error. Assuming
the directly observed values correct and the computed values in
'•nor, the deviations are of such a nature as to have no appreciable
effect on the color and but slighl effect (less than one per cent) on
I he computed light t ransmission of any of the filters.

MOTION

PICTURE PHOTOGRAPHY
HIGH ALTITUDES

AT

J. Noel*
PHOTOGRAPHING the Mt. Everest climb certainly lives in
my memory as the most difficult task I have ever encountered
in open-air naturalistic photography. It was a privilege for me to
act as picture historian for this famous expedition and perhaps the
following notes from experiences gained may be of interest and
utility to other photographers who may undertake motion picture
photography at high altitudes.

Effects of High Altitude upon the Human Body and Mind and
the Consequent Reactions upon the Physical
Operations of Photography

Fig. 1 . The Newman Sinclair Camera with automatic electric drive. The main
chain of the Himalaya Mountains form the distant background.
* Official photographer, Mt. Everest Expeditions.

237

238

Transactions of S.M.P.E., Vol XII, No. 33, 1928

In order to stress what is a vital factor and one which normally
would not be appreciated to its full significance, I will first deal with
this important physical and psychological aspect of the problem,
because unless this is fully considered and plans made to overcome
the obstacles it creates — obstacles sufficiently serious to ruin the
best made plans with the most perfect camera equipment — then the
net result will be that no pictures are made.
Lack of oxygen in the atmosphere at high altitudes causes a
retardation of all bodily functions, not only in the power of the
muscles but also in the activity of the brain. To illustrate the effect
of this upon myself and on the other members of the expedition, I
will briefly describe my experiences in reaching the summit of the
great ice cliff of Everest, 23,000 feet above the sea — the highest
elevation to which I carried cameras, and the point of observation
for my long distance photography of the upper ridges of the mountain.
"

Fig. 2. Everest — The

monarch

■.

■

i

of mountains.

From the glacier of Everest at 21,000 feet rises a sheer wall of
ice as a 1,000 ft. precipice. Two thousand steps had to be cut with
our axes and four hundred feet of rope carried up to render the
ascenl safe for laden porters. The summit ledge of the cliff was an
important camera station for long distance pictures of the men on
the higher ridges of the mountain. I spent four days and nights at
fchis heighl but, through the altitude and lack of oxygen in the air
causing mountain sickness and mountain lassitude, I found I was
incapable of exciting sufficient physical energy and of maintaining
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mental concentration to operate a camera. Even the simplest
camera manipulation became an ordeal. It is impossible for anyone
who has not experienced this physical and mental debility of extreme altitude to realize this condition. The only parallel I can
quote is the condition of violent sea-sickness and the incapacity
that results from that condition.
On first reaching 23,000 feet we were so exhausted we sat
around our tents in the snow for some two hours in a dazed condition incapable of action. My camera was in my tent. To get it
out of its case and shoot a scene was a thing that filled me with
dread. I felt overcome by a mental coma. My companions, skilled
climbers, felt the same. They sat about for a long time without
being able to do anything. Eventually we made some breakfast but
performed every action at a ridiculously slow speed. I felt so exhausted that I went to my oxygen breathing apparatus, opened the
faucet wide and breathed the gas for 15 minutes. This had a
marvelous effect and I quickly became another being. I woke up,
took notice and regaining full strength, I was able to commence
my work. When my companions started off on their high ascent
to 27,000 feet, I was able to manipulate my camera and get long shots
of them at one-mile range.
The conclusion of this experience is that artificial breathing
of oxygen is necessary for any photographer who contemplates
elaborate or intricate work at high altitudes on mountains or in
airplanes above, say, 21,000 feet.
Equipment and Camera
Two main considerations govern the selection of cameras for
high-altitude mountain photography, portability and freedom from
static troubles. My main camera was a Newman Sinclair, 400 ft.
capacity, all metal construction. Duralumin is superior to aluminum in its greater strength with equal lightness. The weakness of
aluminum is its unsuitability to certain climates and atmospheres.
In the camera design it is absolutely essential that —
1. There must be no friction on the film.
2. There must be no velvet pads whatsoever at the light traps
of the magazine.
3. No camera should be used unless equipped with automatically opening mouths to the film magazines, as in the Bell and
Howell and N. S. cameras.
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4. Only cameras built like the Bell and Howell for heat insulation of the film from the metal body of the camera should be used.
(N.B. Polished duralumin as in the N.S. camera is itself effective in
heat insulation.)
At high altitudes, particularly in the tropics, the atmosphere
is so intensely dry that static becomes a serious menace and no
camera except one incorporating the design detailed above should
be used. The apparatus above "described is entirely efficient and no
trouble with static should ever occur provided the proper care is
taken of the film stock.
I found no difficulty whatsoever with static and out of 30,000
feet of film exposed at high altitudes in the dryest atmospheres with
this camera equipment, not one foot of the film was static marked.

Fig. 3.

A long shot at \l/2 miles range of men ascending the
Everest at 22,500 feet above the sea.

Ice Cliff of

Tripods and Steadiness
Lenses of extreme focal length will be constantly needed and
used, therefore solid tripods with lens supports or platforms are
Deeded. The lens support or platform must be an integral part of
the tripod top and reliance must not be placed upon the use of
double i ripods.
Steadiness in handle turning when the operator is exhausted
and breathing heavily at high altitudes may be overcome, as on
Mt. Everest, by using an electrically motor-driven camera.
The
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N.S. camera being of very light construction but very serviceable
and strong, is driven easily by a 6-volt motor weighing one and onehalf pounds and 4,000 feet of film can be exposed by the energy of
one 10 lb. weight Edison alkaline storage battery.
Spring-driven Hand Held Motion Picture Cameras
At high altitudes where direct photography without dissolving
shutter and studio effect attachments is required the most suitable
camera will be one of the new tripodless hand cameras, like the
Bell and Howell Eyemo, which is spring-motor operated. The new
N.S. Auto-Kine camera of duralumin with 200 ft. magazines with
ready self -threading film loops and motor capacity to drive 150 feet
of film at one winding of the motor enormously facilitates high
mountain and aerial photography.
Transportation of Camera
The guiding considerations in designing special carrying cases
for high altitude work are —
1. Quick accessibility to the apparatus and rapidity in getting
the camera into action.
2. Weather-proof and temperature-proof method of transporting the camera on a man's back.
On the expedition to Mt. Everest, Norwegian back-carrier steel
tubular frames, with shoulder straps and hip straps, were used.
This system keeps the load away from the spine and balances its
weight evenly on the shoulders and hips. It is the best method of
carrying weights at high altitudes and over rough and confined
trails.
The cameras were packed in weather-proof and heat insulated
light steel cases. The interior of the cases were made to fit the shape
of the cameras, and the cameras were carried with all attachments
and accessories needed for operation, ready in place. This latter
point was found to be a vital consideration in time and labor saving.
Film Stock and Its Care
Experiences led to the conclusion that the ordinary rules for
the care of film were sufficient and needed no special modifications
for high altitude work. Ordinary and panchromatic film stock exposed to temperatures of 40° below zero suffered no ill effects, but
exposure to sun's heat and extreme changes of temperature were
always carefully avoided.
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Light values vary considerably and led to a wide range of
exposures. The only satisfactory exposure guide was found to be
the constant use of exposure meters working on the principle of
directly measuring the actinic value of the light.
The only special experience was that the jolting of the cameras
in transportation tended to loosen and perhaps unwind the film
spools in the magazine, thereby causing friction marks. This was
prevented by fitting special locking devices on the shaft of the film
cores.
DISCUSSION
Mr. Crabtree: It would seem to me that a spring-driven
camera would not work very satisfactorily at — 40°F. I don't know
whether anyone has had experience with this.
Mr. Porter: I have been wondering what the object of this
expedition was. If it was a question of getting unusual scenes on
the trip up the mountain, I can see why they were warranted in
making the climb, but I wonder if it could not have been done by
going up in an airplane.
Mr. Crabtree: Captain Noel told me that he discussed this
possibility with the Army experts at Dayton, and they are doubtful
if it would be possible to do any recording in a plane at such an
altitude. At the top of Everest the wind blows at a rate of 150 miles
an hour on one side, and on the other side a vacuum is created, so
that the plane would drop a thousand feet or so as soon as it got
over the edge. Captain Noel answers in his book the questions as
to why they went up. It was just man's urge to know about everything there is on the earth. It is about the last thing that man has
to conquer on this earth, and undoubtedly he will do it the next

time.

Mr. Bird: In regard to the spring-driven camera, we have
occasion to use one at extreme temperatures in Northern Canada.
At times it is 1()-42°F. below zero. At 35° below zero last winter,
we had do difficulty with static or from the spring slowing down.
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The Society of Motion Picture Engineers
Its Aims and Accomplishments.

fT^HE SOCIETY was founded in 1916, its purpose
yjy as expressed
in its and
constitution
ment in the theory
practice ofbeing,
motion"advancepicture
engineering and the allied arts and sciences, the standardization ofthe mechanisms and practices employed
therein, and the maintenance of a high professional
standing among its members. "
The Society is composed of the best technical experts
in the various research laboratories and other engineering branches of the industry in the country, as well as
executives in the manufacturing and producing ends of
the business. The commercial interests also are represented by associate membership in the Society.
The Society holds two conventions a year, one in the
spring and one in the fall, the meetings being generally
of four days' duration each, and being held at various
places. At these meetings papers are presented and discussed on various phases of the industry, theoretical,
technical, and practical. Demonstrations of new equipment and methods are also often given. A wide range
of subjects is covered, and many of the authors are the
highest authorities in their distinctive lines.
The papers presented at the convention together with
the full discussions are printed as Transactions after
each meeting. These Transactions form the most complete technical library in existence of the motion picture
industry. They are sent to each member of the Society
and may be obtained by non-members at a very nominal sum,
From the Secretary:
L. C. Porter
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STANDARDS

ADOPTED

BY THE

SOCIETY

OF

MOTION PICTURE ENGINEERS*
DIMENSIONAL STANDARDS
1. Dimensions of Newly Cut and Perforated Film.
a. Standard 35 mm negative film
The dimensions for this material are shown in chart
No. 1.
b. Standard 35 mm positive film
The dimensions for this material are shown in chart
No. 2. It will be noted that two forms of perforation may
be used with this material, both forms being recognized as
standard by the Society.
c. Safety standard 28 mm 'positive and negative film
The dimensions for these materials are shown in chart
No. 3.
d. Standard 16 mm positive and negative film
The dimensions for these materials are shown in chart
No. 4.
2. Frame Line.
a. Standard 35 mm film
The frame line shall be half way between two successive
perforations on each side of the film.
b. Safety standard 28 mm film
The center of the frame line shall pass through the
center of a perforation on each side of the film.
3. Film Splicing Specifications.
Standard dimensional specifications
for the making of
by
film splices for laboratory and exchanges are given in chart
No. 5.
4. Lantern Slide Mat Opening.
3.0 inches (76.20 mm) wide
2.25 inche (57.1 mm) high.
5
s
* Available in pamphlet form on application to the Secretary. These
standards were approved by the American Engineering Standards Committee,
April 9, 1928.
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5. Motion Picture Projector Sprockets.
a. Take-up sprocket
The take-up sprocket which is a hold back sprocket on
a motion picture projector, should be designed to have the
same pitch as the perforations on film which has shrunk to
the maximum amount occurring in films of commercially
useful condition as supplied by exchanges. This value of
shrinkage is taken as 1.5% and the dimensions of the
standardized take-up sprocket are computed accordingly.
The essential dimensions are: Base diameter 0.9321
inches (23.67 mm). Tooth thickness (at base) 0.050 inches
(1.26 mm).
Other dimensions of the standard take-up sprocket are
given in chart No. 6.
b. Intermittent and feed sprockets
The intermittent and feed sprockets should be designed to have the same pitch as the perforations on newly
processed film which is 0.13% less than the pitch of newly
cut and perforated film, see charts 1 and 2.
The dimensions of the standard intermittent and feed
sprockets are computed to conform to these requirements.
The essential dimensions are: Base diameter 0.9452
inches (24.01 mm). Tooth thickness (at base) 0.050 inches
(1.26 mm).
Other dimensions of the standard intermittent and
feed sprockets are given in chart No. 7.
6. Dimensions of Motion Picture Projection Aperture.
a. Standard 35 mm film
Width 0.9060 inches (23.01 mm).
Height 0.6795 inches (17.26 mm).
/;. Safety standard 28 mm film
Width 0.748 inches (19.00 mm).
Height 0.551 inches (14.00 mm).
7. External Diameter of Projection Lenses.
a. No. 1 Projection Lens
External diameter of lens barrel 2^V inches (51.59 mm).
b. No. ,1 Projection Lens
External diameter of lens barrel 2|| inches (70.65 mm).

Standards Adopted by S.M.P.E.
RECOMMENDED
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PRACTICE

1. Aperture Size.
The existing ratio of 3 to 4 between height and width
of picture should be retained when introducing any new size
of film.
2. Leaders and Trailers.
These should be opaque with markings embossed on
them. In a multiple reel story each trailer and the leader
immediately following should be marked with the same
title.
3. Thumb Mark.
The thumb mark on a lantern slide should be located
in the lower left hand corner next to the reader when the
slide is held so that the slide can be read normally against
the light.
4. Take-Up Pull.
This should not exceed 15 ounces at the periphery of
a 10-inch reel, or 16 ounces on an 11-inch reel.
5. Projection Lens Height.
The standard height from the floor to the center of
the projection lens of a motion picture projector should be
48 inches.
6. Projection Angle.
This should not exceed 12 degrees.
7. Standard Observation Port.
This should be 16 inches (40.6 cm) square with its
center 5 feet 3 inches (160 cm) above the floor when the
projection angle is zero, the center of the aperture to be
lowered 1 inch (25.45 mm) for each one degree drop in
angle of projection.
8. Projector Speed.
The standard practice should be the projection of 80
feet of standard film per minute with a maximum of 85
feet and a minimum of 75 feet.
9. Camera Cranking Speed.
A camera taking speed of 60 feet of standard film per
minute with a minimum of 55 feet and a maximum of 65
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feet should be used when normal action is desired, in connection with the Society of Motion Picture Engineers'
recommended practice of 80 feet per minute projection
speed.
10. Projector Lens Mounting.
The projector lens should be mounted in such a manner
that light from all parts of the aperture shall have an uninterrupted path to the entire surface of the lens.
11. Projection Lens Focal Length.
The focal length of motion picture projection lenses
should increase in \ inch steps up to 8 inches and in §
inch steps from 8 to 9 inches.
12. Projection Objectives, Focal Markings.
Projection objectives should have the equivalent focal
length marked thereon in inches and quarter and halves
of an inch, or in decimals, with a plus (+) or minus ( — )
tolerance not to exceed 1 per cent of the designated focal
length also marked by proper sign following the figure.
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REPORT

OF STANDARDS AND
COMMITTEE

NOMENCLATURE

AVERY
careful review of all of the standardization work
done by the Society up to Jan. 1, 1928, has been made. The
dimensional standards officially adopted by the Society prior
to this date have been summarized, and together with the officially
approved recommended practice, have been presented to the American Engineering Standards Committee for incorporation in the body
of their recognized standards. In presenting this material to the
American Engineering Standards Committee, all dimensional standards relating to film, sprocket dimensions, etc., were shown, in so far
as possible, in the form of dimensioned charts. These were printed
in the form required by the Committee and the requisite number of
copies submitted to that organization. On April 9 we were informed that all of the proposed dimensional standards, together
with the recommended practice, had received the official approval
of the American Engineering Standards Committee. This material
has been printed in the form of a booklet, and is now ready for
distribution.
The current work of the Committee has dealt largely with
two general classes of work: (a) Standardization of practice
in the 16 mm. field; (b) the standardization of practice in the field
of sound reproduction.
In accordance with the practice adopted in presenting our
dimensional standards to the American Engineering Standards
Committee, the dimensional standards which the Committee wishes
to place before the Society for consideration at this time are
shown in the form of dimensioned graphic charts. This method
seems to be very much more satisfactory than an attempt to incorporate dimensional standards in the body of the report without
drawings indicating their significance.
In Chart No. 8 are shown the proposed standard dimensions
for 16 mm. feed sprockets. It will be noted in the table, which is an
integral part of Chart No. 8, that dimensions are shown for sprockets of 5, 6, 7, and 8 teeth, and also. the dimensions which should be
used in each case when 2, 3, and 4 teeth are to be in contact with
I be film.
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16% FILM
STANDARDIZED SPROCKET SIZES
Fee d Sprockets
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Chart 8.

Proposed standard dimensions for 16 mm. feed sprockets.

In Chart No. 9 similar dimensions are given for the take-up
(hold-back) sprocket for 16 mm. film.
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16% FILM
STANDARDIZED SPROCKET SIZES
Take: up (HoldBa ckJ Sprockets
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Chart 9. Proposed standard dimensions for 16 mm. take up (hold back) sprockets

J n ('hart No. 10 are given the dimensions which should be used
when a single sprocket is to be employed as a combination feed and
take-up (hold-back) sprocket. It is common practice, in the design and construction of 16 mm. equipment, to use a single sprocket
u Inch serves both as a food and take-up sprocket. Under these conditions the dimensions as shown in Chart No. 10 should be used.
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16% FILM
STANDARDIZED SPROCKET SIZES
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10.

Proposed dimensions for single sprocket to be used as a
combination feed and take-up (hold-back) sprocket.

In Chart No. 11 are given the proposed dimensions pertaining
to camera and projector apertures. It is desirable that the film
track in a camera should be slightly wider than the film for which
it is designed. It is proposed that a value of 0.005 inch be adopted
as standard clearance in the design of 16 mm. cameras.
The di-
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mension alreacty adopted (see chart No. 4, in booklet of adopted
standards) as standard cutting size for 16 mm. film is 0.62992 inch,
with a tolerance of 0.00197 inch. The adoption of 0.005 inch as

STANDARD
I6M/M APERTURES
PROJECTOR

CAMERA

Q380

0.4/"

-E3--

Z.79m/m

'a/009"
ZlSmlm

0./009"'

('ffAUT 1 1. Proposed dimensions of 16 mm. camera and
projector apertures.
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16% FILM SPLICES
Diagonal Splice

Straight Splice

Chart 12.

Dimensions of proposed 16 mm. splices.
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standard clearance, therefore, gives a value for width of the film
track of 0.63142 inch.
In considering the question of 16 mm. splice dimensions,
the Committee has found that at the present time two forms of
splice are in use; one of these is a straight splice, and the other
of diagonal form. The dimensions of these two forms of splice
which are at the present time in use, are shown in Chart No. 12.
It is probable that both types of splice will be used extensively
for some time. It is the opinion of the majority of the Committee
that the Society should recognize both forms as standard. It is recommended, therefore, that the dimensions shown in Chart No. 12
be adopted as standard for the 16 mm. splices.
The Committee is not, at the present time, in a position to
propose any definite dimensional standards pertaining to practice
in the field of sound reproduction by photographic methods. This
matter has been discussed at great length by the Committee as a
whole, and work is at present under way which will probably lead to
the proposal of dimensional standards at the next meeting of
the Society. Various organizations working in this field have
submitted blue prints showing their present practice. These blue
prints could be published with this report, but the Chairman of
the Committee feels that it is rather undesirable to do this, especially since it is probable that agreement will be reached in
the near future, and that at the next meeting we will be able to
present definite proposals for dimensional standards in this field.
Some of the items for which it seems desirable to establish dimensional standards as soon as possible are: Width of sound
track, position of sound track on the positive film, size of picture
area, taking speed and projection speed, position of reproducing
slit relative to projector aperture, etc.
The question of viewing angle in motion picture theaters
has again been brought to the attention of the Committee. Recommended practice has already been proposed relative to projection angle. It has been recommended that the projection angle
should not exceed 12°r No recommendations, however, have ever
been made by this Society as to the limiting viewing angle in
the horizontal plane which may be tolerated as good practice.
Distortion produced by an excessive viewing angle in the horizontal
plane is probably as serious as excessive distortion due to an excessive projection angle,
It seems highly desirable, therefore, that
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we should make some recommendation of maximum viewing angle
which may be considered as good practice. The Committee feels
that the entire question of viewing and projecting angles should
be considered as a single problem, and during the next half year
an attempt will be made to draw definite proposals for presentation
at the next meeting.
Respectfully submitted
L. A. Joxes, Chairman
H. Griffix
E. I. Spoxable

D. MacKexzie
L. T. Robixsox
R.

J.

J. H. McXabb
R. S. Berxap

POMEROY

DISCUSSION
Presidext Cook: It is necessary for us to have a quorum
(25 active members) in order to take action on the adoption of
any dimensional standards. I have requested that all active
members come into this session, so that we may act on this report. I think it would be highly desirable for us to make the
initial approval of the Committee's recommendations. While we
usualh' have a good deal of discussion on the question of standards, it is not necessary at the time of initial approval, since
ample opportunity will be given for further discussion before
the final adoption of the standard at a subsequent meeting. I
would suggest that the charts be again shown separately; then
we can act on all of them at one time.
Mr. Joxes: I will show the charts again rapidly, so that
you will know exactly what standards are being proposed. The
standards which we are presenting to you for initial approval
today are shown in charts Xos. 8, 9, 10, 11, and 12: and in addition,
in cameras designed to use 16 mm. film (See chart Xo. 4) width of
film track = 0.63142 inch.
Mr. Cuffe: May I ask why you have the combination
sprocket*?
Mr. Joxes: This sprocket is used in case the same sprocket
must serve as a feed and take-up sprocket.
Mr. Cuffe: On the standard machines they cut an upper or
a lower and use an intermediate sprocket.
Dr. Mees: On the amateur machines most of them use
combination sprockets, that is only one type.
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Mr. Ross: The variation for two teeth is 1.54; for three,
1.57; and for four it drops to 1.52. Why is there a rise and then a
fall?
Mr. Jones: It is a result of dropping out the figures which
are not significant.
{Motion made and duly seconded giving the initial approval
to the standards proposed.)

PROGRESS

IN THE

MOTION

PICTURE

INDUSTRY

April, 1928 Report of the Progress Committee
Introduction
THIS report of progress in the motion picture industry is
composed of abstracts taken from the public press and from
technical journals and transactions of scientific societies. The items
reported therefore consist of opinions, plans, hopes, as well as the
facts of solid accomplishment and the vital statistics of the industry.
The report is necessarily brief and incomplete, but it is hoped that
it indicates clearly the several strong trends that are moving the
industry at the present time.
Respectfully submitted,
Frank Benford, Chairman
J. I. Crabtree
C. E. Egeler
K. C. D. Htckman
Color Photography
The tri-color camera problem has been attacked by a method
in which the three color records are preferably taken simultaneously
with transparent reflectors to intercept the cone of rays from the
lens and deflect certain proportions to the three image planes.
Thin colored glasses, mounted in aluminum alloy castings, are
preferred to cemented filters as reflectors. The use of an ordinary
plate for the blue record, a red-sensitized plate with an orange or
yellow filter for the red record, and a pinaflavol-bathed plate for
•the green record is claimed to give greater speed than the use of
three panchromatic plates with blue, green and red filters.1
In a two-color additive process, the two color records are taken
with a beam splitter and made to occupy the same space as one
ordinary frame. The pictures are at right angles to the ordinary
direction. The positive film is projected in an ordinary projector
fitted with color filters, and two sets of prisms and lenses to erect
the two pictures and project them in superposition on the screen.
The advantage of this process over the subtractive process lies in
its cheapness.2
267
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In the Horst three-color additive process, the three color records
are taken on panchromatic negatives of 60 mm. width. Beam
splitters are used with a single //2.3 objective to avoid parallax.
The positive, printed on a projection printer, is on film of normal
width, and has the three pictures at the corners of a triangle. The
pictures are superimposed on the screen by three projection lenses.3
A patent relating to color motion pictures has been issued,
wherein two separate emulsions on opposite sides of a base record
different sides of the spectrum. Each positive is printed with a
design through a ruled screen so that on one side the lines register
between the lines on the other side. These lines may be about
400 to the inch.4
Under the title Imbibition Coloring of Motion Picture Films
the author gives a brief description of producing color films
by a stencil process. The "color plates" or stencils are made by
hand. The dye is then transferred to the positive by an imbibition
printing method. The "color plates" are said to Be very durable,
permitting the production of a practically unlimited number of
prints. The negative is usually taken in a two-color camera. A
black and white print is made from the red filter record and the
color from the various stencils corresponding to the color separations desired is printed on this by imbibition. The color printing
is done by suitable machines which must be constructed with great
precision.5

Cameras

To enable the cameraman to follow rapidly moving objects,
a device supports at eye level a 35 mm. motion picture camera from
the shoulders and chest of the operator. The camera is driven by
an electric motor supplied with current from a portable battery.6
A detailed explanation of telephoto lens systems is given with
diagrammatic illustration. To indicate the particular and specialized uses of telephoto lenses, the advantages and disadvantages of
telephoto pictures are discussed. Various makes of telephoto lenses
are described and their apertures listed.7
A high-speed camera has been designed to operate at 120
to 140 frames per second or at normal speed. The intermittent mechanism consists of the usual pair of claws for advancing the film
and in addition another pair which is moved in and out of the film
plane to bring the film to rest in the correct position.8
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A new high-speed camera of simplified construction consists
of a rotating wheel carrying a number of lenses all focused for infinite distance. An auxiliary lens of focal length equal to the object
distance collimates the light striking the objectives. The apparatus takes 50 pictures in 1/20 second, the pictures being about
5/8 of an inch in diameter.9
A motion picture camera which will take 48,000 exposures a
second and which will be useful in scientific and experimental work
has been invented and patented in Germany.10
The invention of a new camera and projector has made it
possible to project a screen picture 35 feet wide. The camera uses
film 57 mm. or 2 J inches wide as compared with standard film of
35 mm. By mounting the lens on a mechanism which has its center
of rotation below the optical center of the lens it is possible to get
an angle of 60° as against the usual 44° angle of a lj-inch lens.
The lens action is similar to that of a panoramic Kodak. Likewise
the projector is equipped in a similar way, but the sprockets are
so arranged that standard 35 mm. film can be projected when so
desired. The mechanism can be adapted to practically all standard
projectors on the market. The camera and projector are distributed
under the trade name "Widescope."11
Educational
The Moving Picture Managers Institute, Inc., is giving a course
in Theater Management, starting Jan. 16, 1928. Theater advertising and theater technics are included in the curriculum. One of
the class rooms of the institute is a combination classroom and
miniature theater equipped with professional theater apparatus
for the use of the students.12
The Publix Theatre Managers' School has been established to
provide training for men who hope to become motion picture theater
managers. The training extends over a period of six months and
is given in the theater-auditorium of the school. The schedule
includes about 700 hours of formal instruction, given by experts
in various lines.13
In an article on Instruction in Motion Picture Photography,
attention is called to the lack of organized training of satisfactory
quality in motion picture technology. It is suggested that an
endowed school in this field would provide a satisfactory supply of
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technicians for the industry. It is suggested that such a school
would also be a satisfactory place in which to make educational
films.14
A Twelve-Year Trial of Educational Films is an account
of the work which the United States Department of Agriculture
has done during the past fourteen years in educational motion
pictures. During this period, the department has produced more
than 300 subjects, of which 230 are now in circulation. The method
of producing and exhibiting these is outlined. The experience of
the department leads to the conclusion that educational films are
extremely effective and that this field contains enormous possibilities which may exceed even the use of the film for entertainment.15
Visual Education in Retrospect relates that while the motion
picture is not always the most effective way to present ideas, it has
its own field on which it may not fear encroachment, especially in
certain phases of geography and history. Films should be adapted
to the school curriculum and preferably subordinated to it.16
In a paper, the director of the National Bureau of Standards
calls attention to the many ways in which the Bureau may be of
service to those working on technical motion picture problems.17
Film and Emulsions
A motion picture film without gelatin is described as a celluloid film in which sensitive material is dispersed. It may also be
possible to make a chromated film without gelatin. By using the
principle of the wet collodion plate a third type of film might be
produced.18
A sensitometric study of a German Panchromatic film emulsion
has been made. Relative speeds to arc light, tungsten, and daylight,
and suitable developer formulas are given.19
A patent describes a process of lessening the curling in photographic films by applying a plurality of thin coats of varnish, one
upon the other, to the rear face thereof.20
According to another patent a metal ribbon attached to the film
will prevent contraction or expansion.21
A case is recorded of panchromatic plates being placed in dark
slides in 1014 and not exposed until 1927., when they were found
excel lent except for edge-fog that extended in for one-eighth inch.22
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A German firm now supplies six types of negative motion picture film: "special," "extra rapid," "Kinechrom'Xorthochromatic),
"Neuchromo" (contrasty orthochromatic), "Pankine" (panchromatic), and tropical film.23
A report has been made of an investigation carried out by the
Motion Picture Producers and Distributors of America, Inc., on
the causes of film mutilation. The work includes a study of about
500 theaters in the Atlanta district. The causes of mutilation reported are classified as sprocket damage, scratches, mutilation of the
end of the film for signal purposes, and fire damage to film. An
analysis of each class is given. Inspection systems in vogue are discussed and in conclusion, recommendations for reduction of film
mutilation are made.24
A short note on Film in Good Condition for all Theaters calls
attention to various factors which may injure the film, resulting
in poor projection and unsatisfactory presentation of the picture.25
General
The distributing industry is drafting a Trade Practice Code at
the Trade Parley,26 and it is predicted that the government will
enforce the code.27
Perhaps the most important thing decided at the Trade Practice Conference last October in New York City28 was to make the
conference an annual event. It was felt that real progress could be
made at such conferences, and that they could do much to aid
cooperation in the industry.29
The future value of a negative depends upon its manner of
preservation. The Consolidated Film Industries, Inc., have fireproof
vaults equipped with humidifiers and thermostatically controlled
heating devices which insure prevalence of proper atmospheric
conditions at all times. Mistakes in ownership are rendered unlikely
by an elaborate system of negative recording and checking.30
The new production policy inaugurated last summer is demonstrating its effectiveness with better pictures produced economically
and efficiently. The workers are more content; fresh impetus has
been added by more youthful and far-seeing stars; and the directors
are giving better support to players and studio personnel.31 ,
The motion picture has long been established as the universal
entertainer, and its educational and social values far exceed its
worth in entertainment.
It has encouraged and vivified the arts,
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stimulated interest in the drama, painting, sculpture, music, literature, poetrjr, and dancing by employing the greatest masters in the
production of films and in the theatre. It has inculcated an artistic
taste among the masses. It has developed a wealth of dramatic
talent, has created many new professions and has encouraged
authors. It has stimulated every trade and especially the liberal
arts and the building construction fields. It has brought the peoples
of the world into closer touch, creating good understanding and
promoting world peace. The film takes us everywhere, broadening
our minds, and making us better citizens. It shows us how things
are made and gives us a realization of the unlimited cleverness of
man. Even the churches recognize the film as a great medium for
good and are rapidly installing projection machines. The motion
picture keeps the family together, helps parents to be up-to-date
with their children, keeps the children out of mischief and gives
the old people a new lease on life. These facts are given in a book
entitled Can Anything Good Come out of Hollywood*!*2
The public and motion pictures have been studied in a general
review of the exhibition problem. The author urges that the program for any particular theater should be made up specifically
to please a definite type of theater goer, and further suggests that
classification of the available material from the standpoint of
locality and spectators is much better than to make up the program
indiscriminately. Relation of the vaudeville act to the motion picture program is discussed.33
Under the heading The Business of International News by
Motion Pictures the author points out some of the advantages of
motion pictures as a means of disseminating news, and describes
the organization which is maintained at present by many of the
newspapers for obtaining pictures, both still and motion, of current
events. Specific cases illustrate how quickly events of interest are
photographed and how rapidly the negative is developed, prints
are made, and positives circulated. The manner in which the motion
picture of the Smyrna fire was obtained and released in New York
just fourteen days after its occurrence is described in detail.34
Illuminants
A iH\v metallic contact for starting a mercury vapor lamp
has been designed, which facilitates adjustment for either overhead
or side lighting.86
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A high-intensity arc lamp is said to produce steadiness in
illumination by having an automatic arc control. The lamp
operates at 50 amperes on a 110-volt circuit. The negative carbon
passes through the mirror and the positive carbon feed is controlled by a gear shift at the rear of the lamp housing.36
The Weinert Studio Arc Lamps can be made to take current
ranging from 15 to 500 amperes and effectively utilize a potential
difference of 160 volts at the carbon tips when running on a 200- volt
circuit. The three-phase sunlight lamp has three separate carbons
which feed toward each other at an equal angle of 120°. The small
enclosed arc lamps give satisfactory results on d.-c. or a.-c. while
the larger arcs run on a.-c. only.37
The quartz-mercury lamp and the incandescent lamp are given
particular attention in an article on the spectral composition of
various types of light sources in relation to photographic sensitivity. 38
A general review of the use of Mazda lamps for photography
has been made. The principles of photographic lighting are discussed, and illustrated examples of portrait and commercial photography are given. The spectral sensitivity of photographic materials
and the control of lighting, are briefly but well treated.39
A complete survey of recent figures in the illuminating art
has been made by the Illuminating Engineering Society. There
are over 600 references included with brief notes on the contents
of the articles.40
A second edition of a bulletin on Mazda Lamps in Photography
has been issued by the Harrison Works of the General Electric Co.
Typical illustrations of use in modern studios, commerce, and
home photography are given.41
Under the title Artificial Light Sources for Cine Taking, a
complete discussion is made of the various types of illumination
units available for motion picture studio lighting.42
In the early part of a paper on Lighting by Tungsten Filament
Incandescent Electric Lamps for Motion Picture Photography, the
author discusses the requirements of studio lighting and draws
attention to the advantages of using tungsten lamps for this
purpose. The latter part of the paper is devoted to a careful
analysis of costs involved in the use of various elements such as
tungsten lamps, mercury vapor arcs, high intensity arcs, and
ordinary hard-cored carbon arcs. These cost analyses are worked
out for ordinary orthochromatic and panchromatic films.43
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In Lighting and the Cameraman, the great importance of light
in producing the desired picture quality is emphasized. Many
illustrations are given showing the application of light in the
studio for obtaining the desired effect.44
Some interesting data have been obtained in a careful investigation of the characteristics of the quartz mercury arc under
different voltages, current densities, and internal tube diameter.
The total efficiency as the ratio of radiant power to electrical input
increases with increasing arc voltage, current density and tube
diameter. Under given electrical conditions the efficiency can be
increased by heating the luminous tube.45
Laboratory Equipment and Apparatus
A new machine for developing motion picture negatives is
claimed to bring about absolutely uniform development. An
automatic control of the rollers insures absolutely even tension
of the film at all times, hence obviating film breakage trouble.46
A bright safelight for panchromatic development has three
windows of increasing brightness, green Virida paper comprising
the light filters. The light is so arranged over the developing trays
that no direct light strikes the trays and yet the room is illuminated
sufficiently to make working conditions very comfortable.47
The most satisfactory method of removing excess moisture
from motion picture film after washing is to impinge a blast of air
on both sides of the film. An apparatus is described for blowing
the water from the film as the film is passed from the rack to the
drying reel. A special filter for removing dirt and oil from the air
supply is also described.48,
A simple equipment for the determination of shutter speeds
in automatic type motion picture cameras is described as consisting
of a cylinder mounted on the turntable of a phonograph and the
camera with its back removed is placed in such a position that a
lamp filament is focused through the camera lens onto the cylinder.
Film is wound on the cylinder and the light exposed for one second.
To compute the speed, the width of the average exposure record
and its reciprocal are multiplied by x/120 where x is the number of
filaments seen in each exposure if the lamp is fed from a 60-cycle
a.-C. circuit :1!'
Lenses
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usually unnatural due to the use of objectives of too short focal
length. An objective of 250 mm. focal length would give a picture
with normal perspective.50
In a discussion of the photography of objects in motion in
miniature sets formulas are given for computing the speed of motion
of objects or camera speed to accord with the use of miniatures
made to different scales. Telephoto lenses are recommended for
securing satisfactory depth of focus.51
Motion Picture Applications
An automatic apparatus for taking single photographic exposures at regular intervals of time, over periods of from 12 to
36 hours, consists of a large air thermostat and a clock mechanism,
and is used to make microscopic or ultra-microscopic investigation
of clays or other colloidal material.52
The Use of Motion Pictures for Govermental Purposes describes
the way in which motion picture film has been used and may be
used by national governments for purposes of propaganda. The use
of films by the Canadian Government is described in detail. (53)
Under the title Motion Photomicrography the author discusses
the use of a microscope with the motion picture camera to obtain
photographs of very small objects. The equipment required and
the magnifications suitable for various types of work are discussed.
For relatively low power work, the author uses a microscope of
the ordinary form or a single lens of suitable focal length. For
higher power work he recommends the use of the supermiscroscope
which is a form of a double compound instrument. The use of an
ocular provided with a beam splitting device, so that the field
can be viewed while taking, is also recommended.54
A Berlin surgeon has patented an apparatus for taking motion
pictures of surgical operations, which fulfills the conditions for
asepsis, does not require a harmful lighting, and takes a view that
portrays the details. The camera is suspended from the ceiling and
controlled by motors, which are outside of the room.55
Nature Studies
One of the notable wild life pictures of the year was taken
entirely without the aid of trick photography.56
One of the greatest of photographic hunts yielded 200,X)00 feet
of film and 7000 stills. The films will be presented to the American
Museum of Natural History.57
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The final judge of all motion picture efforts, the human eye,
has been traced in its development from a simple light-sensitive
cell to the more complicated forms.58
Projection Room Equipment and Apparatus
An endless film projector is described in a German magazine.
The film lies on radial rollers in a horizontal magazine.
It is fed
to an ordinary projector from the outside of the roll, and is rewound
in the inside.59
Physics
The merits and shortcomings of reversing prisms and mirrors
in production technic have been compared. The relation of prism
size to objective focal length is important for double reflection may
result. Other requirements for prisms and mirrors are mentioned. 60
A very complete discussion of the theoretical side of the
specific characteristics of ideal tungsten filaments has been made,
along with an outline of useful mathematical methods of computation.61
Under the title Light Filters, Their Characteristics and Applications in Photography, a very complete review of the theory and
use of filters has been given. The theory of filter factor measurement is discussed, attention being called to the fundamental
characteristics of photographic materials, the spectral distribution
of energy in the illuminant, and the absorption characteristics of
the filter upon which the value of the multiplying factor of a filter
depends.62
Projectors
The Knirps suit-case projector has the dimensions 50X50X20
cm. The feed and take-up reels are mounted side by side, with
the feed reel next to the wall of the box so that the take-up reel
may be turned by hand in an emergency. An automatic fire shutter
enables stills to be projected without injury to the film, and air
blasts cool the gate and lamp house.63
An electrical device that enables a projector to be focused
from a distance is reported.64
A flexible take-up spool has a central shaft composed of a
scries of metal tubes, arranged so that the effective diameter of
the core can be increased or decreased at will.65
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A cooling blast, which may replace the fire shutter on a projector, consists of a centrifugal blower feeding air into a tank,
equipped with baffle plates to remove oil and dust, and a blow-off
valve with electric control to the motor to maintain constant
pressure. Distribution tubes run from the tank to the parts to be
cooled.66
Many partially successful attempts have been made to build
an ideal cover shutter, but as yet little improvement has been
made. A short description is given of the various types of shutter
that have been in actual use.67
A safety control, cutting off the light beam in front of a projector arc, consists of a douser operated by a series of electrical
controls which function as soon as the progress of the film in the
gate is stopped. By means of a series of levers operated from the
back of a spotlight, the color frames, iris, curtains and arc adjustment may be handled conveniently.68
A continuous motion picture projector is described as being
illuminated by flashes from a gas-filled lamp. No shutter is necessary.69
A patent has been issued for a motion picture gate that has a
hinged part that grips the film between movements.70
In some new Bausch & Lomb condensers, the plano-convex
lenses are replaced with a pair of lenses with one parabolid and
one spherical surface. Condensers of 283^-inches diameter are made
of shells filled with water. Even illumination of a large area is
claimed for the aspheric condensers.71
Screens
A new method of hanging the screen eliminates the necessity
for the usual black border, thus reducing the contrast between the
bright picture and the background, improving the viewing conditions. The screen is set forward of a full-stage black velour eye curtain, and a black ground cloth is used to cover the stage floor. A
"curtain of blue light" is projected between the screen and the
black curtain giving a deep blue background and providing the
necessary contrast.72
Standardization
A review of recommendations made at the International
Photographic Conference at Paris in 1925, with regard to the establishment of a unit of photographic intensity, has been published.73
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Europe is at present engaged in an extensive theater building
program. One hundred and sixty "De Luxe" houses, with a total
seating capacity of 200,000 are planned.74
Labor Bureau statistics show that the 1926 expenditures for
amusement places exceed the 1925 figures by more than $19,000,000.
In 294 cities, 967 building permits for places of amusement were
issued, with an estimated total investment cost of $134,640,162
comparing with $116,283,961 expended for 1,047 places in 1925.
This indicates that theaters are being built on a more elaborate
scale. Further statistics are given of the permits and estimated
cost in various cities.75
American pictures still dominate the German field. During
the first six months of 1927, 425 feature films were on the German
market, 295 of which were made in America and 99 in Germany.
Short films were provided almost exclusively by the United States.
Of 177 short films exhibited 155 were made in this country.76
It is expected that France will produce 100 films this year.
During the period from September, 1926 to September, 1927, 413
films were exhibited in France, of which 245 were American, 81
French, 52 German, 10 Italian, 13 Scandinavian, 5 British, and 7
from other countries.77
There are 60,000 motion picture seats in Kansas City, one
seat to every 8 persons.78
Throughout the world there is $2,715,000,000 invested in
picture houses. The following figures were compiled by George R.
Canty of the Motion Picture section of the U.S. Dept. of Commerce
in Paris.79
Region
America
Europe
Australia
Africa
Asia

Totals

Population
207,000,000
451,000,000
8,000,000
132,000,000
995,000,000
1 ,703,000,000

Theaters
25 , 000
22 , 000
1,200
800
3,000
52 , 000

Total
Seats
11 ,000,000
9
,000,000
350,000
200,000
600,000
21
,150,000

Seats
per 1000
53.0
20.0
44.0
1.5
0.6
10.5

Capital
Invested
,700,000,000
1 ,000,000,000
$1 10,000,000
2,000,000
3,000,000
2 ,715,000,000

Theater construction expenditures will reach a total of
$161 ,938,000 during 1928 according to a survey by the Architectural
Forum Magazine.80
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Eighty-five per cent of the world's movies are filmed in
Hollywood. American films are very popular in all foreign countries.81
Admission taxes during the year 1927 totaled $17,835,818, a
decrease of more than $3,000,000 from the 1926 figure.82
In 1926 there were in Germany 4293 motion picture theaters,
with a total seating capacity of 1,546,815. Of these 415 were built
in 1926. 83 The seating capacities were distributed as follows:
2515 theaters seat 300
1392
287
99

"
"
"

" 600
" 1000
" more than 1000.

A chart compiled by the U. S. Dept. of Commerce gives the
number and distribution of motion picture theaters in 1926 as
follows.84

United States
Europe
Far East
Canada
Latin America
Africa
Near East

20,500
19,773
3 , 692
2 , 000
1,932
490
69

Stereoscopic Pictures
A French patenl has been granted on a stereoscopic camera
which is provided with two lenses on opposite sides of the vertical
center and above and below the transverse center, with rotating
shutters which intermittently and alternately cut off the ray from
each lens. Stationary prisms arranged one above the other reflect
the light to a common point on the moving film.85
A German review has been made of the various means whereby
stereoscopic effects may be achieved partially or completely in
motion pictures. Anaglyphs in complementary colors form the
most practical method. In general, stereoscopic pictures are hardly
worth the trouble.86
Under the title The First Use of Stereoscopic Pictures in Motion
Picture Theaters, the great difficulties in the way of producing
stereoscopic motion pictures are mentioned and a brief description
of the Teleview and Anaglyph systems is given.87
A paper on Stereoscopic Cinematography consists almost entirely
of a classification of patents claiming methods of producing stereo-
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scopic motion pictures. In a short introduction, the author discusses
the subject briefly and explains the classification which he uses in
the presentation of his patents and patent abstracts.88
Studios and Studio Practice
Hardly a corner on earth exists which cannot be reproduced
on the motion picture lot. Photographs of the real site of a play are
taken and a duplicate can nearly always be found near Hollywood.89
The Muto Studio, Lankwitz, measures 35X20 meters. Originally built as a daylight studio, it has had much of the glass roof
and sides colored blue. The transformers for serving the lights
have a combined delivery of 465 kw.90
The blue glass, used by many cameramen in arranging lighting,
is of questionable value.91
In an attempt to simplify studio lighting problems a German
adjustable light standard, six meters high, has been recommended. 92
Two Zeppelin hangars at Staaken have been converted into
motion picture studios. The larger hangar, 48 meters by 250 meters,
contains two studios, and the smaller, 35 meters by 230 meters,
contains four. Both studios are furnished with modern equipment,
including a great variety of lamps.93
An article on Printing Motion Picture Film, describes different
types of printing machines including those of the continuous,
step-by-step, and projection types. Considerable space is devoted
to the automatic light change mechanisms. A description is given
of a suitable motor generator set for exact voltage control. A
sensitometer for the determination of correct exposure time is
illustrated and its use in obtaining "key tests" described.94
Talking Motion Pictures
A new talking motion picture device — the Kinegraphone
(General Electric) has been successfully demonstrated. This apparatus is very simple in operation, requiring only a slight change
in present standard projectors. No change is necessary in the
technic of making the film. After the original film is made and
titled, the accompanying music may be recorded on it.95
Genera] Electric Co., Radio Corporation of America, and
Westinghouse have purchased an interest in F. B. O. and will
market the Kinegraphone through it.96
Equipment to display "Movietone" subjects is being installed
in many theaters.97
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The General Electric Co, is producing sound-reproducing
equipment on a large scale as a result of the purchase by General
Electric, Westinghouse, and Radio Corporation of America of an
interest in F. B. O.98
In the "Movietone" an amplified current from a microphone
goes to a helium lamp. The variations in intensity are used to give
a strip of variable density along the side of the picture on the film."
A method of reducing sonorousness is described as consisting
of several sound records of the same subject reproduced very slightly
out of phase.100
In one talking motion picture system perfect synchronism of a
phonograph record and a motion picture is maintained by means of
a gear so arranged that the phonograph controls the projector.
Fluctuations in speed are automatically adjusted and the machine
automatically stops in case of film breakage.101
Television
It is predicted that eminent scientific authorities may soon
lecture to many audiences at the same time, illustrating their
addresses with motion pictures, through a hook-up between the
radio and the movies.102
It has been claimed that the Atlantic has been spanned by
Television. Secret experiments have been conducted and they
are said to have resulted in visible reception although objects
could not be seen in detail.103
A home radio television device was recently demonstrated
by engineers of the General Electric Co. and Radio Corporation
of America. The apparatus is of simple construction, and the receiving part is about the size of a phonograph cabinet. The elements
are a light source (neon glow lamp), a scanning device, and a
synchronizing system.104
A survey has been made of the progress and methods of television in Europe.105
Theaters and Theater Equipment
A new pre-set lighting contact board is now available and is
made by the General Electric. Any number of lighting effects
may be set in advance and operated in any sequence by master
control switches at various points.106
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The Roxy Theater is the ultimate in theater design with heated
or cooled, washed, ventilating air, raising and lowering of the
orchestra pit, hospital, noisemakers, two systems of talking movies,
and indicating lights to show vacant seats.107
In Switzerland theater owners pay more attention to equipment and pictures than to interior decorations. A typical ventilating
system handles 700 cu. ft. per capita per hour.108
Thomas Wilfred's "Clavilux" is a color projector in which
form, motion, and perspective as well as color are subject to
keyboard control. The inventor hopes to use the instrument for
providing accompaniment to music and settings for short prologues.109
Under the title, Pointers on Theater Design and Construction,
the general problem of theater construction involving the erection
of fireproof, semi-fireproof, and non-fireproof buildings is discussed
with a consideration of the materials available. The position of
the projection room in the conventional motion picture theater
design is criticized.110
One author suggests that owners and operators of large chains
and groups of theaters should employ some one to supervise
projection in their theaters. He points out that the quality of projection is one of the most important things in presenting the
motion picture to the public and that this work should be in charge
of a well trained and competent individual, who is responsible for
the quality of projection.111
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SOME

MECHANICAL

PROBLEMS

OF A DIRECTOR

Irvin Willat*
IN THE following paper I am going to attempt to deal with some
of the problems of directing, and especially with the mechanics
of the direction of motion.
There is seldom a picture shown that does not have several
instances in which the actors move or look in the wrong direction.
How many times have you gone to a picture theater and seen a
man leaving an interior, say, from right to left, and then upon the
exterior seen him come out from left to right? While the mind is
quick to adjust itself to this, nevertheless it is a jarring note and
distracts consciously or unconsciously from the story. (Motion
picture) .
I can remember in the old days, when most of our directors
came from the stage, we had difficulty in training them in motion
picture perspective. They could never seem to understand that if
a person enters a room by a door from a hall, there is a right and
a wrong way of doing this. (Motion picture).
Once you thoroughly understand this simple little problem in
angles, you need have no further difficulty in making up your own
private reel of home-life drama which so many amateurs are doing
today.
If your character is walking away, moving from left to right
across the axis of the camera lens, then in order to have a smooth
continuity of action, and to give the illusion that the character
is continuing in one direction in succeeding scenes, it is necessary
that the character or object continue to move from left to right,
regardless of how the actual locations may be relative to each other.
In other words, if you wish to depict the character coming towards
the camera, and passing out of the scene on the right side_of the
camera, and you want to show him as he continues to go away from
you, then you must reverse the camera and have him enter from
behind you and on the left side of the camera, because when he
went out of the first scene, he was going from left to right. (Motion
picture) .
* Member Academy Motion Picture Arts and Sciences, Hollywood, Calif.
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You now see how simple it is to carry your character out of
one scene and into another, in one case coming toward you and the
other going away from you, and vice versa, with the illusion of
continuous action. If an object is moving from left to right, and you
want to show it apparently continuing in the same direction, then
have it move in the succeeding scene from left to right. This can
also be demonstrated by panoraming on a person walking towards
the camera. We will assume that the person is coming from left to
right. He will first be on the right side of the picture coming toward
you, and as you "pan" around, and see him going away from you,
he will be on the left side of the picture.
Suppose the hero is coming out of # house and going down to
the corner grocery store. The cameraman sets his camera up in
front of the steps, and the hero comes out of the door and goes
down to the corner grocery, which, in this instance, happens to be
toward the left. So when we get down to the store, the director
chooses a suitable position and sets up the camera, and the hero
comes on from right to left. Now, the heroine is following and she
is a little worried as to whether she should follow or not, so the
director moves the camera close to show the expression of worry,
and she comes out of the house and down the stairs — the same
stairs. But, in order to get better lighting, the cameraman has set
up on the left side of the stairs, so she is looking left to right, instead
of right to left, and the result is that when she looks toward the store,
she is looking in the wrong direction. What the cameraman
should have done, was to have set his camera so that she looks
toward the store right to left, and then the exit would make for
smooth continuity. (Motion picture).
Now, we will presume that there was only one place where the
cameraman could set his camera. How could he then make it appear
that she was going in the direction that the hero went? While this
difficulty seldom arises, still it can be overcome, by having the
character look from right to left coming out of the door, and continue to look left as she walks out, even though she has to make her
exit from left to right..
Suppose we want to show one automobile chasing another. We
take ;i few scenes of the automobiles going right to left, then
suddenly t he director finds a location which he thinks is very beautiful on the other side of the road, and he takes one of the "chase"
scenes there. The result is that the one automobile seems to have
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turned backward and given up the chase. In reality the automobile
traveled in the right direction, but the camera was placed in such
a position that the car crossed the lens axis in the opposite direction.
If the auto had gone in the wrong direction, it would have appeared
correct. This applies also to boat scenes. I have seen scenes where
a boat was supposed to be coming down a river; the director picked
what he thought was a beautiful set-up, and was greatly surprised
when he saw his film assembled and found that at one time it was
going up the river and at another time down, whereas in each instance the boat was actually going in the same direction.
While it may seem to you that mistakes like this should not
be made, still in my short directing career of some seventeen years,
I have had many people argue with me on just this point, contending that I was wrong and demanding a demonstration.
While I have shown you only a few mistakes that can be made,
there are literally hundreds of variations of this similar situation.
Now that I have explained the method of obtaining the effect
of following objects, it is simple enough to explain how to show properly objects coming towards each other or opposing each other,
and mistakes in doing this too, you will find in many of our very
highest class productions.
If you have two people sitting on a settee, they will be looking
at each other thus: {motion picture). One looking left to right,
and the other looking right to left. Now individual close-up views
of these people would show one character on the left looking toward
the right, and the character on the right looking toward the left.
Now, this applies also if the two people were sitting in different
chairs, or standing in different places in a room. When we make a
"long shot," taking in both people, they will be talking to each other,
one left to right, and the other right to left, no matter how slight that
angle may be. They must look either left to right or right to left,
or directly in the lens, and of course, that is forbidden, for once you
look into the lens, you look into the eyes of the spectator, and the
illusion of the picture is lost.
If, a character on the ground is looking above the camera,
for example, up to a loft, then the person in the loft should look
down below the camera to get the opposing effect.
All this explanation must make you think that I have prepared
a paper for a kindergarten, but when the director's mind is full
of the many things he has to think of, he quite often forgets or gives
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little attention to the camera, or the angle in which he is photographing, and some very serious mistakes have been made necessitating expensive retakes or leaving the film incorrect when shown.
The director has many mechanical problems to deal with.
He has to arrange his sets so that they can be lighted properly,
that is, leave room for the lights. He has to know whether the business is best shown with a close or a distant view. He has also to
deal with footage, as he is limited by the number of feet of picture
he can use, therefore he must be sure to get his important action
within definite footage length, and tell the story. Then too, he has
to decide whether he wants to put his camera on a moving device
and follow his character around the set, or raise the camera up or
down, or tilt it, whether to photograph the scene at slow, normal,
or increased speed, or get a myriad of other effects obtainable with
the camera, whether he wants to dissolve one scene into another,
whether the effect is best gained by making it a long slow dissolve,
or whether a short quick one, whether it is best to fade-out or cut
directly to another scene, and so forth. Perhaps to obtain the result
he wants, he would like to have the titles superimposed over the
scene he is playing. This is all mechanics!
Sometimes the director has optical illusions to deal with. I
heard of one instance where the director was photographing a boat
in the water with nothing but water surrounding it. He wanted to
start close to the boat and then suddenly draw back his camera and
show a full view of the vessel. He was surprised after photographing
it to find that instead of it looking as though he drew the camera
back, it looked as though the boat receded from the camera. This,
of course, was an optical illusion. There was no log or anything
which might be recognized as stationary with which to compare the
movement of the boat. Had it been possible to show a piece of land
or perhaps a buoy, or part of the boat from which he was photographing, he most probably would have gotten the result desired.
The director also should know the mechanics of set construction; alittle knowledge of architecture also comes in handy here. In
order to explain intelligently to the set builder just what is necessary
to picture properly the drama that. he is about to make, he should
be able to tell the set builders the way he would like the set constructed. Infact, it is handy to be able to draw a little sketch of it
showing where to put the balcony and the stairs, which way to
have the doors open, the height of the- windows from the floor,
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whether the floor should be one level or a step or more below. He
should know which part of the set he wants movable, so he can take
it away, enabling him better to photograph some business which
would be difficult to get if the walls of the set were immovable.
It is he who can best decide what color to paint the set, or what
wall paper to use.
Besides this, the director should be familiar with many engineering problems. Maybe he wants to rock a boat, or explode a
charge of dynamite near a crowd of people, or swing a man in the
air on wires, or perhaps he may want to turn an automobile over
while it is moving rapidly, or get the effect of some one crossing
the railroad tracks just before the train hits him. Or maybe it
is only to place the camera in a precarious position to obtain a certain view that he thinks desirable. And beside this, it is necessary
for the director to know something of how a certain machine is
operated if he wants to photograph this particular machine. Or
how the chemist handles his test tubes, how a painter handles his
brush, and which end of the hammer to hit the nail with. For you
must remember in most cases that the actor is not a mechanic and
must be told the correct way to do what the mechanic he is portraying issupposed to be doing.
There are all types of directors. Some take more responsibility than others. Some directors have the different departments
work out all their problems for them. Other directors take that
responsibility upon themselves, and make their own plans. Some
directors start with the inception of the story, stay through the
process of the writing of the continuity, estimating and scheduling
the production, through the designing and building of the sets,
the selecting and casting of the characters, choosing location,
deciding upon the photographic effects; and after the picture is
made, overseeing the miniatures or trick work. And then, on into
the cutting room, which is decidedly mechanical, in that the timing
and different ways of cutting, heighten the drama or comedy, as
the case may be. On through the titling until the picture is ready
for the market.
Other directors take the finished continuity, attend to the
directing of the characters presented them, and, when the last
scene is made, they turn it over to other hands.
The director, if he wishes, may make use of his every talent and
all of the knowledge that he may have gained through any school,
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or study, or worldly experience. By combining them all, he may
become the master of one, for the position of motion picture director
is the ideal haven for the well known "jack of all trades."
DISCUSSION
Mr. Volck: What will be the place of color photography in
motion pictures?
Mr. Willat: I think we will find the solution of the problem
of color in pictures in the art of printing. Printing was at first
done in just black and white. Then the art was improved and we
had halftone pictures in colors in our magazines. At first, they were
very rare. Today, we find them quite commonly even in our
cheapest magazines. As the process has been developed, printing
has progressed, and with the cost cut down, advertisers have been
able to use the colored pictures a great deal more. The best part of
any magazine is in color. The best motion pictures will be in color.
I think that we will always have black and white pictures, but I
think that in the future the majority of our pictures — that is, of
the dramas — will be in color. I think all the travelogues will be
in color. It is only natural that color should be used in pictures.
Color is one of the senses that gives us great pleasure, and so many
of the criticisms I have heard that colors would detract is because
color today is a novelty. I presume if we saw everything on the
screen in silhouette, the first photographic drama shown would be
so novel that people would remark about it. Color heightens the
drama, increases the beauty, and there is every reason why we
should have pictures in color.
Mr. Crabtree: What consideration does a director give to the
relative speeds of taking and projection? Do you vary the speed of
taking, and what effect does it have, or do you standardize on 60
feet per minute? This Society has attempted to standardize on 60
feet per minute, but in making sound movies they take at 90 and
project at 90.
Mr. Willat: With regard to the speed of taking, as the speed
of projection is increased in the theater, we increase the speed in the
camera, and today most of the pictures are made above normal
speed, counting 16 frames per second as normal, while previously
we used to go a little slow, if anything. At one time there was much
effort to standardize the speed of the projectors. Unfortunately,
that seemed to be almost impossible because some managers ran
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at one speed and some at another, although we found a general
average of 90. This they used except when the house was full.
Therefore, we have increased the speed of taking on any dramatic
moment, sometimes considerably. We protect ourselves in that way.
If we want something speeded up in action, we make the taking
speed lower, knowing that it will be run at 90 or faster. The director
has to carry in mind that it will be projected faster. If the cameraman is alert, he takes care of that for you. You will find
certain actors now in the industry, who are inclined to work fast.
They are nervous and don't know their business as well as an experienced actor trained for the screen, so that if the cameraman is
"wise" to them he will speed up the camera so as to compensate
for this.
Mr. Crabtree : At our last meeting, Mr. Ouffe spoke of some
directors cutting pictures to a faster tempo than others. Can you
explain the significance of this.
Mr. Willat: We both take and cut to tempo. I don't know
that a director would deliberately cut his entire picture fast. If
he balances it properly, it is all right; otherwise, it is so fast that
people don't follow it. There are times when you want to speed
things along. You get one point over and jump to another, so that
the audience's mind jumps from one scene to another, so that there
is the apparent sensation of speed. I myself have cut pictures too
fast in an endeavor not to make the film drag when shown in the
theater. You look at it many times, the audience but once, and I
think I have definitely injured pictures because they progressed
too rapidly.
There are three phases to the cutting of the picture. When
you first run it in its total length it will go through very smoothly.
Then, you make a cut (some of the cuts may be too short) and
run it again, and strange to say, although it is a thousand or several
thousand feet shorter, it will apparently drag. You wonder why this
is so, and you cut again and take out unnecessary scenes and lengthen some and run it again, and it seems to have its correct tempo.
Mr. Crabtree: Pictures are often cut at the direction of the
theater manager. What has the director to say about that? It
must interfere with his ideas. What do you think of the suggestion
that producers supply a given subject to be projected in, say, If
hours and a second version in 1J hours? The cutting would then
be done at the source rather than by the theater projectionist.
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Mr. Willat:

I have seen pictures where the projectionist

has left out one or two reels and it hasn't made any difference —
in fact, it has helped the picture. That is unfortunate but true.
With regard to the two versions suggested: I have worked at
times with that idea in mind — one version which can be run complete and another from which they can take out "chunks." Too
often pictures are made with an unnecessary amount of story in
them — story that doesn't bear on the important part of the plot —
and so there is the feasibility of having the two versions, but I am
afraid it would be confusing because the people in the exchanges
would not be able to handle the situation satisfactorily. I am
afraid that at times the short version would be run whether you
wanted it or not.
Mr. Cuffe: We were told by Mr. Wilson that when the
script is completed there is a blue print which shows the director
what to do. Mr. Leisen said that after he had arranged the light
on the set, the director should be able to take the blue print and get
a good picture. Then Mr. Willat says that you have to deviate
from these instructions and change the lights and the set and the
script. It seems to be, there is a little confusion between the gentlemen and their papers.
Mr. Willat: All directors don't get the co-operation and
don't have the help that those two gentlemen may be able to give.
I have not been fortunate enough to find just such aid. It is possible
to have a continuity written so that the continuity can be followed
just as it is written out in its sequence. It is rarely possible to go
on to the set and use it as it is.
I think too often we directors try to make a change in the
construction of the set unnecessarily. I think too often we wait
until a set is all built before we decide whether it is as it should be.
Those difficulties could be overcome a great deal if we could see
the drawings that we so seldom see. I think that Mr. Leisen has
been working with companies that have lots of money to spend
and he has not been up against the problems that most of the technical directors have to deal with. My experience has been that no
one, even the director himself, if he should be capable of writing
a continuity, could designate just how the camera should be
placed to photograph the scene.
Also, after a long experience on continuity writing, in an
endeavor to make a perfect script, I have found that it is a mistake
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on the part of the continuity writer to designate where the camera
should be placed except in effect scenes. My reason for that is that
if the director possesses one set of plans stating where he has to
break the scenes and finds on the set that it is more practical to
break the scenes up differently, it is more or less confusing. In
recent scripts that I have written I have eliminated, as they
ordinarily term it, the close-up, long shot, and so forth. I have
found that it is a great help to have a combination between the
master scene script and that which is broken up. Wherever it comes
to my mind that I should break it into another scene, I put a number
(1) at the side, which indicates that we can break the scene to a
different camera set up. I can read the sequence through as a
master scene and digest it quickly and easily without all the necessary directions repeated before each scene. I also have a clue by the
broken paragraph where I had originally intended to break the
scene. With these two before me, it is much simpler, and in three
or four minutes I can mark the scenes as to how I want to take them
before I start the work. This makes for speedier photographing.
Mr. Griffith: Would Mr. Willat care to give an expression of
opinion of the place of sound and color effects in the pictures of the
future?
Mr. Willat: As I explained before in regard to color, I think
it will follow very much along the lines of the art of printing;
we will always have black and white, but the higher grade pictures
will be in color. As to the position of sound and color, unquestionably they have their advantages, and there is not a doubt that as
our theaters are equipped with sound devices, such as we heard last
night, we are going to put sound on the screen. Sound, as we all
know, was one of the first things used in exhibiting pictures. I
can remember the first pictures I saw. They used to have all the
effects produced by the man behind the screen. We are now supplanting that with our new cued pictures and arranged electric
transmitting or amplifying devices. Just to what extent we will
carry voice in the pictures I am not able to say. I do feel that today there is a place for pictures with voice and perhaps even
combined with color, and I believe that if the managers of the
shows in New York would take their performances and photograph them and get the spoken lines and the music at the same
time, there would be a market for them in place of the ordinary
road show. Whether it would be sufficiently remunerative is another
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question, but I think it would be interesting to see a play staged
with cameras all around, as in the original production in New York,
and projected with the voices and in color. The color and the sound
in spite of all that has been said heighten the drama if used properly.
Unquestionably, there is a great deal missed by our not being able to
show colors when we want to. It helps perspective also. In good
color there is an apparent third dimension or depth; whether there
is or not, the illusion is such that we feel it is there because the picture ismore natural.
Mr. Fear: When making trick exposures is there a psychological reaction among the actors due to the fact that they are acting
against a black screen rather than under actual conditions?
Mr. Willat: It does make a difference. For instance, in a
storm the actor forgets about his acting and is looking for a place
to get out. Against a black background you can get the business
over that you want, very much better when he knows he is safe. In
scenes on shipboard when it is windy and rough, it is difficult to
get any important business out of them, and we resort to putting
the scenes in a cabin, where we can rock it on the stage. In the
future I feel more pictures will be made on the studio grounds. The
effects can be gotten even better than if we took them under the
natural conditions.
Mr. Ross: With regard to the matter of reversed action to
which you have referred, namely, where the actor enters from
right to left and exits from left to right. Could not this error be
simply corrected by making a reversed positive, placing the emulsion sides of the films face to face and thereafter making a "dupe"
negative from the reversed positive?
Mr. Willat: Yes, that can be accomplished. Of course, you
will have everything reversed and it will require a "dupe" but I
think it is only a matter of time when all prints will be made
from "dupes" anyway.

MOTION

PICTURE

DIRECTING

Cecil B. DeMille*
AMOTION picture director in many respects occupies a position analogous to the leader of an orchestra. The leader has
to wave a baton in order to get the right tempo. He has to see
that the bassoon does not come in while the violin is plajung its
solo. Likewise a motion picture director has to hold together all
the departments, he has to see that they all function on time, and
that everything meets on the little set where the camera is going
to turn for a few minutes.
I will review first the period of preparation to bring about that
moment. There are three classes of directors. There is the director who has been sufficient of a success in the past to have the
confidence of his institution and is allowed to choose more or less
his own subject. There is the director who is sent for and handed
a manuscript and told "This is what you shoot." He takes that
manuscript, works on it, and says, "I suggest the following changes."
Then there is the director to whom you say, "Take this manuscript
and shoot it just the way it is written and don't change anything."
In the first place, as I know more about the first class, I will
discuss that as a basis. The first thing is the idea. What idea are
you going to produce? The sales department will always name
to you the last success, whatever it was, and say, "Produce something like that because it was a success." Had you named that
idea to the sales department before it was a success they would
have thrown their hands up in horror and would have said, "But
nobody wants to see that." This has been my experience in blazing a trail practically from the beginning of pictures, that nobody
was in sympathy with the subject I wanted to do until after it was
a success. Then I was a great hero. But until that point I was
the national villain, and if I use "I" a good deal, I apologize for
it in advance.
I am speaking editorially.
To make my point a little clearer let us consider The King of
Kings. At a time when everybody was producing melodrama,
when such pictures as Crime and Broadway and The Spider were
* President DeMille Studios, Hollywood, Calif.
This paper was originally presented before the Graduate School of
Business Administration of Harvard University, April 26, 1927.
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intriguing the public, I felt that the world was ready for the life
of Christ. When I suggested it we almost had to artificially resuscitate the financial department. They said, "No; what they
want is melodrama." That is the time, however, to do the other
thing.
I made a picture recently called The Volga Boatman. When
I suggested it to the financial department they said, "But nobody
is interested in Russian peasants." After the picture was a success
they said, "There, we told you." That is the attitude, and it
always will be, of the sales department.
The production department acts more or less as a bouncer
between the director, who has his vision, and the financial department, who sometimes lack it. So, the subject is selected.
Then comes the matter of the treatment, at least as to whether
the subject is big enough to make what we call a super-special,
that is, a picture that is road showed or released separately or
whether the subject is not sufficiently big in quality, so that it
should be a program picture.
When that point is decided the amount of money to be expended comes next, whether the idea is big enough to carry $50,0C0,
$ 100,000, $300,000, $500,000, or $1,000,000, as the case may be.
In the case of The King of Kings the cost was $2,500,000. That
seemed a ridiculous amount of money to expend on an idea that
the financial department were sure could not be successful.
That is why the director has gray hairs, because he is the
fellow who dreams, and he has to make his dreams come true.
That is the advantage he has over most dreamers. He has no
choice. If he does not make them come true he is like the general
who does not take his objective, and you know what happens to
generals who don't.
You are given a scenario writer. Your first treatment resembles the plan of a house. You do not sit down and have a
writer write a scenario. You draft a treatment, that is, a plan.
You look for a foundation on which to stand your story.
Has it a theme? Is it episodic? Is it dramatic? The treatment may be done over and over again but the wise director will
never let his manuscript go to continuity form until he has that
treatment. In other words, it is as if you were going to build a
house and the architect said, "I have a magnificent roof and some
lovely walls/' and you said, "What are you going to stand it on?"
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He would say, "I don't know, but the roof is beautiful." That is
the danger of the green director or the green writer. They are
blinded by the beauty of the walls and the roof, but if there is not
a great dramatic foundation underneath your structure it will not
stand, no matter how beautifully played it is and no matter how
beautifully directed.
If your treatment is as strong as you can make it, then comes
your continuity. Continuity is the scene for scene scenario. What
is generally known as a scenario is the continuity. It is equivalent
to the dialogue of a play. The playwright does not start out to
write beautiful dialogue until he has a structure on which to hang it.
So the first treatment is the structure on which you hang the continuity, which is the written sequence of scene.
The continuity comes to the director and goes back to the
writer again and again and again, and a great deal of money goes
into that going back, and back, and back. The wise business
department knows that where a picture is made or lost is over the
desk. You cannot hand a director a poor story or a poor scenario
without good drama. No matter what ingredients he may use, he
cannot give you a good picture unless he has the essentials. You
may have a beautiful cannon but if the powder is no good it will
not throw the balls very far no matter how fine a sighter the gunner may be or what fine soldiers may be handling the machine.
If the powder is wrong you are out of luck. So it is with the story.
Therefore you take time over, and over, and over again to look for
weakness from every angle, in every scene.
Take a scene where a man comes in, sits down, and picks up
the telephone. The first-class director has the man come in, sit
down, and pick up the telephone. Your highest class director says,
"How on earth can I make that interesting, so it will hold an audience for just a second, so that it is not just a man coming in, sitting
down and picking up a telephone? What twist can I give that to
make a little smile come to the audience? If merely the cord of
the telephone catches in the drawer that little incident means a
lot because the audience thought they were going to be bored and
then they say, Oh! That little exlamation, Oh! has a great psychological effect." That is the way every scene should be worked
out in the mind of the director.
Then we see -that the scenario is right, which it seldom is,
but we take that for granted.
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Then he calls in the art director. The term art director is
sometimes a bit misleading. He is the man who designs or has
designed the sets. He is the head of that department. If the story
is modern, again comes the point of "How can we make this a
little more interesting, a little different from the last picture made?"
He says, "Well, this series is a short series. If it isn't of any particular value pictorially, we have a set already that was used in
such and such a picture." The director says, "Can that be disguised? Can you change that door into a window so it will not
be recognized as the set that was used in the last picture?" The
art director says he can or cannot, as the case may be.
We will say we have a great scene called for, — the vision of
temporal power in The King of Kings, which Satan shows to Jesus,
where the power of the world is depicted. That is the proposition
that is put up to the director, — how to depict the power of the
world, how to show it, how to do it. That is the kind of proposition the director gets. He has his art director, his technical man,
his trick man, stunt man, miniature man, and glass man.
For instance, in the scene I just mentioned, the vision of
temporal power, we changed the temple into a vision of Rome
and, because it is an imaginative thing, it was necessary to show
Rome even more magnificent than it was, in other words, a hundred
Romes piled one on top of another. That would be impossible
to accomplish if you went out and buiit it. It would take as long
and cost a good deal more to build Rome, because wages are
higher now than they were then. You take your miniature man,
your glass man, your art director, your carpenter, and you say
you are going to use a foreground of 500 or 1000 feet in this. We
will built this set for 500 feet, the actual set. From that point on
we make a miniature which is matched by very clever camera
work to the real set. Then we have glass on which we paint, clearing the glass to show the real set and the miniature, and on top
of that, because it is supposedly far in the background, we have
painted by the finest artist we can get, the imaginary Rome.
The real thing is in the foreground, the miniature just above it
showing the roofs of the great city of Rome, cleverly blended as
to what we have built, and then this glass picture in front of that
bul really giving the effect of a far-distant horizon. Then the
camera is set back a certain distance. In that way these great
scenes are made possible.
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Do not get the idea that this is not an expensive process.
The making of the miniature and the matching must be very
carefully done because it must not be detected. Some of you may
have seen the picture called The Ten Commandments. In that we
were given the proposition of opening and closing the Red Sea.
That is what the director was told to do. He can't ask how because nobody can tell him. Nobody had opened and closed the
Red Sea before except on one memorable occasion, but we nevertheless had to duplicate that. That was done with 14 exposures
on the film. I am not going to dwell too much on these technical
points but I want to give you a little idea of what I mean.
There were 14 pictures or exposures on the opening and closing of the Red Sea. That was a mixture of the real sea and very
clever motion picture trick work. The wave which engulfed Pharaoh's army was obtained by building two tanks holding 60,000
gallons of water each, designed to drop at the same moment onto
a large curved piece of steel so that when it threw this wave into an
enormous curve, the two things met at the top, and we got a wave
in that way that was enormous. The camera was almost underneath it. That is before you start in with your people at all.
This probably sounds like Chinese music to you, but it is
impossible to give you in three-quarters of an hour the mechanical
working of the trick department of a motion picture studio. The
art director, however, in conference with you, covers these points
in connection with scenes which require this treatment.
Then comes the costume department, and you discuss the
matter of the types of clothes, and so forth. If it is a costume
picture the research department must start months before, because, for instance in The King of Kings, you cannot take Renaissance paintings and say, "Let us find out what the costumes were
there." If you recall Rembrandt's painting of Pharaoh's daughter
finding Moses in the bulrushes, she is clad in a long-waisted Elizabethan gown, and the page holding back the bulrushes is in tights
with velvet trunks and a red hat with a beautiful long feather in
it. The Renaissance artists painted in the costume of their times.
They did not have the money for great research departments such
as we have, so that the motion picture is infinitely more correct
in its historical detail than Renaissance art or any other art that
I know of in painting.
The next point is the camera. The art director now has gone
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out and is starting his various functions in the 22 departments to
bring about the first set. Then comes the camera. The selection
of a camera man is vitally important because, in painting, if you
were going to do a painting of the battle of Waterloo you would
not employ Corot to paint it, because he paints a different type
of thing. So with motion pictures, certain camera men are excellent for the pastoral scenes while other camera men are better
fitted for dramatic things.
In the matter of lighting I am going to reminisce for a moment
to give you an idea of motion picture lighting, because it is a very
interesting story and a very important one. I will show you the
birth of artificial lighting. When we first went to California everything was sunlight. No artificial light was employed. Having
come from the stage I wanted to get an effect, so I borrowed a
spotlight from an old theater in Los Angeles when I was taking a
photograph of a spy in The Warrens of Virginia. The spy was
coming through a curtain and I lighted half of his face only, just
a smash of light from one side, the other side being dark. I saw
the effect on the screen and carried out that idea of lighting all
through the rest of the picture, that is, a smash of light from one
side or the other, a method that we now use constantly.
When I sent the picture on to the sales department I received
the most amazing telegram from the head of this department
saying, "Have you gone mad? Do you expect us to be able to sell
a picture for full price when you show only half of the man?" This
isn't an exaggeration. This is exactly as it occurred. The exhibitor immediately used that as an argument and said the picture is
no good as we showed only half of him. They telegraphed back
to me, "We don't know what to do; we can't sell this picture." I
was really desperate. As I told you, the director has to go through;
he has to do something, so Allah was very kind to me and suggested the phrase "Rembrandt lighting." I sent a telegram to New
York saying, "If you fellows are so dumb that you don't know
Rembrandt lighting when you see it, don't blame me." The sales
department said, "Rembrandt lighting! What a sales argument!"
They took the picture out and charged the exhibitor twice as
much for it because it had Rembrandt lighting. That is the history
of artificial light in motion pictures today.
After the arrangements are made for production, then comes
the subject of cast. Is the story strong enough to be portrayed
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without using a star? Or is it so weak that you must have a great,
well known personality that the sales department can sell, in order
to overcome the weakness of the story? That is the great struggle
for stars too. When a star gets to a point where the sales department can sell him or her, then he or she gets most of the weak
stories, because the good stories will sell themselves and the star
doesn't need a good story because people will buy a Bill Jones or
Susan Smith on the name. The producer, on the other hand, can
make a non-star picture with people getting $300 or $400 or $600
a week salary and sell it, saving the weaker material for the star
getting $1,000, $2,000, $3,000 or $4,000 a week salary.
We will talk about The King of Kings for argument's sake,
and say that his subject is big enough so that it requires no star.
We send for the casting director and we say, "Here are the types
that we want. I am going to require 12 disciples; I am going to
require Mary the Mother; I am going to require Mary Magdalen;
I am going to require Simon the Cyrenean, and not just people
who will necessarily be able to play these parts but people who
will sit in the frame of such a picture, not just actors or actresses,
but types that are psychologically right." I could talk to you for
hours on the theory of casting a picture because it is a very, very
important one; it is a very subtle one. It is not "Let us put Mamie
in this and let us put Jimmie in that." You have got to make a
combination that the public wants to see and that will give you
the highest point in artistry because the director is at the point
where business and artistry blend. He has to make an artistic
piece of work as he sees it for the amount of money which the
business department allows him for that picture, so he must fit
his cast accordingly. He has to consider the general frame of the
picture, and by frame I mean the atmosphere. Then when your
cast is selected, tests are made. If it is a big production you have
to make camera tests because you cannot trust your judgment in
selecting a type for the screen. If possible, you select from the
screen first before you see the individual, so that you get the screen
personality, because after you meet the individual and then see
the screen you instantly translate to the screen the personality
that you met, and you do not get the same impression that the
audience gets who have not the advantage or disadvantage, as
the case may be, of knowing that personality. That is a very,
very important point.
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The same is true in acting a scene. You cannot judge it with
the eye. You do say, but you shouldn't, that it is a great scene;
that it was well done; that it will be wonderful. You should see it
that night on the screen. So we make tests of characters in makeup and costumes.
When you are bringing together a leading lady from one organization and a leading man who is free lancing, that is, who is engaged in no one company but may be employed by any, the
matter of make-up is important. One is accustomed to using
one type of make-up and the other is used to another. The cameraman must light for each of these two faces. If he lights for the girl
who is very light the man looks like an Arab. If he lights for the
man, the woman is pictured entirely white and you cannot see
her features at all. There must be a blending, and all that costs
a great deal of money, and yet the picture has not started. Up
to this point in The King of Kings we have spent $200,000, and
the camera hasn't turned yet and the financial office is becoming
very much worried because they say, "Why, $200,000 has been
spent and you have not produced one foot of film. Why?" The
wise financial man knows, if he is satisfied with the man at the
helm in production, that this is where his foundation is laid.
Then we come to the starting day. All the 22 departments
have been functioning and your set is ready. The actors are there
in make-up, ready to begin. If you have a great big set, the number of cameras is important because sometimes, if you have, we
will say, 200 or 300 people in the set you are working in, you use
as many as 14 cameras on one scene, to take your close-ups and
long shots at the same time with different lenses. A one-inch lens
gives you an enormous field of view. A three-inch lens gives you a
close-up. In that way you can match your action for cutting. If
in a long shot a man raises his arm to strike somebody, you want,
to see that blow hit, so you use a three-inch lens centered on that
blow. On the long shot you cut the film from the moment the man
raises his hand. Then you put in your close-up shot which just
shows the two men, so the audience sees who is struck and who is
striking and gets the psychology of it and you come instantly back
to your long shot and show the effect of your crowd rushing in to
see what has happened. That took a great many years to work
out and discover. Your director is leading his orchestra and he
works up to a tremendous climax, which is your long shot, holds
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his orchestra a second, and then your close-up, the short chord of
a violin, and back again to your big effect.
The use of a number of cameras is very expensive, so you have
to be very sure that you are going to require them. Each camera
uses a great deal of film because you photograph this full scene
through on your close-up camera, although you are only going
to use the pictures actually showing the blow. But when you come
to your production that night to study it you find you have two
other good moments in there. Therefore you don't have the man
turn just at the moment of the blow, but you have him turn during the entire scene. Your director has to have good judgment for
that or he can ruin an organization in the waste of film alone,
because it is very expensive and goes very fast and cameramen
love to turn the handle.
The next point for the director is the camera line. He looks
his set over carefully to see if anything has been neglected, if he
can see a blunder of any sort. One thing left out can cause the
loss of a whole day's work. We shall say that in the last scene
they are going to require a pepper box on the mantelpiece, and that
isn't going to be used for four days, and you start in with your
first scene. Unless you have in mind that pepper box that you
are going to use four days from now and you shoot your first day's
work without the pepper box up there, and you come to your
last day's work, you have to go back and shoot everything, at an
enormous cost. The director must have the entire vision of
the picture completely in mind. He cannot just be thinking of
the scene he is going to do. After looking the set over he says
0. K. and fixes his camera line. The cameraman doesn't set up
and take in the whole set. He approaches it exactly the way an
artist does the canvas, as to what is his best position, what will
give him the best effect for the dramatic point he is going to bring
out. He gets that camera line finally and then calls his people on
for rehearsal. If he is a wise director he rehearses through the
camera and he doesn't stand back and tell everybody what to do.
He rehearses through the camera because that gives him the picture he is going to see on the screen. If he rehearses without
looking through the camera he gets a big, broad canvas and what
he is going to paint is a miniature. Actions viewed outside of the
camera and viewed through the camera are frequently entirely
different, so that by working through the camera he saves himself
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frequently a full day because he sees what will appear on the screen
and can work from that point.
Then the psychology of the close-up and the long shot is
very, very great. A long shot photographs action. A close-up
photographs thought. There are some scenes that you must take
in close-up and some scenes you must take in long shots. Certain
scenes would mean nothing photographed 30 feet away. If I were
taking a picture of the gentlemen in the back row, for instance,
they could be sound asleep and the camera would never know it.
So if I wanted to get the psychology of their reaction to what I
am saying I would have to go up and place the camera within
seven feet of their faces. Then I would get the expression either
of interest or the nod of sound sleep and I would come back here
with the camera and go on and the audience would know what the
men in the back seat were thinking. That is the way you handle
the psychology of that. You jump to the spot where you want to
register thought.
The movement of characters can throw you out very easily.
In a long shot moving from right to left, when you move your
camera in close-up that character must still move from right to
left. If it moves from left to right, when you see it on the screen
the character meets himself. Those little things cost hundreds and
hundreds of dollars if they are overlooked. New angles of camera
are important. The Germans are probably the most expert in
this respect. They study and look for new photographic angles
to get a different effect. For instance, if I wanted to photograph
a hat on the table at my side, if a scene were being made of me
and I glanced at that hat I would have to take an insert photograph of the hat in order to let the audience know what I glanced
at.
One of the vital things for directors to remember, — and here
is the greatest temptation — is that you do not teach the actors
how to act. The business of a director is not to show everybody
how to act, because if he does he inserts his personality into the
actor instead of bringing out what the actor has in him; instead of
having Ernest Torrence, and Gloria Swanson, and Leatrice Joy,
and Rod LaRocque to play the scenes, if I show them what to do
I have six or seven little Cecil DeMilles running around. In other
words, f hoy ;ire all playing with your personality and are all playing with your ideas instead of your bringing out what is in them.
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That is one of the most vital points for a director to know and one
of the points that probably few directors really know, because
there is a terrible temptation in that quarter. Every director and
everybody in this room is confident of being able to act. That is
the one weakness of humanity. They all feel they are actors. I
don't know why. You do not all feel you are violinists, and yet
acting is a great deal harder than playing a violin. There are a
great many thousand good violinists. You have them in every
orchestra. The great actors you can name on your fingers. Acting
pays very much more than playing a violin, so it must be more
difficult, and the reason why fewer people reach the top is that
they start out with the wrong premise. They start out thinking
that acting is easy. It isn't. You are playing a much more delicate
instrument than a violin.
The technique of motion picture acting is very great because
a camera has no ears. You can say the most magnificent things
in the most thrilling way but it cannot hear you. It can only see.
Therefore the voice is useless. You will see a green director insist
that his people yell frightfully loud in a mob scene or that the
heroine sob terrifically in an emotional scene, and when you see it
on the screen you wonder why they all have Saint Vitus dance,
because the proper technique is missing.
The principle of screen acting I can give you in one word. If
I said, "Do you gentlemen see this yellow paper?" If I said that to
the camera it wouldn't mean anything. I might have said, "There
is my watch," or "There is a gentleman taking notes." The screen
version of saying that is a moment's pause. That arrests the attention of the audience. Then you pick up the paper, you show
it to .your audience, you indicate it. Now you know that I am
talking about this and you know that I am asking you a question
about it. I might yell at the top of my lungs and insist that it is a
yellow piece of paper, and the camera cannot hear it. That, in a
word, is the secret of the great screen actors.
Music is an interesting factor in direction. We spend a lot
of money to have an orchestra there to put the actor in a certain
frame of mind, to get a certain emotional response. That music
is just as bad for the director as it is good for the actor, because it
fills an emotional spot with him. In watching a scene while an
orchestra is playing I always put my hands over my ears, so I
will not hear it, because there may be a blank place in the scene
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which is filled by a beautiful note over here and gives you satisfaction, and when you see it on the screen you say, "Strange I
didn't catch that. That point is wrong." The reason is that the
music satisfied that void.
The element of time of course is a vital thing. The driving
force is the battle with art. A director has to learn to keep two
balls in the air at the same time. In the case of The King of Kings,
the picture cost $19,000 a day to make, for 116 days of shooting
time, or $2,225 an hour. You can see what a moment's indecision
means. You can see what a little absent-mindedness on the part
of a director or a property man can mean if he leaves a certain
prop at home and if you lose two hours waiting for it you can figure
the cost of forgetting Pharaoh's wTand. Therefore your machinery
of direction with your assistant directors must be perfect.
Touching that point of the assistant is a very interesting one
in the handling of great mobs, where you handle 2,000 and 3,000
people at a time. To get great results you cannot shout at 2,000
or 3,000 people and give them the business to do, and yet each
one has to be an actor and do a definite piece of business. The
idea of directing a mob scene is not that they all wave their arms,
so you divide them up into companies of 100 and you designate
one capable assistant director for each hundred. In that hundred
extra people he has ten good actors and each actor has ten extra
men, and each one of those actors gives the business to the ten
extra men and the assistant director gives it to his Centurions or
his captains of 100 men, and the assistants get the instructions
from the director. That is the way these big mob scenes are handled.
They are worked out as mathematically as you would work out
an attack on an enemy.
The problems that confront a director are very interesting.
To show you the quick thought that a man must have, in the
case of the opening of the Red Sea that I spoke of a moment ago,
those of you who may have seen the picture remember that you
see the children of Israel coming along through the bottom of the
sea for about a mile and a half. The exposure took in the walls
of water on each side of that and it was in a curve, if you recall.
They were driving their flocks of cattle through and if a sheep or
cow i.ifi off info the side out of that line they would run into one
of the walls of water. Of course the walls of water were not there
actually.

They

were on

the second exposure of the film, and if
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the flocks wandered off at all you would be treated to the sight of
having a herd of sheep stroll into the ocean. Therefore we had to
build a fence that exactly corresponded to the lines which were to
be the walls of water, to keep the cattle inside of those two walls
of supposed water. But the fence posts threw a shadow. When
we inspected them before shooting we saw that there were shadows
for a mile down in the bottom of the Red Sea, shadows of fence
posts. The only thing to do was to shoot it exactly at noon. There
were 3,000 people and 8,000 animals in that. That was quite an
undertaking. We did it, however, and at 20 minutes before 12
some bright chap came to me and said, "Mister DeMille, do you
know the bottom of the Red Sea is dry?" Of course the sand was
dry. Here we had just sent the waters apart and yet the bottom
of the sea was perfectly dry. This was 20 minutes before we got
ready to turn the camera, and the cost up on that location was
$50,000 a day. That meant a full day just to move the animals
and people out to that location, which was a long way from camp.
So with $50,000 at stake and 20 minutes to do it in I called for a
quick suggestion as to how we could darken that sand for two miles.
If we get it dark and glistening we are saved. If that sand is dry
and white we are lost. What can we do? Somebody suggested a
pump. They had some pumps there. In about 8 of the 20 minutes
they wet a strip a few feet in length and as soon as they moved on
this place became dry again. I suggested black paint. How much
black paint have we got? The painter stepped up and said that
there wasn't paint enough in California to paint that.
What would you gentlemen have done? How would you have
darkened that sand? We are working by the sea within 40 feet of
the shore line. I will tell you how it was done, because time is
pressing. Allah again was very kind. In looking desperately and
thinking, "What can I do with this thing?" I saw this great kelp
bed at my feet and I said, "Everybody, men, women and children,
get up this kelp," and they picked up the kelp and laid kelp for a
mile and a half, and at exactly 12:02 we had a nice wet bottom
of the sea and we turned the camera. That is the kind of problem
that the director is up against and has to solve. If we couldn't
have done that you see what the loss would have been.
I will give you another instance, a rather amusing one. I
made a picture once, called Male and Female, with Thomas Meighan and Gloria Swanson. Tommy has supposedly just shot a leopard
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and had it hanging over his shoulder. The property man had a
stuffed leopard there with one foot out at one side and the tail
going off at an angle. I saw this thing and was terribly annoyed
because I had specially talked with the man about it and said,
"Get me a body that is limp and will hang as though it were just
killed." I had to postpone the shot till the next day, and one of the
property men came up and said, "There is a real leopard over in the
zoo that just killed a man." I said, "Get me that leopard,"
because the leopard had to be executed anyway. They have a
rule there that one killing is treated as any murder, and the leopard
would be killed. I said, "Bring him over here and we will kill him,
and Tommy can hold this leopard that has just died, over his
shoulder while he plays this impassioned love scene." We brought
the leopard over and it was a magnificent animal. I said, "You
can't kill that animal. That is a beautiful specimen." Tommy
looked a little doubtful. I said, "I'll tell you what we'll do. Get
a lot of chloroform and ether and some sponges." The property
man rushed off and bought all the chloroform and ether in Hollywood and we poured it on these sponges and put it into the leopard's
cage, and put something across the front. There was terrible to-do
inside the cage, a rocking back and forth and there were frightful
noises. Pretty soon everything was quiet and we opened the cage
and the leopard was taken out. The scene was all rehearsed and
ready. We put the leopard over Tommy's shoulder and said, "All
right, Tommy, go ahead." We had men with Winchester 30-30's
all around this love scene, and it was rather a long love scene.
We had to take it two or three times. Toward the end of the last
time — I don't know whether you gentlemen know all about ether —
you probably know more about it than I do; I don't know whether
you ever heard anyone coming out of ether or chloroform or a mixture of the two, but this mixture has a strange effect, and in the
middle of the love scene this leopard started. He was perfectly
unconscious, but you have heard people talk under the influence of
ether. Well, this leopard talked and talked in the middle of this
impassioned love scene, and Tommy, with Gloria's hand pressed
on his heart said, "Mr. DeMille, I tell you he is coming to."
I will give you another instance of what a director must inspire in his people, a different story, to show you the esprit de corps
of i he motion picture profession, and I know of nothing that will
belter show it to you. When that camera turns it is the wheel of fate.
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I was shooting a scene in the Little American and we were firing
a line of guns, supposedly French 75's. As they were using the
real ones over in France we had to use imitations. In the middle of
this scene the breech-block blew out of one of these guns and one
man had a portion of his anatomy torn away, another had a great
splinter go through his mouth and tear out his cheek; that whole
gun crew was shot to pieces. But there wasn't one of those men that
stopped acting. There wasn't a man on either side that turned to
those fellows. They glanced at them as you would if it had been a
real shell that struck and went on with their own guns until that
scene was played through and the whistle blew. Then they went
to these men.
Men will give their lives, gentlemen, to carry through. Nothing
will stop them. They will do anything.

SYSTEMATIC

CONTROL IN THE PRODUCTION
OF MOTION PICTURES

Roger Nauman*
IT IS unfair of the scientific world to expect the cinematographer
to assume the responsibility of securing satisfactory pictures of
of the vari-colored effects that are only too often placed on the
set much against his will. There are many influences that demand
the use of colors without the slightest consideration of their photographic value, yet the responsibility of the result lies with the
cinematographer.
The future development and advancement of photography
is to a great extent an engineering problem with the balance appearing heavily on the electrical side, not only from the standpoint
of improving lighting equipment and its manipulation, but also
there is a great need for the development of devices for determining the photographic reflecting power of different objects.
Let us for the time being consider monotones, or grays. We
have an attic hovel, gray; a prison set, also gray. We have a
beautiful banquet room, which is gray. Psychologically there is
something missing. There seems to be a lack of contrast. The
effect is depressing. There is no artistic inspiration, though it might
be photographically correct in all instances. The actor cannot
properly "emote" in these drab surroundings. The Art Department has given the cinematographer what he asked for. The
Director says he cannot get the required results inasmuch as the
actor does not "feel" the part. In some instances the set is repainted.
Now we have panchromatic film and light with proper color
proportions to render any color in the spectrum. For this reason
why should we attempt to confine ourselves to monotones, which
at the best can be applied only to the side walls. Drapes, furniture, bric-a-bric, pictures, and costumes are at the present time,
and practically always have been, in color. It remains only for
the proper application of color on the side walls to produce a pleasing effect thai will give the desired inspiration, as well as make it
correcl from a cinematographer's point of view.
Electrical Engineer, Hollywood, Calif .
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The uncertainty of dealing with color without having means
of determining its photographic value is one of our serious drawbacks. Let us consider from this angle, a piece of paper of a given
dimension and a piece of cloth of a rather porous texture of the
same dimension and both having exactly the same color
and shade. The paper being non-porous as compared with the
cloth, will have a much higher reflecting value, and when both
are photographed under identical conditions, the paper will render
a much greater negative density than the cloth.
This leads us to the point where our problem becomes purely
a question of our lack of ability at the present time to convey
properly from one person to another a clear conception as to the
resultant density that might be expected from a given color or
surface without entering into a prolonged scientific discussion,
which in the end might still result in a difference of opinion, because we have no standard unit for comparison. This is particularly true in the case of the non-technical mind attempting to
discuss the virtues of a set with a cinematographer. One argument is based on the pleasing effect to the eye and the other on
the actual effect on the film.
As the artist obtains perspective and relief through the medium
of color and shading, just so should the modeling of a set be carried
out with the view in mind of giving to some degree that long-sought
stereoscopic effect. The furniture should be modeled away from
the wall through the proper choice of paint and lighting. In order
that we might get a start toward the use of the expression "negative density" and interpret these densities in numbers, let us quote
Mr. Loyd Jones at a meeting of the Paramount Scientific Research Club where he made statements to the effect that a material
known as "coffin black" had a reflecting value of less than 2% as
compared with the whitest white that he knew of having a reflecting value of 98%. This being the case, let us assume that black
causes an absolutely transparent negative and that white causes
an opaque negative. In order to clearly convey the idea of negative denshy, let us designate absolute negative transparency as
1 and absolute negative opacity as the maximum, or 100, thereby
conveying to one another through the medium of numbers, the
resultant photographic effect of reflecting surfaces and colors;
other colors and degrees of brilliancy rendering various degrees of
translucency according to their reflecting value.
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A solution to the problem seems to be something along this
line: Starting off with six arbitrary colors, red, orange, yellow,
green, blue, and violet, let us provide a number of cards of a
certain dimension, then a given amount of red paint, say one
gallon. No. 1 card is painted. An ounce of white paint is added
to the gallon of red, thoroughly mixed and No. 2 card is painted;
another ounce of white is added to the red and the No. 3. card is
painted ; and this operation continued until the red has almost been
reduced to white and this same operation is applied to each of the
other five colors, as well as any other combination color that might
be devised, resulting in a series of cards representing each color and
in each case the original color starting with card No. 1, and carried
on to infinity or until white has been reached.
Regardless of the true facts of the case let us assume that
all of these colors now are started from the white end and considered as 100 and that red in our new scale stops at 40, orange at
50, yellow 60, etc. Let us now assume that the Art Department
decides to paint their set in colors ranging from 1 to 35 and that
they allot to the furniture the values from 25 to 35. This will
cause the furniture to stand out from the wall and make it possible to model a set from the viewpoint of translucency or density
and in the case of over- or under-exposure, still retain their relative positions. The walls having been definitely determined at
32, the Drapery Department will understand that contrast can
be affected only to varying degrees in accordance with their departure from 32, either darker or lighter as the case may require.
Once a particular department has been allotted a range of
numbers for a given "set," any color having that reflecting value
can be applied with absolute photographic certainty. One person
can say to another — this will be No. 25 — and the discussion carried
on. The second party incidentally would ask what color it would be,
and the answer might be red, color being absolutely secondary in
tin's consideration.
The Wardrobe Department in the designing of a garment
knowing with absolute certainty the range in which it can work,
could apply color freely in pleasing contrast to the personality of
i he subject, having, say ten numbers to work in, each number
having six colors would, result in sixty shades. This in turn can be
modified by as many intermediate shades in' this scale as the combination- of these colors would make.
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The method of determining these numbers is the next step.
First a visual reflecting scale must be determined. This scale in
turn must be adapted to various types of film and light sources,
and the data compiled in the form of charts corresponding to the
circumstances under which the film is to be used, for example,
when using panchromatic in conjunction with daylight, its respective chart would be referred to, creating a solid foundation of procedure. The determination should be with an instrument similar
to the finger print camera, namely a square box containing a photoelectric cell, fitted with an aperture for the light to enter. A square
funnel is attached to the box, the other end having velvet or similar
material on the edge in order to exclude any outside light from
the surface when the funnel is placed against it. Inside of this
funnel are four small lights. These lights can be considered as a
standard and the reading given by the reflection from a surface
and the result taken from a meter will determine the reflecting
value of the substance under consideration, the calibration on this
meter ranging from 1 to 100.
Let us assume that it was applied to the camera directly behind the aperture, in such a way as not to interfere with the manipulation of the camera, but yet to allow the light to fall on the ground
glass. Let us also assume that, in accordance with our standardized charts, the stock number of this lot of film has been predetermined to render a proper negative at a minimum reading on
the meter in question of 2.7. With this idea in view, a company
starting at 8'oclock in the morning, obtains a reading of 3, insuring
them that they have sufficient light to render well above the safety
margin. At 8:15 the set up is made for the second shot, the iris will
be closed down or the shutter manipulated in accordance with the
cameraman's desire and predetermined charts or tables, and a constant of 3 maintained until such time in the afternoon. Assuming that
this is an exterior shot, and that the sun starts to decline, then this
operation must be reversed and the iris gradually opened until in the
late afternoon a reading of 3 has again been reached with everything
wide open. This work will then be sent to the laboratory under
the classification of a definite known quantity, 3, which in turn
should make it possible for the laboratory to alter the developer
or the time element as the case might require, which would also
be determined by charts in their possession, coinciding with the
cameraman's data.

The cameraman having now set aside all of
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his work so far accomplished and necessity demanding that he
work longer, he will then drop back to his minimum reading of
2.7 by closing the iris or shutter and will continue to work, opening
up as the light demands until he has reached a wide open condition and the reading has returned to 2.7, which is the absolute
minimum of light under which good photography could be obtained,
and then he ceases operations. The second lot of negative having
gone to the laboratory marked 2.7, will be treated in accordance
with this condition, the laboratory knowing definitely that less
light was used. It is a known fact that long shots requiring an
entire magazine under artificial lighting conditions, such as in the
studio, will not have the same density at the beginning of the shot
as at the finish, inasmuch as the distance of the gap between
the arcs is increasing as the shot progresses and the current flow
across the arc is gradually weakening. In the case of a 10,000ampere load sometimes there is as much as a 35 or 40 kilowatt drop
in load, which in turn means that the light density is much less at
the finish of the shot than it was at the beginning. The ordinary
printing machine as used today does not compensate for this condition. Ashot of this length is rather out of the ordinary, yet it is
brought forth to illustrate a point. If an iris was provided in the
printing machine which was controlled by the transmission of the
light through the negative itself by means of a photo-electric cell,
then the entire printing process could be corrected.
Also through the foregoing procedure, having determined the
amount of light that had reached the negative, it would enable the
laboratory to produce an absolutely consistent negative and upon
receiving a quantity of negative under the numbers of 1.0 they
would know by the negative number that this was an effect shot,
and would not attempt to bring it up to the brilliancy of a normal
shot. It would be the means of a comprehensive understanding between the cinematographer and the laboratory without any further
communication. Having attained this, it is easy to see how an absolutely standard release print could be established and a standard
determined that would be used by all studios. This in turn would
allow a condition of standardization for projection in every theater
throughout the entire country by the simple process of a reading of
the screen brightness.
In the application of trick photography, as in the case of glass
shots, the set could be matted off and a reading taken of the
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painting, then the painting could be matted off and a reading taken
of the set, and if the two readings coincide, the lighting would be
correct.
There are many things to be worked out in conjunction with
the photo-electric cell apparatus, its amplifying circuits, filtering
devices, charts and procedures determined in conjunction with this
process which could be accomplished by the combined efforts of
the various studios through the medium of a central research laboratory.
DISCUSSION
Mr. Dunning: Does the spectrum band of a photo-electric
cell vary?
Mr. Nauman: The cell is more sensitive to the blue than to
the red. If properly designed, a cell could probably be developed
which would have nearly the same curve as the film itself.
Mr. Jones: I should like to point out that while many of the
proposals made by Mr. Nauman are entirely feasible, much experimental work remains to be done before they can be considered as
having practical utility. For instance, there are many types of
photo-electric cells having different spectral sensitivities. Even in
cells of the same type, it is very difficult to make a large number of
cells having exactly the same characteristics. Any one of these
cells can, of course, be used for the measurement of illumination,
which is the visual evaluation of radiant energy, by using with it
a carefully constructed light filter which will make the effective
spectral sensitivity of the cell identical with that of the human
eye. I can assure you that it is not an easy matter to make a filter
which will do this with precision. We have done a great deal of work
on this and have attained some measure of success, although it
becomes very troublesome when found necessary to adjust each
filter with the particular cell with which it is to be used. With the
new caesium cell which the Research Laboratory of the General
Electric Company has developed, our experience and their statements indicate that its spectral sensitivity is fairly constant from
cell to cell. It certainly is not safe to attempt to measure visual
reflecting powers with any photo-electric cell without definitely
measuring its spectral sensitivity and using the cell with a filter
which will correct that sensitivity to correspond with that of the eye.
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The flicker photometer is used in practically every photometric
laboratory in the world for the measurement of the visual reflecting
factors of colored objects. This method, I believe, is the standard
method for doing this work and photometricians are in general
agreement that it is a most satisfactory method to employ wherever
it is necessary to compare the visual brightnesses of different colors.
In our publications on this subject we have always measured visual
reflection factors by means of a photometer, and photographic reflection factors by means of the photographic material itself.
Again, if it is desired to use the photo-electric cell for measuring
photographic reflection factors, it is necessary to know the spectral
sensitivity of the cells, the spectral sensitivity of the photographic
material, and then to use the cell with a selectively absorbing filter
which will make the effective sensitivity of the cell-filter combination
identical with that of the photographic film. Personally I prefer
at the present time, to measure photographic reflection factors
directly on the film in question. Mr. Nauman's suggestions are
very stimulating and undoubtedly it is possible to standardize
every step of the photographic process from the object to the screen
picture. At the present time, however, there are several unknown
relationships and much experimental work must be done before
complete standardization can be accomplished. For instance, we
do not understand sufficiently well the relation between negative
characteristics and correct printing exposure to permit the control
of this factor by means of a photo-electric cell. It is quite true
that we can measure the transmission of a negative by means of a
photo-electric cell but transmission can be defined in a number of
ways. For instance, we may measure the total or integrating transmission ofthe frame or of the transmission of the lightest or of the
darkest area. We do not know at the present moment which particular value of transmission is proportional to or related in some
known manner to the proper printing exposure. When this law has
been determined with satisfactory practical precision, we will then
be Dearer to the happy solution suggested by Mr. Nauman. I do
aol wish to imply that I think Mr. Nauman's suggestions are
impossible, but 1 do wish to point out that the way may not be as
clear or the application as simple as is suggested by the paper.

DRAMATIC

CINEMATOGRAPHY
Karl Struss*

IN USING

the picture Sunrise as subject matter for a discussion

of ' 'Dramatic Cinematography," there are numerous and various
elements to be taken into consideration. In the development of the
modern photoplay or motion picture, considerable advance has been
made in the psychological treatment of the story chosen to be filmed.
Heretofore, unfortunately, stories have been treated in the literary
fashion of animated scripts or photo versions of stage plays; that is,
a superabundance of conversational titles with incidental action in
picture form has resulted. I believe, however, that Sunrise is the
fore-runner of a new type of picture play in which thought is
expressed pictorially instead of by titles. I am sorry to say that
Sunrise as released, contains twice as many titles, — more or less
explanatory — as the original script contained. This was done as a
concession to the great public, which presumably cannot as yet
take its entertainment by seeing and thinking for itself. The script
of Sunrise, however, written very cleverly by Carl Mayer, has a
mood or sense of dramatic feeling and timing, that makes it rather
simple to visualize the action. From this script then, dealing with
drama in picture form, it became a matter of reducing the action
described to definite scenes in sets or settings designed to create a
series of impressions, which make up the picture. In the case of
Sunrise, some two hundred sketches were made by Rochus Gliese
the Art Director or Visualizer, representing the two hundred scenes
from the script, from which small plaster models were made of the
more important sets. These gave the cinematographers first hand
information before actual photographing commenced so that all
the lighting possibilities would be arranged and prepared, before
the real sets were finished.
There was complete co-operation among the director, F. W.
Murnau, the art director, and the cinematographers at all times,
and suggestions from the cinematographers were often made which
simplified action and gave a stronger pictorial impression than was
suggested in the script.
* Member

American Society of Cinematographers, Hollywood, Calif.
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- In Sunrise, the camera seems to live with the characters and
follows them around with psychologic reason, and when the final
stop is made, there is no further movement; as in the scene where the
camera follows the man through the evening mists across a small
bridge, through some trees, across a fence and then goes crashing
through brush and comes out on a scene of a girl awaiting her
lover, and there it remains until the man steps into the scene. This
was one of the most difficult scenes to photograph and to light, and
probably one of the most dramatic as well as pictorial. The impression of that scene must last a long time, for numerous people have
asked me about it before anything else. Such a scene could not have
been made effectively with a stationary camera in the usual "long
shot," — but here we move with the man and his thoughts to his
objective, and come upon it in a dramatic manner. The effect is
breath-taking, so great and impressive is the pictorial beauty revealed; the hazy moon — the misty marsh atmosphere — the lazy
movement of the water — and in the silhouetted foreground — the
girl! No words are needed here to tell what is happening — we seem
to be surreptitiously watching the love scenes — and so it goes
throughout the picture. It is difficult to express moods and thoughts
— but here the camera does it. This was not a result of the camera
work alone, but of the intelligence used in the preparation and lighting, and an understanding of the effects desired; again I say, —
complete co-operation among the three people most concerned in
creating drama in picture form for the screen; the director, art
director or visualizer, and cinematographer. In this group I did
not include the author or scenarist because his work previously
had been so thoroughly done that his further co-operation was
unnecessary. Would that there were more scenarios written with
the style and distinction of JSunrise]
One could continue at great length about details of the camera
work telling of all the combinations or double screen and multiple
exposures that were made, as well as the equalty important follow
shots; as from the boat to the landing place — the walk of the city
girl through the village to the man's home — the foot prints in the
mud — the trip to the city — following the man and his wife through
the traffic and along the street — the restaurant scenes — the church
scenes I he storm sequence, et cetera, but to me the most impressive
are the opening atmospheric scenes which give pictorially the
impressions of "vacation time," that no titles could ever give. Sun-
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rise should be seen to realize some of the problems involved in
picturizing stories.
DISCUSSION
Mr. Ross : How was the camera focused on the action and how
was it kept in focus?
Mr. Struss: In the shot of the woman coming through the
street, we used a 40 mm. lens at twilight, and we made about
six shots in half an hour. The focus was about fifteen feet and the
lens set at f/2.7.
Another shot where the man crosses the bridge was taken
with a 40 mm. lens and an overhead perambulator with reverse
jS-movement. It is quite a little trick to swing the camera and at
the same time go forward and downwards. We used an Akeley
head on the Bell & Howell camera on the edge of the parallel.
Mr. Ross: It would be an advantage to be able to hook the
finder up and change the finder with the focal length of the lens.
Mr. Struss: I suppose it would be mechanically possible to
do that.

A LINE SCREEN FILM PROCESS FOR
PICTURES IN COLOR

MOTION

John H. Powrie*
THERE have been several papers on color cinematography
presented to the Society from time to time and the fundamental
principles underlying the various additive and subtractive methods
have been so well covered that I do not wish to take up your time or
cumber the Transactions with repetitions.
I wish to present for your consideration, however, an old
method of color photography which has been worked out for the
production of motion pictures in color along the idea of the screen
plate which was invented by Ducos du Hauron, to whom we owe the
idea of making a screen plate, or the placing of all of the tri-color
filters on one surface, thus enabling us to obtain by one exposure a
colored result. He enunciated this principle in 1868, but the idea lay
dormant till about 1894 when Joly, of Dublin, and McDonough,
of Chicago, patented their methods. Both these processes failed
commercially because at that time it was not known how to make
satisfactory panchromatic emulsions and because of the cost of
producing the lines mechanically.
All of you are probably familiar with the Lumiere Autochrome,
the Agfa Color plate and the Lignose Color film in which irregularly
shaped colored particles are strewn haphazardly on a support to
form a mosaic. These three alone survive commercially at the
present time out of nearly two hundred patents.
The great disadvantage of irregular grain or mosaic screen
plates is the difficulty of reproducing them, it being generally
acknowledged that in the reproduction one must have either a
saddening of the resultant color by the admixture of black, if a
positive is made from a positive, or a dilution by white, if the
positive is printed from a negative. This is a very serious matter
because in all screen plate processes only one-third of the original
color can be present, the rest being black. For instance, taking a subject such as a red rose, the image of which occupies any area
larger than one color element, it is clear that the green and blueviolel elements must be blocked out by metallic silver and assuming
W.'inier Research Laboratory, New York City.
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that the fundamental first black condition is fulfilled, then only
one-third of the incident red light can penetrate the elements. If
such an object is reproduced by the same process we shall have only
one-third of one-third, or one-ninth of the incident light transmitted,
as was pointed out by Dr. Mees more than twenty years ago. Wall
refers to this in his History of Three Color Photography on page 539.
In the comparative examination of pictures made by the
ruling method with those of the irregular grain, the results are
equally satisfactory as regards correctness of color rendering, but
under the microscope we find that the. irregular grain structure is
very much finer, as with the Autochrome plate we have about four
million starch grains to the square inch, but the clumping of from
ten to thirty color grains considerably increases the initial size of the

*•"•! %p#**K° 4.
*
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Fig. 1. Photo Micrograph of Autochrome

Plate (70 diameters),

elements. This also greatly interferes with their resolution of the
photographic image, necessitating a fine silver grain for the small
elements, but does not materially improve the picture visually,
as the clumping renders the structure very apparent to the eye.
For example, the surface of the screen is covered with minute grains
which are approximately one hundredth of a millimeter, or about
one twenty-five hundreth of an inch, in diameter. In comparison
with this the half-tone screen of 133 lines to the inch has its black
and white elements approximately one two hundred and fiftieth
of an inch in diameter, or ten times the width of the starch grains,
but their general appearance is about the same so far as screen
structure is concerned.
(See Figs. 1 and la.)
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Ruling methods, as I have already stated, are too slow and too
costly and depend upon delicate adjustment in registration We
had to overcome this fault and it is the purpose of my paper to

Fig. la.

Submaster of opaque lines forming temporary negative on back
of color film (70 diameters).

explain how we have solved this almost insuperable task and greatly
increased the fineness of the lines.

FiG.2.

F1G.3.
FlGS. 2 and 3. Printing through back of film carrying submaster. Angling
lighl to register the image of second line alongside of first group of lines.

In solving I he problem we have departed from mechanical
methods vcvy largely by employing the fanning action of light
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on a bichromated gelatine film applied to the surface of the celluloid and print through an opaque line negative which is formed on
the back of the celluloid support. These lines are twice the width
of the intervening spaces, and the light from the powerful arc is
transmitted through this transparent space and the thickness of the
film, five one-thousandths of an inch thick, and forms an insoluble
gelatine line on the other side. The light reaches the film, not at
right angles to the surface, but at a pre-determined angle, the
idea being to use the thickness of the support and printing by
parallax to displace the position of the light beam, so as to bring it
in register for the second printing by moving the light again to a
position at the opposite side of the right angle, as will be seen in the
illustrations.

Fig. 4.

Schematic view of device for printing color lines and making
submaster strip from black master film.

After the first series of lines is formed, the bands of celluloid
are washed to dissolve away the colloid and the remaining lines
are mordanted and dyed one of the three colors, preferably red or
green, for the first and second operations. (See Figs. 2 and 3.)
The celluloid is again coated and printed, shifting the light
source so that the second series of lines directly juxtapose those
first printed and these are then washed, mordanted, and dyed the
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second color. It is now desirable to remove the temporary matrix
of opaque lines that serve to form the first and second lines and recoat the film over the red and green lines. (See Fig. 4.)
The third line is formed on fresh colloid by exposure through the
back of the celluloid, the existing lines acting as a matrix and preventing any light action save on the undyed area. This line is then
dyed as the others. The final result is a screen composed of three
closely contiguous lines, absolutely parallel, dyed in the correct
colors and without any colorless interspaces. (See Fig. 5). A protective coating is applied to effectually prevent injury to the colored
lines, after which a sensitive panchromatic emulsion is laid on and
the film is ready to be slit into the proper width for the roll camera
or for motion pictures, as desired.

Fit

5. Photo Micrograph of 400 line W-P. color screen, 133 lines per inch
(70 diameters).

There is another and from a practical point of view an important advantage of forming the screen structure by the method outlined. As in each case the exposure is made through the celluloid
support, insolubilization of the colloid is more complete next to the
support, hence the color elements are firmly anchored to it. Whereas
in those methods' in which a matrix is used as a separate plate and
the exposure made from the front of the colloid, it might happen
that there would be a decreasing insolubilization towards the
support and a weakening of the bond between the lines and the base.
By the method outlined there is theoretically no limit to the
fineness of the lines that can be produced. Screens with 2,000 lines
to the inch have been made with the greatest ease. Practically,
there are limits; because beyond a certain fineness one might not
only have diffraction effects but one might also reach the point
.it which clumping of the sensitive silver salts might lead to trouble.
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It is essential that the action of light through a color unit be confined to that unit and not be partially located on a juxtaposed line,
otherwise there would be falsification of the color rendering.
But it is at this very stage that the greatest advantage of the
process becomes apparent. I have already pointed out that a linear
structure is the only one with which a faithful reproduction can be
made. (See Fig. 6.) The fact that, such cannot be carried out with
mosaic screens and the consequent necessity of reversing the primary image has limited the emulsions to a very slow, thinly coated
RGB

NEG.

n
RGB

POS.

aDNEG. Ist POS

E X
POS. \srP0S.

Fig. 6.

POS. 2" POS.

POS. 3P POS

Printing positive from color lined positive by using reversal or
color lined film.

layer that can be reversed. With this process there is no necessity
to reverse the primary negative image as excellent positives can
be printed from complementary colored negatives. (See Fig. 7.)
There is thus no limitation as to the speed of the negative emulsion
nor within reasonable limits to its thickness, so that a fast panchromatic emulsion may be employed.
The possibility of optically printing from the negative enables
one also to overcome what may be yet another source of trouble,
that of graininess. It is possible for negative work to use^a linear
structure of only 900 lines to the inch on a film 47 millimeters wide
or twelve millimeters wider than the standard film and reduce down
in the positive making a screen with 1500 lines to the inch or even
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Fig. 7.

Printing positive on color line film from color lined negative by
triplicating image.

finer with perfect results. This is only possible with linear structures.
I have already referred to the inherent defect common to all
screen plate processes, that is, in reality they comprise about onethird of the picture, having one-third of the red negative, one-third
of the green negative and one-third of the blue negative. A positive
copied from such a negative on a similarly lined screen structure
gives but one-third of the color of the negative, but this can be overcome with an inappreciable loss of sharpness by shifting the lined
structure of the negative image during the printing operation to
the second and the third position, the total shift being that of the
period of the pattern of the lined screen structure.
For example, the red line successively occupies the position
of the red, green, and blue lines which results in an optically
eliminated pattern of the lined screen structure.
I have just referred to the use of a negative film 47 millimeters
iri width which is perforated for the camera and on which the lines
arc paralleled lengthwise of the film, as this is more convenient for
manufacturing purposes and the film is driven through the camera in
;i horizontal position, the camera being so constructed that the
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Camera for making negative on color lined film 47 mm. wide
image -A times area of standard film.
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frame maintains the same proportions as the standard film, but has
four times the area, the lines being horizontal in the negative.
(See Fig. 8.) When this is printed in the optical printer with a
one-half reduction of the standard film on which the lines are also
paralleled lengthwise of the strip, the lines will now be vertical and
virtually cross those of the negative image. This triplication has to
be done with great accuracy and a special attachment to the printer
enables the triplication of the image to be carried out with the accuracy required. (See Figs. 9 and 10.)
It may be questioned whether a screen film can ever be used
for motion pictures and this is a perfectly natural doubt because
those familiar with screen plates generally, know the impossibility
of projecting them to any size because of the very poor screen brightness. This is an inevitable consequence of the structure of the color
element itself. Take as the worst example the Autochrome plate
in which the color units are starch grains. These are by no means
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Fig. 9.

Optical Printer reduces from W-P. color negative 47 mm. to
standard 35 mm. film for projection.

Fig. 10. View of film room showing (1) spool bank and color line printing
machine on Left, (2) master film machine, and (3) optical printer on right.
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transparent; they are translucent only, with the result that there is
a very great scatter of the light. In fact one may not unjustly
liken the action of the starch granules to the placing of a sheet of
ground glass in contact with a transparent color element.
It can be claimed and justly for this process that there is no
light scatter by the color elements. They are fundamentally colorless, perfectly transparent, even more so that the gelatine used in
positive emulsions and the added color does not impair their perfect transparency. This is accomplished by reason of the fact that
the width of the lines is many times greater than the thickness of the
element, which results in a surface that is plane parallel with the
support.
Theoretically, the spectral transmission of the color elements, or
the filters, for a positive for an additive method, should correspond
to the fundamental color sensations, that is, practically the isolated
spectral bands of pure red, pure green and pure blue-violet; while
those for negative making should have bands overlapping at the D
and F lines. The usual screen plate filters are a compromise
between these two requirements and are contiguous and not
overlapping bands. By my suggested method of using a negative
film without reversal of the primary image, it is possible to utilize
the correct filter transmissions and obtain better color rendering
both in the negative and the positive, the latter being separately
printed behind the correct filter elements.
We can, as a matter of fact, widen the negative transmission
bands. In this way, more rapid exposures may be given without
loss of correctness of color rendering in the positive because of the
limiting transmission of the elements of the latter.
The application of this process to the standard motion picture
is obvious. Its use for cine amateur work, presenting as it does, no
complications, extra work or modification of the cameras, should
lead to even a greater use of this type and open up wider fields
especially in nature study.
DISCUSSION
Mr. Griffith:
At what printing speed are the copies made?
Mr. Powrie:
We can print about forty feet per minute.
Mr. Crabtree:
How does the film wear with projection; is
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there any tendency for the bichromated gelatin to strip from the
base as the film becomes flexed during projection?
Mr. Powrie : We have not had sufficient experience in running
the film in the projector to answer the question very intelligently.
Most of the work has been of an experimental nature, but during
the last seven or eight years we have run specimens through the
projector which seemed to compare well with ordinary film. So far
we have had no difficulty at all in this respect.
Mr. Crabtree: How is the black line made which acts as a
negative for the printing of the lines?
Mr. Powrie: We use a silver image developed from a very
fine-grained emulsion for the original or master, and the submaster print which is on the back of the color line film is formed of a
bichromated gelatin coating and stained up.
Mr. Fear : Have you found any difficulty with bleaching after
continued projection?
Mr. Powrie: No. The colors are remarkably permanent in
this respect. We have mordanted the colors so effectively that
they are not disturbed either by the action of the light which acts
for a very limited period of time or by acid or alkali in the subsequent development.
Mr. Crabtree: How is- the black line removed from the back
of the film after it has served its purpose.
Mr. Powrie: As I explained, we do not remove the black line.
It is used only on the master film. It is the sub-master which is
stained up with dye, and that is removed by passing through an
alkaline solution.
Mr. Flora: How is the second line dyed without getting the
dye onto the first line?
Mr. Powrie: In the dyeing operation, after the first printing,
the film is passed through a series of mordants and dyes. The mordant tannic acid bath has the property of contracting the gelatinous
coating, so that after once dried, it is no longer capable of taking
any further mordant or dye, and the series of three lines can be
fixed thoroughly without difficulty in the dyeing operation.
Mr. Flora: Is .the film coated all over with the bichromated
gelatin before the lines are printed on and are the unexposed
portions then washed oul ?
Mr. Powrie:
Yes. The entire surface is coated with bichro-
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mated gelatin, and after printing, all of the unexposed gelatin is
removed in water.
Mr. Flora: Then it is recoated a second time?
Mr. Powrie:
Yes.
Mr. Devatjlt: What are the chances of seeing a demonstration of the film?
Mr. Powrie: I regret very much, in spite of heroic efforts on
my part, not to have reached a point where I could bring some
of the film. This was not possible owing to an accident that interfered with our work in the laboratory. I have a few slides with me
that I am able to show which are on exhibition on the lobby floor.
Anyone who would like to see them, may do so. I have a few strips
of film showing the steps of the operation but did not want to
encumber the meeting by showing them.
Mr. Crabtree: The process is not quite clear to me as yet.
As I understand, suppose this is the film base — a series of dyed lines
are put on the base side of the film (drawing). Then they are used
to print one line after coating; a second coating is then put on and
dyed, and this black line is then removed. How is it removed?
By an alkali?
Mr. Powrie : Yes, by mechanical friction rolls and an alkaline
solution.
Mr. Crabtree: With regard to the black line (drawing),
what mechanical precautions have to be taken to get the lines
absolutely parallel? With four thousand lines to the inch, I should
think there would be a tendency to get a wavy line.
Mr. Powrie: We don't use sprockets (drawing). The film is
held over a cylinder, and as the film passes over it, a portion is
exposed through a window. Underneath the master strip that
passes around here (indicating) is the film with a bichromated
gelatin coating, but the printing light is at a considerable distance,
so that the rays are approximately parallel. The slight angling
doesn't seem to disturb the result, and the two films — the master
strip and the sensitive strip — are held tight over this cylinder during
the operation. The light forms an insoluble line on the film, the
soluble portion of which is then washed out. We have not found
any difficulty in getting perfectly clean, sharp-cut lines on the
film itself.
Mr. Crabtree: How do you make the original negative for
printing the black lines?
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Mr. Powrie: Can you show the slide of the machine in the
printing room? (Projection of lantern slide.) It is not shown in its
entirety. You see the spool bank extending out here with a series
of rollers on which the master film is threaded up and down. These
are strips of master film. The strip is about a hundred feet long,
and the film passes around the rollers and around the cylinder,
then below here and along the spool bank, so that it is an endless
master strip for printing the sub-master on the back of the film for
making the colored lines. This other film is put on a spool and after
printing is wound up in the tank. After going through the dye, it
forms the sub-master, and we can form the first line in the same
operation, although we have preferred to form the sub-master on
one side and the first series of lines on the back.
Mr. Crabtree: How are the black lines put on the master?
Mr. Powrie: The master strips are formed from an original
grating. The film used has a fine-grained, silver emulsion on it
which is exposed under a grating, and that is afterwards developed
in the usual way. This forms the master film with the black lines.
Mr. Crabtree: How do you maintain the lines parallel to the
edge of the film? If the lines are not exactly parallel to the edge of
the film when printing from the master onto the sub-master, you
would get side weaving.
Mr. Powrie: We don't seem to experience any difficulty. The
film runs over flanged rollers and spools that keep it fairly straight
and we have no such difficulty.
Mr. Flora: Is the image on the back of the master a
silver image or a dye image?
Mr. Powrie: No, a dye image. It is a very simple matter to
use a dyed image as a negative from which to print the lines.
Mr. Crabtree: What is the critical point with respect to
the number of lines per inch in order that striations are not visible
when viewing the screen at a normal distance? Mr. Powrie mentions
lines of the order of four thousand to the inch. Are so many lines
necessary?

Mr. Powrie: We have printed with some difficulty 4800 lines
to the inch. We have no difficulty in making twenty-four hundred
lines to the inch. If necessary, we could print five thousand lines
'<» the inch, but I don't 1 liink such a screen has any practical value.
The lines we are nsin<>- or expect to use will be about twelve hundred

Pictures in Color — Powrie

333

to eighteen hundred to the inch, which is sufficiently fine for all
commercial purposes.
Dr. Lyxdox : With regard to the violet color, it has been stated
that no pigments or dyes or artificial colors provide the same wavelength that the spectral violet does. What happens when violet is
produced by the mixture of red and blue with respect to the wavelengths that impinge upon the eye? Are two separate wave-lengths
of the colors blended in the eye, or is there a compromise wavelength?
Mr. Powrie: When red and blue dyes are mixed together to
form violet, we have a combination of the absorption: that is, the
red absorbs some of the blue, and the blue, some of the red, and a
narrow band is left. We do not find that it is satisfactory to work
with combinations of red and blue. I cannot go into the details of
the dyeing operation except to say that we haA'e a very ingenious
method whereby acid dyes are used in combination with basic dyes
to form the color filters on the screen film. After a great deal of
patient research in that direction, we have been able to secure very
satisfactory filters.
Dr. Lyxdox: Can you approximate the spectral violets with
the artificial dyes?
Mr. Powrie: Yes, I think so. The results at least are as
satisfactory as the filters for use in tri-color photography.
Mr. Bexford: There is one phase of the question that Mr.
Powrie has not touched. Two pure spectral colors are combined by
the eye, but the eye sees only one color, which is an intermediate,
and it cannot be distinguished from a pure color. Suppose we have
pure orange and pure green light. If we combine those in proper
proportions, the eye sees yellow, and this cannot be distinguished
from a pure spectral color. That is what happens with the violet
colors.
Mr. Crabtree: It seems to me that one of the difficulties in
such line screen processes consists in the application of the emulsion
to the colored fines once they are produced. With the Autochrome
plate, for example, it is necessary to insulate the colored particles
from the emulsion or else the dye transfers to the emulsion and
either destroys or increases its sensitivity. I should like to ask Mr.
Powrie if he has encountered any difficulties with regard to getting
an insulating layer which will adhere to the bichromated lines in
order to protect the emulsion.
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Mr. Powrie: We have experienced very great difficulty in that
direction, and it was a long time before we could effectively protect
the colored lines and develop the film in any ordinary developer.
The coloring matter is not affected by the acid or alkalis or fixing
baths used. There is no possibility of the chemicals getting through
to affect the coloring matter beneath, and the emulsion adheres
very firmly to the protected coating, as does the screen structure of
the lines themselves, so that the screen film becomes an integral
part of the base and the emulsion adheres as firmly as to an ordinarily coated film.
Mr. Crabtree: Have you made wear and tear tests of the
finished film for stripping?
Mr. Powrie : We have not made definite wear and tear tests,
as we have not produced a sufficient quantity to be able to make
a satisfactory test of this kind.
Mr. Crabtree: I presume it is proposed to reverse the image
in order to produce a positive from the original negative, as in the
original Autochrome. or do you propose to produce duplicates?
Mr. Powrie: It is proposed for regular work to make the
negative and make prints, which can be done very satisfactorily, although we have been quite successful with the reversal method.
Most of the work has been done that way.

CAMERA

LENSES FOR MOTION
PHOTOGRAPHY

PICTURE

W. B. Rayton*
IT IS possible that no other product of human ingenuity, which
is so widely used as the lens, is less understood or more prolific
in giving birth to fantastic notions. It seems probable that one
reason for this may lie in the fact that our complete knowledge of
the geometry of image formation is so recent. Another reason probably lies in the relatively small number of people who are trained in
the science of lens design. It is not unlikely that the world's supply of people who could design a useful photographic objective
starting with nothing but a glass catalog and a table of logarithms
or a computing machine, would fall far short of filling this room.
Another reason certainly lies in the too often fantastic claims of
the manufacturers. The optical industry, although insignificant in
total volume of business in comparison with the motion picture industry, steel, or motors has been and still is highly competitive.
Hence we have many kinds of lenses which hard-working advertising men have to try to sell. It should not be surprising if some
of the less responsible invent some literature which may slightly
mislead the uninformed nor is it to be expected that there will not
be many people who are convinced thereby, and who enthusiastically believe they see the proof of the claims in the results they
obtain.
In addition to the mental fog created by advertising literature and hearsay testimony there is the circumstance that the
performance of a lens is usually judged by examining a negative
or even a positive print. In either case many factors other than
the lens contribute to the final result.
The significance of this situation lies in its bearing on the
user's satisfaction with the performance of existing lens equipment
and on his expectations of future developments.
The demands of the motion picture industry have driven the
lens manufacturers to attempt to supply lenses of a relative aperture which twenty years ago would have been regarded as impracticable. Progress in this direction has been attended by much
* Scientific Bureau, Bausch & Lomb
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effort and expense. It is very doubtful whether the profits on all
the high-speed lenses sold are equal to the money which has been
spent in design. But with all the effort, no essentially new principles of lens design have been involved. There is no lens construction in use toda}r which could not have been produced twenty or
more years ago if the designer had had the* courage to attempt the
task or any reason to believe that there would have been found any
useful application of the type of lens he could have produced.
The short focal lengths required in motion picture work and
the pictorial character of the work are the factors which have made
reasonably high-speed lenses possible. The definition in the image
formed by any lens depends upon the residual aberrations which
still remain after the designer has done his best with the correction.
In general, all lenses of a series of focal lengths sold under the same
name are geometrically similar. That is, the radii of curvature of
the surfaces, the thicknesses of the component lenses, and the
separations of the lenses are usually all exactly twice as great in
a 6-inch as in a 3-inch of the same series of lenses. It follows that
the numerical value of the aberrations is proportional to the focal
length and that it may be easily possible that the quality of image
produced b}^ a 2-inch lens may be satisfactory while a 6-inch of
the same type might be regarded as useless. Early photography
did not use 2-inch lenses hence the designer was wise in regarding
//2.0 lenses, for example, as impractical. Further, in the early
days of the anastigmat nothing was regarded as acceptable other
than the sharpest possible definition. This attitude has fortunately
been abandoned by everyone but photo-engravers, scientists,
engineers and others whose work requires for its success the closest
possible approach to absolutely sharp definition. There is no doubt
that absolute sharpness of definition is undesirable in pictorial
photography. There is an equal degree of certainty in the mind
of the speaker that both in portrait and motion picture photography the departure from sharp definition has been carried too
far to please the general public. There is no doubt that this has been
the resull of the enthusiasm with which we are all prone to receive
any new thing using if without discretion until our appetites are
jaded and we relapse into boredom unless another novelty takes
its place. On the other hand, while the question of the extent to
which definition should depart from perfection is debatable there
i- probably no dissent from the general proposition that a certain
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amount of softness enhances the pleasure we derive from any
photograph intended to appeal to our sense of beauty.
These two facts have made the fast lenses possible. If a higher
degree of definition be demanded of the fast lenses it can be attained
only by complicating the construction and thereby reducing the
realizable, effective speed. The economic law of "diminishing
returns" applies to lens design as well as to agriculture or to selling
efforts. A general demand for better definition than is now possible can be met only by lenses of lower relative aperture, by lens
constructions so complex that the ultimate result is equivalent to
lenses of lower aperture, or by new discoveries in the realm of lens
design and manufacture. In fact, it is reported that existing high
speed lenses fail to show exposures commensurate with their relative
apertures.
Twenty years ago a relative aperture of //4.5 was regarded as
very large for anastigmat lenses. When such lenses were applied
to photography it was found that foreground and background fell
out of focus very rapidly for all but very long shots. This marked
lack of depth of focus was seized upon by the salesmen as a mark
of superiority. They claimed it added depth or plasticity, stereoscopic effect, to present the principal object in sharp focus against
an out-of-focus background, making a virtue out of a defect as
salesmen in all lines of merchandise are prone to do. The public
accepted this view for a time but the public is today more inclined
to independent judgment as to what is good and bad photography,
having been largely educated therein by the marvelous accomplishments ofthe cinematographers. The public today is not
pleased by photography in which the foreground and background
are masses of haze. It was suggested in one of the meetings of last
week, and I believe there is truth in the suggestion, that lack of
depth of focus is often responsible for criticism of the general or
average definition of a picture.
Depth of focus, if there were no other considerations involved,
sets a limit to the speed to which it is desirable to carry lens design.
Just what that limit is in cinematography I cannot definitely say
for it is a matter of opinion, how much blurring of the foreground
and background should be permitted. Undoubtedly it should vary
with the character of the set. If flexibility in lighting were permitted,
a much more extensive use of the diaphragm than is common
today would improve the technique of the camera-man.
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In view of the above and other considerations into which time
will not permit us to go, it is questionable whether better average
photography would not result from the use of lenses of somewhat
less aperture than is now employed.
In addition to the quality of the image produced by a lens, the
focal length of it is an important factor in determining the character of the picture as it appears to observers in the theater. All
sets are three-dimensional and the arrangement of the actors and
properties in respect of their relative distances from the camera
contributes nearly as much to the final effect of composition as
do their separations in the plane perpendicular to the line of
sight. The only way in which the observer can judge of the relative
positions of the objects in the picture in respect of depth is b}^
means of perspective. If the perspective be faulty his interpretation of distances will be incorrect. Possibly the result will in no
wise diminish his satisfaction with the picture; on the other hand
it might seriously impair the effect the director and camera-man
have striven to produce. This subject is discussed in a paper by
A. C. Hardy and R. W. Conant presented in these sessions.1
In monocular vision the most important indication of the relative distances from the eye of the various objects within the field
of view is the apparent, size of those objects. Our interpretation
of distances from a consideration of apparent sizes is based on experience and involves an assumption that we know something of
actual dimensions of the objects involved. If the actual dimensions of some of the objects are unusual our judgment of distances
will be incorrect. For example, suppose two automobiles were
visible in an otherwise absolutely blank field, so arranged that no
part of the one obscured any part of the other. We would immediately locate them in space relative to each other on the basis
of their equality or inequality of apparent size since we know
from experience that regardless of differences in wheel base, the
width and height of automobiles does not differ greatly among
different models. If, however, one of the cars was replaced by a
perfectly proportioned miniature our judgment would be violently
upset. The difference in apparent size of the two cars will depend on
the distance of the observer from the nearer car as well as upon
their separation, the difference between them diminishing as his
1 "Perspective Considerations in Taking and Projecting Motion Pictures,"
b) A. C. Hardy and R. W. Conant. Trans. S.M.P.E. XII, No. 33, 117(1928.)
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distance from them increases, so that his judgment as to the separation of the cars one from another depends upon some prior
judgment as to his distance from one or the other of them. This
judgment can be formed even in an otherwise vacant field of view
on the basis of the apparent size of that car compared to the extent
of his whole field of view. If this were the first time he had seen
an automobile he would be utterly unable to form any opinion of
its distance because he would have no idea of its dimensions. If
the unknown automobile appeared in a field containing familiar
objects he would at once be able to form an estimate of its distance
and of its dimensions.
Motion picture sets usually contain familiar objects. The
observer viewing the picture on the screen estimates his distance
from the scene from the appearance of the dominating object within
the field and locates the other objects within the field on this
basis combined with a consideration of their apparent relative sizes.
Perspective is a matter of relative apparent sizes. The expressions, true or faulty perspective, are meaningless unless they assume
a definite point of view of the observer. Assuming the lens is free
from distortion, the perspective of a negative will always be true
if viewed from a distance equal to the distance from the second
nodal point of the lens to the plate or film when the exposure
was made. Viewed from any other distance, the perspective of the
negative will be faulty. It cannot be said, therefore, that perspective depends upon the focal length of the lens without qualification in the form of a specification of the viewing distance. Similarly the perspective of the projected picture will be true or false
according to the relation between the focal length of the lens
used for projection and the viewing distance of the observer.
If the observer stands at the projection machine, true perspective
demands that projection be accomplished with a lens whose focal
length is the same as that of the taking lens. In motion picture
practice this is very rarely done and as a consequence the perspective of the projected picture viewed from the projection
booth is generally false. This is usually but not always apparent.
For any other distance from the screen the focal length of the
projection lens necessary to give true perspective can be computed
by multiplying the total projection distance by the focal length
of the camera lens and dividing by the distance from the observer
to the screen. This relation was brought out by Hardy and Conant
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who also point out that for the usual 2-inch lens used in cinematography the projection lens should have a focal length of 4 inches
in order that correct perspective be maintained for an observer
seated half way from screen to projector leading therefore to best
average perspective for the entire house. The general use of a
4-inch projection lens would lead to larger screens than are common.
Probably the average projection lens is nearer 6 inches in the larger and better theaters so that better average perspective in the
projected picture would follow the use of a focal length of 3 inches
in the camera.
Probably the usual result of false perspective in the projected picture is a slight deterioration of composition without the
observer realizing that anything is wrong, but in the case of any
well known object filling a good share of the field of view some
very unpleasing results follow. The illustrations used by Hardy
and Conant in their paper demonstrate how unsatisfactory results
can be.
In order to prevent any misunderstanding it remains to be
pointed out that this false perspective of which I have been speaking
is not related to the distorted perspective one sees when he views
the picture on the screen from a seat at the side of the theater.
One's perception of depth is unaffected by his lateral displacement
with reference to the line of projection; but one does find the apparent width of all objects in the picture to be affected thereby while
their heights remain constant. In so far as the observer's perception of depth is concerned only his distance from the screen in the
line of projection is of influence.
One more subject remains for consideration which, I understand, has caused some uneasiness in cinematographic circles.
There seems to be some belief and some fear that with Mazda lighting and panchromatic film the lenses now in use cannot be made to
give satisfactory results, because, it is said, the best photographic
focus does not coincide with the best visual focus. We shall first
inquire into this on theoretical grounds and then report on such
few controlled experiments as have been made to subject this
matter to test.
L. A. Jones has published curves in the Transactions2 setting
forth, graphically, data on the average radiation from incandescent
'The Photographic Reflecting Power of Colored Objects," by L. A.
Jones. Trans. S.M.P.E. XI, No. 31, 564, (1927).
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tungsten lamps of wattages such as are used in studio work, the
transmission characteristics of a representative photographic objective, and the sensitivity curves of orthochromatic and panchromatic emulsions. The product for any given wave-length leads to
a quantity which Mr. Jones has called photicity.
Figs. 1 and 2 show the results of multiplying together these
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three curves for the two kinds of film. They show the relative
response of the emulsions to the various wave-lengths emanating
from incandescent tungsten after allowing for the filtering effect
of one of the standard photographic lenses. The two curves are
not comparable, quantitatively, since some of the data on which
they are based are not expressed in the same units in both cases.
They serve, however, to show that both emulsions respond to all
wave-lengths without either of them falling to an insignificant
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value until a wave-length is reached corresponding to the orange
region of the spectrum. In the blue, activity begins at wave-length
330 m/x. Below this point, no matter how much radiation there
might be, within reason, its effect would be insignificant because of
the absorption of the lens. The principal difference in the curves
is, of course, the extension of sensitivity into the red displayed
by the panchromatic film.
Any failure of visual and photographic foci must depend upon
the combination of values shown by the curves of Figs. 1 and 2
and upon the condition of correction of chromatic aberration of
the lens in question. Classical practice in correcting a lens for
chromatic aberration requires that the best focus for a wave-length
at about 434 m^u in the blue-violet region be united with the best
focus for a wave-length of about 589 ui/jl in the yellow and that
the focal lengths or magnifying powers be practically equal for
those two colors. With this practice agreed upon as standard
there is room for some differences in final correction because of
the fact that exact coincidence in size and position of the violet
and yellow images is possible only for one zone of the lens. The
outer zones of fast lenses cannot be given the same correction as
the central zone and in the exact disposition of these residual
aberrations there is some chance for differences in performance
between different makes of lenses.
Assuming, however, that the best focus for the two colors mentioned iscoincident there remains a residual color aberration due
to which the colors lying between the two chosen colors will come
to focus somewhat nearer the lens and colors lying beyond the
chosen wave-lengths will be united in focal points lying farther
from the lens than the normal focal point. This secondary spectrum, as it is called, might conceivably result in a shift of the
apparently best photographic focus if it were large enough and if
i he emulsion had sufficient selective effect. Motion picture pancuronia tic emulsion, however, appears to utilize the same range of wavelengths as the orthochromatic plus some greater sensitivity in the
red. The actual secondary spectrum effect in the range added to the
effective photographic radiation by the use of panchromatic film
I- actually very small because' of the low dispersion of glass for
the long wave-lengths of red light. It does not exceed a fourth
of the region of uncertainty as to what constitutes the best visual
focus and amounts to a very small part of the variation of chroma-
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tic aberration between central and marginal zones in an//2.5 or
//2.0 lens.
There is undoubtedly sufficient secondary spectrum in longfocus lenses of low relative aperture to be detected photographically especially when using filters, but with the short-focus, high-aperture lenses used in motion picture photography no such effect is
necessary if the lenses are well corrected. Actual tests made by
photographing a step-test on both kinds of emulsion using Mazda
lamps in both cases showed no shift in the point of best focus.
The step test consists in arranging a series of objects at graduated
distances in front of the lens, focusing the lens for the object at
the center of the range and observing after exposure whether the
point of best focus has moved forward or backwards from the object
in best visual focus.
A similar test was conducted on April 5th at the studio of
the Metro-Goldwyn-Mayer Co., in which panchromatic film was
used throughout but the illumination was shifted from incandescent
to arc. Several lenses were tried, each for both kinds of illumination. In one case a slight forward movement of the point of best
focus followed a shift from arc to incandescent lighting. With
the other lenses no shift whatever was observed. In each case the
lens was set for best visual focus under incandescent illumination
and the same setting used for both kinds of illumination.
It is a fair conclusion therefore that the best photographic
focus for a lens of the focal length and speed used in motion picture photography will lie in the same plane whether arc or incandescent lighting and whether orthochromatic or panchromatic
emulsions be used. If any given lens performs contrary to this
statement it is because of a departure from the type of chromatic
correction described above. Special corrections to meet the new conditions are not necessary, which is fortunate, since otherwise a
battery of lenses of the same focal lengths and speeds would be
required to meet the different conditions of lighting and emulsion
encountered.
In addition to a shift of the point of best focus, it has been
thought that there is some deterioration of definition due to the
more diffuse character of Mazda lamp radiation. There "may be
greater softness in general effect due to a shorter tone scale in
the negative but this is not a matter of definition. It is a problem
of manipulation of lights and of photographic technique.
It
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seems not unlikely that less exposure and more development might
be appropriate with this type of illumination permitting the use of
somewhat slower lenses with their greater depth of focus or of less
current consumption.

SOME

NOVEL

PROJECTED MOTION
PRESENTATIONS

Lewis M. Townsend*

PICTURE

and Wm. W. Hennessy**

MANY
of us remember Lyman H. Howe who toured this
country for several years with his famous travel pictures.
He began before the birth of the Nickelodeon and continued to
be a success for a number of years after our present movie palaces
became established. Let us analyze his methods. Most of his
subjects were photographed with short focal length lenses. He then
brought his audience right into the scene by making his projected
picture nearly large enough to fill the average stage opening. It
appears that this, together with especially good projection for that
time, was the greatest factor of his continued success. The above
is cited merely to show that motion pictures of greatly enlarged
dimensions are really nothing new.
Many novel presentations
tions of this idea. These may
ater manager or may suggest
of more real value than those

have been secured by using applicabe of interest to the producer or theother ideas that will eventually be
which are described below.

The normal size of our screen is 17 by 21 feet using an objective
lens of 6% inches E. F. at a distance of 160 feet. In the week beginning Feb. 15, 1925, we played the feature entitled North of 36.
The stampede scenes in this picture were enlarged to 30 by 40 feet.
A large white screen which filled the entire stage opening was
dropped in front of the regular screen for this purpose.
On the week of May 29, 1925, The Thundering Herd was shown
and in this case the great Buffalo Round-up scenes were projected
in the same manner. In each of the above cases one projector was
equipped with a standard 33^2 inch E. F. objective lens, and a 5 to
1 intermittent movement thereby permitting a shutter blade of
less width to be used. By using 150 amps, instead of 120 amps,
as on the regular lamps the screen illumination compared favorably
with the balance of the projection on the regular screen.
* Projection Engineer, Eastman Theater & School of Music, University
of Rochester.
** Projection Dept., Eastman Theater, Rochester, N. Y.

345

346

Transactions of S.M.P.E., Vol XII, No. 34, 1928

During the week of Oct. 11, 1925, another application of this
idea was to blend the prologue of The Iron Horse smoothly into
the start of the picture. The prologue entitled The Vagabonds
ended with tj^pical hoboes boarding a set train which was pulled
off stage at the close of the act. As the train was pulled off a
picture of a locomotive coming head-on and passing over the camera
was projected on a gauze drop which had been used at the front of
the stage during the act. This picture was also 30 by 40 feet.
While the locomotive scene was being run, together with train effects from stage and orchestra the regular screen was lowered
just back of the gauze and just at the moment when the engine
seemed to leap out over the audience, the title of The Iron Horse
was started using the regular picture size. The gauze drop was raised
during the title and the feature itself was shown in the regular
manner.
On Aug. 29, 1926, The Black Pirate was our feature. This
picture was singularly lacking in the usual profusion of close-ups.
Scene after scene consisted of medium or fairly long shots. Because
of this it was decided that it would get over better if projected
slightly larger than our standard screen. After a few experiments
we decided on a screen size of 21 by 28 for the entire feature. This
worked out very satisfactorily.
A point to be noted here is that the idea of enlarging certain
scenes of the picture to enormous dimensions was used at the
Eastman Theater, Rochester, N. Y., Feb. 15, 1925, and again in
May and October, 1925 and August, 1926. In December, 1926, the
same idea was used in presenting Old Ironsides at the Rivoli
Theater in New York. It was at this later date that Mr. Zukor
hailed it as being the "greatest advance in projection in twenty
years."
Many other applications of the original idea have been evolved
from time to time as follows:
1.

To heighten spectacular or dramatic effects in a picture:

Take for instance the ballet scene shown as a fade-in as Colleen
Moore looked into a teacup in Twinkletoes. In this case the large
-dec! was masked by black velvet in such a manner that a 17 by
21 foot opening was used for all but the ballet scene. As this scene
was faded on, the mask was pulled up at the top and out at each
side until il disclosed a 30 by 40 fool screen. The entire ballet scene
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was run at this size. As this scene faded out the mask was brought
back to the standard 17 by 21 foot size all during the continuous
projection of the picture. The elephant stampede scenes in Chang
were also enlarged in the above manner. In this case it was again
necessary to go from the small screen to the large one and then back
to the small one for the balance of the picture.
2. To create atmosphere and feeling for a picture previous to
showing the actual feature:
Our presentation of The Fire Brigade was a good example of
this. Three hundred feet of specially made film showing flames con-
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Fig. 1. Introductory picture for "Fireman Save My Child."

tinually rising were projected on a white velvet curtain over the
entire stage opening. Our regular screen is surrounded by medium
gray drapes instead of the more common black mask. The flame
scenes were started on the front white velvet curtains previous
to starting the feature. The flame film continued to run during
the opening of the curtains and during the main title and all subtitles preceding the picture and was not faded off until the actual scenes of the picture were started. Thus the title and all
subtitles were seen through a screen of flames which also extended beyond the regular screen at top and bottom and On either
side. A little atmosphere on the comic order was created for
Fireman Save My Child by making a sketch of the front of a burning
building. This was made in the form of a continuous loop resembling
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the roller hand towels which were familiar in the gay nineties. This
was revolved while a cartoon of Beery and Hatton was suspended in
front of it. The whole was photographed on standard motion picture film. The resulting scene was of Beery and Hatton falling
continuous^ down past the flame filled windows of the building.
This was projected over the entire stage opening for a few seconds
just previous to starting the feature. It got a good laugh and
prepared the audience for more laughs to follow at each performance. (Fig. 1).
3. To bridge over from an act or prologue to the feature immediately following:
The prologue to What Price Glory ended with a soldier facing the
audience from center stage, giving a bugle call. A special film was
previously made of the bugler. By moving the camera toward
him while taking we gradually came close enough so that the
bell of the bugle filled the whole aperture. The action of the
presentation was worked out in this manner. At the close of the
prologue the stage lights were slowly dimmed and the picture was
projected on a gauze drop so that the real bugler appeared to fade
into his own picture, and then to come closer and closer to the
audience. At the point where the bugle filled the stage opening
the feature was started (standard size). The title came on in the
center of the bugle and the bugle slowly faded off. The gauze was
then raised disclosing the regular screen. This approach scene
of the bugler was made to resemble closely a similar scene shown
later in the picture. In another instance projection was utilized to
create realism in the forepart of an aniversary prologue and again
in the same act to bridge over to the feature which followed. The
opening scene on the stage was a drop depicting the front of a
typical old Nickelodeon. This drop was raised disclosing the
interior. To add realism a long focal length objective lens was used
to project a 9 by 12 feet picture on the miniature screen of the
theater set. The scene then changed to a full stage set in the
cciiicr of which was a. large birthday cake. A motion picture film
had previously been made of the birthday cake. This was projected on a gauze drop let down at the front of the stage as the
stage lights faded and continued to run while the screen was being
lowered back of the gauze and until the gauze was raised disclosing
the regular screen with the picture already started. This made a
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smooth and pleasing transition from the prologue to feature without
any waits or dull seconds between.
4.

To furnish part of the scenery or setting for an act:

One of the most effective stunts where motion pictures were
combined with an act was used as a prologue for Buster Keaton's
The Navigator Nov. 19, 1924. The stage set was a scene laid under
the sea with an ancient wrecked ship in the background. A singer
costumed in a diving suit was the principal figure in the act. He
was suspended on wire cables and was raised and lowered while
singing Asleep in the Deep. A gauze drop was used at the front of
the stage and on it projected under water scenes taken from the
feature Twenty Thousand Leagues under the Sea. This of course
contained a variety of fish swimming to and fro and made the
scene which was lighted from the sides in a deep blue-green appear
very realistic.
The Honeymoon Express was the title given to a combined film
and stage act which was presented with very good success. The idea
was to have a scene on the stage of a full size observation platform of
a passenger train. Around this were to be projected scenes taken
from a train in such a manner as to give the appearance of the car
passing through continuously changing scenery. All film libraries
were combed in an effort to find suitable scenes on film but with no
success. It was necessary that the scenes used be taken from the
front of a train and that the track photographed be exactly in the
center of all scenes used. First about 1200 feet of film were taken
over the Adirondack Division of the New York Central Railroad.
Many good scenes were obtained. The resulting positive had to be
trimmed to 700 feet to eliminate certain places where the track
ahead moved a trifle off center while we were going around curves.
A short motion picture was then produced showing two couples
leaving a hotel amid the usual hilarity after a wedding. They were
followed to the station and shown boarding a train. Then a scene
of the train pulling out and fading away in the distance was taken.
All of this first part was shown as a regular motion picture on the
standard screen. As the train passed away and the picture faded
out the screen was quickly raised disclosing the stage set of the
observation platform with the same persons who had been shown
previously in the picture, seated on the platform, singing. On
either side and above and below the observation car was stretched
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a screen. This was also carried out on the floor in front of the car.
Upon this screen were projected the scenes previously taken from
the engine, enlarged to fill the stage opening of course and also arranged to project on the floor in front of the car so that the moving
•tracks could be seen. It was necessary to use a special aperture plate
for the projector upon which these scenes were run. This aperture
had an opaque projection which was carefully filed to the proper
dimensions to prevent the picture from being projected upon
the train itself. (See Fig. 2.) The platform was then lighted with

Fig. 2. Projector Gate Mask.

Fig. 3. Railroad picture used with
observation platform stage set.

spots and floods with separate effect projectors. No stage lights
were used except two red signal lanterns which the porter brought
out and hung up on either side as we gradually brought a blue
filter over the scene to indicate evening at the finish of the act.
The effect was of course that the audience saw the whole as if they
were on another train following the one on the stage through the
beautiful scenery of the Adirondacks.
(Fig. 3).
5. To furnish all of the scenery and all of the lighting for an act:
In this category we have a number Me and My Shadow suggested bythe song. A picture of a girl in fancy clown costume sitting
in a swing was drawn four times on a card making the images at
the extreme sides quite large and the ones near the center smaller to
give ;m idea of perspective. (See Fig. 4)The center was left blank and
a space calculated so that when photographed on standard motion
picture film and projected to the full stage size there was room for
two real <win^s to be suspended. These swings appeared still
smaller than the smallest image on the projected film. Two girls
were costumed to match the sketch exactly. They were placed in
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the swings hung just in front of a 30 by 40 feet white screen. When
the curtains in front of this were opened the projected film was
irised on. The blank space in the center of the film furnished all
the light for the actual figures and no stage lights were required.

Fig. 4.

Picture of swings used with "Me and My Shadow"

The result was that the audience was not quite sure
singers themselves were real or not, until they moved
of the song. There was no action in this film but it
our audiences so well that we were encouraged to

Fig. 5.

Act.

whether the
near the end
got across to
try another.

Penguin Scene shown in animation.

This time we did the job a little better. We introduced animation
and for the song Two Little Pretty Birds we had an animated
cartoon and actors costumed to match, all working in harmony
and rhythm with the music. We called the birds penguins. The
photographers preferred to call them ducks.
The audiences gave
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this number a hearty welcome at each show regardless of what
the birds actually were. (See Fig. 5.)
In what way should all this be of interest to the Society?
The following is an excerpt from a letter written by J. I.
Crabtree, Chairman of the Papers Committee of the Society, to
Eric T. Clarke, Managing Director of the Eastman Theater,
Rochester, N. Y., under date of Aug. 17, 1927.
"We as engineers want to know what the exhibitor wants.
For instance, Mr. Zukor announced recently that the Magnascope,
which is simply an extra lens attachment to magnify the picture
on the screen, was the greatest advance in projection during the
past twenty years. From a showmanship standpoint perhaps this
is correct but no engineer would think so because the stunt is so
simple and obvious. However, it seems to me that engineers could
work out a lot of similar stunts if they were only urged by the
exhibitor. We are also interested to know what he thinks of the
Widescope or double width pictures?"
It is safe to say that the Magnascope is not really a new idea
nor does it involve any special mechanism or optical equipment.
It is merely making good use of available equipment. Let us go
back to the methods practiced by Lyman H. Howe. Why did not
the theaters that were erected later have just as large pictures in
proportion to the size of the house as he used? The answer is simple. The theaters were made much larger. Light sources were
then inadequate. Projection optical equipment was inadequate.
The film itself showed graininess, if enlarged too much, also, the
general quality suffered considerably.
By reason of all this the theaters were compelled in many
cases to limit the size of their projected picture. In the meantime
there has been a gradual improvement in projection. This improvement is still going on and will continue. We now have the high
intensity arc. With this we have some great advances in the optical
equipment used to collect this light. We also have much better
objective lenses for projection. At the spring meeting of the Society
held in Norfolk, Va., J. I. Crabtree read a very interesting paper
entitled Graininess of Motion Picture Film.1 This paper points out
the causes and remedies for this objectionable feature.
The necessity of keeping the size of the projected picture
within small limits was partially overcome by the use of close-ups,
1 Trans. S. M. P. E. XI, No. 29, 77 (1927)
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and semi-close-ups. In some cases features have been made in
which there were more close-ups than long shots. When the opportunity came to show a picture of really big dimensions it was
quite natural that it should make a great impression. It was like
being let out of doors after a long sickness. The audience could see
the character as large as in the ordinary close-up, with plenty of
background also.
It would appear that it might be good for theaters to use
slightly larger pictures in many instances. It would not be wise
to increase the size to the extent that all pictures would fill the
stage openings because this would lead to monotony in the other
extreme. It would be interesting to see a feature, with all scenes
taken at long enough range so the entire picture could be run on a
large screen. Mr. Crabtree asks what the exhibitor thinks of the
" Widescope." That is problematical. If "Widescope "or double width
pictures are desired, it seems hardly necessary to go to the great
trouble and expense involved by using double width film, special
projectors, etc., when it would be quite possible to get the same results by using standard film and masking off a portion of the top or
bottom or both and then using the proper focus objective lens
to project the picture to the size desired. This idea might be used
with success on desert scenes in such pictures as Beau Geste.
The different ideas mentioned at the beginning of this paper
are not put forth with the thought that the Eastman Theater is or
has been the only theater to do these things. We fully realize that
some of the stunts have been crude and that engineers can probably
think of many ways to improve upon them. We hope they will,
and that these few things may suggest many other ideas that will
be put to use. Motion pictures should be able to stand on their own
feet without the addition of spectacular reviews, expensive vaudeville acts and what not — to draw a crowd. When theaters are compelled to resort to this it means there is not enough element of
newness and entertainment in the pictures. If the picture is lacking
in these things we strive to do something unusual to pep it up,
and sometimes we succeed. I would like to state that in each case
mentioned above that as soon as the Managing Director,
Eric T. Clarke, approved of the idea presented he turned the
proposition over to the supervisor of projection completely. We
and the other members of our projection department were given a
free rein to go ahead and produce results. It is only natural that
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these things should be handled in this way. Take for instance,
the railroad act, no one could be better acquainted with just how
the scenes should be filmed than the man who was responsible for the
proper projection of them. Let's not get in a rut. There are many
good projectionists throughout the country. Give any one of them
something out of the ordinary to do then back him up. He will
put it over. Many more dollars will be reaped through the box
office than will have to be paid him for the extra work or for the
expense involved in a little additional equipment.

THE IMPORTANCE OF GOOD PROJECTION
TO THE PRODUCER
F.

H.

RlCHARDSOX*

INASMUCH as the next meeting of our Society will convene in
Hollywood, the home of production and production interests, at
the risk of being accused of repetition I am moved to embrace the
opportunity thus presented of directing the attention of producers
and all those engaged in production activities to the very vital part
which the theater projectionist and his work plays in the success
of any production and of all productions and indicating how completely the producer must rely upon and is literally at the mercy of,
the skill, the care, and the knowledge which the theater projectionist isable to and does put into the placing of his product before
the theater going public, at its full measure of artistic value, and
therefore at its full measure of box office drawing power.
The almost total lack of visible interest displayed toward
projection by producers in the past, has to many of us been something more than surprising. When the literally enormous damage
worked upon the industry as a whole by projection faults in past
years, is considered this lack of apparent interest by production
men is little short of amazing.
One would presume that the producer who has expended huge
sums of money and put great effort into the perfection of a photoplay would, as a matter of course feel keen interest in the matter
of it being displayed before the buying public in the very best possible way. One would expect him to make at least some effort to
prevent the amusement and entertainment value of his productions
being reduced, often very, very greatly, by faulty projection; the
more especially when such damage results wholly from entirely
needless wrong practices.
This assumption is the more natural and reasonable when we
consider the fact that producers are, for the most part at least,
men possessed of more than ordinary business acumen, and that they
are very quick to guard their interests in every other direction.
Up to this time, however, I am obliged to say that producers
have neither offered nor given even the slightest active assistance to
* Technical editor~"Exhibition Herald and Moving Picture World."
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the effort made, covering many }^ears of hard and often literally
strenuous work not infrequently amounting to something closely
resembling a battle, to improve projection and bring about the
elimination of what was and still is its many glaring faults. Neither
the producer nor the artists who have striven so hard to produce a
scene artistically, oftimes in such a manner as to pull the heart
strings of audiences, seem to be in any degree interested in the
matter of its being reproduced before audiences artistically and as
it was enacted, or whether it is so reproduced (projected) that,
for example, the deathbed scene becomes akin to comedy, as is
not at all infrequently the case.
One naturally would expect that the artist (actor or actress)
who really is an artist would object to being made into a buffoon
by wrong projection methods, the more especially in seriously
dramatic scenes.
So far as the writer is aware, however, not one "star" or lesser
light has, up to this time, voiced even the slightest protest against
such things.
Recently the writer took one of our great popular "stars,"
who is now a producer in his own right, to task about such matters, only to receive this amazing answer: "Why, Mr. Richardson, Inever gave the matter a thought. I supposed theater managers
attended to all that!"
"But," said I, "suppose they don't, and the productions you
have worked so hard to perfect are made a joke before the public.
Is that no business of yours and of no interest to you?" To which
he had no answer at all.
The only ones in all Hollywood who have, so far as the writer
knows, evinced the slightest interest in helping to improve projection are the members of the American Society of Cinematographers, which society through it's official paper, The American
Cinematographer, did try to help. True it was unable to accomplish as much as it had hoped, but at least it's recognition and
appreciation of the fact that there was little value in artistic work
on the part of the cinematographer unless it be followed and supported by artistic work on the part of the theater projectionist is
encouraging.
\\ hut can the producer, the artists, and others interested do,
do you ask?

Considered as a whole the evil is based largely if not wholly
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on false economy. This in its turn has its seat in what I think we
must term lack of true showmanship on the part of many theater
managers and exhibitors. These men are unable to realize or
appreciate the increased drawing power which high grade projection gives their theater when applied over an extended period of
time, as against a similar period of time with equally good productions poorly projected. They think only from picture to picture
or from week to week, hence are totally unable to visualize the effect
of constantly high grade projection upon potential regular patrons
over the period of a year. That is their prime error.
This class of manager or exhibitor believes firmly in paring
everything coming under the head of expense right down to the
very bone, except in the matter of production rentals and possibly
music. He will pay a huge rental for big productions and then make
it utterly impossible to place them properly before his audiences
by skimping on electric current, or projector repairs. He will use
a dulled, dirty screen surface which of course is highly inefficient.
He will employ almost any sort of incompetent projectionist, provided he be "cheap" enough. He will even skimp on time by racing
the productions through until the actors appear as animated jumping jacks. He will then complain bitterly that the price of the production isso high that he "didn't make a cent," apparently utterly
unable to understand that his own lack of showmanship and not the
rental price was to be blamed.
Of course it will be understood that not all exhibitors and theater
managers of the penny-wise-pound-foolish type practice "saving" to
the same extent. There is a wide difference between the best and the
worst, and there are many, many grades between the two extremes.
One manager may be willing to provide the best possible
screen surface and to keep it in first class condition, no matter
what the cost, but on the other hand will object to paying the
bill for sufficient current to project the productions in the best
possible way. Another may insist upon using a screen surface three
years old, which by reason of deterioration has lost from half to
three-fourths of its value as a projection surface, but demands the
use of high amperage, perhaps by a projectionist who does not
know how to use amperage efficiently. Still another may insist
upon a high grade screen surface, a high grade projectionist and
the use of plenty of electric current, but demand the use of a sprocket
until its teeth are almost entirely worn off, and other projector

358

Transactions of S.M.P.E., Vol. XII, No. 34, 1928

parts until they cannot be used any longer. Still another may
insist upon everything else being the best, but that projection
shall be at the rate of from one hundred to one hundred and twenty
feet per minute.
Thus it may be seen that possible faults in projection, which
cover a fairly wide range, may combine to mean almost anything
from perfection to almost utter ruin of all artistry, not to mention
the faults which work damage to the film itself, not only injuring
the show in the theater in which the films are being used, but
also the show in every one of the many theaters in which they will
be employed thereafter.
And now we may well estimate the result of all this, viewing it
in the light of common sense and our knowledge of the working
of human nature.
The exhibitor or theater manager who is so lacking in showmanship that he will permit a reduction in "overhead expense"
to the point where projection is damaged, usually is of the fixed
opinion that, since any given production will be in his theater but
a single day, or at most two or three days, the public will come
to see it wholly because of its inherent drawing power, or for the
reason that they seek entertainment, and won't know whether it
is well or poorly projected.
What these gentlemen fail to realize is that, whereas motion
picture theaters will draw patronage no matter how poorly the
productions are placed before their audiences, the fact remains that
faulty projection reduces the beauty of any picture and any production. It may and almost invariably does add an element of unnecessary eye strain and taking it all together, reduces the attractiveness of the "show," to a point where those many potential patrons
who may have several forms of amusement available for any given
day or evening will decide upon something else rather than the
"movies," whereas had projection been such as would display the
productions at their best, they would have decided otherwise.
It is utterly futile to argue that a production projected at proper
speed, with lighting suitable to the auditorium, rock steady, and
perfectly sharp of definition will not have far greater attractiveness to audiences than will a shaky, more or less fuzzy, improperly
Lighted one, or that the theater in which such projection faults are
permitted will not lose patronage as againsl the one which maintains
perfect projection.
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The net result of inefficient projection is that in thousands upon
thousands of homes in this great country, when the question of whether
to go to the movies or not to go arises, as it does almost daily, the answer
very often is "no," whereas had the entertainment in the theater in question previously been what it should have been and would have been
with high grade projection, the answer probably would have been yes,
and who dare question the statement that this loss probably
reaches into a sum of money far in excess of what would be required
to eliminate projection faults in all theaters.
I might perhaps pause here to say that projection faults are,
in the main, due to: (a) Lack of adequate equipment; (b) insufficient use of power or poor judgment in the use of the power applied;
(c) projection equipment in poor state of repair; (d) inefficient
projector optical train; (e) the employment of a machine operator
or attendant, instead of a real motion picture projectionist; and
(f) failure to appreciate and recognize efficient work on the part
of the motion picture projectionist and treat him and his work in
a manner calculated to induce in him pride in his work.
We now arrive at the pertinent question, what can the producer and Hollywood do to reduce or eliminate projection faults?
An important question indeed. I ask that you read my answer
with charity and understanding, because it is not an easy one to
reply to fully. I shall merely do the best I can.
It is extremely unlikely that producers and Hollywood could
hope to bring about the complete elimination of projection faults,
but certainly much progress toward that goal might be made if
producers and others interested in results lend active aid to the
work of those who have labored to that end for many years.
Very much might be accomplished by and through publicity, and
the producer has many avenues for doing that. Educate the public
is the answer to it all. Advise the public, for example, that the
absurd, jumping-jack, race horse speed of actors, save for a relatively few comedy productions purposely made that way, is caused
entirely by over-speeding projection, and that by such overspeeding
all the beauty and artistry of the production is ruined.
Once the public understands that fact, the public will do the
rest. Most other faults may be effectively treated after the same
fashion.
The public, for example, reads every word printed as the presumable utterances of the great stars. Why not have them talk
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occasionally, for publication, concerning the projection faults
which daily work injury to their art in thousands of theaters?
Why not have the great ones tell the public that while they, the stars,
can put artistry, and the producer can put beauty into productions,
these things will have their full value to the public only if they
are reproduced at full value upon the theater screen by faultless
projection.
Can any one suggest any really reasonable objection to this
being done? The productions have their entertainment value
reduced by projection faults, hence the reputation of the producer
suffers. Is it not so? Why then is it not the direct business of the
producer to advise the public as to where the real fault lies? Surely
such really enlightening talk would be of greater value to all concerned than many of the things which stars are quoted as saying.
Then too, some of our larger producers carry advertising in
magazines of huge, national circulation. It may well be presumed
that these producers will question the advisability of using any
portion of such space to set forth the importance to their productions
of high grade projection. Yet I believe it might be done with large
profit.
Suppose, for example, the producer occasionally used some of
his advertising space to .advise the public that his goods have
especial merit because of the fact that theaters using them make special effort to have them projected to the screen in the best possible
manner, adding something like this: "Theater patrons should
realize that the perfect projection of our productions serves to display them in all their beauty, hence when viewing them, theater
patrons are always assured of perfect entertainment."
Surely there is nothing in such a statement any theater
manager could possibly object to. Its reiteration a few times, in
various forms, I think you must agree, would have its effect in inducing theater managers to pay much closer attention to the elimination of projection faults.
( lentlemen, I could pursue this subject almost indefinitely.
I will close, however, by directing your attention to one of the
most prolific causes of poor projection. I ask you to give it serious
consideration, for it is doing enormous damage to your productions
and to the motion picture industry as a whole. I refer to the almost
total hick of any sort of publicly expressed appreciation of the
work of the projectionist.
This coupled with the refusal of the
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"Powers That Be" to regard projection as anything more than the
mere operation of a machine is acting to stifle all pride in the work
and all incentive to excel in it.
Operating a machine is not a thing in which one can feel any
large amount of pride. One feels little urge to excel so long as one
is regarded as merely the attendant of a mechanism. Surely you
recognize the very obvious truth of that.
Gentlemen, I personally know of no one thing so utterly discouraging and so conducive of mediocracy — of poor work — as
lack of appreciation. In our scheme of life, money represents our
livelihood, hence self-respecting men work for money — for a wage.
They must do so or become beggars or thieves. When working for
a wage only, however, with no other incentive to excel except the
wage, men almost invariably feel they have sold merely so many
hours of labor each day, and are inclined within that period of
daily service to do only as much as may be necessary to hold their
job.

Save for a relatively few of the hopelessly dumb sort, however,
men respond quickly and surprisingly to appreciation, particularly
if it be publicly expressed. Even the man with a strong back and
a No. 2 shovel, who without an expression of appreciation from the
"boss" will do what he feels compelled to do, will work quite a bit
harder if the wise foreman brags a bit about his ability to move a
lot of dirt. I think you all know that is true.
Suppose we apply that general idea to the motion picture projectionist. Itis well known that in the past, save for a relatively few
isolated cases, the projectionist has been to all intents and purposes absolutely and entirely ignored. The one final act upon
which the producer must perforce depend for the proper display
of his finished product before the buying public has been treated
as of absolutely no importance whatever. The men engaged in
projection have been dubbed "operators." They have not even been
accorded a title in which they could feel any degree of pride. Their
treatment has been such as tends to discourage deliberately any
feeling of pride in their work, hence they have had slight reason for
striving to excel in it.
In the theater the work of the projectionist is the only thing
placed before the public which receives absolutely no public recognition. The orchestra receives applause. The projectionist receives
none.
The uniformed ushers are admired.
The projectionist is
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never even seen. The names of the players and almost every one
connected in any way with the productions, save only the studio
office boy, is displayed upon the screen. The name of the projectionist, upon whose skill, knowledge, and painstaking care the whole
thing must depend as to whether it will appear as a beautiful,
sparkling production, or a drab, dull, shaky thing of little beauty,
does not appear, except in the case of a very few theaters where
managers believe in encouraging their projectionists to do high
grade work.
All the projectionists may expect is a "roast" if something,
perhaps entirely outside of his control, goes wrong. Then the
audience suddenly is aware of the fact that back there in a dark
room is the man who is directly responsible for how they see what
they have paid to look at. It will then stamp, whistle, and clap hands
in derision. It will not know that, quite possibly the show has
stopped because the theater manager has, against the wishes of
the projectionist, purchased a job lot of cheap carbons, one of
which has broken off; or he has refused to supply projector repair
parts requisitioned by the projectionist weeks or even months
ago, or because an exchange has supplied film in such wretched
mechanical condition that it would not go through the projector.
The audience whistles, stamps, and claps because the show
has stopped, yes. But for the rock steady, brilliant, properly timed
masterpiece of projection the projectionist gets just exactly no
credit from audiences, and usually exceedingly little from the
theater management or any one else.
I would not undertake even to estimate the number of times I
have remonstrated with projectionists, urging them to study and
perfect themselves in their profession (motion picture projection
rightly viewed comes very nearly to being a real profession), only
to be met with some such argument as this: "What's the use?
Why should I study? What credit do I get? The manager don't
care, so long as the show don't stop. He would rather have a cheaper
man than better work. The public don't even know I'm living, and
except at payday no one else seems to either."
Gentlemen, that is a condition. It is not a theory! Publish
the fad that the work of projection is of real importance. Give
the men a title and something to live up to and feel pride in, and
watch the improvement. Public advertisement of the fact that
projection is a vital factor upon which every production, no matter
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how basically excellent, must depend for the excellence of its appearance before theater audiences will, in my opinion, do more than
any other one thing to eliminate projection faults. Think it over,
Mr. Producer, and those others interested, and see if there is not
at least a considerable amount of truth and merit in what I have set
forth.

THE

MEASUREMENT

OF PULSATING

CURRENTS

W. Nelson Goodwin, Jr.*
BEFORE the principles of the measurement of pulsating currents can be fully understood it is necessary to know the meaning of the terms, "alternating current," "pulsating current," and
"direct current," and the characteristics of each form of current.
A true alternating current is one which varies periodically,
and in which the quantity of electricity transferred in one direction exactly equals that transferred in the opposite direction.
That is, one in which the arithmetical average value of the current
in one direction equals that in the opposite direction.
A pulsating current is also one which varies periodically, but
the quantity of electricity transferred in one direction is greater
than that transferred in the opposite direction; that is, the average value of the current in one direction is greater than that in the
opposite direction.
A direct current is a current in one direction only, which does
not vary periodically, and is usually considered constant during the
time of measurement.
By varying periodically is meant that the changes in current
occur in cycles having the same duration in time, all cyclic variations being exactly alike.
These characteristics are shown more clearly in the curves
illustrated in the following figures.
The curves a, b and c, Fig. 1, represent true alternating current
wave forms, the ordinates of which correspond to instantaneous
current values varying through complete cycles, one of which is
shown from ti to t2.
The area A above the zero line exactly equals the area B below
the line, since these areas are directly proportional to the quantity
of electricity transferred, and consequently to the simple average
value Ia of the current in each direction.
Curve a is a puro sine wave. The wave may have any periodically varying shape, however, as for example that shown in curve
b. Furthermore, an alternating current may have a wave form such
■ Chief Electrical Engineer, Weston Electrical Instrument, Corp.,
Newark, NT. J,
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a

Fig. 1. Typical alternating current wave forms.

as shown in curve c, in which the shape above the zero line differs
from that below. To be designated as an alternating current it is
only necessary that the wave form of the current shall vary periodically and have equal areas above and below the zero line.
The current in the ordinary commercial a.-c. circuits is true
alternating current.
Pulsating currents, already defined, are usually produced by
rectifying alternating currents, but can of course be produced by
periodically varying a direct current, or by superposing an alternating current upon a direct current.
Curves a, b and c in Fig. 2 illustrate a few forms of pulsating
current waves, in which one complete cycle is shown from t\ to
Curve a illustrates the pulsating current resulting when both
halves of an alternating current wave are rectified. The average
value of the current is shown as /«. Curve b shows a pulsating
current where only one-half of the a.-c. wave is rectified, and the
average value Ia is of course only one-half of the average vahie Ia in
the curve a. Curve c illustrates a pulsating current where some
reverse current is present, as would result from an imperfectly
rectified alternating current.
In this case the average value of
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Fig. 2. Typical pulsating current wave forms.

the current Ia is the difference between the average currents in
opposite directions h and I2.
A pulsating current may also be considered as a direct current
on which is superposed a true alternating current. For example,
if the curves in Fig. 2 are re-drawn as shown in Fig. 3, the average
values Ia may be considered as unvarying direct currents, and superposed upon these are the a.-c. waves varying periodically above and
below the value of the average current Ia, The a.-c. waves shown
shaded are not in general sinusoidal but are nevertheless true a.-c.
waves since the areas above and below the median line nn are
equal.
Having clearly in mind just what pulsating currents are, we
are now ready to consider methods of measuring them. It should
be said before proceeding further that there is no general method
for making this measurement. The method and instruments necessary to employ in any particular case depend upon the purpose
for which the current is to be used, as will be made clear as we
proceed.
The fundamental definition of current strength is based upon
the electromagnetic force exerted upon a conductor carrying the
current by a unil magnetic field under specified conditions.
It
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Fig. 3. Pulsating current considered as a direct current with
an a. c. component.

follows from this that it is only to a direct current or to the instantaneous value of a varying current that a value in amperes or other
units can be assigned, which will be the same under all conditions.
It is, therefore, only the instantaneous values of a pulsating current which can be said to have definite values and the same magnitude under all conditions. The value assigned to the pulsating current as a whole is a conventional one depending upon the effect
which the current produces in the circuit or devices through which
it passes, and it may be defined as equal to the value of a direct
current which would produce the same effect under the same
conditions.
For example, as will be seen later, some effects vary as the
square of the current and others as the first power, and therefore, the values to be assigned to any pulsating current vary correspondingly, and require different kinds of instruments for measuring
them.
There are three general classes of instruments which can be
used for the measurement of pulsating current, subdivided for purposes of this discussion according to whether their indications are
proportional to the first or second power of the current or otherwise,
namely :
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(1) The permanent magnet movable coil type.
(2) (a) The movable iron type.
(b) The electrodynamometer type.
(c) The thermal type.
(3) The polarized vane type.
Permanent Magnet Movable Coil Type
This type has a coil, through which the current to be measured,
or a known fraction of it, passes. The coil is pivoted and capable
of rotating in the magnetic field produced by a permanent magnet,
as shown in Fig. 4. The instruments here illustrated are those of
the portable form. Switchboard instruments of the same types are
of course available and may be used.

Fig. 4.

Mechanism

of permanent magnet movable coil type instrument.

The forces tending to cause deflection in this instrument are
proportional to the strength of the magetic field and to the current.
Since the field strength is constant, the indications are directly proportional to the current, that is, the first power of the current.
Furthermore, since the field is constant, readable indications will
result only for currents in one direction.
If, therefore, a pulsating current is passed through this type
of instrument, the force tending to deflect the movable system at
any instant is directly proportional to the first power of the current
at thai instant. If the frequency of pulsation is sufficiently rapid,
as in the case at ordinary frequencies, the pointer does not follow
the cyclic changes in current, but rests at a position which is the
result of the average of the electric forces throughout the cycle.
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The instrument, therefore, measures the simple arithmetical average value of the pulsating current, that is, the values Ia shown in
the curves in Fig. 2.
If the current follows a pure sine wave as shown in curves a
and b in Fig. 2, then for the completely rectified wave, as curve a,
the average value Ia indicated by the permanent magnet instrument will be 2 Im/w = 0.636 Im, where Im is the maximum or peak
value of the wave.
For half-wave rectification as in curve b, the value Ia indicated
is IJtt = 0.318 Im.

Fig. 5.

Mechanism of movable iron
type instrument.

For any other wave shape, as for example c, the relation
between the peak and average values varies with the shape of the
wave.
A permanent magnet movable coil type instrument, therefore,
should be employed for measuring pulsating current only where the
effect throughout each cycle depends upon the first power of the
current.
Specific applications of this principle will be referred to later.
Movable Iron Type
Fig. 5 shows the mechanism of a representative form of movable
iron type instrument.
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Two pieces of iron are mounted as shown in the magnetic field
produced by a coil through which the current to be measured passes.
One piece is fixed and the other attached to the pointer staff and is
movable. Both pieces of iron are magnetized together by the same
field, and when so magnetized, repel each other, causing the pointer
to deflect. The repelling force is proportional to the product of the
magnetic effects in the two pieces of iron. Since each magnetic
effect in turn is proportional to the strength of current in the coil,
the resulting repelling force acting to deflect the pointer is proportional to the square of the current.

n
Fig. 6. Electrodynamometcr ammeter.

Electrodynamometer Type
In a similar manner it can' be shown that in electrodynamometer instruments the deflecting forces are proportional to the
square of the current through them.
A typical form of this type of ammeter is illustrated in Fig. 6.
In this type of instrument a movable coil is pivoted, free to
i in n, within a fixed coil. The fixed coil usually carries the entire
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current to be measured, and the movable, all of this current, or a
definite fraction of it. The deflecting forces are proportional to the
product of the currents in the two coils. Therefore, the forces acting
to deflect the pointer are proportional to the square of the current.
Thermal Type
This type, illustrated diagrammatically in Fig. 7, consists
essentially of a metallic strip or wire through which the current
passes, heating it to a temperature which is proportional to the
square of the current passing through it. A thermocouple has its
hot junction in contact with this heating strip and its cold junction
connected through proper compensating conductors to a permanent-

COMPENSATING\

CONDUCTOR

ELECTRICAL
INSULATOR
THERMAL] CONDUCTOR

Fig. 7. Thermal Type Instrument.

magnet, movable-coil type instrument. The indications of this
instrument actually correspond to the temperature of the strip,
but it is calibrated in terms of the value of the current passing
through the heating strip. Since the temperature is proportional
to the square of the current, the instrument indications are proportional to the square of the current, the same as the movable
iron and electrodynamometer types.
When any of the three types just described is used to measure
pulsating or alternating currents, its pointer can not follow every
cyclic change in current, but will assume a position resulting from
the average of the instantaneous forces acting throughout a cycle,
and since these forces are proportional to the squares of the currents,
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the deflection will correspond to the average of the squares of the
instantaneous values. The scales are ordinarily calibrated and
figured in terms of the first power of the current so that it follows
that the indication will be the square root of the average of the
squares of the instantaneous values of the periodically varying
current. This value is known as the "effective value," and also
the root mean square value usually designated as R.M.S.
To illustrate the various values of current so far discussed, let
us consider them in connection with pure sine waves.
Referring again to Fig. 2, curve a shows a completely rectified
sinusoidal wave, and curve b, one of half-wave rectification.
The average value Ia of the ordinates of the curve is the simple
average value already discussed. The effective or R.M.S. value Ie is
the square root of the average of the squares of the ordinates of the
wave.
*For the completely rectified sinusoidal wave, as stated before,
the average value I_a = 2 Im/w = 0.636/ m, and the effective or R.M.S.
value is Ie = Im/\/2 = 0.707Im- That is, the effective value is 1.111
times the average value.
A movable iron, electrodynamometer or thermal type instrument will, therefore, indicate a higher value than the permanent
magnet type by about. 11.1 per cent for the same current, where the
wave is sinusoidal and completely rectified.
*For the half -wave rectification as shown in curve b, the average
value Ia = Im/7r = 0.318Im, and the effective value Ie = Im/2 = 0.5Im.
That is, the effective value is 1.57 times the average value, and therefore, movable iron, electrodynamometer, and thermal type instruments will indicate about 57 per cent higher than the permanentmagnet, movable-coil type for the same current of this wave shape.
This ratio differs greatly according to the wave shape, and since
rectified currents are seldom sinusoidal, the indication of the one
type instrument can not be computed from that given by the
other type unless the wave form or form factor is known, which is
usually not the case.
Polarized Vane Type
The polarized vane or needle type is often used on small rectifier sets for the measurement of the rectified current. This is the
* The proof of these equations can be found in text books on alternating
current.
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type of instrument used on automobile
dashboards,
which is
familiar to all.
The instrument consists of a small iron vane or needle, pivoted
in the magnetic field produced by a permanent-magnet, and
polarized by it.
The current to be measured is passed through a coil which also
acts upon the iron needle, but at right angle to the permanentmagnet field. The permanent-magnet maintains the needle normally
parallel to its field, but when current is passing through the coil,
the needle is deflected over a calibrated scale.
The peculiar feature of this instrument is that whereas the
major portion of the deflection force is proportional to the first
power of the current resulting from the action of the permanent
magnetic field, there is a considerable percentage of the force
proportional to the square of the current which arises from the fact
that the current also tends to polarize the needle by acting directly
upon it.
To obtain correct indications when measuring pulsating
currents, this type of instrument must be calibrated for a particular wave form, and in average or effective values according to
the purpose for which the current is to be used, and it will not
be correct for other conditions than those for which it was calibrated.
Practical Applications
Since, as stated above, the general types of instruments indicate differently on pulsating currents, it is necessary in each
measurement to decide which is the correct one to be used. To show
how this selection is made a few important specific applications will
be considered.
Battery Charging
The amount of charge in a storage battery produced by the
charging current is proportional to the quantity of electricity
passed through the battery, usually measured in ampere hours.
Since the quantity of electricity is equal to the average value of the
current multiplied by the time the current has been passing, the
proper instrument to use is one which measures the average value,
that is, the permanent-magnet, movable-coil type.
As stated before, a polarized vane type may be used if calibrated to the particular wave form actually used, by using a

374

Transactions of S.M.P.E., Vol. XII, No. 34, 1928

permanent-magnet, movable-coil type instrument as a standard
for calibration.
Electroplating
As in battery charging, the amount of metal deposited in
plating baths is proportional to the quantity of electricity passed
through them, so that for this purpose it is also necessary to use a
permanent-magnet, movable-coil type of instrument.
Heating Appliances and Heating Effects in Circuits
In electrical heating devices and in circuits in general, the
heat developed is proportional to the wattage produced in them,
which is equal to PR, where / is the current and R the resistance
which is considered constant throughout a cycle. Since, therefore,
the heating effect is proportional to the square of the current, it is
necessary to use a type of instrument the indications of which
are proportional to the square of the current, that is, a movable iron,
electrodynamometer, or thermal type.
Incandescent Lamp Loads
Considering a given lamp, when energized by various forms of
current, as direct, alternating, or pulsating, the same candle power
is produced when the filament is raised to the same temperature,
that is, when it is supplied by heat at the same rate for the various
currents. Since the heat is proportional to PR as in the preceding
example, it follows that it is necessary to use a movable iron,
electrodynamometer, or thermal type instrument to measure
alternating or pulsating currents used for incandescent lamps.
Arc Lamps
From extensive researches on carbon arc lights by Mrs. Ayrton
and others the following facts have been established:
The major portion of the illumination as well as a large part
of the voltage drop across the arc occurs directly at the positive
crater. This is about 35 volts and is practically independent of the
amount of current flowing. Further, the temperature and consequently the intensity of brilliancy are also nearly independent of the
current. The increase in illuminating power produced by increase
in current appears to be due to an increase in area of the crater,
which increases at a slightly greater rate than the current. It has
been found, therefore, that the illuminating power is nearly proporl ional to the first or a slightly higher power of the current.
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From these facts it is evident that the value of a direct current
which will produce the same candle power as the pulsating current
is approximately equal to the average value of the first power of the
instantaneous currents, and therefore, a permanent-magnet,
movable-coil type instrument should be used in measuring the
current. This is further substantiated by considering that the
average power developed at the positive crater from which the
major portion of the light emanates, equals the product of the
average current and the voltage drop which is nearly constant at
the crater. It follows, therefore, that to maintain the same average
power for each cycle, the average current must be the same, and
this is the current to be measured. It should be noted that in the
examples previously given the instrument indications with pulsating
current are exactly correct for the effect considered, but in the case
of the arc light, the indications of the permanent-magnet, movablecoil type are approximately correct, but much more nearly correct
than those of instruments operating according to the square law.
While the permanent-magnet, movable-coil instrument gives
indications approximately correct in relation to illuminating or
candle power of the arc when operated by pulsating current, its
indications are entirely erroneous in regard to the heating of the carbons, rheostats, and other parts of the arc circuit outside of the arc
itself. These heating effects are proportional to the squares of the
instantaneous currents, and if these effects are desired to be known,
a square law instrument should also be used. This also applies to
battery charging and electroplating circuits. As stated above, the
shape of the pulsating current wave is usually unknown, and is
especially irregular in arc circuits, so that it is impracticable to
estimate the heating effects from the same indications as used for
the illuminating effects.
To illustrate the increase in heating effects for equal illuminating effect when pulsating current is used in arc lights, let us consider for example an arc lamp requiring 40-amperes d.-c. for a certain
illumination.
To produce approximately the same illumination with pulsating currents as for 40-amperes d.-c, the current would be adjusted
so that its average value as measured on a permanent-magnet,
movable-coil ammeter would be 40 amperes. For simplicity of
calculation let us assume that the wave form is a completely rectified
sinusoidal wave shown as curve a, in Fig. 1. Such a wave would not
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be encountered in practice, but equal or greater effects would normally be found. It was shown that the effective or root mean square
value, upon which its heating depends, is 1.111 times the average
value. Since the heat developed is proportional to the square of
the effective value, the pulsating current of the wave form described
would produce about 1.23 times the heat in the arc circuit outside
of the arc itself, for approximately the same illumination as for a
direct current. When using badly peaked waves the heating effects
may be much greater than that computed, in comparison to the
heating produced by d.-c. giving the same candle power.
This, of course, does not include the extra power lost in a rheostat employed when d.-c. is used, which may not be required when
rectified a.-c. is employed.
It is thus evident that a flat top wave, where the form factor
approaches unity is the ideal wave form for a pulsating current used
for operating arc lights, for with such a wave, both the heating and
the illuminating effects approach those produced by direct current.
General Application
In the measurement of pulsating current, as already stated, it is
necessary to consider each problem separately, but the method of
attacking the particular problem can be stated generally. In each
case it must be determined how the effect which the current is called
upon to produce varies with the instantaneous values of the pulsating current recurring in its rapidly varying cycles, that is, whether
it varies with the first power or the square law or some other law,
and then choose the type of instrument which will indicate the average of the corresponding function of the instantaneous current
values.
A few words of caution in the measurement of pulsating currents will not be amiss.
When using a permanent-magnet, movable-coil type instrument in which all or a larger part of the current passes through the
movable coil, for measuring the average value of high-frequency,
pulsating currents, or high-voltage, steep wave front currents from
rectifiers, the instrument should be shunted by a condenser of about
\ to \ microfarad to prevent damage to the windings of the movable
coil and also to give accurate indications. The presence of this condenser in no way affects the accuracy of the instrument calibration.
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It is obvious that transformers can not be used in the measurement of pulsating current as they can not pass the direct current
component.
It is sometimes desirable to know how much alternating current
component is present in a pulsating current. To measure this it is
necessary to use some form of selective a.-c. ammeter. Such an instrument isillustrated in Fig. 8, and by its use the a.-c. component
can be measured even when a very large d.-c. component is present.
It consists of a sensitive electrodynamometer movement connected
in the secondary of a small transformer contained in the case of the

Fig. 8.

Selective ammeter, to measure a.-c. component of
a pulsating current.

instrument. The pulsating current is passed through the primary
circuit, and since the transformer can pass alternating current only,
the instrument will indicate the a.-c. component. The core of the
transformer contains a small air gap to prevent magnetic saturation
by the d.-c. component.
Measurement of Power
The average power in watts or other units delivered by a pulsating current or absorbed by any device supplied with pulsating current isthe average value of the product of the instantaneous values of
current and voltage throughout a cycle. The usual form of electrodynamometer wattmeter, therefore, will indicate this power cor-
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rectly regardless of the wave form, or whether the effect which the
current is called upon to produce varies according to the first power
or the square law, provided, of course, that the frequency is within
the limits for which the particular wattmeter was designed. The
limitations for pulsating current and the circuit connections are no
different from those for ordinary a.-c. or d.-c. measurements.
This follows from the theory of the wattmeter. The deflecting
forces are proportional to the product of the currents in the fixed
and movable coils. The fixed coil carries the pulsating current and
the movable coil a current proportional to the voltage, whether
pulsating or constant. In a manner similar to that described under
other tests, the movable coil and pointer assume a position resulting
from the average value of the products of these two currents, and,
therefore, to the power in watts or other units of power.

SILVERLESS

MOTION

PICTURE

POSITIVE

FILM

Joe W. Coffman*
ALFRED WEINGARTEN, citizen of Poland, but resident of
Berlin, is the inventor and patentee (U.S. Patent No. 1564161
— Dec. 1, 1925) of a new and apparently quite practical process
for the production of motion picture positives in quantity. In Herr
Weingarten's film no silver compounds are used, resulting in a
considerable saving in the cost of raw stock.
The process, from the chemical standpoint, is quite simple.
It is a refinement and adaptation of the well-known principle of
sensitization of gelatin to light by potassium bichromate. The
Weingarten process simplifies the technique and greatly increases
the speed of the process as hitherto employed in still photography.
A special gelatin is applied to the film base, and dried. Within
two months of the time when it is desired to use the film, it is
immersed for two minutes in a bath containing potassium bichromate, potassium ferricyanide and potassium bromide in dilute
solution. It is again dried, now being sensitized and ready for
printing.
Previous to sensitization, all operations are carried on in full
daylight, and even after sensitization the remaining operations may
be carried on in quite bright yellow light, for the film is not nearly
so sensitive as the positive film now in general use.
Sensitization may be carried on at the plant where the gelatinized celluloid is produced, but the Westlandfilm practice has been
to sensitize in the laboratory a few days before use. The sensitizing
process is not critical in its nature, does not require expert manipulation, and can be carried on at small cost wherever most convenient.
The printing process utilizes the conventional printing machines, except that a special mercury-vapor lamp is used in order
to secure the more intense illumination necessary on account of the
slow speed of the sensitized gelatin. Printing is from a positive print
instead of a negative film. This fact in itself is one of the virtues of
the process, for it permits preservation of the original negative,
City.

* Vice-President Carpenter-Goldman Laboratories, Inc., New York
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and enables release prints to be made wherever a master positive
can be shipped. The master positive is usually a normal silveremulsion print of uniform density, obviating the necessity for
light shifts during printing.
Printing machines in the Westlandfilm plant in Berlin are now
operated at the rate of only ten feet per minute, or about one-third
the speed of printers using silver-emulsion positive film. Assurance
is given, however, that tests indicate the practicability of operating
at a speed of thirty feet per minute with slight changes in the mechanism.
As is well known, the exposed gelatin is soluble in inverse proportion toits exposure to light — the exposure, of course, being kept
within certain marginal limits. The printed film is developed
by immersing in water — cold water, not warm, as previously used in
still photography by the bichromate process. The gelatin swells
strongly in these sections where the master positive contained deep
shadows, and swells practically not at all in the highlights. This
produces an image in relief on the gelatin, which is rendered visible
by immersing in a dye-bath. The dye is absorbed in proportion to
the swelling of the gelatin. A brief rinsing follows the dye bath, and
the silverless positive is ready for drying and projection.
A great range of suitable dyes is available, and the tone of the
final image may be almost any desired color without more effort or
cost than black-and-white.. The usual dye is one giving a rich blueblack image of extremely pleasing quality.
The process produces a film with a very tough and hard gelatin
surface — far harder than that of ordinary film. This tends to give
the print longer life, and greatly increases its resistance to scratches
and rough handling.
Containing no metallic grains to absorb the heat, ''silverless"
positives can always remain still before the projection lamp at least
twice as long as the ordinary positive, without igniting. They also
warp much less under the influence of heat, and are hence better
able to withstand the temperatures developed by modern highintensity projection arcs.
"Silverless" films are practically grainless, evidencing much
less grain than the silver positives from which they are printed.
This should be an advantage for talking-picture records, among
other things.
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The process is not, of course, adapted for making first prints,
but only for theatrical release printing and similar work. First
prints will necessarily continue to be printed on silver-containing
positive stock.
In conclusion, the advantages claimed for the Weingarten
"silverless" positive film are as follows:
1.
2.
3.
4.
5.

Reduces print cost.
Increases durability of prints.
Reduces graininess.
All operations carried on in high-visibility illumination.
Minimizes distortion by projector heat.

NOTES
THE

ON MAKING DUPLICATE NEGATIVES*
C. E. Ives and E. Huse

fundamental principles underlying the preparation of first

quality duplicate negatives were established by Capstan0 and
Seymour1 in a paper published less than two years ago, and shortly
afterwards practical instructions on the use of duplicating film
were issued.2 Since the appearance of these publications, however,
further experience has been gained relative to the use of duplicating film, and the present paper contains practical notes summarizing
the results of this experience.
Making the Master Positive
When printing the master positive, the first requirement is
that sufficient exposure be given so that all tones of the original
are recorded faithfully. A good master positive appears much
denser than the average projection positive, and to the inexperienced, may seem to be seriously over-printed. No master positive
or duplicate negative is satisfactory if the density of any part of the
image is less than 0.5. The least dense portion of the image should
be compared with a sample of film having a uniform density of
0.5. The best way to do this is to bring together two cut edges of
the areas to be compared in front of an illuminator. The 0.5 density
sample can be chosen from an assortment of strips of developed
film which have received various exposures as follows: A line
made on a sheet of white paper by a single firm stroke with a No. 3
pencil is just invisible in strong daylight through two thicknesses
of film of the required density when pressed firmly against the
paper.
The reason why it is necessary to give a full exposure to the
master positive so that it appears much denser than the average
projection positive is seen by reference to Fig. 1. This represents
a developed strip of duplicating film which has been exposed in
such a manner that each rectangular area received an exposure
definitely greater than that given the preceding area. It is seen
that throughout the middle portion of the strip from B to C these
regular increments in exposure produce regular increases in density,
* Communication No. 356 from the Kodak Research Laboratories.
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that is, the tone reproduction is correct. At both ends of the strip,
however, it is quite apparent that increasing exposures do not
produce corresponding increases in density, that is, the tone
reproduction is false.
It is obvious, therefore, that the lightest portion of the master
positive should be given an exposure at least as great as that
which the step B received, and for an average degree of development this corresponds to a density of about 0.5.
If the density contrast range of the original negative is very
great, the shadows of the master positive will be rendered in the
exposure range CD, and the reproduction will not be true. However, the latitude of duplicating film as represented by the exposure

A
B
CD
UNDER. EXPOSURE
CORRECT
EXPOSURE
OYER
EXPOSURE
PERIOD
PERIOD
PERIOD
Fig.

1.

Strip of developed film which was given regularly increasing
exposures from left to right.

range B,C, (Fig. 1) is sufficiently great to take care of all but
extremely contrasty negatives.
The best known method for finding the correct exposure for
the different scenes when printing the master positive is to make
use of a motion picture sensitometer such as that described by Jones
and Crabtree3 or a modification of this.4-5 Test strips exposed
through the different scenes in the original negative should be
developed in the regular way and from these the comparative
exposure requirements of the different scenes can be judged.
Also, if the sensitometer has been equipped with a single thickness
of the recommended violet filter (Wratten Xo. 39 Duplicating),
and if the proper degree of development has been given, an evalua-
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tion of contrast variations in the original negative can be made
It is advisable to equip the sensitometer with the filter because
one thickness of filter is almost invariably used when printing the
master positive.
Control of Contrast of Master Positive. As previously explained,1-2
it is necessary to develop duplicating film fully in order to obviate
development defects. However, the contrast of many original negatives isso great that the master positives and duplicate negatives
would be too contrasty if development were carried to completion.
In such cases contrast may be reduced by the use of violet filters
in the path of the printing light. It is a property of the yellow dyed
emulsion of duplicating film that increased contrast is obtained
when yellow light is used for printing and decreased contrast when
violet light is used. When printing with white light, the contrast
is increased moderately. Unless abnormally high or low contrast
is required in the duplicate negative, one thickness of violet filter is
used in making the master positive so that the contrast of the original
is reproduced exactly.
A simple method of comparing the contrast of the master positive and the original negative is to superpose identical frames of
each. If the two images are entirely blotted out, it means that the
contrast of the two images is exactly equal. If there is a residual
positive image, the master positive is slightly more contrasty than
the original, and (if one filter has been used in printing) this indicates that the development was excessive, and vice versa. Development is correct if the contrast is reproduced exactly when one thickness of filter is used.
In duplicating film, the yellow dye limits the contrast obtainable, so that when development is complete, the contrast is
not excessive. Contrast should be regulated only by the use of
filters in order to avoid the "halo" effects which would result
if contrast were lowered by cutting the degree of development.1,2
Development should never be less than normal except when the
original is extremely contrasty and when two thicknesses of filter
have been found not to give sufficiently low contrast. The cut in
the degree of development should be as small as possible but in
any case this involves a danger of producing objectionable development defects. By using one or two thicknesses of filter, the desired
contrast is ordinarily obtained. If no filters are used, the contrast
is increased considerably.
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By examining the test exposure made on the sensitometer,
those scenes can be noted which would be improved by decreasing
or increasing their contrast in relation to that of the other scenes.
More or fewer filters are used when printing the master positives
of these scenes. Little advantage is gained by the use of more than
two filter thicknesses.
Processing the Master Positive. Most uniform results in processing have been obtained with continuous machines. Other
methods are unsatisfactory because local irregularities appear
in the form of rack marks or streaks,6 and it is difficult to duplicate
exactly the degree of development.
The type of machine to be employed is not important, providing
the time of development can be controlled. Agitation of the developer isquite necessary to eliminate any tendency for streakiness.
Slight unevenness in development which would not be serious in
regular work is very serious when making duplicates.
Timing the Master Positive. The exposures for the various
scenes of the master positive can be determined as follows:
1. By timing the various scenes with the aid of the sensitometer, taking care that the minimum shadow density of the resulting
duplicate negative is at least 0.5. In this case the printing exposures
of the various scenes will not necessarily be equal.
2. By determining the maximum exposure required by the
most contrasty scene and then exposing the entire master positive
at this printer light setting. This will insure that the various
scenes in the duplicate negative have approximately equal highlight
densities, or in other words, they will require approximately equal
exposures.
In case the master positive is underexposed, it should be remade because if tone reproduction is not correct in the master
positive, this cannot be rectified when making the duplicate negative. The same remedy is necessary in the case of serious overexposures although, as mentioned above, these are rare.
The Duplicate Negative
The general exposure level for the duplicate negative must
be decided upon by making a trial print from a correct master
positive scene. As with the master positive, sufficient exposure
must be given so that every tone will be reproduced faithfully.
A perfect duplicate negative has no clear shadoics even when made
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from an original negative which has clear shadows. The shadows
of the duplicate are always somewhat gray and while those in some
scenes may be more dense than others, depending upon the range
of brightnesses in the subject, none of them should have a density
lower than 0.5. (See method of finding correct minimum density
under The Master Positive.)
The characteristic result of underexposure of the duplicate
negative is a lack of quality in the shadows of the final positive.
Contrast of Duplicate Negative. Such control should be exercised over the contrast of the duplicate negative that it will be
suited particularly to the use for which it is intended. In general, no contrast adjustments from scene to scene are made in
printing the duplicate negative. The same number of filters is
used throughout and all of the negative is given the same development.
Machine development is especially desirable when making the
duplicate negative. It is only by the exercise of extreme care that
two strips of film developed by the rack or drum method can be
made exactly alike in density.
Improvement of Quality by Duplication. With the exercise of
a little care it is entirely possible to make from any original negative
a duplicate which has the same contrast and printing density
throughout. The elimination of waste and the increased efficiency
of operation made possible by the use of such a uniform negative
are matters of great importance to laboratories.
When preparing such a duplicate negative the exposure given
in making the master positive should be such as to make the various
scenes as nearly perfectly uniform in quality as possible. This
does not mean that each scene will have the same highlight density
but rather that each scene will have the same appearance as regards
quality.
In general, it has been found best to equalize the contrast of
the different scenes during the making of the master positive.
This is because the violet filter reduces contrast by lowering the
high densil ies. When making a uniform master positive, the lighter
porl ions of the image should be equal in density. The introduction
of a violet filter into the light beam causes little change in the
positive highlight densities so that very little, if any, readjustment of the light change setting is necessitated. On the contrary, if
a filter is introduced into the light beam when making the duplicate
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negative from the master positive, more exposure must be given,
otherwise the higher densities will be reduced and the negative will
not be of uniform printing density.
The quality of the master positive should be sufficiently uniform so that a duplicate negative can be made by printing through
it at one exposure which will require no light changes when the final
print is made. Sometimes it is necessary, when printing the duplicate negative, to make some slight allowances for variation in the
master positive, but the corrections required at this stage should be
as small as possible because, if any scene in the master positive
should be much less dense than normal, or very much denser, there
is the possibility that faulty reproduction of tone will result ; and it is
not always possible to make large allowances for such density
variations with sufficient accuracy.
A means of checking the positive quality and measuring the
correction to be applied is advisable where first class results are
required with a minimum loss of time and materials. Non-uniformity in the positive can be taken care of by either of the following
methods :
(a) Sections of the master positive can be remade until
satisfactory.
(b) Exposure allowances can be estimated by examination and
applied in making short trial exposures from each scene. The
accuracy of the estimate cannot be judged from the appearance of
the trial negatives so a print must be made from them at a constant exposure. Then if the print quality is satisfactory, the duplicate negative exposures are correct and the complete negative can
be printed.
Printing Equipment for Duplicating
A printer for duplicating work must be absolutely steady,
the exposure must be perfectly uniform over the aperture area,
and constant as the machine runs, while nothing less than the
best possible definition is acceptable. A printer should be tested
rigidly in this connection before it is put to use for duplicating.
The Light Source. A strong source of light is necessary so
that duplicating film can be printed at normal speed. A 25-volt
concentrated filament lamp fed by storage batteries, in conjunction
with a relay condenser system, is very satisfactory. A 100-watt
lamp with an efficient optical system gives ample exposure for the
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most dense negative when the printer runs at a speed of about 15
feet per minute. If a condenser is not used, a 300 or 400-watt lamp
will usually give sufficient exposure.
The light control should be capable of varying the light by
very small steps. A resistance light change is unsuitable for making
duplicates because the color of the light has an influence on the
contrast of the print. A well-built mechanical diaphragm designed
to eliminate inaccuracies in setting serves the purpose well. An
optical wedge permits a very satisfactory alternative control.
The violet filters should be mounted in such a way that they
can be shifted in and out of position as quickly and readily as a
light change is made. Gelatin light filters are somewhat sensitive
to light and tend to fade, but stable glass filters are now available.
The filter should be placed at a considerable distance from the lamp,
preferably beyond the shutter in a step printer and in such a position as to be benefited by the light control. In any case, it should
not be so close to the gate that dust particles adhering to its surface
will throw distinct shadows on the film.
The Printer Gate. The necessity for perfectly uniform and
intimate contact between the two films during printing has been
emphasized previously.2 The curved gate recommended for contact
printers2 has continued' to give satisfactory results. In building
these gates it was found that small imperfections in the alignment
of the gate and bed plate could cause serious trouble. It is necessary
that the curved member be fitted to the bed and the fixed side rail
with extreme accuracy otherwise the film will be buckled at the
aperture. The rollers must be machined accurately and must be
fitted to the shaft closely. They must be parallel to each other
and to the bed to within ±2/1000 of an inch. The distance between the rollers and the bed plate should be between 18 and 25
thousandths of an inch. The shoes should be made carefully and
must move freely under the spring tension of two-thirds of an ounce.
All surfaces in contact with the film require a high polish to prevent
scratching.
In the case of most gates which have been in use and are to be
converted to the curved type, it is necessary to rebore the hinge
brackets and to fit new hinge pins, otherwise the play at this point
will make it impossible to bring the moving portion to exactly the
same point of rest every tine it is closed.
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Pull-down claws which are badly mounted or which have become undercut or "hooked" from wear should be renewed.
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MOISTURE

IN MOTION

PICTURE

V. B. Sease*
MOISTURE plays an important part in
the properties of motion picture film.
ture to be found in film is approximately a
relative humidity of the atmosphere with
equilibrium. The moisture content of a
samples of film base which had been stored

FILM

determining many of
The amount of moislinear function of the
which the film is in
number of uncoated
at room temperature

(70° F.) at different humidities varied from 1.2% at a relative humidity of 20% to 4.1% at a relative humidity of 95%.
The length and width pitches of film perforated under given
humidity conditions become larger upon further humidification
and smaller upon desiccation. Two samples of film, one in equilibrium with an atmosphere at 0% and the other with an atmosphere at 95% relative humidity were perforated on the same
machine immediately after removal from their respective humidors.
They were then brought to equilibrium with an atmosphere at 70%
relative humidity and measured. The dimensions were found to
differ by 0.75%. This difference is quite significant in view of the
fact that the Engineering Standards Committee has set a tolerance
figure of 1.5% for the shrinkage of raw stock. On account of the
fact that film dimensions change with variation in moisture, the
manufacturer has found it necessary to condition thoroughly
the stock before slitting and perforating, and to maintain rigid
humidity conditions during these operations.
The foregoing observations indicated that a change of 30%
in relative humidity would produce about 0.25% change in dimensions. This figure was checked by a series of experiments and found
to hold very closely for both positive and negative film of two
manufacturers. The details of one of the experiments are shown
in Fig. 1. Graph A represents the changes in a sample of film
perforated under 70% humidity conditions to standard length pitch
and conditioned alternately for periods of 24 hours in humidors at
70% and 40% relative humidities. The transfer of the sample from
70% to 40% to 70% humidity constituted the cycle referred to on
the graph. The average temporary change due to lowering the
humidity in one half of the cycle was 0.3%; to increasing the
Director Research Laboratory, DuPorit-Pathe* Film Mfg. Co., Par390
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humidity in the other half, 0.25%. The dimension changes were
not entirely reversible due to the loss in volatile residual solvent.
Graphs B and C represent the changes that took place in
samples of the same film kept continuously in the humidors at 40%
and 70% humidity, respectively. Sample A, conditioned at 40%
humidity after 8 cycles, showed a shrinkage of 0.64% while sample
B maintained continuously at 40% humidity showed a shrinkage of
only 0.28% for the time it had been in the humidor, or 0.48% total
shrinkage from the original standard perforation pitch. Sample
C, kept continuously at 70% humidity, shrank 0.34%. At the end
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Fig. 1. Effect of humidity variations on film shrinkage.

of the experiment, sample C was conditioned at 40% humidity and
found to have undergone greater shrinkage than sample B. The
shrinkage checked that observed on sample A. The data for width
pitch were found to be approximately equal.
The permanent shrinkages observed in these experiments indicated that we were dealing not alone with the tendency of residual
solvent to volatilize with lapse of time but with some specific
action of water in hastening the removal of the solvent. The displacement of residual solvents by water from colloids of composition similar to that of film base has long been known and this
fact has found extensive application in the manufacture of smokeless powder where the removal of the last traces of alcohol has been
greatly accelerated by immersing the powder in water. When film
is developed, fixed, and washed a permanent shrinkage of 0.2%0.3% is observed after drying. The same result is obtained by
omitting the chemicals and soaking the film in tap water for the
same time. When film base is immersed for a while in water at
175° F. practically all residual solvents are removed and the maxi-
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mum shrinkage which the base is capable of undergoing is realized
after drying. The shrinkage obtained by this accelerated method
averages about 2% for the film on the market today. The measurement of scrap film returned from the exchange shows that in service the shrinkage falls short of 2%, but it seems that the permanent changes are approaching the accelerated shrinkage figure as a
limit.
It is possible to keep the film for a long time in its original
package with relatively little change in dimensions. But once it is
processed and started on its travel from theater to theater in .all
parts of the country, its shrinkage is undoubtedly hastened by the
wide variety of humidity conditions which it meets.

Elongating
Fig. 2.

Force:

Curves showing the stress-strain characteristics
of drv and moist film.

An examination of the tensile strength of samples of film in
equilibrium with different relative humidities at 70° F. emphasizes
the importance of moisture to insure the best wearing quality of
the film. Fig. 2 shows the stress-strain characteristics of a very dry
and a very moist sample of film. A sample of uncoated base is
included to show the effect of the emulsion coating. In this test,
which was made on a self-recording Scott machine, the length of
the sample is chosen so that elongation is recorded directly in percentage on the ordinate. The strength is recorded in kilograms on
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the abscissa. The sample is of standard thickness and is cut one-half
inch wide. From one of these graphs four values are obtained,
viz., the elastic elongation, Ee, the total elongation, Et, the elastic
strength, Se, and the total breaking strength, St. Fig 3 shows the
averages of a large amount of data obtained on film in equilibrium
with atmospheres at different humidities. Increasing the moisture in the film lowers the elastic elongation, the elastic strength
and the total strength but increases the total elongation. The
data are given for both coated and uncoated base. The coating
seemed to have no effect on the elastic elongation and very little on
the total strength. Its effect was more pronounced on the elastic
strength and the total elongation.

Percent

Relative: Humidity

Fig. 3. Curves showing effect of humidity on elasticity
and strength of film.

The number of folds or flexes that a film will undergo without
breaking is a measure of its flexibility or brittleness. The results
obtained with a flexor* on the same material used for the data
in Fig. 3 are given in Fig. 4. Here it is seen that increasing moisture
greatly increases flexibility. Also, the presence of the emulsion
coating decreases flexibility.
Although gelatin forms a relatively
* This instrument was devised by Prof. A. H. Pfund of Johns Hopkins
Universitv.
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small portion of the thickness of motion picture film it greatly
increases the brittleness of the film at low humidities. Much of
the cracked and torn film returned to the exchanges would not be
in evidence if proper humidity conditions could have been maintained for the film while in service.

Percent
Fig. 4.

relative

Humidity

Curves showing influence of humidity on the flexibility of film.

In the following discussion it is attempted to point out a source
of static charges often encountered in handling film and to show
how the proper moisture content of the film provides for the harmless dissipation of the charges. It can be shown with an electrostatic voltmeter that when uncoated cellulose nitrate film moves
out of contact with a metal roller it takes on a static charge. If a
sheet of gelatin is used in a similar experiment it also takes on a
charge, but of opposite sign to the charge on the uncoated film, and
of less magnitude. With reference to a roller covered with tin-foil
the uncoated film takes a negative charge and the gelatin a positive
charge. In positive motion picture film we are confronted with
the unfortunate situation of having the two sides composed of
materials which easily electrify with charges of opposite sign.
When a roll is unwound a cellulose nitrate surface is being separated
from intimate contact with a surface composed largely of gelatin.
The above experiments indicate that one -side would be charged
positively, the other negatively. If the charges are not dissipated
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rapidly enough they continue to build up until a discharge takes
place and brings about a neutralization. The discharge may be
through the air in the small angle where the film is leaving the roll,
or through the perforations, or over the edge of the film, giving
rise to the familiar static markings after development. The above
experiments also indicate that a static charge would be generated
not only at the point where the film is leaving the roll but at every
point where it is breaking contact with rollers or gates.

Percent

Relative

Humidity^

Fig. 5. Curve showing variation with humidity of static electrical charges
produced on film base.

In Fig. 5 is shown the variation in the magnitude of the charges
produced on cellulose nitrate film base in equilibrium with atmospheres at different humidities when it was moved out of contact
with tin-foil. The charge is expressed in arbitrary units. There was
a rapid drop in the magnitude of the charge after passing above
60% relative humidity. The electrical conductivity of the film
base used in this experiment was measured. There was a rapid
increase in the volume conductivity of the base with increase in
moisture content. The results seemed sufficient to explain the rapid
drop in the magnitude of the charge as shown in Fig. 5 and to justify
the conclusion that the charges, which tend to collect on the opposite
sides of a roll of film when it is unwound or passed over rollers,
are neutralized at the proper moisture content by leakage directly
through the body of the film.
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An examination of negative film which has been especially
treated to render it non-static shows that the film base surface
has been altered in its electrifying nature so that it tends to electrify
positively with a charge approximately the same or somewhat
greater than that of the emulsion surface. While this treatment
creates a large safety factor as far as discharges between the
opposite sides of the film are concerned, the film as a whole still has
a tendency to electrify when breaking contact with rollers or
encountering friction in a camera. It is imperative to maintain
the original moisture content of the film up to the time of exposure
in the camera in order to provide leakage paths both through the
film and along its surface for the dissipation of such charges as may
be generated by some part of the camera.1
The foregoing discussion of the effect of moisture on perforation
pitches, on tensile strength and wearing qualities, and on static
discharges covers some of the important characteristics of motion
picture film which are affected by moisture. There are others of
more or less importance, such as photographic keeping quality,
permanency of latent image, mildew, or bacterial action, etc. Some
of these things require low moisture for optimum results while
others require high moisture. Fortunately there is a satisfactory
mean which the manufacturer has found through much research
and experience. He spares no expense to pack every roll of stock
under the most ideal conditions that science and engineering can
create, and with reasonable precautions in the storage and handling
of film it will give the service that is expected of it.
1 Static Markings on Motion Picture Film by J. I. Crabtree and C. E.
Ives, Trans. S.M.P.E. No. 21, 1925, p. 67.

A SPRING-DRIVEN

CINEMATOGRAPH

CAMERA

A. S. Newman*
THE problem of the spring-driven camera has engaged the
attention of inventors for many years. About fourteen years
ago, when the Aeroscope — the compressed air-driven camera of
Proszinski — was being marketed, I saw the first example of such an
apparatus. It was made for Mr. Cherry Kearton who required
it for his natural history work. The model in question was not
a success, although some pictures were produced by it. The great
outstanding difficulty was the speed regulation and the pictures
produced by it were therefore defective. What length of film it
would run with one winding, I do not know; I merely mention it
as being the first spring-driven camera of which I have any knowledge.
The air-driven camera, when perfect, did good work; but the
air motor, although quite efficient when in good condition, was
too delicate in the fitting of its valves to be reliable. The smallest
particle of foreign matter on the seating of either the inlet or exhaust
valve might reduce its efficiency by as much as 75 per cent.
The spring motor is reliable and can easily be energized simply
by winding up, but it suffers from the defect that it returns quite
a small percentage of the power expended in winding. At the start
of its actions, when fully wound, it exerts perhaps six times as
much power as is required. This surplus power must be wasted,
and an efficient regulator is necessary to absorb this surplus of
energy. The employment of a fusee to equalize the power of the
drive as was general in most spring-driven clocks of one hundred
years ago, might be useful, were it not for the fact that the introduction ofthe fusee, with its necessary extra pivots, again decreases
the efficiency of the motor due to the increased amount of friction.
Weight and size of the motor must be taken into consideration when
designing a clockwork camera, and it is doubtful whether, on these
considerations, the introduction of a fusee would be of practical
advantage.
The cause of the low efficiency of the spring motor is due to the
loss of power by friction among its many parts.
The successive
* Newman-Sinclair, Ltd., London, England.
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coils of the spring rubbing against one another, the rubbing of the
edges of the spring against the sides of the going-barrel, the great
pressure exerted against the sides of the pivots, especially those
near the going-barrel, and the necessary loss by the teeth of the
multiplying spur gears, make up a sum of no inconsiderable magnitude compared with the power available for use.
The problems of the spring motor resolves itself into an
antagonism between what I will call the remaining power in the
motor and the friction necessary to be overcome when driving film
in the camera.
There is a peculiarity belonging to the camera which militates
against running a long length of film with one winding. It is a
fact that all cameras must be supplied with a slipping device on
the take-up roll of film, and, since the device slips more and more
as the roll of film becomes large, the friction on the slipping part
increases, and the camera requires more power at the end of
the run than at the commencement. There are devices, certainly
by which the variation of friction can be equalized, but the complication of parts necessary to effect this, makes such an innovation
impracticable.
One must, therefore, accept the conditions as they stand and
endeavor to combine an efficient motor, which gives, perhaps, six
times as much power as is necessary at the start of its run, with a
camera which at the start of its action required less power than at
the finish, at which time the motor is weakest. These facts militate
greatly against the possibility of running a long length of film with
one winding, but by taking all frictional points into consideration
and wherever possible minimizing them, I have been able to produce
a camera taking 200 feet of film in its film box, which, with one wind
of the spring (or springs), will run 160 to 180 feet. Assuming that
the fully wound spring exerts six times the required power, and the
camera needs 50 per cent more power when the taken up film forms
a large roll, the regulator must be able to absorb more than five
times the amount of power necessary to drive the camera at its
start. So the problem resolved itself into the reduction of friction,
and the provision of a very efficient regulator.
The friction in a camera comes from many sources: bearing
friction, spur and bevel friction, and if the "pull-down" has slides
or cams in its construction, they will add their quota. Then there
is the friction of the take-up system, perhaps the largest item, and
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the gate-friction, which, although apparently small, becomes serious
when each increment is added to the next at the rate of 16 to 20
times per second. Besides these items, there is the retardation due
to lack of balance in the moving parts, and the power absorbed in
the starting and stopping of reciprocating or oscillating parts.
The size, length, and strength of the spring had to be nicely
determined as against the size of the spring box and the size of
the solid center of the winding arbor. A slight alteration in these
sizes caused an unexpected alteration in the quantity of film
driven.
Friction in the motor was minimized by the use of two springs;
by increasing the bearing surface of all pivots; by carefully examin30
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Fig. 1. Side view of gate with pressure pad in position.

ing the shapes of the teeth on the spur wheels; and by insuring that
all pivots would remain well lubricated.

u-

The "pull-down" is much as I have described in a separate
paper,1 except that the claw, which is single, drives the film on one
side only, fits loosely in the perforations, and has no spring members.
Gate friction has been practically eliminated because the gate
pad lifts mechanically during the passage of the film. One pilot pin
is used for registration, and the lifting pad lifts only one side of the
film, so that the film plane takes a diagonal position between the
gate surface and the lifted pad; thus, neither the front nor the back
of the picture space touches, while the film is being moved, only
1 "A Pull Down Mechanism for Motion Picture Cameras" by A. S. Newman
Trans. S.M.P.E. XII, No. 34, 410 (1928)
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the edges being in contact with the guides. This, of course, eliminates scratches. (See Figs. 1 and 2.)
The camera for the topical man, or for the traveler, or explorer,
should not be heavy or large, and the ability to dispense with the
use of a tripod is often imperative. The camera carries only 200
feet, and at times longer lengths than this might be wanted.
For the topical worker it is necessary that he should be able
-^:\
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Fig. 2.

View of gate with pressure pad spring open.

to quickly recharge his camera after removing a box of film which
has been exposed, and to any worker, the ability to thread up
quickly is an advantage. To meet this requirement, double-roll
boxes are fitted. Each box contains a sprocket which pays out the
film to the gate, and feeds it to the take-up spindle. The threading
up of the sprocket and the formation of the loops take place when
the box is loaded in the darkroom, and to recharge the camera it is
necessary only to pass the side of the loop (which is outside the box)
under the gate-pad and put the box in the camera, which can be
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done in ten seconds. Clutches in the camera gear with the sprocketspindle and the take-up center automatically.
To reduce the take-up friction, it was necessary to devise a
means of preventing the film partly taken up from being jerked
against the side of the box thus causing difficulty in the winding.
For this purpose a spool about one-fourth wider than the film is
employed, so that should the roll of film be shifted to one side,
the winding is not impeded. To prevent the sides of the top roll
of film (which at the start, project between the sides of the spool)
from touching those sides, guide bars are fixed to the front and back
of the box, limiting the side movement of the top roll.
With double roll boxes, trouble often occurs when, owing to
vibration or shaking during transit, the film unrolls itself and presses
against the inside of the box. To obviate this, one of the guide bars
is capable of being pressed against the top roll and firmly clamping
it in position. The take-up center is fitted with a ratchet-catch
to prevent unrolling of the film when the box is not in the camera.
A milled knob on the door of the camera carries a clutch which engages with a fitting in the box, by means of which the clamping bar
can be lifted and the film set free without the necessity of opening
the camera.
The lenses can be expeditiously changed and each carries its
own focusing scale. A direct vision finder is built into the camera
and is provided with an eyepiece. The amount of included view can
be changed when substituting lenses of varying focus, by the
addition of extra lenses to the finder. This has the advantage of
always showing the same sized frame although different angles of
view are included in the picture.
The usual fittings are supplied, the counter and the level being
visible while looking in the finder.
DISCUSSION
Mr. Crabtree: I understand that Mr. Cowling has had an
opportunity to examine the mechanism carefully.
Mr. Cowling: I examined one of the cameras about a month
ago and ran about twenty-eight hundred feet of film through it.
The movement is a registered pin movement, a little different from
any I have seen before. It is very satisfactory, but the camera was
new at the time and stopped a little short of a hundred feet in one
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winding, but some of the time it ran a hundred and forty or a hundred and fifty feet. It has one magazine similar to the Akeley. The
change could be made quickly from one magazine to the other
although I couldn't do it in ten seconds, the time claimed, but in
thirty or thirty-five seconds. The camera was a little heavy, but
I didn't mind that as much as the sharp corners.
Mr. Dubray: The use of a hand camera in production demands a greater portability of the instrument and ease of movement
with it. How does the camera feel in your hand? Can you hold it
steadily while walking?
Mr. Cowling: I could, but owing to the sharp corners and
edges of the camera, after a time it hurt the hands, but this could
be overcome by putting leather around the corners. In redesigning,
I would recommend that the corners be rounded.
Mr. Dubray: Can you describe the size and bulk of the
camera?
Mr. Cowling: It is box-shaped, like the Universal, but probably about half the size of the two-hundred-feet Universal.
Mr. Ross: What is the finder arrangement?
Mr. Cowling: It has a direct viewing finder enclosed inside
so that the right eye must be used when looking through the finder.
I wouldn't use this finder; it is the worst feature of the camera.
I will say that I was surprised the spring movement worked as well
as it did. It was remarkable how it picked up and maintained constant speed. There was no dropping off before a hundred and forty
or fifty feet.

THE

MAGNASCOPE

H. Rubin*
THE term "Magnascope" was created by our organization for
popular publicity purposes, and as it is reasonably exact and
fairly descriptive, has been retained. Size, however, is not the sole
consideration and the word "Magnascope" is in a sense a misnomer.
The contrast between the small and large picture is impressive but
a very effective illusion of growth is also secured by the gradual
withdrawal of the maskings. It is quite possible that the large picture more closely approximates the natural range of vision and is
therefore easier on the eye.
It should be clearly understood that no claim is made that any
new engineering principle is involved or that any radical mechanical
advance has been made in the development of the Magnascope. It
was, however, a striking and quite ingenious novelty, proved
highly successful for entertainment purposes and attracted more
attention than anything of a similar nature for many years. It
clearly indicates the value of such novelties and calls attention to
the importance of projection presentation. By "projection presentation" ismeant novelties for entertainment purposes, ordinarily
originated by the projection department, controlled by the projectionist, secured through certain changes in the projector, by adapting the screen to special purposes and the utilization of special film
intended to be used in conjunction with the mechanical changes
that have been made. In the development of projection presentation, athorough knowledge of projection and stage craft is of course
essential and this is all that was required for the creation of the
Magnascope. The Magnascope was first used at the Rivoli Theater,
New York, in the latter part of 1926, for the showing of certain
scenes in Old Ironsides and involved no great initial expense in
its development or any additional cost of operation. Improvements
intended to secure similar effects are of course being used now,
but with the equipment devised by us, entirely satisfactory results
were secured on an economical basis. This, of course, is always
highly desirable in working up novelties or experiments of this
nature.
* Supervisor of Projection, Publix Theatres, New York City.
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Small Picture. A large screen, covering practically the entire
proscenium opening, is used with the side and top maskings set at
the proper size for a small picture.
(See Fig. 1.)
Large Picture. A warning is given back stage about two minutes before the large screen is to be used; instantaneously with
the change-over, back stage is given a signal and the side maskings
and top border or masking are brought to the desired location for
the large picture. During this operation the portion of the picture
for the large screen, which is being projected on the black maskings,
MAGMA5C0PE-5CREEN

sd

MA5K ING - LAYOUT

ZLJL^IlJIiTZZ

■■*■■*■■■ "

',.-••;:;Fig. 1.

does not show up and therefore the illusion is created that the
picture is gradually becoming larger.
Maskings. The bottom masking for both large and small picture should be the same and all projectors set to hit this masking.
The bottom masking of the sheet should be stationary. This
masking may be either black velour or velvet attached to the drop
or screen. Two black side maskings, or draw curtains, on a traveler
will serve as the side masking for both the small and large picture.
In order to keep the picture edge of these maskings straight, a
straight edge frame is put on the picture edge with masking firmly
lapped around it. The top masking or border of the screen must also
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be movable and should be of black velour or velvet with an iron
or wooden edge frame to keep the bottom edge straight. All masking
should be as close to the screen, or drop, as possible.
Screen. A large drop can be painted a good, smooth, flat
white.
Additional Projector. A third projector equipped with a
special intermittent movement and special lens is necessary; the
change-over from regular machine is made when the special scenes
are to be shown.
Intermittent Movement. In the enlarged picture, having an
area approximately four times that of the smaller one, it is essential that a maximum amount of light be projected to the screen.
For this reason, a special 72 degree Simplex intermittent movement was developed by the International Projector Corporation.
This movement is designed to move the film more rapidly between
exposures, thereby permitting a longer exposure of the film upon
the screen.
Lens. When a 7-inch lens is used to secure a picture 18 feet
in width, and it is desired to secure a picture twice this width, a
3J^-inch lens is necessary. Only the highest grade of lens should
be used.
Shutter. The revolving shutter blades must be trimmed down
as close as possible without developing travel-ghost. Where the
diameter of the light beam is small, a shutter blade of about 75
degrees will be found sufficiently wide.
Change-Over. Change-over from small to large picture should
never be made on a title. The beginning of the reel which is to be
shown on the large screen should be a scene in which the action is
in the center of the frame.
Special Scenes. Massive scenes such as the naval battle in
Old Ironsides and the elephant stampede in Chang are recommended.

PROJECTORS

WITH

OPTICAL

INTERMITTENTS

Jacob Frank Leventhal*
NEWCOMERS in the technical branch of the motion picture
industry are usually unfavorably impressed with the intermittent movement of the projectors in universal use. It has been
said that nature abhors a vacuum, and it may similarly be said that
the mind of the mechanical engineer abhors an intermittent movement. In the projection machine of today, the visiting engineer
finds a mechanism of steel feeding a fragile ribbon of celluloid by
imparting rapid jerks applied through unyielding sprockets meshing
with perforations in the celluloid. It requires no great perspicacity
to see that an arrangement of this kind must lead to trouble of
various kinds, and most of you will agree with the writer when he
says that the intermittent movement constitutes a great hindrance
to the simplification of projection apparatus. With the introduction
of talking picture apparatus a move in the direction of simplicity
will undoubtedly be made and it is the thought of this writer that
it is the duty of the Society to study and to encourage development
in the field of optical intermittent projectors with the idea of
eliminating as much of the existing troubles as possible.
The basic principle, of motion pictures is intermittency. If a
mechanical intermittent is not used, then an optical intermittent
must be used. In other words, if the picture itself is not brought
to rest, then the image-forming rays of light from the picture must
be brought to rest. If the light can be brought to perfect rest,
producing a stationary screen image from the moving picture,
then the film can pass uninterruptedly through the aperture.
This constitutes the ideal condition.
A paper on this subject1 was read at the Roscoe meeting in
1924, and a number of conclusions were reached by the writers of
the paper which may have been justified at that time, but which,
in the light of recent developments in this field, will bear further
scrutiny. In analyzing the points mentioned, the writer will find
it necessary to refer to an existing projector of the optical inter* Consulting Engineer, New York, N. Y.
1 "Is the Continuous Projector Commercially Practical?" by L. Bowen
and II. Griffin, Trans. S.M.P.E. No. 18, 147 (1924)
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mittent type — the Mechau projector — and wishes it understood
that he holds no brief for Mechau, nor is he connected in any way
with the development or sale of this machine.
The first objection raised in the 1924 paper, under the heading of "Illumination," is that it is necessary, in a machine of the
character under discussion, to illuminate a two-picture area. To
do this a much larger spot is required, and it is pointed out that
as a consequence only 15% of the usual illumination at the aperture is available. It is not necessary to illuminate a two-picture
area, and this is proved in the Mechau machine, where only a onepicture area is illuminated and the spot, instead of standing still,
moves with the picture that is being exhibited. Under such conditions, the efficiency at this point is approximately the same as in
the present day projectors.
A second point under the same heading is that the optical
parts necessary to bring the picture to a stationary position on the
screen will cause light loss. This is true, but this loss compares
favorably with the loss due to the shutter blades in the present
machines.
Under the heading of "Steadiness," it is pointed out that
if the optical parts are not carefully mounted, the picture on the
screen will be unsteady. This is true, but the writer, for one, feels
that this is no insurmountable obstacle. An advantage is that
(at least in the rotating type of continuous projectors) once the
parts are correctly set they will remain so indefinitely. The present
intermittent machines give a steady picture when all conditions
are right; but conditions are not always right, and a thoroughly
steady picture is a rarity. The abnormal wear in the intermittent
mechanism is not conducive to a constantly satisfactory result in
this direction.
Under the heading of "Definition," the writers say that
additional optical parts over the present objective lens tend to
destroy definition. It is more nearly correct to say that additional
optical parts cannot improve definition. As far as plane mirror
surfaces are concerned, it is a well known fact that they produce
no change in the homocentricity of a bundle of rays. Consequently,
the use of a good mirror surface will not affect definition on the
screen. The Mechau machine uses mirrors, and the double image
that would be expected under ordinary circumstances is eliminated
by Mechau in a very ingenious manner. Briefly stated, he introduces
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the mirror at a point in the lens system where the rays are parallel,
so that, since the mirror does not alter the parallelism between
the rays reflected at the first and second surfaces, and since parallel
rays under the conditions described will terminate in a single
point, no double image will be produced.
Under the same heading, they say that spherical and chromatic aberration are inherent in all forms of optical compensators,
and that consequently these parts must be highly corrected for
both aberrations. In the case of a mirror, neither of these aberrations
is introduced.
On the subject of "Quietness," there is no dispute. A machine
of this type, especially with a motion of pure rotation, may be made
absolutely quiet. Quietness in the 16 mm. field would be of great
value.
Regarding film economy, while the writers admit that a great
saving in film is possible, they contend that it is not as great as
claimed, due to the fact that a large part of the damage is caused
by rewinding. At least they must admit that rewinding puts no
strain on the sprocket holes, and after all, the torn sprocket hole
is the worst form of film damage.
Under the heading of "Film Aperture," the writers point out
that an inherent defect of all continuous projectors is that a triple
screen picture is produced and that it is necessary to mask out
the two undesirable pictures. Referring to the Mechau projector,
there is no masking required, because the spot of light is of exactly
the size and shape of the film picture, and as explained before,
moves with the picture.
The writer has not cited the Mechau projector as the final
solution of the problem, although it is a remarkable piece of optical
and mechanical work, in his opinion. It happened to answer all
the objections brought out in the earlier paper and was cited for
this reason. As a matter of fact, the machine is expensive and the
compensating does not come under the heading of pure rotation
bul is a combination of rocking and rotating motion. The point
in mentioning the Mechau machine is to show that Engineers in
our line, as in others, are apt to become dogmatic and by making
careless statements, tend to discourage development.
Some of you may not be familiar with the history of the
Mechau projector in this country. It was installed at the Capitol
Theater in New York in 1926 and after being used for several
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months was discarded. The writer made several attempts to find
out the reasons and found that no irremediable faults had developed.
It was found that the illumination was no greater than in present
machines, and that the screen image generally was no better.
As the present writer sees it, the value of such a projector should
not lie in getting a better picture, but in simplification of machinery,
and elimination of wear in both film and projector.
The writer has listed below some advantages of the optical
intermittent machine over the mechanical. This is on the assumption that the optical compensator is of a rotary nature, is not too
expensive, and gives a satisfactory picture on the screen:
1. Reduction of wear on sprocket holes to a minimum.
2. Reduction of tension at the gate to a minimum.
3. The possibility of a virtually oil-less machine or at least a design
removing all possibility of splashing oil on film.
4. Freedom from wear and tear in the machine itself, and consequent
lessening of danger of breakdown; small cost for replacement of worn parts.
5. The possibility of various desirable features of operation such as
running film backwards for rewind, and self-threading of reel.
6. Quietness. While noise from the booth is not today a serious matter,
yet the elimination of the subdued machine-gun effect should be of value. In
home projectors, very valuable.
7. The practicability of the "additive" process of color, either two-color
or three-color because of high speed attainable without excessive wear and
unsteadiness.
8. Removal of vibration from film, making the problem of sound reproduction from the edge of film much simpler. In connection with sound pictures of the Movietone type, it is of great importance to keep the film in the
best possible condition, as the sound wave pictures are more delicate than
the ordinary picture.
9. The possibility of using less durable substitutes for celluloid films
because of the lessened strain on the perforations.

A PULL-DOWN MECHANISM FOR
PICTURE CAMERAS

MOTION

A. S. Newman*
MANY considerations enter into the designing of a "pull-down"
movement for a cinematograph camera or printing machine.
Now that the perforation gauge is standardized as to pitch, size
of perforation, position of perforations relative to size of picture
and margin of film, and dimensions generally, many of the difficulties which were encountered previously have disappeared.
Faulty and uneven pitch, variation in the size of perforation,
and in the shape of the perforation have ceased to exist, and perforated new stock can be obtained in a faultless condition.
While this simplifies the problem to an enormous extent, there
still remain many requirements which present a problem of some
difficulty. The intermittent mechanism, or "pull-down," to be
perfect, should fulfill the following requirements:
1. It should mOve the film a definite distance at each stroke.
It should effect this movement without damage to the film. The
change of picture should be rapid, in order to allow the longest
possible proportion of time for the film to remain at rest. Gatepressure should be necessary only for the purpose of holding the film
flat.
2. Its parts should be balanced to eliminate vibration, or should
be so light that the vibration imparted to the machine is so small
as to be negligible. It should run with a minimum of friction, and be
capable of running a long time without requiring frequent
lubrication.
3. It must be sufficiently robust to do its work efficiently,
and light enough to cause little difficulty in the balancing of its
parts. Its joints, slides or cams should not be liable to binding
or locking by the accidental introduction of dust or particles of
foreign matter.
The progress of mechanical design during the last fifty years
has been characterized by one dominating factor — the substitution
wherever possible of rotating parts for reciprocating parts. Also the
trend has been in the direction of substituting for heavy slow
• Newman-Sin clairj Ltd., London, England.
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rotating masses, quickly moving light parts. By these means the
weight per horse power of an engine, and the weight compared with
the efficiency of a machine have been reduced in a remarkable manner. Much of this progress is due to the improvement in machine
practice, the production of suitable materials, the elimination of
friction in bearings and the increase of knowledge in the matter of
lubrication.
In or about the year 1905, I encountered the problem of designing a "pull-down" mechanism for a cinematograph camera.
At the time many gauges and sizes of film were in use. The pitch —
if it could be called pitch — varied, among the films in the market
to the extent of l/& inch in a foot, and it was no unusual occur-

ee

Fig. 1.
A — rotating shaft; B — crank pin; C — lever; D — pin joint of lever;
E — claws; F — guide rod, pin-jointed at one end to the claw-lever C and at
the other end to a pin G on base plate.

ence to find in a 75-foot length, variation to this extent in different
parts of the same film. A great difficulty also presented itself in
the variation in the sizes and shapes of the perforations and their
distances apart in measurement across the film.
It was necessary at this time to devise an apparatus capable
of dealing with these inaccuracies, and in spite of them to be
able to produce a steady picture on the screen. This at first sight
might seem an absolute impossibility, but by the system I then
used I was enabled to justify my hopes. I had to work without the
workshop appliances now found in all properly equipped workshops, such as fine milling or grinding machines; and it was probably because of the difficulty of producing accurately certain complicated forms that I was led to design such simple shapes as
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could be made easily with quite ordinary tools. I considered
that slides and cams should be avoided, partly because of the
difficulty of forming them in hardened steel, and partly because,
if well fitted, they were inclined to be impeded in their action
by particles of dust or foreign matter, and also there was the
difficulty of lubrication. It was therefore important that the
required mechanism should depend solely on pin-joints.
I will describe the "pull-down" as I then designed it. The
distance to be moved by the film being ^-inch, I started with
a crank having its pin ^8-inch from the center, and with a
connecting rod, guided at its other end, I had a reciprocating
movement of %-inch to and fro. At the end of the connecting
rod were placed the two claws to enter the perforations and move
the film. It was necessary to impart to these claws an up and
down movement for the purpose of causing them to enter and leave
the perforations at the required moment. This was effected by
pivoting the middle of the connecting rod to another rod, which
latter was pivoted at its other end to a pin fixed to the base plate of
the mechanism. Fig. 1 shows the essential points of such a mechanism.
This arrangement worked well, but did not register accurately
at all speeds, and it was. necessary to use a considerable pressure
on the gate-pad to prevent the film from over-running when the
speed was increased. When running slowly, say at a speed of 10
pictures per second, a steady picture could be made. Increasing
the speed to the neighborhood of 16 per second caused the picture
on the screen to be displaced in the direction of the movement of
the film. Sometimes the overrun was a constant amount, but often
it varied with the result that the picture became unsteady. The
claws in question did not fit the perforations, and could not be
made to fit, because of the variation in the size of the perforations. The variation in distance of the perforations, measured
across the film, was too great to allow any but very narrow claws to
operate with the extreme variations.
I have been writing about the appearance of the picture on
the screen. I find that I have omitted to state that most experiments
in those days were carried out, using the same apparatus either as a
camera or as a projector and the tests were made by projecting the
picture by the same apparatus by which .it was photographed.
Printing was often done by the same apparatus.

A Pull-Down Mechanism — Newman

413

The next step in advance was accomplished by making the
claws in a tapered form, and arranging that the tapered claws were
kept in contact with the edges of the perforations by slight spring
pressure, so that perforations of any size were accurately fitted
by the taper entering a greater or less distance. This was satisfactory, but there still remained the discrepancy of the varying
distance between perforations measured across the film. To meet
this difficulty one of the claws was mounted on a flexible arm
allowing a small movement right and left. This arm was made
of spring steel, edge upward, and did not allow up and down
movement. Such were the main characteristics of this mechanism
but there still remained other details to be considered before a
steady picture could be produced.
In order to allow for the great discrepancies in the perforation— one of which I have not yet mentioned — it was necessary
that the registering perforation (the one that the claw left as the
film came to rest) should be somewhere near the middle of the
picture which was being taken, printed or projected. The last
discrepancy, and perhaps the most difficult to compensate, was the
fact that in many samples of the film, perforations were not opposite
to one another — not square across the film. In order to allow both
the taper pins to fit the perforations, the film had to take a position
out of square to the claws. In the machine in question, no side guides
were used in the gate, the film was allowed to take its own position
completely under the control of the claws. The rigid claw determined the registering point on one side of the film, and the flexible
claw (the one with right and left latitude) merely prevented the
picture from moving angularly in relation to the rigid claw. I have
spoken of the rigid claw and by this I mean rigid in a position
right and left. Both claws were on the same support which was
pivoted to allow a small movement upward (away from the film)
but were kept in contact with the film by a light spring.
A little consideration of the foregoing statement will explain
the possibility of getting absolute steadiness from films badly
and inaccurately perforated. The camera picture was taken
relative to two perforations near the center of the picture; in printing, the film was moved by claws using the same perforations,
and the projector was provided with similar claws working in the
same perforations and with a similar gate opening.
The first diagram indicated the essential members of the
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"pull-down," pointing out that only pin-joints are used in its
construction; but so far nothing has been written about the path
described by the claws, which path is of the utmost importance.
In many "pull-downs," the path of the claws assumes the
form of a long parallelogram with square corners; one of the
long sides being the movement of the claws while in the perforation moving the film, the other long side being the return
of the claws to the starting position. The short sides represent
the path of entry and the path of exit from the perforations.
The path described by the claws of a "pull-down" such as
I have described takes the form of a capital D, its straight stroke

coinciding with the line of the film, the two ends of the curve
being the entry and leaving points, and the middle of the curve,
the return path. Let us analyze exactly what happens during the
time of one complete cycle.
For this purpose reference will be made to the diagram (Fig. 2)
which may not be exactly what is produced by the claws in question, but will serve for explanation. Practically, the time taken
may be divided in two almost equal parts — the driving stroke
and the return stroke. It will be noticed that the straight line
is shorter than the curved one, therefore the movement of the
claw through space is much more rapid on the return stroke than on
the driving stroke. The straight part of the line is the most important because it is there that the film is moved. In order to
move a m;is<, however small, from a state of rest it is necessary
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that the force shall be applied gradually with constantly increasing acceleration. If the movement be applied suddenly or the rate
of acceleration be uneven, undue strains are set up both in the film
and in the moving parts. These strains may not be detrimental,
practically, yet if the force is not applied at the proper rate, the
running of the mechanism will be less easy than it is possible to
make it. We have a very fine example of what we are trying to
accomplish in the swing of a pendulum or the rate of acceleration
of a freely falling body, which both present samples of constantly
accelerated motion. It so happens that the movement of a crank
pin running at an even rate corresponds in time and distance
almost exactly with a freely swinging pendulum moving the same
distance as the throw of the crank in the same time, and if such a
pendulum could be joined to the crank by an infinitely long connecting rod, the two would move together, the crank rotating evenly
and the pendulum swinging freely. Looking at the diagrams you
will see that we have a crank driving a connecting rod and that
the other end of the rod moves for half the time nearly in a straight
line, so that the varying velocity along that line corresponds nearly
to the proportionate rates of the several positions of the path of a
pendulum swinging freely through the same distance. We have,
therefore, at the most important part of the path, proportionate
velocities the most suitable for moving a mass from rest, for
accelerating its motion in the most suitable way, and for bringing
it to rest again with the least possible amount of strain or shock.
The second diagram shows the crank path divided into 16
equal parts, and the corresponding numbers on the path of the
claws show the distances moved by the claws in equal times.
It will be noticed at once that the linear movement of the
film (shown by the vertical lines) at the moment when the claw
leaves or enters the perforation can be made very slight by arranging that the claw shall be lifted at the right moment so that quite a
light pressure on the gate pad will completely take the last trace
of motion from the very slowly moving film. This arrangement
works well at ordinary speeds say up to 20 per second.
So far I have been considering claws that nearly fit the perforations. Unless a small amount of latitude be allowed in the fit
of the claws the friction on entering and leaving a perforation will be
detrimental to the film, and may set up vibration and perhaps
may detract to a small extent from the excellence of the definition
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of the image. For this reason I have never made a parallel claw
to exactly fit the perforations, and indeed until the recent standardization ofsizes, such a procedure was impossible.
The shape of the D-path can be altered by altering the proportionate dimensions of the different members of the combina-

Fig. 3.

tion; the travel of the claw is determined by the throw of the
crank but is not absolutely identical with it, because the acting
portion of the claw is not in a straight line with the joints B and
D nor is the film in the same line (Fig. 1).
The height to which the claw is lifted is determined by the
lengths B and C (Fig. 3). Decreasing B or increasing C will cause

Fig. 4.

a higher lift and vice versa. Altering the length of the rod E (Fig. 3)
has the effect of causing the straight part of the D-path to curve
either inward or outward; lengthening it will tend to produce a
figure resembling that shown at A (Fig. 4), while shortening it will
give the form shown at B (Fig. 4).
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Lengthening the distance F (Fig. 3), will tilt the right side
of the D upward as shown at C (Fig. 4); shortening the distance
will tilt it in the opposite direction. It is easy, knowing these facts,
to produce a variety of figures many of which are useful.
A small variation is also due to the distance the acting part
of the claw (Fig. 3), is below a straight line HH drawn through
the crank pin and the pivot in the center of the claw lever. When
this distance is much increased the D-path is to some extent
lengthened.
Having now described the main ■ factors which govern the
design of a "pull-down" with which I have had 30 years' experience
I will pass on to a claw which I consider suited for high-speed

work. As practically all the parts of this combination are subjected solely to tensional strain, they can be built of very thin
material, consequently their combined inertia at high speed can
probably be made less than that of other combinations. The
movements of the crank and of the connecting rod near its end are
practically circular. The longitudinal motion of the claw lever,
is likely to give the greatest trouble owing to its reciprocating
and rocking motion, but this lever can be made extremely light.
The end carrying the claw moves in a path, rotary, but not circular,
and has a variable motion. The end movement of the claw lever
can be balanced to some extent by a counterpoise on the crank
shaft. The difficulty of obtaining perfect balance, however, is
undoubtedly great, and quite impossible without the introduction
of much complication to the system. On the other hand, the whole
arrangement of moving parts can be made of so little weight that
the vibration due to inertia of parts can be neglected, provided the
camera is of such a weight as has now become general.
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Perhaps the best form of D-path for high-speed work is similar
to the path marked D in Fig. 4. The claws should be so shaped
that they will not wedge in the perforations, and they should be controlled by springs which allow them to follow the line of the film
although the path produced by the arrangement of parts tends
to force them through it. On entering the perforations the claws
commence to drive before they have entered sufficiently deep
to fit the perforations and during the movement of the film they
advance more deeply till they fit the perforations when they
have reached the middle of the stroke. Provided that the claws
be lifted out at the point where the curve of the path passes the
film line at right angles, the film needs no gate pressure to prevent
over-running, the retardation and the bringing of the rapidly moving film to a completely stationary condition being effected by the
claws. Gate pressure sufficient to keep the film flat will of course
be required.

Fig. 6.

Figs. 5 and 6 are drawings of such a claw, showing the arrangements ofthe spring and lever intended to prevent damage
to the film by the entering claw, and also showing the method of
lifting the claw out of the perforation at the critical moment when
the film has been brought to rest. Such a claw is naturally equally
suitable for use at ordinary speeds.

AN OPTICAL

PRINTER

FOR

TRICK

WORK

Carl Louis Gregory
CINEMATOGRAPHY as practiced today has come to be a very
complicated process. The Last Laugh, Variety, and Metropolis,
all German made pictures started a tremendous competition among
our producers. These pictures gave a new meaning to camera
technique and caused a change in the methods of picture construction which are nothing less than revolutionary.
In all probability there is not a single trick or camera effect
in any of the three pictures mentioned that had not already been
employed by American cinematographers yet only a few were
able to discern the true inwardness of the almost continuous succession of effects and camera tricks employed in the making of these
productions.
This new technique utilizes every available device of trick
photography, not as a thing in itself, but with a very definite idea
of the emotional and psychological reaction which will result from
the employment of the proper photographic effect.
Trick photography as employed today deserves a better
term to define it. Special process photography is another term
which is sometimes used but it, too, fails to define properly the
scope of the photographic fabrications by which the motion picture
ascends from mere factual representation into pure imagination.
This fanciful product is fashioned by dissecting the component
parts from various pictured realities and then recreating an imaginative result from the dissected parts. It sounds difficult and it is
difficult. As a concrete example the director wishes to show a
mermaid, an imaginary creature half woman and half fish. He
wishes to show this creature in action as he imagines it and not as a
Mack Sennett extra girl with legs laced into a property fish tail.
Give the special process photographer the time and money
and he will make negatives of a nude woman swimmer and of a
shark or a minnow and from these he will dissect the trunk of the
woman and the tail of the fish and assemble a mermaid that will
almost make you believe in the existence of the fabled creatures.
It is manifest that a task of this kind is practically impossible
without mechanical and optical aid of great precision.
419
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Most "trick" work consists of an assembly or composite of
time and action components. In animation the components are
painstakingly drawn by hand and synthesized by photographing
them in the proper sequence with a motion camera.
With the development of the art of cartooning and of camera
trick work the optical printer came into use as an ideal instrument
for selecting from films already made the components desired for
the construction of composite or "trick" pictures, and for the recombining of these components into new pictures.

Fig. 1.

Complete view of optical printer ready for operation.

The requisite components for an infinite variety of new combinations exists in every collection of motion picture film but to
select these components from hundreds or thousands of film
pictures seems too staggering to attempt. This selection is only a
half of the problem, for the components must then be reassembled
with a mathematical precision so fine that the new combination
shall not reveal the joining lines between the welded parts even
when magnified hundreds of diameters on the screen. The solution
of this difficult problem is in a precision optical printer where every
mechanical move can be controlled with micrometric precision.
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There is nothing secret about the principles of optical printing.
They are known to every motion picture technician.
A number

'■ ■ ! ,■:>». ..•tf.
Fig. 2. Control end of optical printer showing wheels and levers which
move and operate all parts of the machine from one controlling position.

of optical printers have been constructed for exclusive or private
use but the details of their mechanical design have been kept more
or less in seclusion.
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Realizing that there are many firms and individuals who have
use for the product of such a machine and that the very few elaborate optical printers in existence are being kept for exclusive purposes, Mr. Fred A. Barber has constructed one of these instruments for the service of the public.
The base of the machine is a heavy six-foot lathe bed set on a
concrete foundation. Sliding on the lathe bed which acts as an
optical bench are three heads. (Fig. 1). The operator sits at one

Fig. 3. Optical Printer with special Bell and Howell camera, interchangeable lens head, rebuilt Prevost camera mechanism and
lamphouse on third head.

end of the machine where all of the controls ordinarily used are
situated. (Fig. 2). On the head nearest the operator is a Bell &
Howell camera with special magazines which takes up automatically
either backward or forward. (Fig. 3). The second head has an
interchangeable mount and takes any lens fitted for the Bell &
Howell camera. The third head carries a special projection head
movement arid lamphouse.
(Fig. 4).
All of the heads may be shifted up and down or sideways and
micrometric indicators reading in plain figures to one eighthundredth of an inch show the exact position of each member.

An Optical Printer for Trick Work — Gregory

423

A motor beneath the machine permits either head to run
independent of the other and either head may be run backward
or forward. Several interchangeable mechanisms may be used on
the different heads for different purposes including enlarging from
and reducing to 16 mm. size film.

Fig. 4.

Detail view of changeable frame line projection head on Barber
Optical Printer.

So many different things can be done with this machine that
it is not possible to list them here. Listed below are some of the
principal things which can be done with it:
1. Duplicate negatives can be made which are not distinguishable from originals as no printer marks show on these
negatives.
2. Duplicate negatives can be made from non-standard
negatives or prints and the frame line changed as desired.
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3. Two or more negatives can be combined upon one film
so that normal and ultra-speed may be shown side by side or a
vision may be made from one negative and introduced into any
other negative.
4. Negatives can be reproduced with the action slowed down
or quickened to almost any extent. Normal action can be made from
ultra-speed, thus giving normal and ultra-speed action from exactly
the same view point.
5. Action can be suspended and held still at any point in
the film and then continued, reversed, or repeated. This feature
is very valuable for golf instruction films or for instruction in any
other sport or for showing the action of machinery.
6. Any negative can be reversed to show the action backward, and this action can be slowed down or speeded up if desired.
7. Action can be repeated as many times as is required,
and at the same time, reversed or the speed changed to suit any
purpose.
8. All kinds of camera effects such as: fade-in, fade-out,
iris-in, iris-out, lap dissolves of any length, or any other camera
effect can be introduced onto negatives already taken.
9. Duplicate or multiple action of the same subject can be
made to appear in the same scene. This can be in synchronism or different phases of the same action may be shown going on at the same
time.
10. Double and multiple exposures from any number of original negatives can be made in absolute register.
11. Super-imposed titles may be made in any portion of a
negative which has already been taken and developed.
12. Borders, frames, and masks may be introduced around
any scene.
13. Close-ups can be made from semi-close-ups. Any part of
any negative already taken can be enlarged or reduced.
14. The effect of moving up on a scene for a closer view or
of moving back to include more of the scene can be made from one
negative already taken.
15. X-ray views of machinery or any object in motion can
be made showing both exterior and interior as if the machine were
transparent.
16. Explanatory labels, animated lines, pointers, etc., can be
introduced into negatives already made.
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The effects enumerated above do not by any means tell all of
the things which can be done by the various possible manipulations
of the machine. The various combinations possible are limited only
by the ingenuity of the operator and the film material which he has
available for reproducing ideas.
DISCUSSION
Mr. Fear: I designed an optical printer a number of years
ago, and the difficulties are not related so much to the mechanical
design as to the optical systems used. I shall be interested to
know the lens combinations used to get satisfactory results.
It seems almost impossible to obtain uniform results without experimental work and get the proper lens combination. After working on one of the newer machines for trick photography for
three months it is now working satisfactorily at Warner's, but at
other studios they were about to abandon the printer. Their difficulty wasn't in the mechanical construction, but in obtaining satisfactory lenses. I wonder if Mr. Gregory could give us information
on the lenses used.
Mr. Gregory (communicated): The lens system is designed
especially for this machine and there is no trouble in securing
definition nor in obtaining sufficient light intensity, even with
very slow film such as duplicating stock.
Mr. Jones: The optical problem is somewhat complicated
and several factors are involved. It is possible that attempts have
been made to use lenses which were computed by the designer so
as to give the best performance when used with an object distance
which is very great as compared with the image distance, as, for
instance, our standard motion picture objectives are used with
a normal image distance of 1 or 2 inches, while the object may
be from 10 to several hundred feet away. In the projection printer if
the magnification is unity, obviously the object distance must be
equal to the image distance, and I believe it is necessary to change
the curvatures in order to obtain critical definition under these
conditions. It would seem important, therefore, to be sure that the
lens used in the projection printer is to be used under the particular
conditions obtaining.
Mr. Johnston: I should like to add that we have supplied
an /6.3 lens corrected for unit magnification — a lens having
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flat field and critical definition which, as far as we know, is the
most satisfactory for optical printing.
Mr. Jones: There is another factor which must be taken into
consideration in projection printing. If the negative is made of
proper quality for contact printing, it will probably be somewhat
too contrasty for printing by projection. The silver deposit in
a negative is of a diffuse type and hence when density is measured
by specular light the value is higher than when measured in diffuse
light. That density effective in contact printing is of course
diffuse density, while that effective in projection printing is the
specular density. If, therefore, a print is made by contact and
another by projection and the two exposed positive films developed
together, the positive obtained from the projection print will be
much more contrasty than the one obtained by contact. Allowance
must of course be made for this.
Mr. Fear: Another point on which we had a great deal of
trouble with the printer I built in 1920 was graininess.
Mr. Dubray: May I suggest the use of duplicating film
for preventing graininess. This film can also be used to great
advantage in altering the contrast of the original negative. Seldom
does the cinematographer know in advance if the negative is to be
printed by contact or- in an optical printer. Very often a series
cf lap dissolves are decided upon after the picture is finished, and
these lap dissolves are made by optical printing and duping. As
the original negatives have different contrasts most likely, the use
of duplicating film would seem very advisable.

PHOTOGRAPHIC
PICTURE

CHARACTERISTICS
STUDIO

LIGHT

OF MOTION

SOURCES*

Loyd A. Jones and M. E. Russell
A

PAPER dealing with relative visual and photographic
efficiencies of illuminants1 was published from this laboratory
some years ago. This was followed by a communication in which
the use of artificial light in the motion picture studio was discussed.2 Since that time considerable progress has been made in
the production of artificial light and many new and improved
light sources have become available for use in the studio. During the past two or three years great improvement has been made
in the photographic materials applicable to motion picture work,
both with respect to the total or white light speed and from the
standpoint of the sensitivity of all to the wave-lengths of radiation within the visible spectrum. The data relative to the photographic characteristics of illuminants published in the communications mentioned above covered the field very satisfactorily
at the time, but in order to bring this information up to date, it
now seems desirable to publish further information applying
particularly to the more modern light sources and photographic
materials. That these values may be of immediate practical
use the measurements have been made by a very direct experimental method. It seems desirable, however, before taking up
the discussion of this method and the results, to consider briefly
some of the theoretical relationships involved in the determination of the photographic characteristics of a light source. For a
more complete treatment of this phase of the subject reference
should be made to the previous publications.
When radiant energy, the stimulus, acts upon the retina of
the human eye a sensation, the response, is produced to which
the term light is applied.
In general this sensation is character* Communication No. 358 from the Kodak Research Laboratories.
1 Relative Photographic and Visual Efficiency of Illuminants. L. A.
Jones, M. B. Hodgson, and Kenneth Huse. Trans. 111. Eng. Soc. 10: 963,
(1915.)
2 The Use of Artificial Illuminants in Motion Picture Studios. Loyd A.
Jones., Trans. Soc. Mot. Pict. Eng. No. 30: 74, (1921.)
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ized by three attributes: hue, saturation, and brilliance. The
magnitude of the brilliance factor of the sensation produced
depends upon the intensity of the radiation, which in turn is
determined by the amplitude of the vibrational motions that
constitute the radiant energy. The hue and saturation attributes
depend upon the relative proportion of the various wave-lengths
present in the radiant energy. Since the retina is sensitive to
only a certain limited range of wave-lengths (those lying between
400 and 700 nnx), and since the brilliance sensation produced
by equal intensities of radiation of the various wave-lengths
within this region varies in magnitude, it follows that the total
brilliance sensation arising from the simultaneous action of radiation composed of many different wave-lengths (such as light from
the sun, electric arc, incandescent tungsten, or in fact any commercially useful light source) will depend upon two relationships: (a)
the sensibility of the retina to radiation of various wave-lengths,
and (b) the intensity of the various wave-lengths composing the
heterogeneous radiation.
The reaction of a photographic material to radiant energy
may be considered similar to that of the retina. As in the case
of the eye, the stimulus is radiant energy, but the response (analagous to sensation) produced has but a single attribute which may
be termed blackness instead of brilliance. The response of the
photographic film is entirely lacking in attributes analogous
to those of hue and saturation (the chromatic attributes). Moreover, the photographic material in general responds to wave-lengths
of a different range from those that are capable of stimulating the
human eye, and even in the case of those materials which are sensitive to all of the wave-lengths within the visible spectrum, the
relation between sensitivity and wave-length is very different from
the case of the eye. The magnitude of the photographic response
(blackness) to radiant energy is dependent (as in the case of the
retina), however, upon two relationships: (a) The sensibility of the
material to radiation of different wave-lengths, that is its spectral
sensitivity, and (b) the intensity of the various wave-lengths
composing the heterogeneous radiation.
In the simplest possible case, that is where the radiation from
the light source travels directly to the photographic material or
eye, without passing through or being reflected by any medium
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capable of changing its quality (spectral composition) by selective
absorption, a knowledge of three fundamental relationships makes
it possible to compute directly the value of both visual intensity
and photographic intensity. These are:
1. Retinal Characteristic
The visibility of radiation gives the relation between sensation
(V) and the wave-length of radiation (X). This is usually shown
in graphic form as a curve, having a maximum ordinate equal
to unity, the ordinates of which are directly proportional to the
magnitude of the sensation produced by the action of equal amounts
of radiant energy of various wave-lengths in the region from 400
to 700 mfx. This may be represented formally as,
V=f(K).

(1)

2. Photographic Characteristic
The spectral sensitivity of the photographic material gives
the relation between sensitivity (A) and wave-length of radiation (X). Sensitivity has been expressed in many different ways
and thus far no standard method has been adopted. In fact the
most useful mode of expressing spectral sensitivity depends very
largely upon the particular problems being considered. For
practical purposes the definition of sensitivity as the reciprocal
of the exposure, in terms of ergs (the unit of energy) per unit
area, required to give a density corresponding to the minimum
useful density gradient seems most logical. In any case the relationship can be expressed formally as,
A=f(\),

(2)

3. Light Source Characteristic
The spectral distribution of energy gives the relationship
between energy (J) and wave-length (X) in the radiation emitted
by the source. This may be expressed formally as,
J=f(\).
(3)
This relationship may be shown graphically by plotting the
amount of radiation emitted as ordinates against wave-lengths as
abscissae. Such curves are referred to as spectrophotometric emission
curves and may be continuous or discontinuous depending upon the
source of radiation.
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The visual efficiency of any source can now be computed and
may be expressed by the equation,

I.

c=Wx^
Jxdh

(4)

j;

where C = visual efficiency in lumens per watt.
Likewise,
/.

W =

" JA^
Jxd\

(5)

where W = photic efficiency in photons per watt.
Now in case the quality of the radiation is modified by selective absorption, such as transmission through a filter or reflection
from a colored object before it reaches the photographic material
or eye, this can be provided for by inserting other terms in the
equations (4) and (5). To do this it is necessary to know only
the relation between absorption and wave-length for the selectively
absorbing materials. Selective absorption is usually expressed for
transmitting materials by stating the relation between transmission
(T) and wave-length (X),
T = / (X),
(6)
and for reflecting surfaces by giving the relation between reflecting
power (R) and wave-length (X),
R=f(\).
(7)
In making pictures it is necessary to use a lens which in general
does not transmit equally all wave-lengths to which the photographic material is sensitive or which are emitted by the light
source. Hence this may act as a selective absorber, and to take
account of this the photic efficiency must be computed by the
expression,

I/.

W=

- AAM
Jxd\

(8)

where T represents the spectrophotometry transmission function
for the photographic objective,

Photographic Characteristics — Jones and Russell

431

While the use of the relationships defined in equations (1)
to (8) for the determination of visual and photographic efficiency
is ideal from the theoretical point of view, many difficulties
are encountered in their application to practical problems. The
chief obstacle lies in the lack of available data and in the experimental difficulties encountered in obtaining sufficiently precise
data relative to the spectral distribution of energy from the light
sources of commercial importance. A thorough understanding
and appreciation of these fundamentals is of the utmost value to
the worker in this field, since even with the approximate data available itis possible to draw conclusions as to the relative efficiency of
various light sources when used with photographic materials of
differing sensitivities.
In view of the difficulties of obtaining sufficiently precise
data to permit the application of the principles discussed in the
previous paragraphs, it was decided to adopt a direct experimental
method for measuring the photographic characteristics of the
studio light sources. The procedure followed was designed specifically to obtain data of practical value and to this end the measurements were made as nearly as possible under conditions similar
to those existing in the average motion picture studio. In comparing the efficiency of light sources it seemed desirable to divide
the work into two rather distinct parts: The comparison of efficiency
(a) with respect to the rendition of the white, black, and gray
objects, the achromatic colors; and (b) with respect to the
correct tonal rendition of colored objects, the chromatic colors.
Photographic Materials
An exhaustive treatment of this subject should doubtless
include the evaluation of source efficiencies in terms of photographic materials of different spectral sensitivities. In view of
the present tendency in the motion picture practice, however,
to use panchromatic film almost exclusively, the data presented in
this paper are confined entirely to relative efficiencies as measured
in terms of panchromatic film, and Eastman Panchromatic Motion
Picture Negative was used throughout.
Relative Efficiency in Terms of Gray Objects
Since by definition a gray, white, or black object does not
in any way change the quality (spectral composition)
of the
reflected light, measurements made using a series of gray objects
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may be regarded as giving values of actual photographic intensity
or photographic candle power for the various light sources. For
this purpose a test chart was prepared consisting of 12 areas, each
4 inches square, arranged as shown in Fig. 1. Ten of these were
prepared by exposing sheets of photographic developing-out paper.

Fig. 1. Photograph pf Test Chart.

(Gray series, white to black).

A developer was used which gave a deposit having a negligible
amount of selective absorption, thus giving a series of true grays.
A piece of black velvet and a block of magnesium carbonate formed
the end members of this gray series.
The reflecting power (R)
Table 1
Data Relative to the Reflecting Characteristics ofDensity
the Test Chart (Fig. 1).
Refl. %
Log 99R
98.0
0.01
Magnesium Carbonate
83
1
46
68.0
Photographic Paper
0.17
43.0
63
2
0.37
29.0
28
3
0.54
4
15
19.0
0.72
5
14.0
0.85
0.98
9.5
6
1.02
1.15
7.0
7
0.85
0.62
1.38
8
4.2
0.53
9
1.47
3.4
2.3
0.36
1.64
T.60
10
2.40
Black Silk Velvet
0.4
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and density (Z>) values for the various areas of the test chart are
shown in Table 1. This test chart was hung in a vertical position
on a suitable support in front of a black curtain of sufficient size
to fill completely the entire field of the camera lens, thus reducing
the effects of lens flare to a minimum. A standard Bell & Howell
camera equipped with a 75 mm. //3.5 Zeiss Tessar lens was so set
up that the optical axis of the lens was perpendicular to the plane
of the chart surface and passed through its center. The distance was
adjusted so that when the lens was in sharp focus the image of
the test chart just filled the camera aperture. The camera was
driven by a directly connected synchronous motor, thus insuring
a precise determination of exposure time (t).
The chart was illuminated from both sides by light incident
at 45° to the plane of its surface, one source being set to the right
and one to the left of the camera, thus insuring freedom from specular reflection and also uniformity of illumination over the entire
chart surface. Since the entire chart is relatively small (12X16
inches) it was found possible to obtain satisfactory uniformity in
all cases.
The illumination incident on the test chart was measured
with a carefully calibrated Macbeth illuminometer. These measurements were made on the magnesium carbonate block composing
'.one element of the gray series. A reflecting power of 98 per cent
for this surface was assumed, this being in accordance with accepted
practice. The values of reflecting power for the other areas of the
chart were measured with the same Macbeth illuminometer set
up in the same position as that occupied by the camera. In this way
the values of reflecting power obtained are those actually effective
in the photography of the test chart. Readings were made by three
observers and results averaged.
The exposure time (t), depending upon the taking speed and
angular opening in the camera shutter, and the illumination (N),
incident on the test chart, were adjusted so that a just perceptible
density was obtained on the image of a black velvet area. The
exposure times used varied from 0.25 to 0.083 second. These are
all sufficiently near to the average exposure time in motion picture
practice, that is 0.03 second, to eliminate any possibility of the
reciprocity failure introducing deviations from the results obtained
in average studio practice. Development was carried out in a solution compounded according to a formula used extensively in motion
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picture work, and for a time resulting in a normal contrast (7 =0.80
approximately) .
The resulting density (D) values were read in the usual
manner and plotted as a function of the logarithms of the reflection
power (log R) of the corresponding areas on the test chart. Since
all other factors are constant, the exposure incident on the film is
directly proportional to the reflecting power of the test chart areas,
hence the log R values are directly proportional to log E and the
curve thus obtained is therefore in the form of the usual density-log
exposure characteristic of the photographic material. A curve similar
to that shown in Fig. 2 was obtained in this manner for each light
source.
2.0
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Fig. 2. Characteristic curve illustrating graphic method for determination
of photographic reflecting power.

The point on the characteristic curve where its slope (dD/d log
E) is equal to 0.2 was assumed to be the practical limit for the
satisfactory reproduction of shadow detail. The assumption of
c
this value may be open to some question but there is strong |evidence
that it is not in serious error. Moreover, the use of a slightly different value would not change the magnitude of relative efficiency,
but only that of the actual exposure required in any case which is
of minor importance for the purposes of this paper.
From available data2 it is possible to determine for any lens
aperture, focal length, and object distance, the relation between
the objed brightness (Ba) and the illumination incident on the
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film (Nn). This, together with the known values of exposure
time (t) and illumination on the chart (No), makes it possible to
compute the exposure (E), in foot-candle seconds, incident on the
film and corresponding to the point of limiting useful gradient. This
was done for each light source and these values are shown in Table
2 (page 441) in the column designated as Em. It is evident that
the greater the value of this exposure the less is the photographic
efficiency of the light source. In the last column of Table 2 are
values of relative photographic efficiency (W) computed on the assumption that the photographic efficiency of mean noon sunlight
is 100 per cent. It should be kept in. mind that these values of
relative efficiency are based on equal intensities and not upon equal
energy consumption.
Sources
1. Noon sunlight. At the present time there is no generally
recognized unit of photographic intensity corresponding to the
internationally accepted visual unit known as the "international
candle." In order to express the photographic efficiency of a
source it is necessary to have some unit in terms of which to
make this evaluation. The question of defining the unit of photographic intensity has been under consideration for some years;
at the present moment it seems rather probable that the next
International Photographic Congress will adopt such a unit and
that it will be defined as one visual candle power of radiation
equivalent in spectral composition to mean noon sunlight. The
quality of this radiation, at least from the visual standpoint,
is practically equivalent to that emitted by a complete radiator
(black body) operating at a temperature of 5000 °K. Spectrophotometric analysis, however, shows that the radiation from sunlight
differs appreciably from that of the black body in the region between 300 and 450 nux, this difference being due largely to the
absorption of radiation in its passage through the earth's atmosphere. It seems logical therefore, to adopt mean noon sunlight
as the quality of radiation in terms of which the unit of photographic intensity is to be defined. The spectral composition of mean
noon sunlight has been determined with considerable precision by
Dr. C. G. Abbott of the Smithsonian Institute; he made 20 determinations at the summer solstice and also at the winter solstice
The mean of these has been adopted to define "standard white"
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for use in colorimetry.3 It has been decided, therefore, to express
all efficiencies of standard light sources used in this work in terms
of mean noon sunlight. To do this the equipment was set up out
of doors so that the test panel was illuminated by noon sunlight,
and a few feet of film were exposed under definitely determined exposure conditions. The illumination incident on the test chart was
determined in the usual manner.
Flame arcs. The unit used was a Creco Broadside lamp carrying twin arcs operating in series. This was operated on 110-volt
direct current, the trim being H-inch flame carbons as supplied
by the National Carbon Company. The Creco unit consists of a
white-lined metal housing at the back of which the arcs are located,
and on the front of which is mounted a glass diffusing screen
composed of narrow strips of Florentine glass. Measuring instruments Were connected in such a manner that the current flowingthrough the two arcs, the voltage across the two arcs, and the
line voltage could be conveniently measured. Thus data were
obtained from which values of the total energy consumption and
the energy consumption in the arc could be computed. This light
source is classified as a flood lighting type. The various types of
flame carbons used in this equipment were:
2. White Flame— National White Flame Photographic (51371).
3. Pearl White— National Pearl White Flame Carbons (51371).
4. Yellow Flame — National Panchromatic "Y" Carbons (51371)
5. Orange Flame — National Panchromatic "0" Carbons (51371).
6. Red Flame — National Panchromatic "R" Carbons (51371).
7. High intensity spot. This consisted of the usual form
of high intensity arc mounted in sheet metal housing with condenser lens. The arc consumed 75 amperes and was trimmed with
the National high intensity white flame projector carbon with an
11 mm. National Oro tip cored projector carbon as the negative
electrode. Tests made with this unit equipped with the usual
condenser lens, and then with the condenser lens removed and a
silvered mirror placed in front so that the light falling upon the
tesl chart was reflected from the mirror, indicate that the photographic quality of light in the two cases is practically identical.
Hence the photographic efficiency values obtained by use of
this spot lamp may be applied directly to the various forms of
* J.O.S.A. <fr H.S.I. 6: 549 (1922).
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flood units employing the high intensity arc burner as a light
source, such, for instance, as the "sunlight arcs."
8. Sunlight arcs. No example of this unit was available for use
in our studio and the data relative to visual efficiencies were
taken from a paper on this subject by Mr. Frank Benford.4 The
photographic efficiency was considered identical with that obtained
by direct test using the high intensity spot light described under (7.)
9. Low intensity arc spot. The equipment used was a Winfield
Kerner unit trimmed with a 1-inch National cored projector carbon as positive electrode and a 7/16th-inch National Oro tip
cored projector carbon as negative. These carbons are of the
ordinary soft-cored type containing no flame material and the
light emitted approximates quite closely in spectral composition
that of a black body operating at approximately 4000 °K color
temperature. This light may be considered, for all practical purposes, as equivalent to that obtained by using any type of arc
employing low intensity carbons, such as Klieg spots, etc.
Gaseous conductor lamps. The apparatus used in making the
measurements on mercury vapor arcs was kindly loaned to us by
the Cooper Hewitt Electric Company, Hoboken, N. J. It consisted of two copy board illuminating outfits. One of these was
equipped with two 50-inch mercury vapor tubes, each bent in
the form of a U. The other unit was equiped with one 50-inch
U-tube and one gaseous conductor neon lamp, recently developed
by the Cooper Hewitt Electric Company, consisting of a glass
tube approximately 1 inch in diameter and 24 inches long filled
with neon and provided with suitable starting and operating electrodes. These tubes were mounted in shallow metal housings lined
on the inside with a painted white reflector. These units operate
directly on 110-volt alternating current line. It is well known
that the light from the mercury vapor lamp is deficient in red and
hence in photographic work red objects are rendered as very much
darker than is indicated by their visual reflecting powers. On
the other hand the light emitted by a gaseous conductor neon lamp
is very red in color and red objects are accentuated in brightness.
A proper combination of the neon and mercury vapor light should
therefore produce a much better rendition of colored objects than
either one of the two separately.
4 Trans. Soc. Mot. Pict. Eng. No. 24: 82 (1925).
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One 50-inch mercury vapor {J -tube in white enameled
Three mercury vapor [J -tubes plus one neon tube.
Two mercury vapor \J -tubes plus one neon tube.
One mercury vapor \J-tube plus one neon tube.
One neon tube.

15. One straight 50-inch mercury vapor tube in standard
reflector.
Incandescent tungsten lamps. The units used were 3000watt (115-volt) gas-filled lamps manufactured by the Edison Lamp
Works, Harrison, N. J. The flood light units referred to below
consisted of the polygonal mirror reflectors previously described5
equipped with these 3000-watt Mazda lamps. These units were
operated at voltages varying from 70 to 128. The data relative
to the luminous efficienc}r were obtained largely from a publication
by Luckiesh, Holladay, and Taylor6. From the values of photographic efficiency obtained it was possible to plot a curve showing
the relation between photographic efficiency and color temperature.
This makes it possible to determine the photographic efficiency
for a tungsten lamp operating at any specified color temperature.
16. 3000-watt tungsten lamp at 70 volts.
17. 3000-watt tungsten lamp at 90 volts.
18. 3000-watt tungsten lamp at 105 volts.
19. 3000-watt tungsten lamp at 110 volts.
20. 3000-watt tungsten lamp at 115 volts.
21. 3000-watt tungsten lamp at 128 volts.
22. 900-watt motion picture projection lamp.
23. Tungsten spot light, 10,000-watt. This unit consisted
a 10-kw. tungsten lamp of the ribbon filament type mounted
front of the 30-inch parabolic reflector made by the Bausch
Lomb Optical Company. A photograph of this unit is shown
Fig. 3.

of
in
&
in

24. Tungsten spot light, 2000-watt. This unit is identical
with 23 except that the 10-kw. lamp is replaced by a 2000-watt
(110-volt) monoplane1 filament tungsten lamp.
5 Incandescent Tungsten Lamp Installation for Illuminating Color Motion
Picture Studio. Loyd A. Jones. Trans. Soc. Mot. Pict. Eng. No. 22: 25 (1925).
6 The Short-Wave Radiation from Tungsten Filaments. Luckiesh,
Holladay, and Taylor. J. Frank, Inst. 196: 353, 495 (1923).
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Fig. 3. 10 kw. Incandescent Tungsten Spotlight Unit.

Experimental Results
The experimental results obtained are shown in Tables 2 and
2-A. In Table 2 are all of the data relating to the various forms
of arc lamps and gaseous conductor lamps. In the first section
are tabulated the values of line current and line voltage, from which
are computed the values of the total wattage appearing in the second
section of the table under the general title "Total." The values
of total lumens shown in this table for the flame arcs were kindly
furnished by Mr. Downes of the National Carbon Company.
By dividing the total lumens by total watts the over-all efficiency
of the unit as a light generating device is obtained. These are
shown in the column "L/W." It is obvious that all of the luminous
flux generated can not be used effectively in illuminating the
set. The amount used will depend on many factors, such as the
shape and reflecting power of the arc housing. In the section of
the table under the general title "Effective" are tabulated values
which represent approximately the useful light flux obtainable
from the Creco broadside unit when trimmed with the various
flame carbons. It is quite impossible to make any rigorous deter-
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mination of this value owing to the varied conditions existing
in the studio. It seems reasonable to consider that the total luminous flux leaving the unit within a cone having a half angle of
60° represents a fair assumption of average practical utility.
Therefore, measurements were made of the total luminous flux
emitted within this solid angle, and from these the values of
effective luminous efficiency (L/W) were computed. In the last
section of the table under the general heading "Photic Efficiency"
are shown the results of the photographic measurements. For
convenience these are given in somewhat different forms. The
symbols used as column headings may be defined as follows:
Ex is the value of exposure incident on the photographic
material (expressed in foot candle seconds) which, when the
material is developed to normal contrast (7=0.8), will give a
densit}^ which lies on the characteristic curve of the material
at the point where the slope of this characteristic curve has a
value of 0.2. As. stated previously it is assumed that this slope
represents the minimum useful gradient. Hence the value of
Em represents the minimum exposure which is useful in the rendition of shadow detail, and from the magnitude of Em it is possible
to compute the brightness of the darkest portion in the set which
will give sufficient exposure for the rendition of shadow detail in that
darkest portion.
Ex is computed directly from Em and is intended to give a
more definite idea of the illumination required when using the
various light sources. The values shown in this column are those
of the illumination on a black object, having a reflecting power
of 2 per cent, required to render this black object at a point on
the characteristic curve where its slope is 0.2, when photographed
by means of a lens operating at //2.3, at standard taking speed
of 16 pictures per second and with the motion picture camera shuttor set at an angular opening of 170°.
Uv designates the relative photographic efficiency. These
values are computed assuming an efficiency of 100 per cent for
moan noon sunlight; It should be kept in mind that these values
are expressed in terms of visual units and are proportional to
the photographic effect resulting from the action of equal exposures
(foot-candle seconds) to light from the different sources.
The high intensity arc shown as N.o. 7 in Table 2 is a spot
light unit using a condenser lens as a means of concentrating
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the light flux on the object. The low value of effective luminous
efficiency, that is 3 lumens per watt, is due to the relatively low
light-gathering power of the optical system. There is little doubt
that a spot light using the high intensity arc could be constructed
which would give much higher effective luminous efficiencies.
This end could probably be accomplished by a suitable combination of mirrors and lenses similar to those used in the high intensity
motion picture projector arc.
Unit No. 8 is the high intensity "sun arc" which is used
for flood light purposes combining a high intensity arc mechanism
with a parabolic reflector. The values of electrical and luminous
efficiencies were not determined in this laboratory but were taken
from a publication by Mr. Benford (loc. cit.). With respect to
photographic efficiency, in terms of visual units, the light emitted
by this unit is equivalent to that of the high intensity spot shown
as unit No. 7.
Unit No. 9 is the ordinary form of low intensity arc spot.
Here again the low luminous efficiency is due to the optical system
used in concentrating the light beam.
Units 10 to 14 include the gaseous conductor lamps which
were studied in this laboratory. Since no integrating sphere
of sufficient dimensions was available, it was impossible to determine their total luminous efficiencies. Their effective luminous
efficiencies, however, are based upon the radiations emitted within
a cone having a half angle of 60° and are thus comparable with
the other effective luminous efficiency values computed in a similar
manner. It will be noted that the mercury vapor source alone has
a relatively high luminous efficiency, while the neon by itself is
relatively low, being only 2.8 lumens per watt available within the
120° solid angle. The photographic efficiences, Uv, as measured
on panchromatic film follow in general the same arrangement.
In case of the unit designated as 15 in the table, the values
are taken directly from data published relative to the standard
50-inch mercury vapor tube mounted in the reflector quite universally used in motion picture studios.7
In Table 2-a are shown the data relative to incandescent
tungsten lamps. Items 16 to 21, inclusive, refer to a 3000-watt,
gas-filled lamp mounted in the polyhedral mirror reflector previously
7 The Cooper Hewitt Mercury Vapor Lamp. L. J. Buttolph. Gen. Elec.
Rev. 28: 741 (1920).
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described.5 In the column designated as "Tc" are shown the values
of color temperature for the lamp operated at the indicated voltages.
The reflector referred to was designed specifically for flood lighting
but the reflected luminous flux is confined almost entirely within
a cone having a half angle of 45°. The values of effective luminous
efficiency are computed for a spread of this magnitude. The results
are therefore not quite comparable with those shown for the
arcs and gaseous conductor lamps, the illumination in the case of
the tungsten lamp in its reflector being confined to a somewhat
narrower angle. Values in the section designated as -photic efficiencies show the way in which this factor increases as the lamp is
operated at higher and higher temperatures.
The 3000-watt lamp referred to above is not designed for
operating at temperatures exceeding 3100°K (color temperature).
In order to show that some increase in photographic efficiency
can be obtained by raising the temperature still higher the data
for unit No. 22 are given. This is the 900-watt monoplane filament
lamp designed for motion picture projection service. This operates
at a color temperature of 3220 °K, and as shown in the last section
of the table, its photic efficiency is somewhat higher. No values
for the effective efficiency of this unit have been determined.
The spot light unit No. 23 has an effective luminous efficiency
of 7.5 lumens per watt. Its photic efficiency of course is the same
as any tungsten lamp operating at the same color temperature.
The 2000- watt monoplane filament lamp used with the same
reflector gives a somewhat higher effective luminous efficiency
this being due to the smaller actual size of the filament assembly.
These measurements of effective luminous efficiency were made
with an adjustment of the lamp giving an illuminated spot 33^ feet
in diameter.
Efficiency for Rendition of Colored Objects
The data thus far given (Tables 2 and 2-A) refer entirely
to the photographic efficiency of the source under conditions
where the light is unmodified by selective absorption. While
this factor is of considerable interest in studio technique, it is
probably of minor importance as compared with the quality
factor, since the correct rendition of colored objects on the tonal
scale depends upon the spectral composition and not upon actual
intensity^.
In order to obtain some information regarding the

445

Photographic Characteristics — Jones and Russell

relative characteristics of various light sources for the correct
orthochromatic reproduction of colored objects, a series of color
panels was photographed along with the gray scale chart already
described. The method of preparing these color panels has been
described in a previous communication.8 The method followed
for the determination of photographic reflecting power is identical
with that described in the communication just mentioned. The
color panels were photographed under the same conditions as those
used in making the pictures of the gray panels. The exposed
film was given exactly the same development treatment and
densities were read in the usual manner. The method of obtaining the photographic reflecting power may be illustrated by
reference to Fig. 1. The density obtained from an image of one
of the color samples is laid off on the density scale, for instance
at point B. A horizontal line through this point cuts the characteristic curve which is established from the readings made on the gray
chart at the point 0. A perpendicular dropped from the point 0
Table 3
Visual and Photographic Reflecting Power Values for Colored Objects
as Measured Rv
Under Different
Illuminants.
Photog
Visual
No.
71
72
59
5S
49
51
19
18
16T
107
109
61
60J
SOW
82E
83G
30
64
65B
95L
96
73 A

Hg.

Color
Spectrum Red
Vermilion
Vermilion Orange
Cadmium Orange
Cadmium Yellow
Spectrum Yellow
Chrome Yellow DO
Chrome Yellow Orange
Chrome Yellow Lemon.
Apple Green
Emerald Green
Cobalt Green
Viridian, 50
Cobalt Blue, 25
Prussian Blue, 25
French Ultramarine, 50
Ultramarine Blue
Cobalt Violet
Spectrum Violet, 12.5
Pu rple Lake, 50
Magenta Lake
Permanent Crimson, 50

8.0
14.0
22.0
23.0

50

30.0
10. 0
23.0
31.0
51.0
3S.0
31.0
17.0
16.0
24.0
9.0
11.0
6.0
9.0
8.5
8.0
4.8
6.8

1.5
5.2
6.0
6.5
8.5
8.0
7.0
9.0
13.0
12.0
12.0
11.0
20.0
50.0
18.0
34.0
18.0
32.0
20.0

Xe.
3.0
6.5
8.5
7.8
11.0
10.0
7.8
9.8
16.0
14.0
13.0
9.U
18.0

14.0

45.0
17.0
32.0
17.0
26.0
18.0
12.0

7.5
10.0

6.8
11.0

raphic R efiecting Power
2-1
1-1
3-1
7.8
12.0
14.0
16.0
21.0
14.0
15.0
19.0
22.0
17.0
15.0
12. U
14.0
38.0
16.0

14.0
19.0
29.0
25.0
29.0
28.0
25.0
31.0
35.0
29.0
15.0
13.0
13.0
30.0
15.0
25.0
10.0

39.0
14.0
30.0
22.0

- 20.0
32.0

16.0
7.0
13.0

14.0
8.7
16.0

8 The Photographic Reflecting Power of Colored Objects.
Trans. Soc. Mot. Pict. Eng. No. 31: 564 (1927).

35.0
24.0
43.0
46.0
54.0
43.0
35.0
48.0
48.0
35.0
16.0
10.0
12.0
20.0
15.0
12.0
5.0
30.0
18.0
16.0
30.0
7.2

i

Tungsten
20.0
22.0
28.0
25.0
30.0
31.0
26.0
30.0
36.0
26.0
23.0
16.0
14.0
40.0
13.0
22.0
14.0
26.0
x 12.0
14.0
13.0
5.0

L. A. Jones,
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to the log exposure axis determines the point C. From this value the
photographic reflecting power of the color panel in question can
be computed directly. The results of this work are shown in Tables
3 and 3-A. The colors are arranged from the top downward, beginning with red and running through the spectrum to the blue.
It should be remembered of course that the pigments used reflect
relatively broad spectral bands and hence the arrangement shown
while representing in general a systematic progression of wavelength from red to blue, can be considered as only approximating
a true spectral progression.
In Table 3 are given the values obtained with the gaseous
conductor lamps and incandescent tungsten. The values in the
column designated as "visual" are the reflecting powers of the
various color panels as determined under sunlight illumination.
The column headings under the general title Photographic Reflecting
Power have the following meaning:
Hg
Cooper Hewitt mercury vapor lamp.
3-1 — — Three mercury vapor units plus one neon unit.
2-1
Two mercury vapor units plus one neon unit.
1 -1 — — One mercury vapor unit plus one neon unit.
Ne
One neon unit.
Tungsten

3000-watt Mazda lamp operating at color temperature
of 3100°K.

It will be noted that the mercury vapor gives relatively
low values for the red colors and very high values for the blue
end of the spectrum. It appears that the combination of the
two mercury vapor tubes with one neon tube is the optimum
combination from the standpoint of correct rendering of tone
values. The neon unit , alone gives reflecting power values for
the red panels which are much higher than they should be. The
tungsten illumination tends to give values somewhat too high
for the red panels, but gives fairly correct orthochromatic reproduction for all others.
In Table 3-A are given the results obtained with the various
types of arc units, the column designations having the following
meaning:
HI
LI
WF
XV
OF
RF

High intensity arc.
Low intensity arc.
White flame arc
Yellow flame arc.
Orange flame arc.
Red flame arc.
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Visual

and

°ower
Table 3-A
Photographic
Reflecting Power
Values for Colored Objects
Measured Under
Different Illuminants.
R«
Photogi •aphic R(

Visual
No.
71
72
59
58
49
51
19
18
16T
107
109
61
60J
80W
82E
83G
30
64
65B
95L
96
73A

H.I.

Color
Spectrum Red
Vermilion
Vermilion Orange
Cadmium Orange
Cadmium Yellow
Spectrum Yellow
Chrome Yellow DO
Chrome Yellow Orange
Chrome Yellow Lemon, 50
Apple Green
Emerald Green
Cobalt Green
Viridian, 50
Cobalt Blue, 25
Prussian Blue, 25
French Ultramarine, 50
Ultramarine Blue
Cobalt Violet
Spectrum Violet, 12.5
Purple Lake, 50
Magenta Lake
Permanent Crimson, 50

8.0

14.0
22.0
23.0
36.0
40.0
23.0
31.0
51.0
38.0
31.0
17.0
16.0
24.0
9.0

11.0

6.0
9.0
8.5
8.0
4.8
6.8

3.5
7.5

11.0

8.5

12.0

9.5

10.0
14.0
12.0
15.0
15.0
12.0
20.0
50.0
18.0
32.0
20.0
34.0
18.0
13.0

6.5
8.2

L.I.
4.0

12.0
12.0
13.0
16.0
10.0
13.0
18.0
18.0
19.0
12.0
10.0
13.0
38.0
15.0
25.0
16.0
30.0
17.0
12.0
4.4
7.9

W.F.
4.5

12.0
13.0
12.0
15.0
13.0
12.0
18.0
20.0
16.0
18.0
13.0
15.0
45.0
16.0
28.0
18.0
28.0
17.0
14.0
4.0
6.0

fleeting 1
Y.F.
14.0
7.8
17.0
17.0
19.0
16.0
14.0
20.0
20.0

O.F.

R.F.

12.0

16.0
22.0
30.0
28.0
30.0
28.0
25.0
30.0
30.0

18.0
25.0
23.0
25.0
23.0
21.0
26.0
29.0
24.0

19.0
17.0
12.0
14.0
39.0
13.0
24.0
18.0

15.0
40.0
15.0
25.0
16.0

35.0
14.0
23.0
15.0

27.0
14.0
12.0

29.0
15.0
13.0

29.0
16.0
15.0

4.5
7.8

18.0
12.0

26.0
16.0
11.0
11.0

6.2

10.0

6.2
14.0

It will be noted that the reflecting power values obtained
with the high intensity arc are too high at the blue end of the
spectrum and too low at the red end. Some improvement is obtained
by using the low intensity arc, and even better results with the
white flame arc. The orange flame gives very good correction
in general although there is a tendency for the red panels to show
a reflecting power higher than their visual values. The red flame
arc produces considerable over-correction at the red end.
DISCUSSION
Mr. Buttolph: In the development of the neon-mercury
combination units on which Mr. Jones has made these excellent
quantitative measurements, we made a series of qualitative tests
such as outlined in the Eastman Kodak Company's book on The
Photography of Colored Objects using the frontispiece as a test
object and taking the photograph on Eastman Commercial Panchromatic film stock. As these tests seem to be practically in accord
with Mr. Jones' data, I present them as of possible interest and as
largely self-explanatory.
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The photograph with sunlight (Fig. 1) may be considered as
an example of full or slightly over-correction. To eliminate the
possibility that the 365 millimicron line was causing the well

Fig. 1. Sun+K2. Filter.

Fig. 3.

CH + Ne-1 :1+K1. Filter.

Fig. 5. CH + Ne-1:2.

Fig. 2. CH + Ne-2:1

Fig. 4. CH + Ne-l:l

Fig. 6. CH + Ne-1:3.

Key to figures :
CH = Cooper-Hewitt Mercury Vapor Lamp
Ne=Neon Lamp

Photographic Characteristics — Jones and Russell.

449

known excessive rendition of blue with a mercury arc, tests were
made using a Corning Noviol O filter which indicated that for
practical purposes the effect of this line may be disregarded,
probably because of the low reflectivity of most materials at this
wave-length, the excessive rendition of blue being apparently unaffected by the interposition of the Noviol O filter. Figs. 2, 4,
5, and 6 show the effect of varying the proportion of neon to
mercury light. These ratios were in terms of lamp units, the
units themselves being of the same wattage rating. It will be noted
that for most practical purposes a ratio of one mercury lamp to
two neon will apparently give satisfactory results while for a full
correction corresponding to sunlight through a K-2 filter, a ratio
of one mercury arc to three neon may be required. Fig. 3 shows
the effect of using a K-l filter with a one to one mercury-neon
combination, the result being a full, or slightly over correction.
It should be noted that the panchromatic stock used in these tests
had slightly exceeded the time limit placed by the manufacturer on
its satisfactory use and that the figures presented were made by
printing on a very contrasty paper in order to accentuate what
differences there were.
Mr. Ross: Mr. Willat spoke of using sets painted in shades
of one color. Could not ideal correction with any light source, and
without filters, be obtained by producing all sets in shades of
some one color best suited for the particular light source employed?
Mr. Jones:
I see no objection to that.
Mr. Ross: It occurs to me that if blue in shades is employed
with any of the usual light sources, ideal tone rendering might not
be obtained without the admixture of other pigments. Therefore,
would it not be possible for any given light source to reduce the
base color to shades which would require one, or more, other colors,
for example blue and red, mixed therewith?
Mr. Jones: From an inspection of the photographs shown by
Mr. Buttolph, the values I obtained seem to be fairly well substantiated. As the intensity of neon illumination relative to
that of the mercury is increased, it seems as though there is no
combination giving perfect correction, since the use of sufficient
neon to give perfect correction at one end of the spectrum tends
to over-correct at the other. However, there is one ratio of neon
to tungsten which gives for practical purposes a very satisfactory
theoretical reproduction of the colored objects which we used in

450

Transactions of S.M.P.E., Vol XII, No. 34, 1928

our tests. Since colors were of high saturation, much higher
perhaps than are commonly used in practice, it seems quite certain
that this combination of neon with mercury should give for all
practical purposes very satisfactory results from the standpoint
of correct tone rendering of colored objects.
If you specifically desire to decorate a set in any color scheme,
there is some photographic technic that will reproduce it as the
eye sees it. My own feeling is that our primary aim should be
to develop a photographic technic which will render on the negative and on the screen the same total contrast which the eye
sees when looking at the finished set. In other words, I think
we should aim at a technic giving correct orthochromatic reproduction. Every color can be placed on the gray scale in terms
of its brilliance and it is possible by using the correct light source,
photographic material, and filter to render any group of colored
objects in their correct tonal relationship. For all practical purposes this can be done in many cases simply by selection of light
source and film, no filter being needed. I realize that it will be
necessary to modify this in some cases. For instance, two colors
which are distinctly different as seen by the eye, this difference
being due to a hue or saturation contrast, may have identical
photographic reflecting powers. Hence they will be rendered by
perfect orthochromatic technic as areas of equal density in the
negative. This may ruin the composition judged by the eye
and in such cases it will be necessary to use some method of distorting the photographic contrast so as to render one of the colors
lighter or darker than the other. I wish to emphasize by repeating
the principle which I think should be followed, that is, we should
aim at developing a photographic technic which will give true
photographic reproduction of tone values and depart from this only
when necessary to distort tone values in order to enhance or
diminish the visual contrast for the sake of satisfactory quality.
Mr. Ross: My conception of Mr. Willat's statements was
that instead of graduating the shades from black to white, he was
employing a shade of gray, or other color, having a fraction of the
reflecting power of white, as the base, or darkest color, and that
the shades were scaled between this base and white. Obviously by
such a method, any degree of softness of tone, as well as ideal
color rendering, may by obtained.
Mr. Jones:
I see no objection to that if he wants this result.
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Mr. Nickolaus:
That is general practice.
Mr. Jones: If that is what is desired, it is all right. We
want true rendering of what is put in front of the camera.
Mr. Ross: Does it not complicate matters if the scale from a
pre-selected shade as a base up to white will be different for different colors if the same representative color rendering is to be
maintained irrespective of what color in shades is employed?
Mr. Jones: No, I don't think so. We have got to deal basically in the most general case with reflecting powers from 0 to 100%
practically. We don't have to use all the scale if we don't want it.
Mr. Ross: Perhaps I have not made myself clear. In this
chart you exhibited — suppose it represents twelve colors. Instead
of using this, we will take one of the shades midway between black
and white and between this shade and white we will have twelve
other shades.
Mr. Jones: I think I understand what you mean but I do
not agree entirely with your point of view. It seems to me much
better to establish our scale so that it will include all objects having
reflecting powers from 0 to 100 per cent. Any color whatever
having a known photographic reflecting power can be placed on this
scale. It is not necessary in treating a set to use the entire available scale of reflecting powers if this is not desired. Whether or
not this is done will depend entirely upon the effect which it is
desired to produce. The artist may desire that the lightest area
in the set shall have a photographic reflecting power of 50 per cent
and place all other areas between that and black. That is something
which I think will have to be worked out by the artist himself, but
from the theoretical standpoint we certainly should establish a
scale of sufficient length to include all possible reflecting powers
between 0 and 100.
Mr. Ross: We had in mind trying to establish a standard for
the painting of sets in shades of some one color, or mixture of colors.
If the practice is to employ various colors, as well as various shades
of any one of the colors as a base, or deepest tone, it seems to us
that it will require producing an elaborate system of color cards if
a standard is ever established.
Mr. Benford: If Table II can be shown on the screen, I
should like to ask Mr. Jones a question about it. These two arcs
are assumed to be practically in the ratio of 1 to 2 ; the lumens
are 25,000 and 20,000.
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Mr. Jones: The No. 8 high intensity sun arc should be
209,000 lumens; the slide is incorrect. I might say that these values
are taken directly from your published paper in the General Electric
Review.
Mr. Benford: Also, I realize there should be a difference
in the lumens per watt, but I think that difference is a little large.
Mr. Jones: This is a rotary spot with an 8-inch or 10-inch
condenser lens in front of it for spotting. This was made with the
arc adjusted to give a spot about three feet in diameter. These
values are more or less qualitative. You can't define any rigid
practice. This is taken from your own data relative to the total
flux given by a 150-ampere arc with 123° solid angle, subtracting
for the shading of the negative head, etc.
Mr. Mitchell : This afternoon at Warner's, on one of the sets
lighted with arcs, blue and yellow filters were being used. What
was the advantage, Mr. Jones?
Mr. Jones: I don't know what they were trying to do. They
may have been accomplishing what they wanted. I can conceive of
a condition where it would be an advantage to use a blue filter over
the lamp for some color enhancement, but I don't know in this
case what they were after.
Mr. Dubray: Perhaps I can answer that. I surmise that the
blue filters were used with back lights of high intensity and the
yellow ones for filtering of the front lights. By using white flame
arcs and blue filters for side and back lighting purposes, a certain
diffusion of the arc light is obtained, which is more restful to the
eye of the actor than the unfiltered arc and at the same time a
very high intensity of light is maintained. The yellow filters used
with the front lights correct the color rendition of eyes, lips, skin
texture of the subject, which is impossible to do when working with
an excess of blue radiations.
Mr. Mitchell: That would be true with panchromatic, but
sometimes it is done with orthochromatic.
Mr. Dubray: It is true with both panchromatic and orthochromatic emulsions. In both cases better rendition of light blue
eyes, for instance, will be obtained when yellow lights are ueed
as front lights.

INCANDESCENT TUNGSTEN LIGHTING
CINEMATOGRAPHY

IN

The Research Committee
of THE

American Society of Cinematographers
THE investigation on the adaptability of incandescent tungsten
filament lamps for the purpose of lighting motion picture sets
is still under intensive study and therefore this communication can
deal only with conclusions of a general practical nature which have
been derived from the extensive series of tests which have been
conducted recently by the American Society of Cinematographers
under the auspices of the Academy of Motion Picture Arts and
Sciences and the Motion Picture Producers' Association.
The American Society of Cinematographers wishes to extend
its most sincere thanks and appreciation to all corporations and
individuals who, besides the above mentioned organizations, have
generously contributed the financial and moral support which have
made these tests possible.
The object of this investigation has been to determine:
1. The actinic values of tungsten filament lamps compared
with the white flame arc when photographing colored objects.
2. The physiological effects of incandescent tungsten illumination.
3. The pathological effects of these radiations on performers
and operators who are called upon to be exposed to them for long
periods of time.
4. The practicability of the use of tungsten lamps.
Photochemical Effects
Due to the spectral distribution of energy of the incandescent
tungsten lamp, only p an chromatic sensitive emulsions have been
taken into consideration.
A chart showing a range of eight colors — purple, violet, blue,
blue-green, green, yellow-green, yellow, orange and red — prepared
with aniline dyes, was photographed first without any filter, under
a sky-light (noon light from a clear sky), then under a series of
Wratten gelatin filters, and finally under incandescent tungsten
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lamps, orange carbons, white-flame carbons, mercury vapor CooperHewitt tubes and mercury and neon Cooper-Hewitt tubes whose
radiations were mixed by means of a diffuser in the proportion of
two Mercury tubes to one neon.
All artificial lightings were diffused by means of one Florentine
glass, with the exception of the mercury neon light, which was
transmitted through two white silk diffusers, placed approximately
three inches apart, and five inches from the tubes.
p/t/egreen
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yell-green yellow

Fig. 1.

purple

orange

■Sli/e
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\
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Fig. 2.

Daylight, no filter.

green

Fig. 3.

Mercury vapor tube.

Fig. 4.
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White flame carbon arc.

yelligreen yellow
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Daylight and Wratten No. 3 filter.

Black and white areas appear at the upper right hand corner
chart (Fig. 1). The colored areas are in the two central
the
of
horizontal rows and are identified by a name printed at the margin.
In the top and bottom rows between the colored areas and the margins are the grays, each one chosen to match in visual brightness
the adjacent colored area. Thus, the correctness of reproduction
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of the brightness values of any colored area is measured by the accuracy with which it matches the adjoining gray area of equivalent
brightness. The illustrations show the results of photographing
under the various conditions described below.
The negatives were given normal exposures and were developed
by the time and temperature system.
As was expected, the negatives obtained with skylight without
filter (Fig. 1), with the white flame arc (Fig. 2), and with the
mercury vapor tube (Fig. 3) showed a distortion in the rendition
of red and violet, the former color registering a darker hue and the
second one a lighter tone than the gray areas of equivalent visual
brightness.
The Wratten No. 3 (Aero No. 1) filter as is shown in Fig. 4
when used in conjunction with skylight gave a fair rendition, the
blue and blue-green registering somewhat lighter than they appeared
visually.
The Wratten No. 6 (K-l) filter in conjunction with skylight gave a less true rendition in violet, which color registered
noticeably lighter than it appeared visually (see Fig. 5) .
The Wratten No. 7 (K-l^) filter gave a satisfactory rendition
of colors from the red to the green and also of the violet and
purple, but the blue-green and blue were too light (see Fig. 6).
The Wratten No. 8 (K-2) filter gave a good rendition of all
colors except the red which registered a trifle too light (see Fig. 7).
With regard to artificial lighting, the Cooper-Hewitt mercuryneon tubes mixed in the proportion above mentioned showed a
lack of correction with practically all of the colors (Fig. 8) and
mostly in the yellow, yellow-green, and violet, the first two registering darker and the last registering lighter than the visual interpretation. However, as the mixture of blue and red radiation of
this type of illuminant can be controlled at will, a more thorough
correction can be obtained.
The Orange carbons (Fig. 9) showed a marked difference in the
rendition of the violet, which color registered too light, other
colors giving a fair rendition.
The Incandescent Tungsten Lamps Fig. 10 gave the following
rendition :
Red:
Orange:
Yellow:

Good rendition
Registered a trifle darker than the visual interpretation.
Registered a trifle darker than the visual interpretation.
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Daylight and Wratten No. 6 filter.
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Mercury vapor and Neon lamps.
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Daylight and Wratten No. 8 filter.
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Fig. 10. Tungsten incandescent lamps.
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Green:
Blue-Green:
Blue:
Violet:
Purple:
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Registered a trifle darker than the visual interpretation.
Good rendition.
Good rendition.
Good rendition.
Registered lighter than the visual interpretation.
Good rendition.

The general rendition is very similar to the one obtained with
a K-l Wratten filter in conjunction with sky -light, a somewhat
better rendering of the blue being obtained.
To all intents and purposes the Mazda color rendition in
conjunction with panchromatic material's can be compared to the
color rendition of the K-l filter used in conjunction with daylight,
and with the same sensitive material.
The somewhat better correction obtained with the use of the
Aero and the K-l J filters in daylight, as compared with the rendition obtained with incandescent tungsten lamps, is of negligible
importance in practice.
Quality of Rendition
From the foregoing, it is quite evident that the quality of
photographic color rendition with incandescent lighting shows a
marked improvement over the quality obtained with the whiteflame arcs.
The improvement is especially noticeable in the photographing
of sets of a highly decorative nature, in the photographing of masses
of people in multicolored costumes, and in the photographing of
characters presenting delicate shades of coloring, such as a subject
with fair complexion, blue eyes, and blond hair, or characters which
bear a distinct color individuality, such as characters belonging to
the different colored races.
It is quite evident that the better rendition of colors obtained
with the use of incandescent tungsten lightings will require special,
attention and thorough study of the art of make-up. We have found,
for instance, that the rouges heretofore used in the make-up of lips
and the several shades used in the "linings," under arc lightings,
must be modified so that they will correctly respond to the exigencies
of the tungsten filament lighting system.
The application of make-up will have to be carried out with a
slightly different technique which in general will prove of greater
comfort to the performer.
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The most apparent disadvantage found in the use of incandescent tungsten lamps as compared with the Arc lighting system, was
a lack of penetration in the blacks of the subject photographed.
It has been found necessary, especially when using a so-called low
key of lighting, to throw additional light on the black full-dress suit
or dress worn by a performer, to avoid a complete absence of the
details which are necessary to give luster and life to the appearance
of the suit or dress.
The flux of light emitted by the incandescent tungsten lamps
although possessing less candle-power than that emitted by the
arc lights, under identical conditions as regards amperage and
corresponding consumption of electric current, has a better actinic
influence on the panchromatic sensitive emulsions and this will
result in a rather appreciable economic value.
It is impossible to give any definite data on this phase of the
subject because the lighting of a set or of a performer or group of
performers cannot be expressed mathematically. It depends entirely
upon the requirements of the cinematographer with regard to the
photographic rendition of the set or performers. These requirements
are regulated mostly by the artistic, dramatic, and psychological
value of the general scheme of lighting.
Supposing it is possible to conceive an exact parallel between
the two systems of lightings for the obtention of identical results
the actinic value of the incandescent tungsten lights, will prove
superior to the white-flame arc system.
Physiological Effects
The high proportion of heat radiation emitted by the incandescent tungsten lamps will perhaps prove disturbing especially
during the summer months.
It has been stated that the amount of heat emitted by these
lamps is not greater than the heat emitted by the arc lights, taking
into consideration the heat radiation given off by the arc itself and
the resistance unit usually placed at the foot of this type of lamps.
Admitting this is true, we nevertheless find that the heat
directly emitted by the incandescent tungsten lamps, with the
addition of the heat reflected by the housing of the bulb, is more disturbing to the performers and operators because it is concentrated
on the one surface closer to their faces and not distributed throughout a wide area as in the case of the arc lamps.
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This uncomfortable heat has provoked several complaints from
performers and should attract the attention of designers of the
lamp housings. We are informed that housings are being designed
and constructed which are provided with double barrel arrangements which should greatly increase the ventilation within the
housing and thus reduce the ill effects of the heat radiation on the
performers.
In photographing a picture, and especially close-ups, it is
common practice to diffuse the light, whether arc or incandescent
filament, so as to obtain a more pleasing rendition of the skin
texture of the subject, and to control the intensity of the general
lighting system better in relation to the sharper high lights.
This diffusion is obtained by the use of glass or silk diffusing screens
placed between the source of light and the subject.
It would be advisable to carry out an investigation on materials
which can be used as diffusers and which would have the property
of transmitting a sufficient percentage of the light radiations and
absorbing or scattering the direct and reflected heat radiation.
It would perhaps be advisable to construct the housing of
the bulbs so that a double wall could be provided and the space
between the walls filled with some heat absorbing material. A
great percentage of heat radiation would thus be absorbed and discharged ina direction opposite to the performer.
The use of ventilating blowers or fans connected with the
lamp itself cannot possibly be considered on account of the disturbing noise that is inherent to this type of apparatus.
The proper ventilation of the stages should also be considered.
One of the greatest inconveniences encountered with the arc
system of lighting, is caused by the smoke produced by the combustion of the carbons. Currents of air are nowadays carefully
avoided on any set because of the constant danger of having
smoke blown into the set and in front of the camera during the taking of a picture. The ventilation of the stages is for this reason
reduced to a safe minimum.
The use of smokeless incandescent lights will permit a more
efficient general ventilation system of the stages, which in turn will
prove very beneficial in minimizing the effects of excessive heat.
The most apparent difficulties encountered in the making of
the tests during the investigation recently conducted were the impos ibility ofcontrolling at will the intensity of the lights used for
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spotting purposes and the impossibility of obtaining clean-cut,
clear, shadow effects.
It has been announced by manufacturers of lighting apparatus
that improvements in the building of the housings, the reflecting
surfaces, and the filaments, are under consideration, so that satisfactory results may be expected shortly.
With regard to clean-cut shadows, which are very desirable
at times, the improvements in the spotting apparatus should at
least partially solve the trouble.
This question is, however, of secondary importance, as the
impossibility of obtaining clean-cut shadows may not in the end
result as seriously as it appears a priori, because the visual distinctness ofthe shadow does not seem to be sufficiently deficient
to become offensive.
Pathological Effects
Incandescent tungsten lightings have as yet not been used to
a sufficient extent to make possible a detailed statement on their
pathological effects.
The talking-motion-picture producers have had perhaps the
best and longest experience on this phase of the subject.
It appears that pathological inconvenience due to the incandescent system of lightings, is mostly caused by a lack of precaution in the passing from the warm interior of a stage into a
much cooler outdoor temperature.
Medical authorities consulted by the Research Committee of
the American Society of Cinematographers declare that no injurious effects can be expected from this type of light.
In reply to his questions about the pathological effects of
incandescent lighting, Mr. Joseph Dubray received the following
from Dr. H. J. Holmquest, Executive Secretary, Council on Physical Therapy, American Medical Association.
''Incandescent lamps are generators of visible and infra-red radiations.
These radiations on absorption by human tissue are transformed probably
entirely into thermal energy. There is no conclusive scientific evidence that
visible radiations produce any physiologic effects except those due to the
heat generated. So far as we know, visible and infra-red radiations have no
deleterious effects."

tion:

To cite the conclusions arrived at by another prominent physician who has specialized on the therapeutic effects of light radia-
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"Regarding the question as to the effects of Incandescent Tungsten
Lights on the eye. I may say that I have used the thousand-watts lamps for
therapeutic purposes for the past ten years and have never noted any injurious effects on the eye. I have personally worked in the full glare of the above
lamp, backed by a reflector, and have never noticed any other effect than the
natural fatigue after several hours work in the powerful light. These lamps
transmit some ultra-violet energy of the longer wave-length (longer than
350 m^t). My work with selective rays from the mercury spectrum has proved
that these long ultra-violet waves are absolutely harmless to the eyes."

These communications from medical authorities seem to be
quite conclusive on the subject, although careful data should be
collected during a long lapse of time, on different subjects and
under all possible working conditions.
Practicability
It is quite obvious that the reduction of the bulk of the lamps
and consequently the reduction of their weight, will prove a distinct advantage in the general operating process of the illumination of a set.
Lighter weight lamps, lighter cables, and the possibility of
keeping close control of the intensity of the light by measuring
instruments installed on the set itself, will greatly increase the comfort of the electrical crews and of the cinematographer in charge of
a set, which comfort will result in greater efficiency and therefore
in considerable economy.
The reduced size of the different lamp units will make it possible to conceal several sources of light throughout a set in small
recesses and will result in an improvement in the distribution of
the general illumination of the set.
The units used for spotting purposes do not need the constant
attention of an operator which the arc light spots require, and the
decrease of weight of apparatus, will tend to reduce the cost of
construction of the platforms which are usually built to support
them.
The greater portability of the incandescent units will facilitate
the illumination of the trucking shots so extensively used in modern
production.
The operating cost of this lighting will be greatly reduced as
it will be possible to dispense with costly generating plants and
portable generating outfits.
Cleanliness is another important factor to be considered in
the use of the incandescent system of lighting. The necessity of
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recarboning the units is eliminated, resulting in an economy of
time and the suppression of the carbon dust. Also cleanliness will
mean greater efficiency in operation and consequently considerable
economy in expenditure.
To conclude, it is quite apparent that although the incandescent tungsten system of lighting presents innumerable possibilities of improvement, it also presents some definite advantages over
the arc light system, and further study and experiments tending
to bring this system of lighting as nearly possible to perfection,
should be encouraged by producers of motion pictures and by cinematographers.
Such studies and experiments carried on systematically will
contribute to the evolution of motion picture photography for the
greater glory of our art and for its commerical and industrial development.
DISCUSSION
Mr. Palmer: It is not quite clear to me just how the bottom
and top rows are produced in Fig. 1. Why do you put that particular shade of gray under the red and that particular shade
under the orange, and so forth?
Mr. Dubray: Each one of the gray areas is supposed to
represent the photographic visual interpretation of the colored
area to which it corresponds. That is to say, each colored area
should photograph as its corresponding area of gray. This chart
has been quite widely distributed among cinematographers and
studios by the Agfa Film Company and was prepared with a great
deal of care.
Mr. Jones: Under what condition was the equality of the
brightness of the colors and the gray determined? It is apparent
under these lights that the colors do not match the grays. They
must have made the adjustments under some other quality of illumination.
Mr. Dubray: I presume they have, but I am not in a position to state this as being a positive fact.
Mr. Jones: It is obvious that the brightnesses are not equal
under this illumination. In sunlight or daylight they might match
better.
I think Mr. Dubray is to be congratulated on the excellent
presentation of this subject. The direct comparisons shown are
indeed xvyx striking. Another point of interest is the way in
which the violets and purples were rendered. This is probably due
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to the spectral composition of these colors. So far as I know,
there are no pigments or dyes which give a spectral violet, all of
these materials giving a mixture of red and blue, that is, a purple.
The tests shown by Mr. Dubray indicate that as the depth of the
yellow correcting filter is increased, a point is reached where red
is correctly rendered. If the depth of the yellow filter is increased
beyond this point, then red is over-corrected. That is, it is rendered
as lighter than its corresponding gray value. This will occur in
case of the purples, violets, and magentas reflecting an appreciable
amount of red light. It would not occur in case of a true spectral
violet. The tests shown by Mr. Dubray indicate that the colors
designated as violet are over-corrected with the deep yellow filters.
Panchromatic film with incandescent tungsten illumination without any filter at all slightly over-corrects the red. This is in accordance with out knowledge of the characteristics of these materials. Although there is over-correction in the red under the conditions
mentioned above, there is still under-correction in the violet. This,
however, does not apply to the magentas which are mixtures of
blue and red.
Mr. Dubray: Thank you for your congratulations, Mr.
Jones, I shall forward them to the Research Committee of the
American Society of Cinematographers and to the Society in general.
Mr. Griffith: In connection with the criticism that the
purple used was not a pure spectral color, I was wondering whether
it might not be more representative of the purples in the dyed
fabrics which would be the ordinary means of expressing the color
on a set. Is it improper to have such a color instead of the pure
spectral color?
Mr. Jones: The violets shown in the color chart used by Mr.
Dubray are of the same nature as similar colors produced by pigments and dyes used in set decoration. I only wish to point out
that it is not correct to think of these as spectral violets and to
expect them to behave as a spectral color due entirely to shortwave radiation.
Mr. Richardson: What is the nature
ral objects, such as flowers?
Mr. Jones: The color of flowers is, I
sence of pigments or dyes. I do not know
flowers which will give a good spectral
colors described by that particular name
tain some red.

of the coloring in natubelieve,, due to the preof any material even in
violet. Those natural
almost invariably con-

THE

EFFECTIVE APPLICATION OF INCANDESCENT
LAMPS FOR MOTION PICTURE
PHOTOGRAPHY

R. E. Farnham*
THE outstanding advance of the motion picture producing
industry during the year just past has been the business approach to every phase of its operation ; paralleled by technical developments infilm emulsions, both factors have profoundly affected
studio lighting practice. One result has been a rapid trend toward
incandescent lighting.
The great popularity of panchromatic film has been due to its
ability to register all colors correctly. The spectral characteristics
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Fig. 1 — The light output of the incandescent lamp (Curve B) is greatest in
those colors where the panchromatic film is least sensitive.

of the light of the high-efficiency, gas-filled lamp meet the requirements ofthe panchromatic emulsions particularly well. The
curve, A, in Fig. 1 shows that the emulsion is not as sensitive in the
yellow-red as in the violet-blue regions; therefore relatively more
light is needed in the yellow-red parts to obtain desired densities
for these colors.
The characteristic energy distribution of the
* Engineering Department, National Lamp Works of General Electric

Company.
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incandescent lamp, is shown by curve "B," and it is evident from
the shapes of the two curves that light from the incandescent
source particularly meets the requirements of panchromatic film.
No filters are used.
The studio staffs have found that:
(1) The number of men necessary to handle the lighting
equipment of the medium size set is reduced to eight or twelve,
where twenty to thirty, or even more, have been employed heretofore.
(2) The lighter weight of the incandescent lamp equipment
allows it to be handled more easily and quickly, and it is
now possible to photograph more sets in a given time. Likewise,
lighter and less expensive overhead supporting structures suffice.
(3) The electrical energy which studios have found necessary
to illuminate sets has been reduced to from one-third to one-half
of that previously employed; and it is possible to utilize the light
from incandescent lamps with high efficiency.
(4) The light is absolutely steady, thus eliminating retakes
because of fluctuations in illumination.
(5) Since the incandescent lamp operates equally well on
alternating or direct current, the heavy investment and operating
expense of motor-generator equipment is no longer necessary!
Thus the electrical installation can be extended at a fraction of
the cost formerly required and a marked saving effected on existing circuits.
In fact the incandescent lamp has always been favored over
other types, where it could be applied, because of its inherent
operating advantages such as constant color quality, quiet operation, cleanliness, etc. In the studios, the actors do not photograph
differently as they move about the set in range of the several
lighting units. The incandescent lamp is noiseless, a quality which
is essential when sound is recorded. Delays incident to lamp operation are practically eliminated and periodic airing of the set to
remove smoke is no longer necessary. Less make-up of a simpler
character gives more natural effects, and there is no danger of the
old actors' bug-bear "Klieg-eye."
Since the lamps may gradually be brought from total darkness
in full brilliancy or vice versa, by means of regulators of the induction type or resistors, similar to those used in theater service,
effects that could not be obtained heretofore, are made possible.
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A point that is sometimes overlooked is that the light of the incandescent lamps used for motion picture photography does not follow
the cyclic variation of the current when used on circuits of standard frequencies; thus there is complete freedom from flicker at all
camera shutter speeds.
An outstanding feature of the incandescent lamp is that it
lends itself to the design of equipment which will efficiently utilize
and direct the light where it is desired. Full advantage may be
taken of these characteristics by using equipment particularly designed for the incandescent lamps which are adapted to this field.
Lighting Requirements
Intensity, distribution, direction, and color quality are
the important factors in the illumination of the motion picture

Fig.

2 — The sharpness of a shadow depends upon the size and distance of
the source.

studio. Assuming a satisfactory color quality, there remains a
need for such control in directing the light that the various parts
of the set may appear in appropriate relative brightness, and highlights and shadows may be at the immediate command of the
director so that he can give each scene the precise feeling and
action he desires.
The intensities should be sufficient to produce desired densities
in the darkest parts of the picture, yet for the brightest areas,
1 o come within the latitude of the film emulsion. Otherwise, lack of
detail and contrast can be expected. Data on practical working
intensities are presented in a later section of the paper.
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Photography is a record of contrasts, high-lights and shadows.
The placing of the high-lights and shadows is obviously dependent
on the location of the lighting units. Their size is dependent on
the size of the source, and its distance from the surface, and the
character of the surface. The sharpness of the shadow depends
not only on the size of the source but also on its distance from the
surface (see Fig. 2). The size, form, and surface characteristics
of the reflector are therefore important features of equipment
design.
For practical consideration, it is convenient to classify the
motion picture lighting as general and modeling. The purpose of
the general lighting is to provide a ground work illumination which
is fairly uniform in intensity throughout the set. It not only illuminates the areas that the modeling lights do not serve, but allows
control of shadow density over the entire set. For the more usual
cases, the general lighting should not model the actors or create
noticeable high lights and shadows; this is the function of the modeling lights which the lighting director employs to create the effects
desired.
Because of the higher intensities required and the small areas
covered, the modeling units usually are of the projector type
which directs light in relatively narrow beams.
General Lighting
The intensities required for general lighting will vary with
the nature of the set, the action, and the colors of the properties.
An extensive survey conducted in the prominent studios to determine the illumination levels employed in all types of scenes show,
that for both incandescent and arc lighting, the values of general
illumination range from 200 to 500 foot-candles. Fig. 3 shows the
general illumination intensities found in a typical medium size
set. The modeling units were turned off and the illumination
measured at the stations indicated by the numbers, which are the
foot-candles values. Fig. 4 shows in a similar manner the intensities for a typical close-up. A study of the general lighting conditions obtained on a variety of sets and of the other factors involved
shows that the general lighting equipments should be capable of
providing from 200 to 500 foot-candles, at distances of from six
to eighteen feet.
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FlG. 3— Tin; illumination intensities for this medium-sized set are shown in
foot -candles
by the figures (G — general lighting; and M — modeling).
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Fig. 4 — This diagram shows intensities for a typical close-up.

Fig. 4a — The close-up diagrammed in Fig. 4.
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Broadside Units

Ordinarily the camera is aimed nearly horizontally and hence
the illumination on vertical surfaces is most important. For the
smaller sets much of the action usually occurs over areas from 6
to 12 feet deep and the intensities required can be provided best
by lighting equipment placed across the front. The lighting units
used for this purpose are called broadsides. They should be capable of providing fairly uniform illumination through horizontal
and vertical angles of approximately 60 degrees, and the horizontal
angle of cut-off should not be greater than 90 degrees in order to
keep down the illumination intensity on the side walls of the set.
Fig. 5 shows the areas covered by units giving 60-degree distributions. Ifthe horizontal distribution is much less than about 60
degrees, the general illumination of the set either becomes spotty

Efr

Fig. 5— Broadside units directing most of the light through horizontal angles
of 60 degrees give good coverage with minimum waste of light.

and difficulty is encountered in securing uniformity of the lighting,
or a larger number of units are required to gain the desired uniformity. For angles greater than 60 degrees, much light is wasted
and the side walls of the set are apt to become undesirably bright.
Reference to Fig. 6 shows that a 60-degree spread also meets the
vertical angular requirements — thus making possible a reflector of
symmetrical contour with its attendant higher efficiency and lower
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Fig. 6 — Sixty degrees vertical spread meets the requirements of both overhead and broadside lighting units.

cost of manufacture. Sets ranging from a "close up" to one of almost indefinite width have been considered; however, sets 15 to
20 feet wide by 20 to 35 feet in depth have been given special consideration owing to the prevalence of these sizes.
Fig. 7 is a candle-power distribution curve for a broadside
lighting unit which meets the requirements.
The candle power
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values at the center of the beam are well maintained to between
25 and 30 degrees from the axis, to improve the uniformity of
illumination.
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Reflector Design

The contour and nature of the surface of a reflector determines the candle-power distribution which will be obtained with
the light source to be employed. Polished metal and mirrored glass,
for example, reflect light beams as shown in Fig. 8; the angle X

Fig. 8 — Polished metal or plane mirrored glass reflect light in definite
direction.

which the incident rays make with the normal to the surface is
always equal to the angle Y. A matte surface, on the other hand,
diffuses the light in all directions, regardless of the angle from
which it is received, and therefore permits little control (Fig. 9).

Fj<;.

9 — Reflection

from

rough-matte

surface— light control is lost.

Porcelain enamel diffuses most of the light in this manner. Treated
or semi-matte finish aluminum reflects light as shown in Fig. 10;
here most of the light is reflected in the same general direction ab
as though the surface were polished, but with controlled diffusion,
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giving what is known as spread reflection. Essentially the same
effect can be obtained by rippling or otherwise configurating the
surface of mirrored glass.
This spread type of reflection is particularly adapted to reflectors for general lighting since most of the light can be sent
into desired directions by selection of the proper contour and finish,
and the beam striations or source images obtained with a smooth
polished or mirrored surface, are avoided.
Fig. 11 shows the contour of a semi-matte aluminum reflector
designed for the PS-52 bulb lamps to give the beam spread shown
in Fig. 7. Its diameter is 18 inches and the depth about 13 inches.
By proper treatment of the surface, the semi-matte reflection
characteristics can be held within close limits.

Fig. 10 — Reflection from treated aluminum
— directional control with slight diffusion.

Fig. 11— Contour of
reflector to give, the candlepower distribution of Fig. 7.

Fig. 12 — Individual
reflectors for each lamp of
the strip send more light in
the useful directions.
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Semi-matte aluminum reflectors for general lighting have the
advantages of high efficiency, low first cost and light weight; in
practice the surfaces require retreating at periodic intervals to
maintain their reflection efficiency unless cover glasses are employed on the units. Configurated surface mirrored glass has high
efficiency, greater first cost and greater weight; it is subject to
mechanical breakage but is readily cleaned by periodic washing.
Where it is necessary for the actors to look directly into the
units, as usually is the case in close-ups, some form of diffusing
material should be used on the lamp to shield the eyes from the
bright filament. This shield should not appreciably affect the candle power distribution of the reflector.
The 1000-watt and 1500-watt PS-52 bulb standard Mazda
lamps meet the usual requirements for general lighting. On the
larger sets or where the higher intensities are required, the 2500watt PS-52 bulb lamps can be employed. It is important that the
lamp sockets be located in the reflector so that the lamps will
burn base up, or approximately in this position; their best performance inservice is thereby obtained.
Eight of the 60-degree broadsides with the 1000-watt lamps
arranged in the usual manner across the front of a 20-foot width
set will give a practically uniform intensity of 250 foot-candles
12 feet back from the front of the set. At 18 feet the intensity is
over 100 foot-candles, exclusive of the light received from the overhead general lighting equipment. When 500 or more foot-candles
are desired the 2500-watt lamp should be employed.
Overhead Units
For the deeper sets, overhead units are needed to send light
to the rear areas that cannot be illuminated satisfactorily by the
broadsides. If the light output of the latter were increased sufficiently to provide ample light in the rear, the illumination intensities
nearer the front would be undesirably high, so that the modeling
lights would make relatively little impression, hence the need of
equipment capable of directing light into the rear parts without
increasing the illumination at the front. Such units must be capable of supplying higher illumination on vertical than on the horizontal surfaces.
Since the overhead units are placed across the set similarly
to the broadsides, we find here also that the 60-degree horizontal
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and vertical distributions adequately meet the requirements,
thus permitting the use of a symmetrical reflector similar in
contour to the broadside (see Fig. 6). The overhead units are
suspended so that the center of the beam will be directed from about
30 to 45 degrees below the horizontal; such an arrangement gives
a'relatively high illumination on vertical surfaces as compared to
the illumination on horizontal surfaces, with a minimum of wasted
light.
Strip Units
Frequently, owing to space limitations, it is necessary to illuminate the set from room corners, or through door-ways, where it
is not possible to place the usual broadsides. For this purpose the
so-called "strip light" has application. It is generally mounted
vertically, fairly close to the surfaces to be illuminated, and a spread
of about 90 degrees is required. Present practice is to place five
lamps in a metal trough; this design has the disadvantage of too
wide beam spread, especially in planes lengthwise through the unit.
Placing individual reflectors behind each lamp, as shown in Fig. 12,
greatly increases the amount of light sent in useful directions;
1000-watt PS-52 bulb lamps are used. Switches should be provided
to permit turning off any of the lamps of the group and thus controling the volume of the light. The unit should be capable of being
suspended vertically or horizontally above the set.
Where extreme compactness of lighting equipment is required,
as for example lighting behind trees and columns, a strip light employing asemi-circular enameled steel reflector containing one to five
1000-watt T-20 bulb lamps placed with their axes in the axis of
the reflector, has found favor. Light control is sacrificed for compactness. Aunit of this shape utilizes the light distribution from
the modified monoplane (C-13A) filament construction of the
1000-watt tubular lamp to good advantage.
It is interesting to note that the two units just described have
no counterpart among the older illuminants; they are examples of
the flexibility of the incandescent lamp for this service, which
makes possible new lighting effects.
Modeling Lights
Alone, the general illumination of any motion picture set is
not satisfactory, as the lighting of the faces appears flat and the
various actors seem equally conspicuous from the illumination stand-
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point. To model the features properly, to give emphasis to certain
actors, and to create an appearance of depth, additional lighting
is emploj^ed to give much higher intensities over limited areas.
To produce distinct high lights, intensities ranging from two to
four times that of the general illumination are required, although
a higher ratio may sometimes be desirable. The modeling units
must be capable therefore of producing intensities of from 200 to
1500 foot-candles, over areas ranging from three feet to twelve
feet in diameter, at distances from twelve to thirty feet or more.
The modeling lighting intensities for the set shown in Fig. 3 average about twice the general lighting values. Here the modeling
effect is taken care of almost entirely by medium and high power
light projectors. Our study of areas in which modeling lighting is
employed for all types of sets shows that the usual requirements
for each of these units are those given in Table 1.
1

Table

Requirements for Modeling Lighting Units
Beam
Spot
Type

DiametersFeet

Feet
Throw-

'

12 Divergenceft.Degrees
14-28

Medium
Power

High
Power

Required

Throw
3-6

4-12

12-20 <

20 ft.

8-17

Throw
20 ft.
Throw

12-33

50 ft.

8-14

1400-42000

2500-170,000

20-50 1
i

are:

Beam
Lumens

Throw

Desirable characteristics of the modeling lighting equipment

1. Continuous range of beam divergence within the limits
{riven in Table 1.
2. No light outside the beam.
3. Reasonable uniformity of intensity over the area illuminated.
4. High efficiency of light utilization.
5. Adjustability from nadir to zenith, and 360 degrees in
azimuth.
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Since it is necessary to confine the light within a relatively
narrow angle, mirrored glass or polished metal reflectors of accurate contour, or refracting lenses, are possible means of meeting
the beam spread requirements. The single plano-convex lens
intercepts only a relatively small percentage of the light and should
be used in combination with a spherical mirror reflector, but even
with this combination the highest part of the range, indicated in
the last column of Table 1, is not obtained. These values are
possible, however, with the mirrored glass paraboloids which intercept about four times as much light as the plano-convex lens —
spherical mirrored reflector combination. The range of variation
in spot diameter with the parabolic reflector is less than with the
lens, therefore to obtain the full range, light controlling cover glasses
giving additional spreads should be provided. There are also possibilities inthe way of modifications in the parabolic contour to produce a wider range of beam spreads without the relatively low
intensities in the center of the beam.
It is difficult to obtain sufficiently accurate metal paraboloids.
Furthermore in order to produce a surface which is resistant to
tarnish and abrasion, such as chromium plate, one must sacrifice
as much as 25-30 per cent in reflection factor.

Fig. 13 — Optical elements of usual modeling unit. The light from the outer
zones of the reflector is wasted when the beam is spread.

The usual design is shown in Fig. 13; provision is made for
moving the lamp along the reflector axis to change the beam spread.
Built up or strip glass cover doors minimize breakage. Ground
surface gelatin has often been used but is less efficient and has the
further disadvantage that it is difficult to obtain the exact spreads
desired.
Since the source of the incandescent lamp is somewhat
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larger than an arc crater, the shadows are not so sharp as those
produced with an arc spotlight. The slightly softer shadow edges
are generally more desirable.
The light utilization is increased about 35-40 per cent by the
use of a spherical mirrored glass reflector in front of the lamp,
which intercepts the light emitted toward the set (little of which
falls in the beam) and sends it to the main reflector. The spherical
mirror is set so that its center of curvature is in the light source. It
should intercept at least the maximum solid angle of light utilized
by the paraboloid. The housing need be no deeper than is necessary
to intercept the stray light which is not utilized by the optical
system. Searchlight cylindrical type housings have been generally
employed with the parabolic reflector units with the result that a
considerable amount of light strikes the housing, and is lost when
the beam is diverged by moving the lamp toward the reflector.
The design of Fig. 14 eliminates this loss by a larger housing and
cover glass diameter.
The lamps for these units have concentrated monopljane filaments to produce beams of minimum spreads with good uniformity.
The types recommended for the several units are as follows:
PARABOLIC
REFLECTOR
UNIT
Medium Power

REFLECTOR
DIAMETER
INCHES

. 1
[

LAMP
2000 Watt G-48

f 18
24

High Power
36
24

5000 Watt G-64
/ 5000 Watt G-64
\ 10000 Watt G-80
10000 Watt G-80

Equipment [ Maintenance
Dust or dirt on lamps and reflector surfaces greatly reduces
their efficiency; the loss may be as high as 50 per cent. The lamps
and lighting units should be cleaned periodically, and the reflector
surfaces kept in good condition; the cost of this maintenance is
really an investment which is returned in full with big dividends
and its importance cannot be over-emphasized.
Mazda Lamps
Table 2 shows the principal types of Mazda lamps applicable
to studio photography.
The pear-shaped (PS) bulb types are best
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Fig. 14 — In this design the front opening is large enough to pass all of the
spread beam.

X

Fig. 15 — 2000-watt lamp with pre-focused socket.
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adapted to the general lighting units and the round (G) bulb lamps
to the modeling lighting equipments. The tubular bulb lamps are
projector types which have special applications in this field because
they provide maximum light output for their bulb sizes, with
limitations in the burning position.
Table 2
Mazda Lamps for Motion Picture Photography.

Watts

1000
1000
1500
2500
2000
5000
10000

Voltage
115
115
115
115
115
115
115

Bulb
Shape
Class
Pear Shape
Tubular
Pear Shape
Pear Shape
Globular
Globular
Globular

Bulb

Bulb

Light
Fil. Overall
91
4f
Center
Length
2h
meter Designation Length Const. Inches
13|
8f
Inches
Inches
Dia91
5|
61
13|
6£
6

13|

PS52

C7A

T20

PS52
PS52
6
8
10

C13A
9

G48
G64
G80

129

C7A
C7A
C13
C13
C13

n
15|
20

Base

Burning
Any

Position

Service

Any
Any

Mogul

General
General
General
Modeling
General
Base down Modeling
Base down Modeling
Base down

Base down
Mogul
Mogul
Prong
Mogul*
Prong
Mogul*

* Also available with the mogul prefocused base.

The new prefocused base and socket shown in Fig. 15 automatically insure accurate positioning of the lamp filament with
respect to the reflectors, of the modeling units. The bayonet construction allows very rapid insertion and removal of the lamps.
Data obtained on the best filament operating temperatures
for panchromatic film, indicate that color temperatures of about
3125 degrees K should be used. This corresponds to lamp efficiencies
of 24-27 lumens per watt and 200-400 hours' life. Operated at
lower temperatures and longer life, there is slightly less light in the
blue-violet end of the spectrum. The PS bulb lamps, as made for
general service, are designed for 1000 hours' life. Since a higher
temperature is desirable for photographic use, they should be
operated at 10 volts above their labeled value; in other words on
115-volt circuits, 105-volt lamps should be used. Thus the cost
advantage of using standard lamps of large production is retained
withoui sacrifice of the qualities important in photography. The
round bulb lamps (see Table 2) are designed for photographic service,
and therefore should be burned at their rated voltage.
The PS-bulb types give better life and candle power maintenance when burned in the base-up position, and it is important
therefore thai the lighting units be designed so that these lamps
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16 — One arrangement of incandescent general and modeling
lighting equipment on a typical medium set.

will normally operate base up, that is, that the sockets should be
.in the top rather than in the side of the reflector. The round-bulb
lamps are made to be operated vertically, base down, or within 45
degrees of base down. The tubular bulb types are for operation
vertically, base down, or within 25 degrees of this position. Lamps
burned in other than the recommended positions usually give short
life, and poorer candle power maintenance.
General Considerations
Some twenty units are shown for the illumination of the set
of Fig. 16; four different types are used. For the close up of Fig. 17,
but two different types are employed. These two sets are typical
of many of the scenes to be photographed, and the arrangements
shown are only two of several which may be employed to advantage.
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The lighting of a studio set differs from the usual illumination
design problem in that each new set may present aspects which
are different from those of preceding scenes. There is no standardization of the lighting, nor is this suggested; however, there can
be standardization of the lighting equipment, so that with units
of known performance and characteristics, there will be a minimum delay for all concerned as the scene and the lights are changed.
The wattage required with equipment of best design may be only
one-half as much as that needed with some of the units in use
today.

Fig. 17- -Artistic modeling governs the location and choice of
units for close-ups.

The lamps and reflecting equipment are but tools with which
the lighting director works to produce attractive and effective
photographs. Just as the artist works with paint, brush, and canvas,
so the cinematographer uses light, lenses, and film to paint the screen
picture. With lighting units available which can produce the fundamental lighting effects with a minimum of attention to their
use and operation, the creative ability of the producing artist can
\><- employed with complete freedom and his best talents exerted
in the production of screen pictures.
DISCUSSION
Mr. Richardson: About two months ago Mr. Farnham came
here and started his investigations. His first problem was to make
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a careful analysis of the lighting as it is now done under studio
conditions. That analysis he has here, and on the basis of his
analysis he has set up a solution which we will consider with
care and doubtless many of his suggestions will be carried into
practice.
It is the work of men like Mr. Farnham who with their scientific training and experience are studying the problem of studio
lighting for motion picture production that has given the incandescent system of lighting its impetus.
We commend Mr. Farnham for his efforts in the field of
illuminating engineering and compliment him on the excellence
of his presentation to the Society.
Mr. Porter: With regard to Mr. Farnham 's work, I should
like to bring out two points: (1) The efficiency or relative inef iciency ofthe units in this work is not important. An efficient
unit means that you can get the same amount of light on the set
for a little less current. The cost of current compared to that of
the production is about one quarter of 1%. (2) In connection
with the new types of mirrors which Mr. Farnham mentioned as
being under development, there is nothing which is very radical
or which will make obsolete any of the equipment now in use.
There are possibilities of small improvements in lighting equipment, but developments of this sort always take time. They mean
research work, manufacturing, and testing before the things are
proved satisfactory, and after that it is sometimes still considerably longer before they can be turned out on a commerical basis as
competitors of present equipment. I should like to point out
that it does not seem to me wise for anybody contemplating going
into the incandescent lighting, to wait expecting better types of
equipment, because I don't think they will be forthcoming in the
very near future.

NOTES ON THE CHARACTERISTICS OF TUNGSTEN
AND TUNGSTEN LAMPS
Feank Benford*
Introduction

A

DISTINCTION must be clearly drawn between the physical phenomena of a tungsten filament and the similar phenomena when the tungsten is part of an incandescent lamp. Therefore
this paper is composed of two main parts: the first of which
gives a brief outline of the characteristics of pure tungsten wire
in vacuo; and the second which deals with the tungsten lamp of
commerce.
The bulk of the data here presented is drawn from a paper
by Forsythe and Worthing in the Astrophysical Journal, for the
year 1925, and the clarity and completeness of that source is such
that it deserves better acknowledgement than is usually given by
a footnote. The History of the Incandescent Lamp by Howell and
Schroeder has also been used as a source.
The incandescent lamp is still in the process of development
and growth, and no one can hope to give particular data that will
be accurate for any extended period. Therefore, it has been deemed
wise to use the precise data of existing lamps largely as illustrating
the principles involved and not as a catalog of existing lamps.
Part 1.

Black Body Radiation

No discussion of the radiation properties of any metal proceeds far before use is made of the expression "black body radiation." Ablack body is one that absorbs all incident energy whether
it be infra-red, visible or ultra-violet radiation. Also, if the surface
of the black body will absorb all radiation, it will also emit all
wave-lengths, and the spectral composition of the emitted energy
will depend solely upon the temperature of the black body. Carbon is a fair example of a black body, and the radiation from carbon
is close to true black body radiation.
Planck has given the following expression for the distribution
of energy in the spectrum of a black body at an absolute temperature of T deg. Kelvin, or T deg. above absolute zero on the centigrade scale
* Illuminating Engineering Laboratory, General Electric Co.
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where
e — 2.71828, the base of the natural system of logarithms
X = wave-length in microns, or millionth of a meter
T — degrees Kelvin, and
E = relative energy to an arbitrary scale.
The total energy radiated from a black body is proportional to
the fourth power of the temperature, or
E = kTi
These two equations may be combined into a very convenient form
Ex =

r

14330

1016
where the numerator is an arbitrarily
chosen value to make the
decimal point come at a convenient place. If curves of E are plotted
for various values of T, the areas under the curves will be found
equal, and therefore a direct comparison can be made between
two black bodies that are supplied with equal wattage and radiate
equal total energies.
The wave-length at which the maximum intensity of radiation occurs can be found from the equation
2866

T
The eye functions best for wave-length 0.555/z, which indicates
a temperature near 5170°K as giving the highest luminous efficiency.
for here the maximum radiation will coincide with the maximum
sensitivity of the eye. The high-intensity arc comes very close to
reaching this ideal temperature, but other light sources such as
carbon and tungsten fall far short of this optimum. For this reason
a constant effort is being made to raise the operating temperatures of tungsten lamps.
For equal areas of radiation the strength of the maximum
wave-length varies inversely as its length, or
1
T
J-Jmax=

X ' ==
2866

•
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This maximum possesses one interesting feature, viz., that it is a
maximum for a given temperature, but not for a given fixed wattage. Thus the maximum intensity at 2400°K is at about 1.2/x
and the value is 0.84 on the arbitrary scale adopted. The greatest
intensity at wave-length 1.2/x from a black body radiating a fixed
wattage is 0.94 at a temperature of 3000°K and therefore, on the
-V ■•x.
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basis of equal wattage, the above equation for E max does not
give the maximum attainable energy at a given wave-length, but
is limited to giving the maximum intensity at a given temperature.
Part 2

Tungsten in Vacuo

Radiation from Tungsten
Tungsten,
in common
with other metals, differs from the
ideal black body in having a surface that interferes with both
the absorption and the radiation of energy. As a result the quantity
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and quality of radiation are widely different from the ideal and these
differences are of prime importance in the use of tungsten as a source
of light. In the study of the optical properties of glass it has been
found that the surface has an equal reflecting action on light that is
either entering or leaving the glass along the same path. The same
rule is probably true for radiating solids, and light generated
within is reflected inward as strongly as light generated without
is reflected outward. As a result the radiation from a square millimeter of tungsten is less than from a similar area of black body
at the same temperature, and if equal energy is to be radiated the
temperature must reach a higher level to penetrate the added re^v
sistance ofthe surface.
VISIBLE
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Fig. 2.

It is a little odd to think of light as coming from within a
solid radiator and not from the surface, but this is exactly what
seems to happen in materials that reflect light. The surface, instead
of being the source of light, is really a hindrance to the emission of
light from the real source, which is the material immediately under
the surface. The sub-surface molecules seem to radiate freely as
would black bodies at the same temperature but the optical action
at the surface, being different for different wave-lengths, introduces new proportions into the radiated energy, and gives to it
certain characteristics that are perhaps not exactly duplicated by
any two metals.
Tungsten, or any other luminous material will, however, give
black body radiation under certain physical conditions. If the
tungsten is made up into the form of a sphere or tube, and a small
hole is made through the shell to observe the interior, the radiation

488

Transactions of S.M.P.E., Vol. XII, No. 34, 1928

will be found to agree with that from a black body at the same temperature. This agreement arises from the fact that when the emissivity is low the reflectivity is high, the sum of the two being always
equal to unity. Those wave-lengths that are emitted most weakly
due to the low emissivity of the surface are most strongly reflected
from the inner surface of the inclosure and by repeated reflections
built up to a strength that is independent of the surface action
and depends only upon the temperature of the radiator. This
action takes place in the gas-filled tungsten lamp with the result
that the light from the inside surfaces of the coil is almost equivalent to black body radiation in composition.
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If the emissivity of tungsten were uniform throughout its
entire spectrum there would be no difference between it and a black
body at the same temperature except a loss in brightness, but the
emissivity is highest in the ultra-violet and visible region and lowest
in the infra-red, so that there is a greater proportion of the energy
in the range of the eye and the camera than would otherwise be
the case. The ideal radiator for vision and photography would be
one that had zero emissivity outside the range of these two fields,
and a high emissivity within the useful range. The emissivity characteristic of tungsten in vacuo is definitely in the direction of this ideal.
Color Temperature
Within the limits of the visible spectrum, which is also the most
importanl photographic region when using panchromatic film, the
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color of the complete tungsten spectrum is distinctly more blue
than black body radiation at the same temperature, and if a color
match is made between the two the tungsten will be found to have
a temperature of from 70 to 110 degrees less than the black body.
Thus a straight tungsten wire in vacuo at an actual temperature
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of 3000°K seems to have a temperature of 3094°K, and this latter
figure is its color temperature. In the use of lamps for photography
the color temperature is of more importance than the actual temperature, and it is also easier to determine experimentally. The term
"color temperature" is therefore of considerable importance and is
coming into wide use.
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Brightness Temperature
The brightness of tungsten is materially less than that of carbon
or other substances that have less surface interference, and in this
feature tungsten is under a distinct disadvantage for projection
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work where high specific brilliancy is desired. Expressed as a temperature difference, a tungsten radiator at 3000°K radiates (in
brightness) as a black body at 2673°K, which is called its brightness
temperature.
If both radiators are adjusted to a color temperature of 3000°K,
the tungsten will be only one-third as bright as the black body and
in projection work the beam will be only one-third as strong.
Part III.

The Gas-filled Tungsten Lamp

Evaporation of Tungsten
In the history of the tungsten lamp there are two periods of
rapid advance, one beginning with the development of ductile
tungsten by Dr. Coolidge and the other beginning with the development of the gas-filled lamp by Dr. Langmuir.
Previous to the coming of ductile tungsten the wire was made
in the form of a paste which was squirted through dies, and the
material was then sintered by the passage of a current. This left
a residue of tungsten particles that were fused together only in
spots and the wire was rather fragile and difficult to handle. Ductile
tungsten wire, on the other hand, is the strongest and hardest of
all wire, although sdmewhat brittle, and it stands handling very
much better at all stages of its useful life.
The blackening of the vacuum type bulb was found to increase
at a rapid rate with temperature rise, and conversely the life of
the lamp decreased with rise of temperature. The blackening was
due to tungsten being evaporated off of the filament, which
weakened it mechanically and reduced the transmission factor of
the bulb. The deposit on the glass was distributed fairly uniformly
over the entire surface, but being somewhat denser in exactly those
places where the radiation of light was greatest, it exerts a maximum
effect in reducing the light output.
Langmuir found that the evaporation could be enormously
reduced by the introduction, of an inert gas into the bulb. The
evaporated tungsten no longer had a free path to the bulb, and a
pressure of tungsten vapor was set up around the filament which
lowered the rate at which material left the filament and also sent
hack pari of the escaped material.
The inerl gas carries off energy by the convection currents that
ed upward along the filament and if a long straight filament
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were used the cooling effect could be easily seen by the decreased
brightness of the lower section of wire. This loss led Langmuir to
form the wire into a helix or coil, to which the gas had poorer access
and the loss by convection was materially reduced.
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lamps the loss of energy by using gas is high and the gain may be
small or even negative, but in the larger sizes the gas loss is greatly
outweighed by the attendant gains.
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Bulb Blackening
In projection lamps, particularly, the superiority of the gasfilled lamp is visibly evident from the way in which the bulb
blackens. The convection currents carry the tungsten vapor to the
top of the bulb where it is deposited in a fairly restricted area that
is out of the zone of effective radiation. For this reason a projected
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beam may maintain its strength at a
total radiation of the lamp itself.
limits the economic life of such a lamp
its normal life without the occurrence

slightly better level than the
Bulb blackening no longer
for it can operate throughout
of excessive loss on the bulb.

Ductility and Crystallization
Tungsten has one unique characteristic that has occasioned
considerable
research during the development
of the present
filament. All other metals soften and lose some of their crystalline

Fig. 8. Characteristic type of bulb blackening.

structure when heated. This change is usually called annealing,
but it does not occur in tungsten. After tungsten has been reduced
to the ductile form by swaging and die drawing, heating above a
certain temperature will cause it to crystallize and lose its ductility.
After a lamp has been in service the filament gradually loses some
of its initial strength and greater care should be exercised in
handling.
When ihe wire becomes crystalline it is weakened by the formation of plane crystal boundaries extending across the section of the

'4*
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Fig. 9. Tungsten in the crystalline, or brittle state.
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Fig. 10.

Tungsten in the fibrous or ductile state.
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wire. The material slips along these planes, reducing the area of the
electrical path and this causes local overheating and a high rate of
evaporation. This action once started tends to proceed at a progressively greater rate as the filament is burned and it finally leads
to a break at the point of grain boundary.

Fig. 11.

Offset tungsten filament.

Two things are done to prevent failure by offsetting. In the
smaller size wire a small percentage of thoria is added. The thoria
forms minute hard crystals at high temperature and these tend to
key the tungsten crystals together.

I

Fig.
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The black globules are the crystals that prevent offsetting of
the thoria tungsten crystals.

Dr. Pacz developed a method of manufacture that causes
the tungsten to form into large overlapping crystals with curved
faces, running lengthwise of the wire, that remain interlocked
at high temperatures and thus prevent offsetting and sagging. This
has made possible the close concentration seen in some of the present

Fig. 13.

Crystal formation in a wire that will sag.

projection lamps-where a tendency to sag or curl would soon destroy
I he filament .
1 1 has been found that a filament breaks after a certain reductioD of weight has been caused by evaporation.
The break is
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nearly always due to some local imperfection which sets up an
abnormal rate of evaporation at a small point, but the process of
manufacture is of such a high degree of uniformity that the time of
failure of a group of lamps can be fairly accurately predicted in
spite of the accidental nature of the thing that causes the failure.
Leading -in Wires
Prior to 1911 one of the greatest problems
of incandescent lamps was the making of a tight
in wires. Platinum was much used as this metal
expansion that is close to that of glass and the

Fig. 14.

in the manufacture
seal at the leadinghas a coefficient of
seal would not pull

Crystal formation in a wire that minimizes both sag and offset.

apart on heating and cooling. As a substitute for platinum, a
nickel-iron alloy core with a slight coating of copper was developed
and later the present "dumet" wire was patented. This has a
nickel-iron core onto which a heavy copper sheath is brazed. This
is oxidized and in turn coated with borax and heated, forming a
copper borate that makes a ready seal with the glass.
Certain of the high temperature projection lamps are built of
a special glass that has the same coefficient of expansion as tungsten
and therefore this metal is used in place of "dumet."
It was only a few years ago that the capacity of a leading-in
wire was limited to a few amperes, but today this limitation is removed and lamps taking several hundred amperes are in production.
Glass
A new problem in glass making was introduced with the
development of the gas-filled lamp. The convection currents
caused abnormally high temperatures in the upper part of the bulb,
and some of the water that every glass contains was liberated.
This water vapor, on coming into contact with the hot filament
was dissociated into hydrogen and oxygen. The latter attacked the
filament and carried off metal in the form of an oxide, which would
deposit on the bulb. The free hydrogen would then take the oxygen
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out of the oxide, leaving metallic tungsten on the bulb and the
original amount of water to carry on the cycle indefinitely. To
overcome this bulb blackening and wastage of filament, it was
necessary to find a glass that, in the process of manufacture, would
stand higher temperatures without collapsing when .heated to
remove some of its water of crystallization, and this led to the
development of the present glass which resembles quartz in many
of its properties. Pure quartz is almost absolutely proof against
the shock of cold water thrown on it when hot, and the present
bulb glass partakes somewhat of this valuable characteristic.

Before Treating

Fig. 15.

After Treating

Weak and strong forms of frosting.

The latest development in glass is the inside frosted lamp.
By the ordinary methods of etching the glass is weakened through
the formation of a multitude of incipient cracks. The new etching
process eliminates these sources of weakness and leaves the glass
with almost its original strength. The loss of light amounts to about
two per cent, which is a low figure for frosted glass. The spherical
bulb lamp may in general be freely burned in any position, except
possibly base up without damage to the glass, but in the case of the
tubular lamp the burning position is often limited to nearly an
upright direction. There are usually other features, such as filament
supports or base cement that prevent special lamps from operating
in all positions, and these limitations are usually specified along with
the lamp rating. The gas-filled lamp bulges under overheating
because the gas is at slightly more than atmospheric pressure when
hot and a blister is therefore the first sign of bulb failure.
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Starting Characteristics
The resistance of tungsten at room temperature is only oneseventeenth of its resistance at 3000°K. On closing the circuit the
initial current may amount to several times the rated current of the
lamp and the resultant electro magnetic forces are often sufficient
to break the filament. This is particularly true of the high-current
lamps and lamps having closely concentrated filaments.
The intensity of radiation may for a short period after starting
on full line voltage slightly exceed the normal intensity. Due to
inductance, the current will decrease at a slightly slower rate than
indicated by the temperature and resistance, and when the filament
reaches normal temperature the current is still slightly above normal
causing the overshoot.
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In projection and photographic work there is a strong trend
toward using high temperature even though an extremely short
life results. It is these lamps that must be best protected against
excessive starting current, and in fact against excessive current at
any time during operation.
The incandescent lamp, outside of the above mentioned fraction of a second, does not have a time lag. The illumination is,
for all practical purposes, instantaneously at full value when normal
current is reached, and in this respect it is a time saver as compared
with other lamps that take an initial period of warming up.
Actual Temperatures and Color Temperatures
The temperature of the filament of the ordinary lamp is variable
at different points, and a number of rather obvious factors contribute to this unevenness.
Conduction to the lead wires cools the
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ends of the filament; the gas cools the lower part of the coils more
than the upper parts; closely spaced parts of the coils run hotter than
the more open spaced parts, and any variation in the tightness of
the turns leads to large differences in temperatures. The actual
temperature of a filament is therefore a rather complicated thing
and as a result it is more convenient to deal in the color temperatures
which give an average temperature by merely balancing the color
against a lamp of known color temperature. The relative simplicity

'/

of meaning of ''color temperature" has resulted in this term
being more used than the actual temperature in rating lamps. As
Tc
an example of the difficulties avoided, the case of the 1000-watt
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lamp might be cited. The color temperature of this lamp is 2980°K,
and from the data of straight tungsten wire in a vacuum we might
expect an actual temperature of about 2900°K. Certain parts of
this 1000-watt filament reach a temperature of 2990°K and obviously
other parts must be much less than 2900°K to bring the average
color temperature down to 2980.
Luminous Efficiency and Photographic Efficiency
The luminous efficiency of a lamp is determined by the amount
of energy radiated between 0.400^ and 0.700m as these are the practical limits of human vision. The camera however is not bounded by
fixed limits and each type of film will have its own region of sensitivity. For orthochromatic film the boundaries are roughly 0.350/x
to 0.550/1. The eye for best results calls for a maximum intensity at
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0.550/i while the orthochromatic plate requires a spectrum centered
at 0.450ju, and it is almost completely blind to the yellows, oranges,
and reds that are so attractive to the human eye.
The luminous efficiency of a tungsten lamp rises rapidly with
the temperature, being, for example, 10 lumens per watt at 2650°K
and 20 lumens per watt at 2980°K. This is the way the eye estimates
the output, but an orthochromatic film would register an increase
of not 100 per cent, but 200 per cent under the same conditions.
This follows from the fact that the blue region of the spectrum at
about 0.450m is strengthened at a much greater rate than the
middle and red regions, and the camera records a much greater rate
of change.
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,<< eye will respond
If a panchromatic film is used, the camera and
more nearly alike to changes of temperature because this film has
nearly the same sensitivity limits as the eye although the relative
sensitivity at various points within these limits is not the same for
the two. As a first approximation, the variation of photographic
effect with the panchromatic film may be taken as the same as the
variation in luminous effect. This results in a different point
of view for the phtographer, as he no longer has the great urge to
force the incandescent lamps to higher and higher temperatures,
for this no longer gives him the enormous increases formerly realized.
Filament Brilliancy
When an incandescent lamp is to be used for the purpose of
projecting an intense beam of light, the filament should be given the
most compact form that is possible for the intensity of the beam
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depends directly upon the average brilliancy of the entire space
outlined and occupied by the filament. The coils of the concentrated
filament lamp, being close to one another, exchange energy, and the
temperature and brilliancy depend somewhat upon the closeness
Table 19
Intrinsic Brilliancies of some of the Common

Sources of Light

Kerosene flame Candles per 1 mm.2
Mercury vapor lamp
15
Neon lamp
25
4 watts per candle carbon lamp
55
40-watt Vacuum tungsten
206
75-watt
"
"
563
2000-watt gas filled tungsten, filament
1 , 350
2000-watt
"
"
", between coils
3 , 000
10,000-watt gas filled tungsten, filament
3,050
Carbon arc
13,500
High intensity arc, maximum
85,000
Sun, as observed from earth's surface

165,000

of the coils. A greater factor than this, however, is the building up
of brightness within the turns of a coil where the brightness may be
more than double the outside brightness, although the temperature
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is at most only a few degrees higher. Thus, in the 2000-watt gasfilled Mazda, the. brightness of the outside of the filament is 1350
candles per square centimeter. Between the coils the brightness is
3000 cds. per cm2., or 2.2 times as much.
The crater of a plain
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carbon arc, under high current density reaches 13,500 cds. per cm.2;
the center of the high intensity arc gives 85,000 cds. per cm.2, while
the sun gives 165,000 cds. per cm.2 as observed from the earth's
surface.
DISCUSSION
Mr. Griffith: I do not understand why the emissivity decreased for the various colors, while the total emissivity increased
with the increase in temperature.
Mr. Benford: There is a reversal in emissivity at the longer
wave-lengths. One of the next slides will show this better. At
relatively low temperatures emissivity drops off to low values in
the infra-red.
Mr. Griffith: Is it due to the preponderating increase in the
infra-red?
Mr. Benford: Yes. In the extreme infra-red the change is
much more rapid than in the visible, and this part of the curve goes
in the opposite direction to the other parts.
Mr. Griffith: Inasmuch as you apparently get a much more
efficient condition inside the coil due to reflection, is there not some
form of tubular construction which would allow the light to come
from the inside?
Mr. Benford: It has been tried to make the inside of the filament like a cone and have the reflections build up the light inside.
Mr. Griffith: Does that increase the total efficiency?
Mr. Benford: It does in projection work but only under that
condition. It is rather a special condition and is not realized often.
Mr. Farnham: A lamp with a cone-shaped filament is invariably alow voltage, high current lamp and where high wattages must
be employed, the matter of getting this heavy current into the bulb
is quite a problem; likewise, transformers and alternating current
must be employed. Such a lamp is not to be recommended unless
the maximum source concentration is vitally necessary.
Moisture blackening in the case of the ten-kilowatt lamps has
been practically completely eliminated by incorporating certain
chemicals into the bulb. We have recently had several instances of
these lamps operating for more than two hundred hours with onlv
the slightest blackening.

CHARACTERISTICS OF FLAME
STUDIO LIGHTING

ARCS

FOR

D. B. Joy and A. C. Downes*
FOR a number of years there have been commercially available
several flame arc carbons which produce light of various colors
but there have been no data generally available as to the visual
candle power or the distribution of the energy of these lights in
various parts of the spectrum until the publications by Coblenz,
Dorcas, and Hughes1 and M.J. Dorcas2 within the past two or three
years. These publications have given data as to the energy distribution of some of these arcs but nothing as to the visual candle power
and the energy efficiency. Their data also, are as a rule, not at currents and voltages ordinarily encountered in the studio.
This paper will attempt to show what ranges of effects and
efficiencies are possible with two typical types of flames arcs,
National White Flame Photographic and National Panchromatic
0 carbons, on panchromatic film.
The white flame carbon arc is the undisputed source of illumination for motion picture sets and all other photographic purposes
when ordinary or orthochromatic film is used. The large amount
of blue, violet, and hear ultra-violet light in the white flame carbon
arc coupled with the high sensitivity of the orthochromatic films
to these light regions make it a very desirable and most efficient
source of light.
The white flame carbon arc when used as a source of illumination for panchromatic film is still the most efficient light source
which can be used. The fact that panchromatic film, although somewhat sensitive to red and yellow light is still by far most sensitive
to blue, violet, and near ultra-violet causes this film when used with
a light source such as the white flame carbon arc to photograph the
blue colors much better than the reds or yellows. This situation
exists even to a more marked degree with "orthochromatic" film as
this film is practically non-sensitive to yellow or red light.
This condition in the case of orthochromatic film was known and
compensated for by the proper use of colors and make-up so that
perfectly satisfactory and desirable pictures were made after the
proper technique had been acquired. If very much the same tech* Research Laboratories of National Carbon Co., Cleveland, Ohio.
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nique is employed when the white flame carbon arc is used with
panchromatic film, the same satisfactory results are obtained.
If, however, it is desired to change the technique of color and
make-up so as to use the reds and yellows as the bright colors in the
motion picture set in much the same manner in which they would be
used in every day life and to use make-up similar to that employed
on the speaking stage, a light source should be used which is comparatively deficient in the blue, violet, and near ultra-violet light
to counterbalance the extreme sensitivity of panchromatic film in
this region but which is very strong in the green and yellow and
comparatively strong in the orange and red. Also it should be remembered that when such a light source is used a decrease in
photographic efficiency is to be expected for we are limiting ourselves
largely to wave lengths of light, i.e., the red, yellow, and green, to
which the film is least sensitive. It is to be expected, however, that
the advantages to be gained by the ability to use what might be
called a more rational color scheme and less unsightly make-up may,
in some cases, in part counterbalance any necessary loss in ight
efficiency.
Theoretically, there is not at present available in any efficient
form a light source which, with panchromatic film will produce a
photograph of colored materials in which the brightness of these
materials will have exactly the relationship to each other they have
when viewed by the human eye.
This relationship has been discussed by L. A. Jones3 who has
shown that the orange flame (National Panchromatic 0) carbon
arc gives very good results but is still not equal to the ideal referred
to in this article.
The ideal light source, as stated above, would be comparatively
deficient in the blue and would have a very large concentration in the
green which would taper off in the yellow and orange and again be
comparatively weak in the red. There are, however, light sources
available which approximate these conditions to a greater or less
extent and the efficiencies of which are such that they can be used
for this type of work and give very good results if proper consideration isgiven to the color combinations and make-up used.
From the preceding it is evident that a knowledge of the distribution of the photographically active energy of a light source is of
considerable theoretical and practical value. Measurements must
be made from the shortest wave-length that will pass the various
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glass units of the optical system used in photography to the longest
wave-length that affects the emulsion being used.
There are presented in Fig. 1, the spectral energy distribution
curves of National White Flame Photographic and National
Panchromatic O carbons determined by the same method as,
and with similar apparatus to those used by Coblentz, Dorcas,
and Hughes.1
These energy determinations were made at 35 amperes and
37.5 volts at the carbon holders of the lamp which burned the carbons in a vertical position.

Fig. 1.

All the radiometric values are plotted so that One Square
equals 1X10-7 watts per square mm. at a distance of 1 meter from
the arc and with wave-lengths as abscissae.
The arcs of both carbons show the peak of energy at about
3900A.U. characteristic of all carbons burned in air, but there is also
a considerably higher peak in the yellow, orange and red in the case
of the Panchromatic O carbon arc. This is of considerable value in
attempts to photograph colored objects, as this peak of energy
occurs where the film is least sensitive.
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It will be seen that the peak of energy at 3900A.U. in the case of
the white flame arc is considerably higher than in the case of the
Panchromatic O arc.
This energy peak at 3900A.U. in the near ultra-violet is of tremendous importance in photography because all types of plates or
films in ordinary use are much more sensitive to this relatively
short wave energy than to the longer waves of visible light. The
peak of energy of the Panchromatic 0 arc in the red region tends to
offset the greater sensitivity of the photographic emulsion to the
shorter wave energy when panchromatic film is used.
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It should be remembered in considering the use of any source
of light that a reduction of energy in any part of the spectrum to
which a photographic emulsion is sensitive necessarily results in a
decrease in photographic speed. This is particularly emphasized if
this reduction takes place in an energy region to which the emulsion
is most sensitive. In studio work it seems to be almost universal
practice to use a diffusing screen in front of all light sources and if a
screen can be devised that will absorb some of the short wave
energy and reradiate this energy in longer wave-lengths, there may
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Fig. 4.
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(See fig. 2).
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Fin. 5. Panchromatic "O" Carbon Arc with Ordinary Glass Screen
Largest amount of ligl't iii the yellow ;itid orange with fairly la roe ; mount
in the red, violet, and neai ultra-violet with smaller amount in the
I See fig. .3.)
green.
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White

Flame

Carbon

Arc

with

Special

Glass

Screen.

Largest amount of light in the green with practically the same amount
the yellow, orange, and red. Almost no light in the blue or violet. (See
5.) This photograph is very similar to what would be obtained with
white flame are using an Eastman Kodak Aero Xo. 1 or K-l filter over
camera lens.

in
fig.
the
the

Fig. 7. Panchromatic
"0" Carbon
with Special Glass Screen.
Largest amount of light in the yellow and orange ; large amount of light
in the red with a smaller amount in the green.
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be some cases in motion picture photography where it would be
of great value.
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In Fig. 2 are given the spectral energy distribution curves of
National White Flame Photographic and National Panchromatic O
carbon arcs through such a screen. These curves show the almost complete absorption of the near ultra-violet and a portion of the violet and
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blue light and the result is a source of light nearer the ideal described
by Jones3 than any other. This results in a decrease in photographic
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power but these arcs with this screen are still considerably .more
efficient than any other light source with panchromatic film.
The photographic efficiency of these two arcs with and without
the special screen is in the following order: — White Flame Photo-
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graphic, Panchromatic O, White Flame with special screen and
Panchromatic O with the special screen.
It is interesting to note that the visual candle power of the
Panchromatic 0 carbon arc with this special screen, due to the reradiated energy is about the same as the same arc through clear
window glass.
The effect of these light sources on the photography of colored
objects with panchromatic film is illustrated by photographs
(Figs. 4, 5, 6, and 7) of a color chart, the replica of which is shown in
Fig. 3.
FlG.ffl
PEARL

WHITE

FLAME

5IN6LE

ARC

LUMENS
vs
Curpei^t)
ARC VOLTS

eo.000

(constant

!

2S.OOO
^

tO AMP&

kMP».
00.000

1
i

75000

50000/

^-SS/
/

.

es.ooo
/OLTS
arc

0
20

1

is,

1

so

i

as

1

\
4o

1

45

l

so

1

ss

1

Fig. 12.

The visual candle power of a light source is of great interest and
value although it does not give a direct measure of the photographic
power and in Figs. 8 and 9 are given the mean spherical candle
power in lumens of the National White Flame and National Panchromatic 0carbon arcs as determined with an Ulbricht Integrating
Sphere and Macbeth Illuminometer. Determinations were made
with a vertical arc at 35, 40, 45, and 50 amperes; and 28, 33, 38 and 43
volts at the arc on direct current with the upper carbon positive.
The current and voltage were carefully maintained constant during
any set of determinations.
As practically all studio equipment using these carbons consists of twin arc lamps having two pairs of carbons in series, the
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candle power of such a lamp would, of course, be twice the values
shown here.
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Fig. 10 gives the spherical lumens plotted against the watts
consumed at the arc. It, will be noted that the visual candle power,
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at a given current and voltage, of the Panchromatic 0 carbon arc
is higher than that of the white flame arc, a condition just the reverse of the photographic power.
Fig. 11 gives the efficiency of these arcs in lumens per watt at
the arc.
Figs. 12, 13, and 14 give the spherical lumens of the National
Pearl White, Panchromatic Y, and Panchromatic R carbon arcs
determined in the same way.
From these curves, and a knowledge of the current and voltage
used, it is easy to determine the efficiency obtained in any case for
flame arcs used in the studios and to point the way to more efficient
operation. The white flame arc and the Panchromatic "0" arc, with
the ordinary glass diffusing screen and the special glass screen make
available a most flexible and efficient group of light sources which
are superior to the other types of illuminant.
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DISCUSSION
Mr. Buttolph: In connection with the practical use of the
various types of carbon arcs as well as the mercury arcs, I wish to
call attention to a characteristic which seems to have been passed
over. It has to do with efficiency in terms of heat on the working
planes. Any arc, whether mercury or carbon, is so operated that at
least a third of the total wattage is dissipated in series resistance, so
that a third of the heat is dissipated by convection and conduction
as low intensity radiation as against any type of incandescent lamp
in which all of the heat corresponding to the input wattage is placed
on the working plane along with the visible and ultra-violet radiation. Practically, this means that, assuming that you have two sets,
one set lighted exclusively with carbon arcs and mercury arcs at a
given wattage; another set handled with the same wattage but
exclusively by incandescent lamps, then in the latter case, you will
have at least fifty per cent more heat in the place where your actors
work.
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Mr. Porter: Taken on an equal wattage basis, there is undoubtedly more heat in the beam of an incandescent compared with
an arc. However, in the studios, they are possibly working with
very much lower wattages with incandescents than used before,
so that the total amount of heat is very much less. Since
Mr. Buttolph wants to point to practical results, the practical
answer is that the actors greatly prefer the incandescent lamps.
Mr. Richardson: The globe lamps operate so simply, that
there is a tendency to keep them burning all the time. The heat is a
problem which I think will be met when the good sunshine of
summer comes on. Ten thousand watt lamps are hardly suitable for
work lights, but I have seen them used as such for forty or fifty
minutes. If the 'Tnkies" were operated in the same manner as the
arc equipment is operated, we would find that the heat problem
would be greatly minimized.
Mr. Buttolph: I had not really thought that heating units
were needed in California studios, but I have gathered another
impression out here, which I wish to express to you who have to
deal with comparisons of one system of studio lighting over another.
You are comparing the most recent types of illuminants operated
under the most ideal conditions with older types in which the practice has come down from earlier and, let us say, less economic
conditions. Let me illustrate it this way: Apparently, in the actual
use of incandescents in the studio lighting work you have gone to
such low intensities of incandescent illumination that you have had
to resort to the fastest practical lenses. The evidence of it is in the
pictures you have produced where the focus is so shallow that the
pictures have a pseudo soft focus which some find objectionable.
You have worked with an absolute minimum of incandescent illumination as against the well known fact that arcs and CooperHewitt's have been used with great extravagance in the years
past. The practical variation between the minimum energy and the
maximum is so great that there is a possibility of a great discrepancy
between your older practice with arcs and later comparisons with
incandescents as to the amount of energy required.
Mr. Farnham: With reference to the wattages used on sets
lighted with incandescent lamps, according to the camermen, and
directors with whom I have discussed photographic quality, this
is all they could desire. As a matter of fact, the illumination intensities on sets lighted with incandescent
lamps is often as
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high as those lighted with arc equipment. The outstanding reason
for the lower wattage is due to the much higher light utilization of
the incandescent equipment. Some incandescent equipment directs
as high as 76% of the total light output of the lamp into useful
areas.
Mr. Williford: I don't believe that any one type of illumination will answer the purpose of the motion picture profession. All
effects cannot be produced by any one kind of light. The wattage
required depends on the way the light is used. As Mr. Jones showed,
very efficient reflectors were used in measuring the amount of useful
light energy from the incandescent lamp. Most of the arcs used
today on the set do not give you a high percentage of the amount of
light generated. I have reason to believe that better designed arc
lamps will soon be available. For a given amount of energy, you
receive from a carbon arc considerably more useful photographic
light than you can get from any other artificial source. If this is not
used efficiently on the set, it is not the fault of the source of the
illumination.
Dr. Hickman: If you deal with voltage fluctuation, your arc
remains at the same intrinsic brilliancy with an average change in
current; just the crater diminishes in size. With tungsten a voltage
fluctuation of five per cent decrease gives about a seventeen per
cent decrease in illumination, while for a five per cent increase, the
illumination goes up to twenty-five per cent. If you overload a set
with incandescent lighting, there is possibility of a large fluctuation
in intensity and color, which does not occur with the arc. This
should be remembered when weighing the merits of the two types
of light sources.
Mr. Crabtree: What experiments have been made to cut
down the heat from the incandescent lamps? Have heat absorbingglasses been tried, water cells, or ventilating fans?
Mr. Dubray: In reference to Mr. Buttolph's remarks, as a
cinematographer I think it appropriate to mention the fact that in
making the comparative tests as to the value of arcs versus incandescent lamps, we have been using the very same optical systems.
Lenses of wide aperture have been used for the last year and a half
in connection with arc lights and long before the possibilities of
Mazdas were investigated. I think that the reels of tests which are
to be shown next week will prove that both illuminants react in
the same way according to the depth of focus although the consump-
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tion of current measured in amperes varies considerably when obtaining fully exposed negatives.
Mr. Richardson: I am agreeable with the statement that in
the end we will have a mixed system of lighting using each type for
its best purpose, but we have not mentioned several other vital
factors which in the opinions of some of us hold a preponderance of
value for the incandescent lamp.
I should like to have you gentlemen ask the people on the sets
whether they prefer working under the severe conditions that the
arc imposes on the human e}re.
I am a blond and for many years have been developing arc
equipment. I cannot test a sun arc without getting a case of "Klieg
eye." Actors who have been exposed to this eye burn state that
they would rather work under the heat condition of the "Inkies"
than under the severe light of arcs. I should like to hear views on
this. Possibly in the new carbons you have minimized the ultraviolet end, which has been so destructive to the optical senses.
Another factor, and it is a hard one for a manufacturer to solve,
is how to maintain efficient reflecting surfaces when all the present
carbons continually generate white powder dust.
Mr. Downes: In regard to "Klieg eye," there was a committee appointed by President Cook a year and a half ago which
rendered a report which I believe has been published in the Transactions. In this article, the statement is made that "Klieg eye"
rarely exists because practically all the arc lamps use glass screens.
In fact, in my trips, I have seen but one case where there was not
glass between the lamp and the actor, and the rays causing "Klieg
eye" will not penetrate glass.
With regard to the smoking of reflectors, experimental lamps
have been made in which vents and absorbing chambers above the
mechanism have been so placed that none of the white powder from
the flame arc is deposited on the reflector or the glass surface in
front of it.
Mr. Porter: I should like to ask Mr. Downes where all the
smoke goes.
Mr. Downes: The smoke is really not smoke but only the
flame gases which, of course, as you know, are the cause of the Jight
in the arc. In the flame arc the source of light is the incandescent
material in the arc stream. In the white flame arc it is cerium, and in
passing out of the arc it condenses into this fine white powder. This
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has been absorbed in various mediums in the chambers above the
mechanism. It is only a matter of condensation. If the material is
left where it doesn't get into the atmosphere the problem is solved.
Me. Porter: It is true, as Dr. Hickman says, that the power
of an incandescent lamp changes with changes in voltage. I have
had an opportunity, however, of doing considerable arc lamp testing,
and I must confess that in every test I have seen it was necessary to
take a great many photometric measurements in order to obtain an
average candle-power reading due to the continual and wide
fluctuation of the arc above and below its rating. Even on constant
voltage the illumination from an arc varies greatly.
Mr. Jones: Just as a point of interest, I should like to ask
Mr. Richardson whether he has experienced "Klieg eye" when there
is a glass layer between the lamp and the eye. I was on the committee that Mr. Downes mentioned, and we made a careful study of
"Klieg eye," and I should like to know as a matter of information.
Mr. Richardson: I have been affected only by the direct ray.
We do not put the Florentine glass on indoors, and outdoors we put
either clear or Florentine glass on. With sun arcs, however, clear
glass is seldom used except in the wind.
Mr. Cuffe: In the case of the lamp with the ventilating chamber, would it' operate only on the level? If set at an angle
carbon dust will accumulate on the reflectors.
Mr. Downes: It has been used only in lamps of the side arc
type. You can tip it through a fairly wide angle — perhaps 25 or
30°, and it still operates satisfactorily.
Mr. Palmer: With regard to this question of "Klieg eyes,"
I have been hopeful that the incandescent lighting would eliminate
it, and I thought that it had until today in talking with one of the
cameramen out here who is using incandescent lamps. He told me
that very much to his surprise, two of the people he had been working
with that day were suffering from eye burn, and he was disappointed
that incandescent lamps had caused this effect because he had not
expected it.
Mr. Buttolph: As distributors directly and indirectly of all
quartz lamps for therapeutic work, we come in contact with very
severe cases of "Klieg eyes." We know that in a severe case of
"Klieg eyes," cocaine has to be used and an ice pack for a day or
t wo. The effects may last as long as ten or fifteen years afterwards,
and all the effects of a "Klieg eye" except granulation of the eye-
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lids will be produced by exposure to ordinary light, and it has all
the appearance of being an ultra-violet burn but there is not the
pain. It is extreme hypersensitivity of the eye. A mild case may
last only a few months.
Mr. Ross: In speaking further of Dr. Hickman's first remarks,
I do not know whether attention has been called to the fact that
variation of voltage does not vary the quality, so that if the exposure
is correct, there is the same quality in the print.
Mr. Mole: I believe every one has lost sight of a very important factor that has brought incandescents into the studios,
and that is the economy aspect. Their development has been accelerated bythe so-called "economic period" brought about in the
studios a short time ago. There is no doubt but that the use of
incandescent lighting has reduced the cost of electric operation
on the set. The photography in all cases has been satisfactory and
we have with us here tonight, I believe, representatives from the
production end of the industry from whom we have not heard. I
think we should hear from them.
Mr. Dubray: These questions will all be taken up in the discussions next week at the Academy's convention.
Mr. Dash: I notice in the paper the definition of the life is
given in one case as two hundred to four hundred hours and in the
second case as a thousand hours. Is that on the basis of visible or
actinic light?
Mr. Farxham: The two hundred to four hundred hours life
for lamps used for photographic service is based on a number of
factors such as actinicity of the light, lamp renewal cost, current,
and equipment cost. The most important of these is the photographic quality of the light. Where the eye alone is to be considered,
a much greater range in lamp life is practical, the economic features
are most important and longer lamp life prevails.
Mr. Dash: Is there a definite percentage decrease in actinic
life beyond which it is not economical to operate? Is that the failure
point?
Mr. Farnham: The light output of a lamp falls off gradually
during its fife and the economical life of a lamp is considered to be
the point where the candle-power output reaches 80% of the initial.
This usually averages up to be the point where the lamp fails
by burning^out.
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Mr. Palmer: Regarding efficiency, what is the actual percentage oflight energy to electrical energy with incandescent lamps
and with arcs?
Mr. Ross: It is generally about one to four for the arc and for
the incandescent about one to one.
Mr. Farnham: High efficiency incandescent lamps such as
are used for motion picture service operate at from 24 to 27 lumens
per watt and about fifteen per cent of the input energy is radiated
in the visible spectrum.
Mr. Downes: In answer to Mr. Palmer, I think you will find
this information in the Bureau of Standards Circular No. 539 by
Coblentz, Dorcas, and Hughes. I am sure you will find some of the
figures in that pamphlet.
Mr. Jones: Operating the white flame at 38 amperes and 39
arc volts, it gives 38 lumens per watt on the basis of line watts.
As Mr. Farnham said, the approximate efficiency of tungsten is
twenty-five lumens per watt.
Mr. Downes: In Fig. 11, by multiplying by two and dividing
by the watts at the arc, the lumens per arc watt in a twin arc lamp
may be obtained. If you have only two thousand watts in each arc,
and allow for a 20% drop in the lamp resistance, there will be 2500
line watts for each arc which will give an efficiency of 58.5 lumens
per arc watt or 47 lumens per line watt or a total lumen output for
the two arcs of 234,000 lumens.
Mr. Benford: I think I can give the answer to that question
as to the amount of wattage in the visible spectrum. If all the energy
in a light were radiated in the visible spectrum, you would get about
two hundred lumens per watt. Some of the incandescents give
twenty, so that a tenth is effective and nine-tenths is outside. That
is a rough way of measuring the energy.
Mft. Jones: Efficiency values as based upon the total or mean
spherical lumens, while of interest from a certain point of view, do
not indicate the effective or practical efficiency. The light source
itself is only one part of the device for illuminating the studio. The
other part is the fixture or reflector. For instance, arcs are usually
placed in a sheet metal housing which may serve as an efficient
reflector for directing the generated light into the set. As a matter
of fact, sufficient attention has not been devoted to the efficient
utilization of the light generated in the" arc. In order to obtain a
fair idea as to the relative efficiency of ilium inants, we must consider
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not only the actual efficiency of generation but the utilized coefficient of the fixtures in which these light sources must be used.
Mr. Downes' figures on efficiency indicate approximately 38 lumens
per watt for the white flame arc. This, of course, refers to the total
generated flux. Measurements made by us using commercial equipment indicate that it is possible to utilize only 12 lumens out of
these 38 generated lumens. I think it is quite possible that much
more efficient arc equipment can be designed and built, and I am
inclined to think that the arc manufacturers have in the past
overlooked this rather important point.
Mr. Porter: I should like to question Mr. Jones a little on his
statement. As I recollect his figures, the generation of 38 lumens per
watt is not the utilization efficiency of the unit. My recollection is
that his paper stated that the actual light delivered on the scene for
service has practically the same efficiency for the arc and incandescent— about 10 lumens per watt. Am I right?
Mr. Jones: We endeavored to find out how much light could
be put into the set with the units available, and in general use in
the studios. We did not consider what might be obtained with new
and improved equipment. The "Creco Broadside" is a unit used
extensively in the studios; it is fitted with a resistance coil which
operates in series with the arc. We do not know whether or not it
has the best possible value. Using this unit, trimmed with a pair
of white-flame carbons, on a 110-volt, d.c. line, the current was
found to be 38 amperes (average value). From these values of voltage and current, the total wattage was computed. Data furnished
by Mr. Downes indicate that the total generated lumens should be
150,000, thus giving a generation efficiency of 38 lumens per watt.
All of this, of course, does not get into the set, and the proportion
of the total generated lumens which does go into the set depends
upon the reflecting characteristics of the arc housing. We made
photometric measurements to find how much of the total luminous
flux was thrown forward within a cone having an angle of 120° .
The measurements indicate that with this particular unit, trimmed
with white-flame carbons, 12 lumens per watt are effective for the
illumination of the set. This figure, therefore, represents the
practical efficiency of the unit and does not relate to the efficiency
with which luminous flux is generated by the white-flame arc as such.
In the case of the 3000-watt tungsten lamp, this was installed
in a polygonal glass mirror reflector designed specifically to illumin-
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ate uniformly
measurements
is operating at
tain 14 lumens

a surface subtending a solid angle of 120°. Our
with this unit indicate that when the tungsten lamp
an efficiency of 25 lumens per watt, we actually obper watt within the specified solid angle. This again

represents the effective efficiency from the standpoint of "set
illumination."
Me. Porter: Does Mr. Jones have figures showing how the
efficiencies are maintained throughout a thousand hours' burning
of each of the two units? What would be the average of each of the
two throughout a thousand hour's operation?
Mr. Jones: I cannot answer the question definitely, as I have
no data relative to the life characteristics of the flame carbons, but
it seems reasonable to assume that the luminous flux delivered
is practically independent of time.
In regard to the loss of efficiency, due to the smoking up of the
reflector in the case of the arc lamp, I might say that the fixture
we used had already smoked up when we started to make the tests.
Perhaps this was somewhat unfair, but I do think the fixture represents about the average condition of the equipment as I have observed itin the studios.
I cannot give any definite data on the life characteristics of the
3000-watt tungsten lamps operated at their normal voltage. We
have made tests of these lamps running 10% over-voltage, and
find that they have a life of at least 250 hours. The drop in candle
power at the end of 250 hours' burning at 10% over-voltage was
approximately 20%.
Mr. Downes: As far as the maintenance of the photographic
or visual candle power of an arc is concerned, it remains the same
at a given wattage at the arc regardless of the length of time that
it is burned. It also should be remembered that in the distribution
of the energy of an arc throughout the spectrum, there is a considerable peak, as I pointed out in one of the figures, just outside the
short end of the spectrum, which is extremely active photographically, and the tungsten lamp, as Dr. Mees showed yesterday, has
very little of that energy. It is not quite a true statement of the
actual conditions when measurements are made only on visual
light.
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USE OF INCANDESCENT EQUIPMENT
MOTION PICTURE PHOTOGRAPHY

IN

Peter Mole*
THE fall Meeting of our Society, held at Lake Placid, it
was my pleasure to outline the progress made in the use of
tungsten filament globes in motion picture production up to that
time. Since that date, largely due to the co-operation of the American Society of Cinematographers, The Academy of Motion Picture
Arts and Sciences, and the Motion Picture Producers Association,
unusual progress has been made toward solving the many problems
which this form of lighting has presented.
A year ago the shortage of equipment for use with the tungsten
lamps had not permitted us to use mazda lighting in a large way.
The remarkable work done in close up photography, however, with
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Fig. 1.

this form of lighting in conjunction with panchromatic film stock
was so encouraging that equipment manufacturers put their attention on the designing of proper units for globe lamps. We now have
available much satisfactory equipment.
During the past six months the attention of motion picture
producers has been focused on establishing economies in their
* President, Mole-Richardson Inc., Hollywood, Calif.
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branch of the business. Actual experience in the production
of numerous pictures, which have been made almost entirely with
incandescent lighting has demonstrated that not only could the
electrical cost factor be reduced, but that the new lighting made
possible even better photographic results.

Fig. 2.

Single Broadside.

You will doubtless be interested to note some of the features that
make rhazda lighting more economical. May I call your attention
to a tabulation (Fig. 1) which shows the- original cost of the equipment for a typical operating unit using mazda lighting, in comparison
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with the equipment of the same unit operating with arcs? This
tabulation is not theoretical, but was obtained from an actual
operating condition, and shows an equipment cost very much in
favor of the mazda units.
In current consumption, the incandescent equipment is unquestionably the more economical.
Conservative estimates based

Fig. 3.

Double Broadside.

on studio experience set the current cost at 30% to 40% of that used
by arcs required to do equivalent work. At present, because the
mazda units do not require close operator attention, there is a
tendency to keep units burning much longer than is required for
actually shooting the picture. When this non-productive lighting
is taken into consideration, the current economy is even more in
favor of the filament lamps.
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Another very important factor in motion picture making is
the electrical labor. Mazda equipment is lighter in weight, simpler
to line up and requires far less operator attention than does arc
equipment. Numerous checkings and comparisons demonstrate
that the electrical labor costs are approcimately 50% less where
this lighting is utilized.
The cost of lamp renewals as compared with carbon costs is
another case in favor of the incandescent system of lighting.. Exact
figures are lacking, but careful estimates leave a wide margin in

Fig. 4.

Low Broadside.

favor of the "Inkies." As further improvements are made and the
proper adaptations of lamps are worked out, it is expected that the
comparison will show a still greater economy in this regard.
A year ago cinematographers and men in other technical
branches of the industry were well aware of the excellent photographic advantages gained by the use of the panchromatic film stock
ulicn tungsten filament lamps were used as a light source. The
efforts of cameramen and directors were limited by the lack of
equipment units with which to operate.
During this past year
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considerable attention has been given to this matter of designing
and producing satisfactory studio lighting equipment for utilizing
the value inherent in the globe lamps. The rapid rise in the use of
Mazda lamps has been largely due to the fact that satisfactory
equipment has now been developed.

Fig. 5.

Hi-Low Broadside.

The first demand in the way of equipment was for a lamp to be
used in much the same manner that the twin broadside arcs were
used with the arc system of illumination. To meet this demand an
Incandescent Broadside was designed and built in both one-bulb
(Fig. 2) and two-bulb types (Fig. 3) . These broadsides are applicable
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to the same work that was previously done with twin arc broadsides
in general set lighting, and when taking "close-ups." They have
particular advantages in the excellent diffuse quality of light they
render.
It was found by experience that the incandescent broadsides
had to be supplemented with units placed near the floor to light

Fig. 6.

Bunchlight.

the lower portion of the figures in close-ups. To meet this need a
low type (Fig. 4) and also a "Hi-Low" lamp having two hoods
(Fig. 5) was supplied.
In these first units both the 1000-watt T-20 and the 1000-watt
PS 52 lamps have been the light source. At present the PS-52
lamps are more favored due, in the main, to their longer life and
less initial cost.
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Another unit for general lighting was developed which utilizes
the light from four lamps of either 1000 or 2000 watts each (Fig. 6).
These globes are mounted in an aluminum housing giving a wide
angle of reflection and are especially suited for foreground lighting.

Fig. 7. Floor Strip Lamp.

For use in lighting doorways, windows, recesses, and back of
columns, units were constructed consisting of strips of several
PS-52, 1000-watt lamps and having adjustable wing reflectors.
(Fig. 7).
A highly efficient lamp has recently been developed which
consists of a heat resisting glass reflector, capable of producing a
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soft projected light. This equipment is used in conjunction with
the PS-52 lamps of various wattages (Fig. 8) and is useful when it
is desired to project general lighting into deep sets. It also has valuable properties for modeling the subject in close-ups.
For general overhead lighting, several units have been worked
out. Fig. 9 shows a 5 lamp overhead strip which can be adjusted to

Fig. 8.

Rifled Reflector Lamp.

various angles. These overhead strip lamps may be grouped either
side by side, or end to end, making possible great flexibility in the
light distribution. This unit was built to use the 1000-watt PS-52
type of Mazda bulb.
For modeling purposes, back-lighting, and effects, several types
of projectors which give concentrated beams have been developed.
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Fig. 10 shows a 1000-watt condenser spot, utilizing a G-40
Mazda globe in conjunction with a spherical mirror and a plano-

Fig. 9. Overhead Strip Lamp.

Fig. 10.

1000-watt Studio Spot

convex condenser. A lamp somewhat similar in design has also been
made to take a 2000-watt G-48 Mazda bulb.
These lamps are
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particularly adapted to subject lighting in the close-ups, to back
lighting from either the floor or from the parallels, and for
spotting out objects on which it is desired to center attention.
Mirrored projectors have very definitely proved their value
in tungsten lighting. The efficiency of their reflecting surfaces and
their ability to collect a maximum angle of light promote high
efficiency. In this type of unit there are the 18 inch Sun Spot
(Fig. 11) and the 24 inch Sun Spot which use respectively the

Fig. 11.

Eighteen-inch Sun Spot.

2000-watt and 5000-watt globes. These units find their utility for
purposes similar to that for which the 80 and 100 ampere Rotary
Arc Spots have been used; that is, in back and cross lighting from
the top of the sets, and effect lighting through openings.
For photography which, demands strong shafts of light having
high intensity, in producing sun effects through windows and
archways, and for very deep general lighting, the 24 inch and
36 in cli Sun Spots are equipped with the 10,000-watt Mazda
globes.
In this field of lighting they have proved invaluable.
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These units are supplied with parabolic mirrors of standard make,
but of a focus best adapted to meet their special requirements.
The incandescent Sun Spots offer a great advantage over arc
equipment of similar type due to their light weight, which is only
made possible by the use of Mazda lamps as a light source instead
of the heavy, complicated, high intensity arc mechanism.
Having presented the different equipment units which are

Fig. 12.

Equipment distribution for close-up.

now available for tungsten lighting in motion picture production,
it will no doubt be of interest to present some photographs of actual
sets illuminated with the various types of equipment.
Fig. 12 shows the use of tungsten lamp equipment in making
a close-up.
The distribution of equipment on a medium sized set is well
illustrated by Fig. 13. In this case 18 inch Sun Spots furnished
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the back and cross light from the top of the set. A five unit overhead strip is used in the top center, and broadsides give the floor
and foreground illumination.
Another interesting line up is shown in Fig. 14 which illustrates an arrangement of top and cross lighting. This is part of a
set representing a hotel lobby. It was rigged for a long shot,
approximately 100 feet in depth.
The camera angle embraced a

Fig. 13.

Distribution of equipment on medium

size set.

heigh th of about 20 feet. Eighteen and 24 inch Sun Spots were
the principal units used. The Sun Spots were equipped with
2000-watt and 5000-watt lamps. Bunch lights and some Cooper
Hewitt banks were also used for the general overhead light.
The photographing of the interior of a Zeppelin presented
quite a problem in illumination. Fig. 15 depicts a shot in a current
production in which extensive use is being made of Mazda lamps
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Top and cross lighting arrangement,

;

lkr^~

'*

—

jr

533

-

.; ■

;,;;,;

: _ "•""BiP"

f-jlf J

Fig. 15.

J% I "*"

/ ** ^*^^^^*

A Typical Set-up.

>

5,34

Transactions of S.M.P.E., Vol. XII, No. 34, 1928

and illustrates the use of various types of equipment. On the floor
are broadsides, floor strips, and sun spots. Conditions were such
that no top light could be used, so the cross lighting was furnished
by several 18 inch Sun Spots. The hard shadows, however, were
produced by the light from a 24 inch High Intensity Arc Sun.
While the results so far obtained with tungsten lighting have
been most satisfactory, there are still many problems to be
solved. We have been fortunate, in attempting to solve the problem of making motion pictures with tungsten filament lighting,
to have had the hearty co-operation of the various interested
groups. The film manufacturers and the laboratory specialists
have made excellent strides in the perfection of suitable film
stock and in its subsequent handling in the laboratories. Their
assistance, by generously donating film for experimental photography and in developing the exposed stock, has been invaluable.
The lamp manufacturers have sent us their specialists in illumination and lamp production, and are putting forth their efforts to
give us globes best suited to our various needs. The cinematographers of the industry have spent many hours in making test shots
and by their work we have obtained much information essential
in equipment design. The illuminating engineers in the studios
have suggested many ideas in the interest of perfecting the various
equipment units. The producers' organization has furnished actors
and technical men and generously financed the experimental work
in this development period. With all these various groups working in harmony, we believe a firm basis has been set for an approach to that ultimate but never attained goal of perfection.
DISCUSSION
Mr. Buttolph: Relative to this cost comparison, as a matter
of scientific record I think we should be given a more detailed
statement as to how the cost figures were arrived at.
Mr. Mole: These figures were arrived at by asking various
studios for cost data from productions already made.
Mr. Palmer: Does the cost value include renewal cost of
the incandescent lamps used?
Mr. Mole: Yes. We have no data on lamps above 5000watts, but productions were made with 5000-watt lamps, and the
renewal cost was slightly lower than carbon replacement cost during a similar production.
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Mb. Ross: Why were the cable connections lighter than those
of the arc lights?
Mr. Mole: On the broadside unit, we used two 1000-watt
lamps and consumed 18 amperes, whereas our arc broadside used
35 amperes. The arc uses a No. 8 two-conductor cable, whereas
the incandescents use No. 12.
Mr. Ross : Are the cables which are used in the studios armored?
Mr. Mole: No. The most durable up to the present are of
two types: a rubber covered cable; and the other is a cloth covered
cable.
Mr. Palmer: With regard to the voltage conditions under
which these lamps are operated, is it the custom to operate the
lamps at their normal rate of voltage, as printed on the lamps, or
at a higher voltage?
Mr. Mole: They try to operate them at the rated voltage.
No attempt is made to operate them at a higher voltage, but I
should say from experience that lamps are operated at under
rather than normal or higher voltage.
Mr. Griffith: Your statement would lead me to believe that
the tendency was towards the use of better optical systems in the
lamp units with perhaps rippled reflectors as in your "rifled" unit.
Mr. Mole: That is the general tendency. The reason for
making the single and double broadsides was that we had to make
a unit which was counterpart of the old arc reflector. The cameraman complained that he could not control them, so we had to give
him one which has a definite cut-off line in the horizontal and vertical position.
Mr. Griffith: When they learn how to use the more efficient unit properly, will it not result in greatly improved lighting
as compared with the present "hit-or-miss" lighting from the socalled "broadside?"
Mr. Mole: Yes; fewer and more efficient units will be used.
We may have gone to an extreme in the minimum of equipment
that is used. We will probably find in the future that the amount
of light on sets in current value will increase.
Mr. Ross: Referring to the rifled reflector type of broadside,
it is often necessary to employ baffles which are readily attached
to the rectangular housing of the arc broadsides. What provision
has been made for their use on the round type or incandescent
broadsides?
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Mr. Mole: Where you have the baffle, that type of lamp is
generally used in close-ups, whereas the ' 'rifle' ' is not used for
that purpose but for more general illumination where you want to
penetrate into deep recesses. Adaptations can be made for cutting
off the light where it is not wanted. It will not entirely replace
the broadside; that is, the percentage will be about a third, where
they now use twenty broadsides today, they may get down to
about six.
Mr. Porter: Mr. Mole showed a slide which illustrated one
point very well. Your may recall the picture of the dome with
the tubular lamps around it. This is very typical of the cause of
a great deal of complaint on the life of incandescent lamps, particularly when their use first started. It is no fault of the lamp but
a case of misuse. Where the lamp designed with long vertical
coils is burned horizontally, the filament will not stand up in that
position. They sag when hot. That lamp is designed for short
life— for projection service, where high screen brilliancy is more
important than long life. There is no question that as incandescent
lighting continues in the studio, those things will disappear, and
now that we understand better what the limitations of the lamps
are, lamps are being designed for particular studio conditions.
They are likely to be* used in horizontal position, tip down or up,
and the studio work is so rapid that you can't expect the studio
electricians to burn the lamps in one particular position or another.
They must burn in any position. That is one of the things Mr.
Mole referred to when he said the incandescent lamp manufacturers were designing lamps more suited to studio conditions.

TRICK

PHOTOGRAPHY

Frank Williams*
ALTHOUGH I have titled this paper as dealing with trick
»• photography, this term has been discarded in Hollywood in
favor of the term "special process work."
In motion picture production it is frequently necessary to
obviate the risk and expense involved in photographing a scene
in actuality, while in some cases it may be physically impossible
to reproduce in full scale action the scene which it is required to
depict on the film. In such cases special process methods must be
applied. These fall roughly into two classes; (1) Effects recognizable on the screen such as dissolves, ghosts, etc., and (2) Effects
which appear normal but are obtained by special process methods.
These latter fall roughly into two classes: (a) Glass shots, miniatures, and paintings. Methods of securing these have already been
described in your Transactions, (b) Effects obtained by inserting action into backgrounds.
Since the latter effects are coming into more frequent use,
and are the most difficult to accomplish, I shall restrict my remarks to a description of my method of obtaining these effects.
I think it was Mr. DeMille who said recently that anything
which the mind can conceive can be duplicated in motion pictures.
For instance, if we wish to show "Our Gang" sailing in a gondola
down the Grand Canal in Venice, this can be done quite effectively
by photographing "Our Gang" in the studio in a gondola and combining this with a background motion picture of the Grand Canal.
Such scenes as an avalanche engulfing a mass of people can be
made at no risk whatsoever and reproduced with such realism that
the spectators do not suspect that they are seeing anything but a
full scale avalanche.
Briefly, my method of inserting backgrounds is as follows:
The action is first photographed against a black or white background. In most cases we use a black background, and for cheapness we use a small strip of black cloth just large enough to cover
* American Society of Cinematographers, Hollywood, Calif.
This paper has been compiled by the Chairman of the Papers Committee
from stenographic notes of a talk delivered by Mr. Williams.
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the action. It is rarely necessary to cover all the background, in
which case the cost would be excessive. Any portion of the scene
other than the action is matted off in the camera. In some cases
colored backgrounds may be used and a complementary filter fitted
over the lens to insure contrast.
A positive print is then made from this negative on contrasty film stock. Sometimes the positive is intensified so as to
secure as strong a silhouette as possible, while sometimes transparent portions of the image must be blocked out or filled in with
a dye solution or other photographically opaque material. This
hand work is done by girls. In particular cases we do the blocking
out on an enlarged picture and then rephotograph this using a
single frame pull-down apparatus.
The silhouette thus obtained is what we might call a traveling matte and this is run, together with the background negative,
through a special optical printer and a positive obtained with a
clear space where the action should occur. The action is then
double exposed on this from the original action negative and a final
printing negative made from this in the regular way. The back
ground negative may be made either from an actual scene, a miniature, or a combination of the two, that is, the foreground may be
photographed in the -studio and the background joined onto this
in the regular way either by means of a miniature, glass shot, or
painting.
Obviously, many difficulties have been overcome in order to
arrive at the present stage of the art and some of these are listed
below.
1. Accurate Timing of the Action. — Very careful timing and
rehearsing of the action against the background is necessary and
especially when the action is to be inserted in a miniature background taken with the high-speed camera. In some cases "props"
are used surrounding the action because some directors feel that
if the actors have familiar surroundings they can do better work.
2. Registration in Double Printing. — About eight years ago
we were barely able to make a straight double exposure. In 1921
we made a picture which, as far as I know, was the first one which
combined a speed shot of a miniature with regular action. Printers
and cameras are now available with pilot or registering pins which
insure good registration although accuracy is not always possible
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owing to shrinkage of the film. If film shrinkage were constant,
this might not be so serious because the size of the pilot pins
and the extent of the pull-down could be adjusted accordingly.
The difficulty is that film shrinks to varying degrees both before
and after processing.
There is a great need for a film which will not shrink or swell
appreciably on storage or when subjected to varying conditions
of temperature and humidity.
3. Spreading of the Image. — When making the traveling matte
in order to produce maximum opacity,, it is necessary to fully
expose and in some cases intensify, both of which operations cause
spreading of the image. Obviously, when the action is finally
printed into the background, when no appreciable spreading
occurs, a white line or halo remains around the objects in action.
We are making experiments with an imbibition process with a
view to overcoming this difficulty.
4. Graininess. — As a result of the multiplicity of printing
operations in special process work, the graininess of the final
image is not all that could be desired. The ideal method of duplicating has still to be devised. (Motion pictures illustrating typical
special process shots were exhibited by Mr. Frank Williams and
Mr. Douglas Shearer.)
DISCUSSION
Mr. Ross: If you have to examine 150,000 feet of perforated
film to obtain 10,000 feet which is satisfactory, would it not be
better to do your own perforating?
Mr. Williams: We have been promised by the manufacturers that they would take care of it. We have had some stock
perforated by the Technicolor Corp. and this film was quite steady.
Some of the perforated film is very accurate when it leaves the
factory, but due to storage under different conditions, it is not
always so when it is used.
Mr. Ross: That is why I suggested doing your own perforating. From what Mr. Willat has said, it is believed that all
negatives of the future will be dupes. This will require accurate
perforation of all negative stock. Therefore, why not purchase
unperforated stock, age it, and then perforate just before using.
Mr. Williams: I think manufacturers who handle the film
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and film support must know what causes one sample to be more
shrunk than the other. Perforations will appear to be perfect, but
if you gauge them, they are usually wrong.
Mr. Dunning: Mr. Williams made the statement that it was
possible to imbibe onto the original film. I was wondering if it is
possible to imbibe an image on a negative film.
Mr. Williams: Some of the images can be made by imbibition and others dye-toned. With the imbibition process, we have
obtained extremely sharp results.
Mr. Crabtree: What degree of precision in perforation do
you require? We express shrinkage in percentage. A film perforated shortly after manufacture in a few weeks might shrink
0.05% and in a year one or two per cent, which is the limit to
which film will usually shrink. It might help you if the film
were aged before perforation.
Mr. Williams: Sometimes we get a large quantity of film
which will be quite satisfactory. At other times, case after case
doesn't test right on the guage. We have been held up while
guaging stock to get enough film for our work.

OPEN

FORUM

MR.

CRABTREE: I should like to have any constructive criticism regarding the conduct of the meetings or the
structure of the papers program and particularly regarding subjects which could be advantageously dealt with at our meetings.
You might be interested to know that the method of attack in
securing papers is either to select authors who I know are well
acquainted with a definite subject; or else I think of subjects and
inquire about the man to prepare a paper on the subject. I am particularly anxious to know of any subject not dealt with recently
regarding which information would be of value.
Mr. Benford : I should like to add to Mr. Crabtree's remarks
that members are free any time they feel like it to send in a paper ;
Mr. Crabtree reserves the right to accept or reject it. I do not
think we should wait to be asked for papers.
President Cook: In other words, anyone having knowledge
in the industry should feel it incumbent upon him to express his
willingness to impart it as a whole to the industry through the
meetings of the Society and publication in the Transactions. There
must be a great many members who have information to impart
who should take it upon themselves to write to the Chairman of
our Papers Committee and offer their suggestions for presentation
of the material.
Mr. Griffith: Judging from the previous meetings as evidenced by the Transactions, it seems to me that the most outstanding feature of this particular convention is the number of
papers involved and, I gather, the extent of the attendance.
I think that those points should be brought to everybody's attention
as an indication of the development of the Society and the value of
what might be termed the collaboration of the various technical
interests in the industry. The accelerated growth of the Society
is directly traceable to that very factor. As I understand it,
this convention has been the first in which the motion picture
engineers have had in their audiences, men who represented many
other phases of the industry, technical and non-technical. This
contact has been a means of acquainting these men with the work
and aims of the Motion Picture Engineers' Society.
541
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on the Pacific Coast or, let me say, in Southern California, in
motion picture technical meetings has received a very great impetus,
and I hope will continue to grow. The recently announced authorization of a Pacific Coast Section is a most important step in continuing the effort to bring the various technical men together and
holding them together in a way which will permit the open discussion of those questions best solved by contribution of the
experience of all. That is, of course, a thing not easily brought
about in an industry that has not before had any common meeting
ground for its various branches. The organizations within the motion picture industry are inclined toward a policy of secrecy
with regard to their individual developments, and this attitude
is hard to break down. I have been a member of several technical
societies for a number of years. The Society of Automotive Engineers, for instance, at first had great difficulty in getting their
members to talk about their accomplishments. The experimental room doors were locked very tightly, and no one not directly
connected with experimental work had access thereto. Many companies were doing the same experimental work in their laboratories,
each one going through approximately the same steps in development, thereby duplicating all the effort, the final result being little
if any better than if each had been working with a general knowledge
of what was then known. Of course, we cannot expect to have all
experimental developments immediately laid out on the boards for
everybody to see, but we can develop an increased spirit of liberalism. Icannot help but feel that this convention and the natural
extension of the associations here initiated will be of the utmost
importance in bringing about that spirit. The recent action of the
Producers' Association in starting a Research Bureau will necessarily bring togetherthe industry's technical interests, because the joint
support by the producers will insure that the benefits of their
laboratory will be available to all of them. Much work will be
done which in the past has been undertaken separately by several
producers. This work will be conducted more effectively because
the central laboratory can employ the highest grade men and provide the best apparatus and equipment. No matter how brilliant
a man may be, unless he has adequate tools, he cannot make very
rapid progress. L cannot help but feel that this convention marks
the opening of a new era for the technical man in the industry.
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President Cook: Mr. Griffith has brought out a point
which is very valuable. When the Society was first organized, very
much the same condition existed in the eastern part of the United
States in the various organizations represented. It was evident
that secrecy or jealousy of individual effort existed which is
characteristic as a rule in the early stages of any industry.
It was discovered to be altogether wrong in principle, and I
think the tendency now to impart knowledge in the eastern
part of the United States has become very general. Almost all of
the older members in the East have contributed the results of their
investigations, and it is common knowledge to the entire industry.
We were told that this did not exist to the same extent in the
western part of the industry, and with that in mind, it was our
hope that we might assist in the closer co-operation in the producing field. This was one of the determining factors in arranging for the Coast meeting. The dissemination of knowledge is
of first importance to the entire industry. If you have a research
laboratory here, it is altogether probable that action will be accelerated greatly because you will have available information from
the various units contributing to the support of the laboratory,
and perhaps no other single result would be so far-reaching as the
co-ordination and co-operation in the organization of the producing
units.
Mr. Egeler: With regard to the nature of our programs and
their scope, I think that the Papers Committee should be commended on providing the Society with very complete programs. I do not
think we are passing over any important phase of the industry's
developments. There is the possibility that as our Society grows
in years and judgment we can direct our programs by having one or
more sessions devoted to laboratory work, others to projection,
etc. j and by rigid selection of the papers. I think in that way
we could make the papers of more general interest to everybody,
and certain developments which may not be of importance to the
whole industry might be carried over until they are further developed, or passed by entirely.
Mr. Flora: A secret process once disclosed is open to the
man who discloses it, but if presented to the Society, it becomes
a protection to the inventor. If everyone understood that," they
would not be so chary in disclosing ideas.
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Dr. Hickman: I believe that is true in this country, but
under the international convention that does not always hold.
In England, publication precludes patenting, not only by other
people, but also by the inventor. Publication is useful to large
concerns who wish to protect themselves from rival patents in
those cases where they do not wish to patent for themselves.
Mr. Fear: If the inventor was free to use his idea, he would
not mind, but he doesn't want the other man to be protected so
that he cannot use it himself. Many of the patents are so basic that
anyone can infringe them.
Mr. Crabtree: In reply to Mr. Egeler, of course, at the last
few meetings we have made a deliberate attempt to hold sessions devoted to one particular subject. At this particular convention Thursday morning was devoted to projection. The evening sessions have been devoted to studio lighting, but the more
I learn of motion picture work, the more I realize the necessity of
every member knowing all he can of every branch, because no matter
what your specialty is, you must know a little about the other
branches in the industry.
With regard to the quality of papers, as the Society grows and
becomes more influential, it is becoming easier for the Papers Committee to secure worjfch while papers. There has not been much
necessity for censorship because few authors submit papers voluntarily. Itis necessary to go to the individual for the papers.
Dr. Hickman: I do not think we have sufficient material
to give us a first-class program twice a year unless a certain number of the papers are short technical papers. In the past, we
have had meetings in the East, and now we know we can have
meetings in the West. There is the question of how often can
we do it. It is expensive for the companies sponsoring a large
number of men. I want to suggest that when we come again to
Hollywood that there is only one convention that year, and at
such a time of year that we shall have reduced fares from the
railroad companies. It will happen once in two or three years and
it will give a focus of interest:
President Cook: The Chair rules that your suggestion is
entirely in order, but the decision rests with the Board of Governors.
Mr. Griffith: Speaking from the standpoint of local requirements, I hope that Dr. Hickman's suggestion that only one
Hollywood meeting be held every two or three years is not the
consensus of opinion of either the eastern or western members,
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Two years should be the limit, and even that is too long.
I am afraid that the Coast Section may have difficulty in keeping
going during the interval. A small local section usually has a
hard time. There are one or two meetings which are fairly successful, then the interest dies down and three-quarters of the
members fail to attend, and the section dies out. Without a
definite and regular impetus such as the national convention,
it seems to me we locals are likely to have a dismal time ahead
of us.
Mr. Jones: I think Dr. Hickman's suggestion is well worth
consideration. The question of holding one meeting a year has
been considered many times in the past and I have been rather
favorably disposed towards such an arrangement. I do not know
of any other similar technical organization that holds two meetings
a year.
Most of the discussion thus far has centered about the technical papers program. I feel that there is another phase of our
meetings which is of almost equal importance, that is the opportunity for contact and acquaintanceship between the various
members. In fact, I believe in many cases we have too many
papers and that time is taken up too completely with paper sessions to the exclusion of opportunities for members to get together
in little groups and talk over things of mutual interest. This
factor of personal acquaintanceship is extremely important and
in many cases when we know a man only by reputation we are
inclined to think he is peculiar or snobbish or has some other
disagreeable character traits. In almost every case this feeling
disappears as soon as personal contact and acquaintance is established. should
I
like, therefore, to make a plea that in the arrangement of future programs more opportunity for this personal contact
be given.
Going back a moment to the question of two meetings a }^ear.
The Board of Governors at one time proposed that the Society
have only one meeting a year. This was strongly opposed by the
members, and, if I am not mistaken, the proposition was turned
down by a large majority.
With regard to the frequency with which the Society can look
forward to meetings held on the Pacific coast, I think it is a "thing
which cannot be settled arbitrarily or at the present moment.
It is something which will have to be dealt with in the future
and as occasion arises. It must be recognized that there is a rela-
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lively large membership in the East which cannot attend meetings
held on the west coast. Likewise, there are many on the west
coast who probably cannot attend the meetings held in the far
East. I think it would be a fine thing if at the next meeting which
will probably have to be held in the East, the coast section could
send a good sized delegation. I am sure those in the East would
look forward to such an occasion with the greatest of pleasure,
and a better acquaintanceship between those of you who reside
in the West and those who live in the East would be a wonderful
thing to promote good fellowship and co-operation.
Now in regard to the coast section itself, I think there is little
doubt that you can have here in California a very active and worth
while section of the national organization. I should like to bring
to your attention a rather parallel case. The Optical Society of
America is a national organization having perhaps four or five
hundred members. In Rochester during the past eight years or
more we have had in operation a local section of this society.
We have on our rolls a membership of about one hundred, many of
whom are not members of the national society. We hold meetings
at approximately monthly intervals during the autumn, winter, and
spring, making, in all, about eight or nine meetings per year. The
program at each of these meetings is usually taken by a single individual who gives a paper of tutorial, resume, or new material type.
In many cases we bring speakers of note from out of town in which
case the evening's meeting is preceded by a dinner given in honor
of the speaker at which there are in attendance ten to twenty
members. My own idea of the West Coast Section of the S.M.P.E.
is something of this same order. Certainly in Hollywood and vicinity there are more men intimately interested in motion picture
engineering than there are individuals in Rochester who are interested in optics as a science, and I think there is no doubt that a very
successful and interesting program can be arranged for your
sectional meetings. It is only a question of a few men being enthusiastic and willing to spend some time and effort in keeping the
section running.
Mr. Griffith: Speaking again for the local members, we
should like nothing better than to appear in force at the next
meeting in the East. If we seriously intend to do that, however,
it will be necessary to convince the producers that it is good business
to send us.
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With regard to the success of the local section, in the last
analysis that depends upon the two or three live men who make or
break the section. Without at least one really live member who
is given adequate support, the section will fail. Success depends
upon selecting leaders who will be willing and able to devote the
requisite amount of time and energy to pushing the local section.
Mr. Dubray: It occurs to me that the publication of a bulletin the circulation of which should be confined within the Society,
would be very beneficial to the members. From these papers and the
bulletin, the Papers Committee would get a good idea as to the
subjects that should be presented at the semi-annual convention.
Dr. Hickman: I think we should have a scheme in which
certain general papers — in the Transactions some things appear
over and over — should be presented as lectures and not papers.
We do not have any system of publishing notes not presented by
the Society. We have no means of a private member making a
suggestion, which is noticed by silence on the part of members
disagreeing. There is no means of the Board of Governors assuring
themselves of the sense of the meeting.
Mr. Crabtree: That is the function of this Open Forum —
With regard to the two sessions a year, it is easier to get papers
twice a year than once' because many of the members are so
modest that in the case of new apparatus more than a few months
old, it is beneath their dignity to present such a paper, so that we
are relieved of the necessity of presenting material more than six
months old.
President Cook: The Board of Governors gives very careful consideration to every suggestion that is presented to it. It
has been found by experience in the past that an effort to conduct the Society's affairs by discussing matters of administrative
policy in open meetings resulted in a chaotic condition because
manjr of those present insisted on rather long expositions of their
personal views. It might seem to you that because we don't
continue to have those votes and referendums that the Board is
trying to limit the vote of the Society on any question. Where
it has been evident to the Board that there is a difference of opinion among members, we have not hesitated to submit a referendum to the membership at large, and I believe without any
exception the opinion of the Board with respect to the matter
has been strongly supported by the Society at large.
It is im-
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possible to satisfy every member of an organization in any administrative policy. It is only the belief that it is acting in every
respect in accordance with the greatest benefit to the organization
at large that the Board of Governors makes its rulings. We are
always glad to have any suggestions made in writing to the Board,
and they are given very careful consideration.

REPORT

OF THEATER

LIGHTING

COMMITTEE

THE

Theater Lighting Committee was appointed to study existing lighting conditions in theaters and if possible to formulate
the basis for a code or other form of recommendations to improve
the lighting conditions if it should be felt that practical methods
for general application could be evolved. It was the plan to work
jointly with the Illuminating Engineering Society whose membership isespecially qualified to work on a problem such as this, at some
later date when the time would be ripe for joint action. It is a far
more complicated subject for study than the ordinary illumination
problem, such as, for example, the effect of illumination intensities
on production in industry.
There are a number of factors which should be studied in the
solution of this problem, among which may be mentioned (1) the
projection of a satisfactory picture with which should be considered
the minimum brightness for dark pictures, maximum brightness
for light pictures, effect of brightness of immediate surroundings,
and the general illumination, brightness of other sources, etc. ;
(2) the brightness of light sources in the field of vision; (3) the
illumination necessary for safe traffic; (4) the light required for
health and good behavior, with which is associated the effect on
the eyesight of the theater patrons; (5) the effect of colored light on
the illumination employed.
The problem involves physical, physiological, and psychological
aspects. The effect on eye strain over quick changes from light to
dark scenes of the picture and high to low levels of illumination in
the theater and vice versa, prolonged observation of brightly illuminated area, and similar considerations will be studied. Other
phases to be given consideration include an approach to the problem from the standpoint of the retinal sensibility and other similar
ocular factors.
As a first step, a survey of some dozen theaters has been made
preliminary to a comprehensive study of existing lighting conditions. This preliminary survey was made in several cities to formulate abasis for the more extended survey which will embrace
theaters both in the East and on the west coast. It included, xfor
example, illumination intensities existing in the theater auditor549
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iums and entrances, both when the picture is being projected and
during the intermissions, the screen intensities, the screen brightness, and the brightnesses of the pictures' surroundings, effect of
general illumination on the picture brightness, etc., etc.
Just to give an idea of the range of data obtained, the screen
illumination intensities varied from an average of 5 to about 14
foot-candles. Individual readings ranged from about 3 to 22. The
stray light on the screen was of a low order, averaging about only
0.1 foot-candle, which is the approximate intensity of moonlight on
a clear night. The average intensity in the auditorium with the
pictures running was about 0.05 foot-candle, and during the intermission, itwas about 0.5 foot-candle, a relatively low value, considering the intensities used in other locations for commercial and
industrial purposes.
From a study of these data the Committee is drawing up an
outline and form for the more extensive tests which will be started
this spring.
It is realized that this problem has a variety of features. It
is planned, however, to make the investigation so thorough that
the principal phases of illumination which affect the comfort and
health of the patrons and the artistic showing of motion pictures
in theaters will be covered in such a way that future lighting for
picture presentation can be discussed on valid lines.
Carl E. Egeler, Chairman
L. C. Porter
L. A. Jones
J. R. Manheimer
DISCUSSION
Mr. Cuffe:
How was the screen intensity measured?
Mr. Egeler: A Macbeth iiluminometer was employed but
the projector was not running. The position of the instruments
with relation to the screen varied with the ability of the observer
to place the instrument.
Mr. Cuffe: With a metallic type reflecting screen, it will
depend upon the angle.
Mr. Jones:
Oh, yes.
Mr. Porter: I think Mr. Cuffe has in mind the foot-candle
intensity reflected back from the screen. What was measured was
the intensity on the screen surface; not the reflected light.

REPORT

OF PAPERS

AND

PUBLICATIONS

COMMITTEES

MOTION picture engineering embraces every aspect of the
industry including production, distribution and exhibition.
To date our Transactions has not dealt adequately with problems
of production because of the absence of production activities in
the east where all conventions have previously been held. Your
committee has seized the opportunity to include a fair proportion
of papers on the Hollywood program dealing with production activities and is indebted to the local papers committee in Hollywood for
its collaboration.
At past conventions it has been customary to close the sessions on Thursday noon but in view of the necessity of covering a large variety of subjects your committee has extended the
program to Saturday morning. The custom of relegating all
papers not presented in person by the author to the end of the
program will again be followed.
Motion picture engineering is unique among the professions
because it embraces such a wide variety of the arts and sciences.
In order that a program shall be as interesting as possible to a
large majority of engineers it therefore must cover a wide variety
of subjects. However, whenever possible papers dealing with interrelated subjects have been grouped in the same session.
The present program includes such topical subjects as Color
Photography, Television and Sound Recording. Efforts to secure
papers on Stereoscopic Cinematography were unsuccessful.
The experiment of including a session devoted to announcement of new apparatus, processes, or products by manufacturers,
first tried at the Lake Placid meeting, will be repeated at the
Hollywood session.
Your committee has observed that authors are becoming
more willing to prepare papers for our convention and the average
quality of the papers is improving as more and more scientifically
trained men are being brought into the society.
An advanced program was mailed to all members three weeks
previous to the convention and abstracts of most papers have been
circulated to the press.
During the past year the papers and publications committee
have again been combined under one chairmanship.
Such a com551
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bination insures a maximum of efficiency but places an enormous
burden on the shoulders of the chairman of the two committees.
Discussions of the Lake Placid meeting were returned promptly
and No. 31 of the Transactions were circulated to members on Jan.
10, and No. 32 on Mar. 1. Under the present system whereby
all authors and persons participating in the discussions receive
proof, there is little possibility of quicker publication so long as
the work of publication is a labor of love.
The number of pages per issue of the Transactions is increasing
steadily and therefore the cost of printing. In the case of No. 32
five hundred copies were printed at a cost of $900.00, $300.00 of
which was for cuts alone. This means a cost of about $4.00 per
number circulated to members. Your committee recommends that
a larger number than 500 be printed so as to lower the unit cost.
J.
L.
J.
C.
REPORT

I. Crabtree, Chairman
A. Jones
W. Coffman
F. Bateholts

OF ADVERTISING

COMMITTEE

THERE

has been a decided falling off in the number of advertisers who are taking space in the Transactions at the present
time, and there is a need for co-operation from all members of the
Society, whether on the Advertising Committee or not, for help in
the solicitation of new business.
As all of us know, the revenue derived from the advertising
section of the Transactions helps pay the cost of publication.
Heretofore that help has been a material one.
It is apparent that correspondence alone is not sufficient
in the solicitation of advertising for the Transactions. Personal
appeal, through perhaps the medium of personal acquaintance with
prospective advertisers, is the more effective way.
It is the earnest desire of the Chairman of the Advertising
Committee that every member of the Society consider himself a
part of that Committee, and do what he can to help swell the
list of advertisers now taking space in the Transactions.

Report of Membership Committee
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The Chairman will gladly furnish rates, dates of publication,
etc., on application and certainly will appreciate any effort on the
part of the members to help out in the present urgent need.
L. S. Cozzens, Chairman
P. A. McGuire
J. C. Kroesen
J. H.

REPORT

OF THE

KlJRLANDER

PUBLICITY

COMMITTEE

THE space allotted by the trade papers to all subjects, and
particularly those of a technical nature, grows less from year
to year, but publicity of the Society of Motion Picture Engineers
has received fairly generous consideration. News items are usually
published as sent in by the Publicity Committee, or so condensed
that the sense of the particular message is not lost. Under the
conditions, this indicates a growing understanding of the work
of the Society and an appreciation of its importance.
The plan of having the Chairman of the Papers Committee
submit abstracts of all papers prior to the convention, to be used
by the trade papers during the convention, has been very successful.
This involves much extra work for the Chairman of the Papers
Committee, and the Publicity Committee expresses its sincere
appreciation of the effective co-operation received from him.
P.
I.
A.
G.
L.
REPORT

A. McGuire, Chair man
Gordon
M. Beatty
Edwards
S. Cozzens

OF MEMBERSHIP

COMMITTEE

FROM the time of the Lake Placid Convention until March 1st
fifty-one new members have been enrolled. During the last
three days twenty-nine applications have been presented on the
floor of the meeting. By the close on Saturday we shall be able to
record the greatest expansion of the Society yet witnessed in a
single year. This satisfactory state of affairs makes it unnecessary
to issue the usual special appeals and allows us to refer you to the
Secretary's report for the causes of the expansion.
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In welcoming these many new members we can offer them more
than the Transactions and a friendliness limited by 3000 miles
of continent, for we understand this is to be a local section in which
each will be able to take the fullest interest. Their joining the
Society is our good fortune, may we wish them luck in their new
activities?
K. C. D. Hickman, Chairman
H. T. Cowling
J. W. COFFMAN
M. L. MlSTRY
E. C. SCHMITZ

B. G. Tamlin
W. Vinten

NEW
THE

MOTION

PICTURE

APPARATUS

following apparatus was described during the session devoted to announcements of new apparatus by manufacturers.
A NEW

AND ADVANCED IDEA IN
TRIPOD HEADS
Feed

Hoefner*

The Model "B" True Ball tripod head for the heavy professional
picture cameras consists of a ball and base rigidly mounted which support the
bearing housing which is the carriage for the camera. This housing rotates
around the ball in a pan or tilt movement through any desired angle — the
camera always remaining level.
The head may be instantly locked rigid in any position by a small wheel.
Also another means is provided for either locking the pan or tilt independently
by a similar hand-wheel which, when turned to the right locks the pan; when
turned to the left locks the tilt.

Fig. 1.

The True Ball tripod head, Model B.

The apparatus is all enclosed making it dust and moisture proof so
that it works perfectly under all climatic conditions being unaffected by
temperature.
The handle or lever that controls the movement of the head is telescopic
and adjustable to any angle or length to suit the operator. This spherical
combination provides uniform friction tension for all movements due to its
being a single bearing.
* Los Angeles, California.
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Fig. 2.

The True Ball tripod head (Note adjustment of lever).

The head has but one bearing and one surface for friction tension for
all motions and is locked by one lock only. In other words, the true ball
head is a single friction system.

Fig. 3.

The True Ball tripod head with camera mounted.

The Model "A" tripod head made to carry the small amateur motion
picture cameras works on the same principle but is very much simpler. It
has no independent lock for the pan and tilt. The head is locked by giving
the operating handle a slight turn.
Besides carrying a camera, the tripod- head may be used to direct any
other apparatus or instrument, such as a spot-light, telescope, etc.
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LAMPS

L. J. BUTTOLPH*
This announcement is of a joint development by the Engineering Department ofthe Cooper Hewitt Electric Company and the Research Laboratory of the General Electric Company of a line of lamps to be known as
Cooper Hewitt Neon Lamps. These lamps are to be used wherever efficient
sources of red light are needed and in combination with mercury lamps to
give properly balanced color rendition on panchromatic motion picture film.
These lamps are relative^ low voltage, high current, arcs differing radically
from the high voltage neon Geissler tubes commonly used for sign work. The
units being first placed upon the market are identical in rating with the
standard mercury lamps. The mercury and neon tubes themselves may be
used interchangeably ij^the same auxiliary and reflector by making minor
adjustments. To date Mr tests indicate that an economic life of at least four
thousand hours may be assured and that the depreciation is considerably
less than that recently published by Benford as characteristic of mercury arcs.1
As soon as the needs of the trade are better known, there will be available a.-c. units in multiples of 500-watt ratings operable with little or no
auxiliary mechanisms and in any position. These units will permit a flexibility and portability never before possible with Cooper Hewitt Lamps.
The spectrum of the Cooper Hewitt Neon Lamp is for practical purposes limited to wave-lengths greater than 580 millimicrons and extends
through the red and well beyond the limit of panchromatic sensitivity. This
means that there is still a gap in the blue and blue-green region of the spec trum. Because of the very broad reflectivity of blue and green materials,
this seems to be of little or no practical significance and this gap in the green
and blue-green spectrum may possibly be a distinct advantage if in the course
of time it becomes necessary to design lenses with the two points for which the
color correction is figured, more widely separated or both moved in the direction of longer wave-lengths as this gap will obviate any aberration from outof-focus blue-green.

DISCUSSION
Dr. Hickman: I should like to ask how the tube is made to discharge
at a low voltage. Is there any starting equipment with it?
Mr. Buttolph: The cathode in these lamps has been known in scientific circles as a Wehnelt cathode. In this case it is a nickel cylinder covered
with calcium and barium oxide and heated by a filament inside of the cylinder.
At 800-900 C. such a cathode can be used as a source of high current. It is
used in the latest type of radio rectifier tubes.
* Engineering Dept., Cooper Hewitt Electric Co., Hoboken, N. J.
1 Visible Radiation from the Low Pressure Mercury Arc by F. Benford,
Trans. Soc. M. P. Eng. 11: No. 30. 365 (1927).
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MOVIOLA

FILM

VIEWING

MACHINES

I. Serrurier*

After the cameramen are through with their work and the laboratory
has furnished a print of all the scenes that have been taken, there is a
great deal of work yet to be done before the film is ready for projection in a
theater.
Until about three years ago all film editing and cutting was done with the
aid of an illuminated opal glass window in a table and sometimes a magnifying glass. It can be readily understood that it is very difficult to determine
just by looking at a piece of film, exactly what action takes place on it, especially where the action is slow and happens only on a small part of the
picture. The Moviola Film Viewing machines have been designed to make
this task easier.
The machine consists of an enclosure whi^J contains an ordinary
25-watt lamp, the light of which is diffused by opal glass behind an aperture
over which the film passes. The thus illuminated film is observed through a
set of viewing lenses which are so arranged that the picture can be seen best
by the observer at ordinary reading distance with both of his eyes, and even
by two peopleat the same time if one looks over the other's shoulder.
The film is moved through the machine by a standard 16-tooth sprocket
which is driven by a geneva intermittent movement ahd this in turn is
driven by a small motor. The motor is so controlled by a foot-operated rheostat that not only the starting and stopping but also the speed can be regulated. A toggle switch for reversing the direction of rotation of the motor
is applied to the machine in such manner that when the machine runs
the film moves in the direction in which the handle of the switch points.
When the handle of the switch points upward the film moves upward which
corresponds with forward action on the film.
Fig. 1 shows one of the latest machines of model C, which is equipped
with a framing device and large lenses, adjustably mounted. The electrical connections are made with steel armored cable and the machine has
been so designed that the motor is entirely enclosed and the parts that
require cleaning and oiling can all be reached without opening the machine.
The latest addition is a winding flange which is useful for winding loose film
into rolls and also for braking the machine by hand when a quick stop is
desired.
During the last year we have added two new models. One is similar to
this machine in appearance and operation but is made for use with 16 mm.
film. In this machine the film is moved by an 8-tooth sprocket for 16 mm.
film and two small gears had to be inserted between this sprocket and the
geneva movement in order to give the sprocket an intermittent movement of
8 steps of 15 degrees per revolution. The framing device could of course be
ornil ted in this model.
The other new model which we added recently is the Model D or Directors' Model (Fig. 2). The principal diff-erence is that a take-up arrange* Hollywood, Calif.

Fig. 1.

Moviola

Film

Viewing Machine, Model
Model," for 35 mm. film.

C,

"Cutting

Room

Fig. 2. Moviola
Viewing
D, "Directors'
Model,
for Film
35 mm.
film onMachine,
standard Model
1000 foot
reels.
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ment has been added so that film on a 1000-foot reel can be viewed and the
take-up of the film is automatically taken care of whether the machine runs
forward or backward. This machine is equipped with a hand control in addition to the foot control so that it can be operated by either one or both at the
same time, as desired.

LONG LIFE PHOTOGRAPHIC
PANCHROMATIC LIGHT

CARBONS AND THE
TRANSFORMER

E. A. WlLLIFORD*
At the meeting of this society held in Norfolk, Va., in April, 1927, Mr.
M. J. Dorcas of the National Carbon Co., Inc., read a paper describing the
qualities of light obtainable from National White Flame and National Panchromatic Photographic carbons. Last September at the meeting of this
society held in Lake Placid, N. Y., Mr. E. R. Geib of the National Carbon
Company gave a demonstration of the kinds of light obtainable with these
Photographic carbons.
Today, I wish to show you improved Photographic Carbons which have
a life about 25% greater than was obtainable with the carbons exhibited by
Mr. Geib. This applies both to the White Flame and the Panchromatic
types. In addition to this increased life, these carbons burn very smoothly
and have a light efficiency about 25% greater than the former carbons which
corresponds to about 64 lumens per watt in the case of the White Flame
carbon and about 70 lumens per watt for the Panchromatic O carbon. The
photographic efficiency of the White Flame carbon arc is about 4.8 times
and of the Panchromatic L carbon arc about 2.8 times that of any other
known light source suitable for Panchromatic film except natural sunlight.
(Demonstration)
This glass is a special development for changing the invisible short
wave energy of the photographic carbon arcs into visible light of a yellowgreen quality. This screen may be used in conjunction with either the White
Flame or Panchromatic O carbon arcs. The photographic efficiency of this
lighting system is somewhat less than the bare carbon arc but is still relatively
high.

DISCUSSION
Mi;. Rayton: To enlarge upon the statement that the amount of
radiation is greater with the screen in use, can Mr. Williford explain how far
away the measurement was made?
Mk. Williford: The measurements were made in our laboratory. I
cannot give you the details. They were made with a spectral radiometer
madi after the manner of thai described by Coblentz, to which Mr. Downes
refers in lii- paper
* National Carbon Co., Cleveland, Ohio.
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Mr. Raytox: It seems as if the performance of such a unit could be
pretty well predicted if sufficient information were available as to the fluorescence characteristics of the material with respect to wave-length. With a
given energy distribution within the ultra-violet, a study of the ability of
the material to transform the ultra-violet into visible radiation should enable
predictions to be made as to the results which would be expected. I wonder
whether such information is available.
Mr. Williford: We have not been able to compile such data. This is
a new development for us and is in an experimental stage as far as operation
is concerned.
Mr. Cuffe: I should like to know in regard to this 25% increased illumination per watt whether you are doing it with the projection carbons.
Mr. Williford: The studio carbons are of different material from the
projection carbons. Projection carbons do not contain any flame materials,
so that this doesn't apply to the projector at all.
Mr. Buttolph: We have experimented with fluorescent screens and
fluorescent reflectors, and some of you may remember the old Cooper-Hewitt
rhodamine reflectors. In this application, any fluorescent device of this kind,
whether a reflector or a screen, as a source of fluorescent light, is simply a
diffuse source. In front of the projection device, it will be simply a filter of
the projected light and a diffuse source of the fluorescent light, the glass being
a secondary source of undirected radiation, so that I fail to see how this glass
could contribute very much to the illumination except at a very close distance
from the fluorescent device itself. It would seem difficult to get any practical
intensity of fluorescent light from it at fifteen or twenty feet.

A LIGHT

FOR USE IN AMATEUR MOTION
PICTURE PHOTOGRAPHY
Edward C. Richardson*

I wish to bring to your attention a new unit known as Type MR- 10,
which we have given the trade name "Cine-Lite." It was designed primarily
for the amateur motion picture photographer, but is also doing good service
in commercial and professional studios.
After numerous tests it was found that the bulb best fitted for such use,
was the 1000-watt, G-40, C-13 filament, spotlight Mazda, which has a high
intensity light flux and a rated burning life of 200 hours.
In establishing the form of light distribution most desirable for this
work, the opinion of cameramen as to needed characteristics was given first
consideration.
This lamp produces a fine general distribution of light with a slight
concentration at the center, which permits modeling or accentuation at the
main interest point in the shot being taken.
The curve of the aluminum reflector is a compound paraboloid, andxthe
reflecting surface is finished to produce a diffused body of light. This reflector ismounted on an aluminum housing which supports the lamp socket.
*Mole-Richardson, Inc., Hollywood, Calif.
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The head may be set to direct the beam at any angle or it may be held
in the hand during a time exposure and directed at will to obtain a so called
"painted-in," effect. The stand is of tube construction and nickel plated
with a black enameled tripod base. Vertical adjustment allows a range of
from two to eight feet. The head may be dismounted and the stand folded
to compact form for packing or transporting. The complete unit with fifteen
feet of conductor, switch, and plug receptacle, weighs nine pounds.

Fig. 1.

A 16 MM.

The "Cine-Lite" for amateur motion picture making.

FILM REEL

THAT

REQUIRES

NO

THREADING*

The most difficult operation in the threading of a motion picture project or is undoubtedly the attachment of the film to the take-up reel.
Especially in the dark, it is difficult to find the slot on the core into
which the end of the film must be inserted; and even after the slot is found it
is necessary to hold the end of the film there until several turns are made
around the core. In addition, it is difficult to insert the end of the film into
the slot.
Eastman Kodak Co., Rochester, N. Y.

Symposium on New Motion Picture Apparatus

563

A reel (for use with amateur standard film) that requires no threading
has been developed by the Eastman Kodak Company to overcome these
disadvantages. The new reel grips the sides of the film by spring action when
half a turn of film has been laid on the core.

Fig. 1.

New 16 mm. film reel which requires no threading with one side
piece and one spring removed.

The new principle has been applied so far only to light metal reels which
hold 100 feet of 16 mm. film for projection. But it is applicable also the
heavier, solid-sides spools for camera use and to 400-foot reels for projector
use.
The new reels are made by the addition of a radial spring at each end
of the core of the reel inside the flanges. The eight tips of each spring extend
slightly beyond the core.
When the film is laid on the core, it depresses the spring tips and causes
them to retain thereby a constant tension against the edges of the film. When
half a turn has been taken around the core, the film cannot bulge, and the
springs therefore, have as rigid a ribbon to press against as if the film were of
metal. Consequently, the grip of the spring tips is firm.

KODALITE*

The Eastman Kodak Company has recently announced a lighting
unit which permits the use of Cine-Kodaks indoors at/ 3.5 without overloading the ordinary house lighting circuit, which is fused at 10 amperes (Fig. 1).
Two of these lights, placed to meet the requirements of the individual user,
are sufficient to illuminate the Cine-Kodak field up to a distance of 10 or 12
feet. The designing of such a lamp necessitated extremely efficient use of the
available wattage.
* Eastman

Kodak

Company,

Rochester, N. Y.
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The reflecting surface is laid out on two paraboloids with their focijaoth
at a point in the plane of the 500-watt lamp filament. The back paraboloid
is, in effect, a bulge on the front paraboloid, which is provided to make room
for the lamp. A surface connecting the two paraboloid surfaces is designed
to throw light back through the lamp filament on to the front paraboloid.
This surface aids very materiallj7" in eliminating the dark spot in the beam
which is normally caused by the lamp base shadowing or passing through
parts of a reflector.

Fig. 1.

The Kodalite.

A true paraboloid surface with a point source at the focus will give a
beam of parallel light as wide only as the open side of the reflector. In order
to cover an angle of 28 degrees — an angle corresponding to the field covered by
(he Cine-Kodak lens — the paraboloid surfaces are broken up into straight
line segments, each segment being a frustrum of a cone. These segments are
midpoints to the respective tangential at their paraboloid on which the reflector islaid out. The slope of each conical segment differs from the slope of
its adjacent segment by an angle of 14 degrees. Parallel light rays striking
adjacent segments are then reflected so that the angle between them is 28
degrees.
Of the light thrown by reflection plus that which passes out directly
from the lamp filaments toward the object, 82 per cent is confined in the 28degree beam — which makes the unit very efficient. The distribution of light
over the 28-degree field is not entirely uniform, but it reaches a maximum
in the center and falls off toward the margins: therefore there is sufficient
illumination for the main subject in the field even when the distance is comparatively great.
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The reflectors are manufactured by a patented process in which silver
is coated on a master mold either of glass or of highly polished metal. The
silver is backed up with pure copper by an ordinary copper-plating process.
When the copper is built up to the required thickness, the reflector is stripped
from the master mold and the silver surface is either lacquered or given a
light coat of a nontarnishable metal for its protection
The Kodalite is equipped with a folding stand.

Fig. 2.

The Kodalite part section showing reflection.

AN AUTOMATIC FILM REWINDING
SPLICING MACHINE

AND

W. F. McLoughlin*
Four years ago an executive of the motion picture industry made it
clear to me that, as a manufacturer of labor-saving devices, it would be worth
my while to give attention to a problem which was serious in the motion
picture industry — the problem of splicing film. He explained that existing
methods were comparatively crude. The industry needed a mechanism which
would do two things — (1) reduce the time required to make splices, and (2)
by eliminating the human equation in the process, improve the quality of
splices.
* New York, N. Y.
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Investigation made it clear that the quality of film splices is a matter
which affects every phase of the motion picture industry. The problem is
not peculiar to the laboratory alone, or to the exchange alone, or to the
theater alone.
Defective splices presented three serious results: 1. The quality of the
presentation of the motion picture film on the screens of the theaters was

Fig. 1. The Automatic Film Rewinding and Splicing Machine.
affected. 2. Serious fire hazards, which resulted in increased insurance rates
and in troublesome investigations, were inevitable. 3. The life of film was
shortened because over 50% of the damage to film was due to running off at
the take-up sprocket and in practically every case this could be traced to
defect ive splices.
Four years of research have resulted in the making of the Automatic
Film Rewinding and Splicing Machine.

This machine does two things — (1)
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it cuts down the amount of time required to inspect film and make splices, and
(2) by eliminating the human equation, gives a standard splice which is free
of those defects commonly found in splices.
Now, it should be admitted that good splices can be made by hand with
sufficient time and skill. Even with existing mechanisms a skilled operator
can make a splice that is satisfactory in one minute. Tests made at exchanges
show that in over a period of a day the average for a number of operators is
two minutes for each splice. The Automatic Film Machine requires five
seconds to make a splice. Tests have shown that whereas forty reels a day can
be thoroughly inspected and repaired with other splicing devices, one hundred
and twenty reels a day, under the same conditions, can be thoroughly inspected and spliced with the Automatic Film Machine.
Speed alone would be of little value if the quality of the film splice was
not superior to that made by other mechanisms, or by hand. It is generally
admitted that strength alone does not make a satisfactory splice. There must
be uniformity, there must be flatness, and there must be sufficient pliability
of the splice.
If sprocket holes are not perfectly matched in splicing, or if the splice
is not pliable, or too wide, the film will run off at the take-up sprocket because
the film feeds on to the bottom sprocket out of a loop which continually
flaps back and forth. At the top sprocket the film is kept taut by the tension
on the reel in the top magazine, and the intermittent by the tension of the
aperture shoes.
What are the causes of defective splices? If the emulsion is not entirely
removed in making the splice, the cement cannot hold because the cement
acts only upon the celluloid base. On the other hand, if the celluloid base is
scraped too deeply, the film is weakened. If the proper amount and the
proper quality of cement is not used, the celluloid will not be softaied s lfficiently to make the splice hold, or too much of the celluloid baie will ^e
softened instead of only the surface. In one case we have cemsit t,_iat :vi!not hold, and in the other case, cement which causes the film to hii': i f 3
drying. Because film cement evaporates rapidly, pressure mast be ai tie .1
immediately to weld together the two pieces.
It is evident that unless the human equation is eliminated by aito nitic
operation, the causes of bad splices cannot be eliminated. The Automatic
Film Machine does eliminate the human equation. How its operation eliminates the human equation will now be explained.
The machine is operated by an electric motor which, together with all
driving mechanism, is mounted on the under surface of a hinged table top.
All the driving mechanisms are ball-bearing mounted and belt driven. The
motor switch (see 1 in Fig. 1) is at the right side of the table apron. The film
is fed in either direction and can be controlled by foot pedal (4.) Direction of
the film is reversed by means of buttons (5) on the table top. The splicer is
operated by a button (2) on the splicer cover. Thus, it is evident that the
operator is left with both hands free because the examining mechanism" speeds
are controlled by foot pedals.
There are two forward or inspecting speeds and one reverse re-wind
speed.
The re-wind speed is forty-five seconds for one thousand feet.
A
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uniform speed for inspection winding is secured by a constant speed unit of
two feed rollers. The feed roller is operated at constant speed. The other
roller furnishes the necessary tension to feed the film, so that every foot is
wound at the same tension, and there is no bulging or misalignment anywhere. Both rollers are under-cut to avoid scratching of the film. By the
release of the tension roller, secured by pressing button 5, the second forward
speed is secured for winding at a faster rate than inspection speed.
When the operator detects damage as the film passes through her
fingers, she releases the foot pedal control. This pedal applies a brake to each
reel. Thus, the film is instantly stopped in a position for splicing.
The operator places the film on registering pins, which are so arranged
that splices will be in frame.
Then she closes the lid and presses the button. Within three seconds
both lids have opened automaticaly, the film is spliced, and the operator is
ready to continue the inspection.
The sequence of operation is this.
First, the emulsion is removed by two vertical revolving spiral-faced
scrapers mounted on a table which rotates in a horizontal direction beneath
the film. Scrapers are held up against the film under spring tension and the
scraper mounting is pivoted to allow for varying thicknesses of film. This is
self-adjusting. The adjustment of the angle of the spiral-faced scrapers connected with the proper spring tension and revolving table removes all emulsion without harming the film base.
Second, the film is severed. A small round hardened steel knife, which
is free to turn on its own axis, with a slight escapement for horizontal movement severs both pieces of the overlapped film.
Third, cement is applied. This is done by means of a concave-faced
roller, which is almost completely enclosed in a cement box. The concave
face of the roller insures an even amount of cement being applied. For every
operation the cement roller is moved before reaching the film to bring fresh
cement to the top of the roller. By protective means, cement is prevented
from entering the bearings.
Fourth, unit (6) moves forward the overlapping film.
Fifth, a pad moved by a cam is inserted underneath the lap.
Sixth, pressure is applied. Five rollers under strong spring pressure,
and mounted to the revolving table, pass underneath the pad pressing the
patch firmly and closely together, and insuring uniform pressure all along the
splice.
When this operation is complete the splice is finished and the doors
open automatically. By the adjustment of a cam the Automatic Film Machine will give any width of splice desired.
It has been proved that the curved or arced splice has a great many
advantages over the straight line splice. For this reason the Automatic
Film Machine is arranged to make an arc splice. The arc splice has not been
previously used in the industry to any great extent because by hand operation
it in not easily made. By automatic operation it is as practical as any other,
and lias the added advantage of removing undue strain from the splice.
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Tests have been made where strain was applied to film spliced by the
Automatic Film Machine and the result has been that in every case film has
broken at some other point than at the splice. The strength of the splice is
bevond dispute.

DISCUSSION
Mr. Cuffe: I should like to ask Mr. Crabtree if he knows whether there
is an automatic stop for tears when rewinding.
Mr. Crabtree: The manuscript does not say so.
Mr. Cuffe: It is only what you feel, when you stop it?
Mr. Crabtree: Yes.

AN IMPROVED CONTROL PANEL FOR MULTIPLE
ARC TYPE MOTOR GENERATOR

Dash*

C. C. wishes to call attention to an improveThe Hertner Electric Company
ment made in the generator control panels used on multiple arc type motor
generator sets.
PANEL
V*ITH
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SWITCH
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Fig. 1. Control panel with voltmeter selector switch.
* Hertner Electric Company,

Cleveland, Ohio.
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With the series arc type of generator the voltmeter on the panel indicates the arc voltage and the ammeter the arc current as well as generator
current. The generator voltage is the same as the arc voltage. With multiple
arc equipment, the ammeter registers the total amount of current being delivered by the generator and the voltmeter, the generator voltage which is
arc voltage plus ballast rheostat voltage drop. In many instances of improper
performance of carbons and unsatisfactory results with ballast rheostat, we
have found arc controls out of adjustment and the projectionist had no way
of readily determining his arc voltage or proper arc length.
We have installed within the control panel a voltmeter selector switch
which can be wired in by running a light wire from the lamp side of the
rheostat back to the panel and connected to the proper points on the terminal
block provided for this purpose. With this arrangement the projectionist
can at any time read his generator voltage or the voltage across any of his
arcs which gives him a very convenient method of checking his arc regulator
adjustment. The panels with this selector switch are now being funished as
standard equipment with all multiple arc Transverts (see Fig. 1).

AN EMERGENCY

THEATER

LIGHTING

C. Dash*

SYSTEM

C.
The Hertner Electric Company
wishes to announce a control and charging panel to be used in connection with emergency lighting systems as required in some of the states for all buildings used for public gatherings. The
control equipment which we have designed is primarily for motion picture
theaters. Several types 'of equipment are offered but the one which we will
describe at this time is the completely automatic type.
This equipment consists of a battery, automatic control panel, transformer, and battery charger motor generator. The battery recommended consists of 42 cells of lead battery, the plates being particularly designed for long
life on standby service. A transformer is used to reduce the 110-volt incoming
a.-c. line voltage to 80 volts to be used on the emergency lighting system. A
resistor is used in series with 60-volt train lighting lamps in the emergency
lights. Under normal conditions, these emergency lights such as exit lights,
lights in hallways and stairways are energized through the transformer from
the 110-volt a.-c. power line. In the event of failure of the a.-c. line service,
the automatic transfer switch disconnects the lamps from the a.-c. line and
connects them to the batteiy.
There is a second transfer switch connected in the projection lamp circuit and is so arranged that in case of failure of the projector supply this
transfer switch connects the projectors to the batteries instead of to the
motor generator set. In case of a.-c. line failure, both transfer switches work
and it is necessary to operate the projector with a crank as most of the projectors arc equipped with alternating current motors.
The amount of discharge from the battery during an emergency is
indicated od a Sangamo ampere-hour meter. As soon as the amount of curHertner Electric Company, Cleveland, Ohio.
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rent taken from the battery is approximately 10% of its rating, the amperehour meter closes a control circuit which will place the battery on charge as
soon as the a.-c. line service is restored and this charging continues until the
battery is fully charged.
3CHE/nAT\C
TYPE.

EfALfcGENCY

0 TmnsferSmkh fa fmeti/ency fy/js
(|) Transfer Smtdi tor Projectors
@ Ampere far M(£r
(4) datfpty Tases
(|) TimefyJ/cJ)
© ^to/fmeter

PVAGRAfA

LIGHTING
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(?)
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Counter E-HFISfty
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Fig. 1.

C,

@ J7b/-A/y -resistance

Diagram of emergency lighting system.

In addition to this replacement charge, it is desirable to have the batter}- charged to a small extent each day so as to take care of any discharge
due to local action. We have accomplished this by the use of a contact-making
clock and once every 24 hours the battery will be on charge at normal rate
for 10 or 15 minutes.
Other types of panels are offered which do not include so many automatic features, but this type C equipment does everything automatically
with the exception of the winding of the eight-day clock and putting water
in the batteries. The storage battery manufacturers do not recommend
equipment so entirely automatic as to tempt the maintenance man to overlook the fact that the batteries occasionally need attention such as filling
with water.
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Fig. 2.

Front View of emergency lighting panel.

DISCUSSION
Mr. Crabtree: It seems to me that such emergency outfits should be
compulsory in every theater. Not long ago I was in a large theater when
there was an explosion in the electrical conduit outside, and the whole place
went dark. It was found that they could not get the power on again that night
and the whole crowd was dismissed slowly. They had some flashlights, but
with fire engines close by, I am afraid there might easily have been a panic.
Mr. Dash: The idea of using such units was presented to us by the
Electric Storage Battery Company of Philadelphia, and they are building
the equipment for use in hospitals where the emergency circuit primarily
takes care of operating rooms. There is a tendency among the larger theaters
to put in emergency lighting equipment not only to provide emergency lights,
l»i it to provide emergency power so that the show can be run for two hours and
tide "vcr a power failure. I know of an instance similar to that mentioned by
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Mr. Crabtree where there was a 4000-seat theater practically full, and when
the people demanded their money back and had presented five and ten dollar
bills for the admission, it was impossible to take care of them because there
wasn't enough change in the cashier's office, and it led to a disturbance — not
one in which anyone was injured, but it gave the theater a bad name. This
was due to generator failure; duplicate generator service was installed. The
battery outfit would eliminate this necessity and the battery could be used
for an emergency period. The reflector arc lamp using 20-25 amperes can
easily be run on batteries for a few hours.
Our fellow member, E. J. Wall, has been elected an honorary member of
the Royal Photographic Society for outstanding achievements in photographic
literature.

Max Handschiegl
Mr. Max Handschiegl died at his home, 533 N. Arden Blvd.,
Los Angeles, Calif., May 1, 1928, aged 48.
Mr. Handschiegl was trained in St. Louis, Mo., as an engraver
and lithographer. On coming to Hollywood he began his motion
picture activities by applying his knowledge of colors and lithography to a method of printing colors on processed black and white
motion picture film. This was done by imbibing a dye solution from
a relief image on a gelatin coated film. Mr. Handschiegl was unquestionably the first person to color films by imbibition in this
way on a commercial scale. He first built machinery for this purpose for the Famous Players Lasky Corp. and demonstrated the
possibilities of this process in DeMille's "Joan, the Woman" with
Geraldine Farrar.
About five years ago Mr. Handschiegl built his own plant,
equipping it for this work exclusively. In 1925 he combined with
the Kelley Color Corp. and since then until his death he devoted
the major portion of his time to developing his inventions in trick
photography.
Mr. Handschiegl was the first person to utilize the principles
of color separation for the purpose of inserting action into backgrounds. Shortly before his death he won a priority decision on
this process in which seven or eight inventors were involved in
interference.
Mr. Handschiegl invented the Cinex Film Polishing Machine
and the Cinex Film Testing Machine which is used for determining
the printing exposure of the various scenes of a motion picture
negative.
The passing of Mr. Handschiegl is a severe loss to the motion
picture industry and to the Society of which he was an Active
member.
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technical, and practical. Demonstrations of new equipment and methods are also often given. A wide range
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highest authorities in their distinctive lines.
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PRESIDENTIAL

ADDRESS

Fall Meeting of the Society of Motion Picture Engineers, Lake
Placid, N. Y. September, 1928.

Fellow Members

Willard B. Cook*
and Guests:

IT IS ray privilege and pleasure to welcome you again to a convention of our society and to extend greetings particularly to those
new members and guests who are present for the first time.
My pleasure on this occasion is tinged with a certain amount
of regret and sorrow as I realize that this is the last occasion on
which I shall have the privilege of officiating as your executive.
For the three years during which you have honored me with this
position and trust, I have enjoyed such loyal assistance and cooperation from the other officers, from the committee chairmen, and
from the individuals of our organization that it is with deep sorrow
that I bid you farewell as well as welcome.
At the close of this meeting, the officers who will have been
elected will take over the administration of the Society, and I
know it will go on in an unbroken period of continued and increased
prosperity. For the benefit of new members and guests I should
like to touch briefly on some of the outstanding events which have
transpired in the last few years.
In the spring of 1926 we met at Washington, and that was the
first occasion on which we were tendered a social function by ananother technical association. We had many times been entertained by some of the prominent firms whose representatives are
members of our organization, but on that occasion we were entertained by the motion picture operators' union. We were also
received by the President of the United States in the White House
grounds, and President Coolidge graciously permitted himself to
be photographed in our midst, at the same time expressing to me
his own appreciation of motion pictures.
At the Briarcliffe meeting, in the fall of 1926, the outstanding
event was a closer affiliation with the Producers Association, the
* Kodascope Libraries, Inc., New York, N. Y.
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Motion Picture Producers and Distributors of America, whose
president, Mr. Will Hays, was our guest and speaker on that occasion. That has resulted in a closer bond between the producing
end of the business and the technical branches with which we had
been previously exclusively identified. Also, at Briarclirfe, we had
the first demonstration of sound reproduction in connection with
motion pictures: Dr. DeForest gave us a demonstration of the
Phono-film.
In the spring of 1927 at Norfolk, we were favored with a demonstration of the Vitaphone. In the autumn of 1927 at the place
where we are now met we had a demonstration of the Movietone,
and at Hollywood this spring we had a demonstration of the Photophone.
This meeting will be devoted very largely to sound recording
and reproducing. Many of the details about sound reproduction
processes which were not previously explained and some not previously known will be treated in the papers and discussed by other
members.
Three years ago our membership was about 200; it is now 305,
exclusive of the few new members who were received into the organization at the meeting of the Board of Governors last night.
The amount of cash collected by our treasurer during the first
year of my incumbency was approximately $2000. During the last
year collections from all sources have aggregated $10,000. The
Society is in a very flourishing condition, and its condition is
reflected even more favorably in the prestige which it enjoys over
practically the whole civilized world. We have many members in
European countries, and our Transactions are the accepted authority in every branch of the motion picture industry. We still need
more representatives from some of the organizations which are
prominent in our industry, but there are very few of them now who
do not have at least one of their personnel enrolled in our membership.

PRESIDENTIAL
Ladies and Gentlemen:

ACCEPTANCE

L. C. Porter*

I WISH to thank you for the very high honor which you have
conferred upon me. I realize that this entails a great responsibility, and I assure you that I shall use my utmost endeavor to
prove worthy of the confidence which you have shown. It is only
because I feel sure of your full support and backing that I am
willing to undertake the leadership of the Society during the coming
year. I find myself in the position of having been elected to the
highest office in the finest organization of motion picture engineers in the world.
Perhaps my greatest excuse for accepting this honor and the
responsibility that goes with it, is my long connection with, and
intimate knowledge of the growth and workings of our Society. In
the past it has been my privilege to serve you as Chairman of the
Papers Committee, Chairman of the Standards and Nomenclature
Committee, member of the Board of Governors, Secretary, and
President.
Let me assure you that all that I have learned from past
experience will be drawn upon and placed at your disposal during
the coming year. My heart is in the work. I have grown up with
our little organization, and I love it. It is my greatest desire to see
the Society continue to expand and become of increasing value to
its members and the motion picture industry.
In most presidential campaigns it is customary for the candidates to state their platforms. In this case, however, at least as far
as I know, there has been no campaign, — certainly none on my part,
as the office was entirely unsolicited. I, therefore, feel that it
might be well worth while taking the time to outline a few of the
matters,-policies, if you like, — which I have been thinking over
since I was asked to accept the nomination for president.
It seems to me that our Society is changing, both in personnel,
in methods of operation, and in the character of our Transactions.
This is as it should be to keep pace with the times. I used to feel
* Edison Lamp Works, General Electric Co., Harrison, N. J.
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that our convention programs were too full; that more time should
be allowed for play and for getting personally better acquainted
with each other. However, as our membership increases we necessarily have a decreasing percentage in attendance at the conventions. To those who do not attend, as well as to the ever increasing
number of non members who purchase our Transactions, we owe a
full technical program. We should give serious thought to replacing
our present Transactions with a monthly journal. I believe the
time has come when our Papers Committee Chairman is to be
thanked rather than criticized for providing such a full program.
Mr. Crabtree has done a wonderful work for the Society and for the
industry as a whole. I most sincerely hope he can be persuaded to
carry on.
I am Tery glad to see a number of members who dropped out
of the Society at one time or another, due to differences of opinion,
or disagreement with Society policy, — coming back into the organization. This is certainly an indication that the hatchet has been
buried, and that a more harmonious spirit of cooperation has
developed.
Our Membership Committee has done splendid work. We have
reached the time when wide expansion of the Society's membership
seems to be desirable. I do, however, look with some concern on the
increasing number of commercial men and executives who are being
admitted as Active members. I think there is just a little danger
there. The success of an engineering society depends in no small
measure on keeping it non-commercial.
As our Society grows, the amount of detail work that a few
must do increases correspondingly. This, however, falls most
heavily on the Secretary, the Treasurer, and the Chairmen of the
Papers, Membership, Publication, and Standards Committees.
During the past year the Secretary, by actual record, devoted 26%
of his office hours, and his secretary put in 75% of her time on
S.M.P.E. work. Taking this as indicative of the time put in by
others, it is clear that the Society's detail work would keep one
person more than busy 100% of the time. I believe we have reached
the time when we should have a permanent, paid assistant secretarytreasurer, with an office. Such a person could not only carry on
much of the detail work, but could aggressively promote the interests of the Society.
Ways and means of financing such an office
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would have to be developed, as our present income is not sufficient
to do so.
I have from time to time heard various complaints of the
conduct of the Society's affairs, and numerous suggestions as to
how it should be done. Most of these come from men who are
perfectly sincere and who have the Society's welfare at heart. They
are, however, often born of ignorance of conditions. That is perhaps
partly their own fault for not studying such things as our constitution and by-laws and other available data, and partly due to the
lack of effort on the part of the governing body to explain in detail
the conditions back of their actions and the reasons therefor.
I believe that the affairs of the Society must be conducted by
a relatively small number of men. I also believe that these men
should have the full confidence and support of the entire membership; that they should know what the Society wishes and how it
feels on all matters pertaining to the conduct of the Society. After
all, our organization should be one of Motion Picture Engineers,
run by Motion Picture Engineers, and for Motion Picture Engineers.
It is, therefore, my plan to exert every effort to lay before you
all matters
constructive
to keep you
nors and to

of the Society's policy and conduct, and to welcome
criticism, comment and discussion. I shall endeavor
fully posted as to the actions of your Board of Govertake you all into my confidence.

PROGRESS

IN THE

MOTION

PICTURE

INDUSTRY

September 1928 — Report of the Progress Committee
THE event of the first six months of 1928 that attracted the
greatest public attention was, of course, the sound or talking
motion picture. The technical press has also paid considerable
attention to sound production to the exclusion of other familiar
subjects. The amateur motion picture is beginning to take a
prominent part in the literature, and as this is an attractive field
of endeavor for the inventor a large number of technical articles
have been published. In general, the literature of motion pictures
has taken a great increase during the last few months, so great an
increase in fact that in making up this report some thought had to
be given to the subject of economy of space, or otherwise it would
get out of reasonable bounds.
A preliminary list of references to be covered contained 389
items in place of the usual one hundred or so. In order to restrict
the references to a number that could be handled, all patent references were excluded on the score that a patent is more apt to represent plans for the future than actual progress at the time of publication. Asecond restriction in number was made by dropping all
references to articles appearing in the Transactions of this society
as it seems probable that the membership is in such close touch with
the authors and papers that further references would be of small
service.
Respectfully Submitted.
Frank
Benford, Chairman
J. I. Crabtree
C. E. Egeler
K. C. D. Hickman
Amateur Motion Pictures
The amateur who takes and projects motion pictures is now
having set before him an equipment that rivals that of the professional inperfection and completeness. The amateur size camera
comes with sets of interchangeable lenses that rival in speed the
best available for professional use.1'2,3,4:5,6,7,8,9'10 Many of the
tricks that make photography such an interesting pursuit are
588
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coming within reach of the amateur11 and with the formation of
clubs12 and the publication of magazines devoted to amateur
motion pictures we may expect, in the immediate future, a large
group of skilled motion picture amateurs that will resemble the
radio amateurs that were, in a large sense, the founders of the radio
industry.
The combined camera and projection machine has received
considerable attention and this economy will doubtless bring many
additions to the ranks.13
Both arc and incandescent lamps are made for home use,14,15,16,
17,18 and rather full instructions for scenario writing and general
technic have been published.19'20'21'22,23 One feature of particular
interest is a group of flares made to burn from one-half to four
minutes so that out of door photography at night now comes within
the reach of the amateur.24
It is inevitable that panchromatic films25 be available in small
size and with developers, printers, exposure meters and other studio
devices26 ,27 ,28 ,29 ,30 available it is readily seen that many of our homes
are destined to be Hollywoods in miniature.
Cameras and Projectors
Portable cameras of professional size have received due attention and speeds of from 150 to 500 exposures per second are
now claimed.31,32 The striving for a non-intermittent mechanism
still goes on,33 while worm gearing has been used in the mechanism
of both camera and projector to attain quieter and smoother
operation.34 A novel 180° single shutter placed between the light
source and film and double speed rotation is claimed to give good
optical results and provide a cooling draft for the film.35 Quick
threading is a feature of one professional portable camera.36 A
historical discussion of pulldown mechanisms has appeared.37 One
camera is provided with straps to go around the chest and shoulder
of the cameraman, who thus becomes his own tripod.38
Pictures in Colors
The literature of motion pictures in colors has been neglected
lately in the face of other more recent developments, but a^ review
of the embossed cylindrical lens has been published with a view of
settling certain controversies about patents and patent dates.39
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Education by Motion Pictures
There has been considerable discussion pro and con as to the
usefulness of motion pictures for educational purposes40,41 and the
film is rapidly coming into use in grade and advanced schools.42 ,43,44,
45 -46 In Germany motion pictures are used for teaching civics in
small towns and villages.47
In the grade school, geography48 and mathematics49 are being
taught by motion pictures, and one school reports visual instruction
as yielding 37% better grades than oral instruction.50
In colleges the teaching of anthropology,51 social geography52
and astronomical physics53 are aided by pictures. One university
is giving a four year course in motion picture technology54 which
doubtless will add to the uses of motion pictures in advanced college
work.
Films and Emulsions
A description of a new panchromatic negative has been published giving speeds under four kinds of light.55
Several new developers have been suggested, one of which does
not show any particular advantages over common developers56 but
the other is said to be suitable for fine grain images.57
The speed of the Eastman duplicating film has been found to be
about one-sixth that of the positive motion picture film58 and the
experimenters also published data on the time-gamma curves.
Several methods of saving underexposed59,60 and light struck
films61 have been published; the latter being of particular interest
to the amateur photographer.
One new suggestion for hypersensitizing has been made62 and
an extensive study of the presentation of film has been published.63
Two papers describing laboratory methods for hot64 and cold65
weather give useful data. The relative effects of the mirror arc
and incandescent lamp in producing buckling have been found
equal. It is suggested that buckling is due to improper drying.66
Several new imbibition processes suitable for relief images on
glass have been described.67
Light Sources for Studio and Theatre
The use of the incandescent lamp for studio illumination is
spreading, as its adaptability to small sets is becoming better known,
particularly when panchromatic film is used.68,69 One author finds
that the incandescent lamp with a suitable condenser, or the mirror
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arc, requires a better corrected projection lens on account of the
wider angle of light collection as compared with the older arc
systems.70 One author has compared the mirror arc with the high
intensity arc to the advantage of the latter,71 while another has
combined the mirror with the high intensity arc with good results,
particularly in regard to gate temperatures.72
For small commercial work and pedagogical purposes, another
author recommends the use of incandescent lamps with a mirror for
projection purposes.73
New carbons containing coloring elements are claimed to give
results superior to former types of carbons with panchromatic film.74
Two mirror arcs connected in series and mounted side by side
are claimed to give high efficiency for studio illumination.75
Laboratory Equipment
Three fully automatic developing machines have been described in the technical press, but the description is reasonably
detailed in only one article. This machine in an assembly is made
of four units :
1. Driving mechanism
2. The developer and fixer
3. Washer, dyer and tinter
4. Dryer
These machines are built in pairs, each unit having a capacity of
3200 feet per hour.76 For another it is claimed that 6,000,000 feet
of film have been developed satisfactorily by a time-temperature
method.77 The third tank delivers a completely processed film and
is so constructed that stoppage is unnecessary in the event of a
film break.78
A study has been made of Kaselau's method of obtaining exposure variations according to a geometrical ratio in printing
machines. Exception is taken to his results on account of his work
being based on visual intensities.79
An optical printer has been developed for the purpose of
making simultaneously three 9 mm. prints on a negative film of
standard width from one 35 mm. positive. The negative is then cut
into three 9 mm. films.80
Another projection printer runs original and copy through
printer heads at opposite ends of an optical bench with lens and
filters between. The action is intermittent for both films.81
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Lenses

A lens with an adjustable central element is used to produce
soft focus by altering the degree of spherical and chromatic aberration.82
A recent comprehensive paper gives the theory and a diagrammatic explanation of the various types of projectors which
emplo}^ optical compensation instead of intermittent movements.83
A new lens with a speed of f/1.8 is now on the market. It has
six components with eight glass-air surfaces.84
Surgical Applications
The usefulness of motion pictures to the doctor and surgeon
may be realized when it is shown to be possible to photograph the
interior of the intestines.85 A lamp of 200 candlepower in connection
with an f/4 lens has been found to give satisfactory motion pictures
of major operations. An alcoholic solution of mercury bichloride is
considered superior to iodine, from a photographic standpoint, for
sterilizing the field of operation.86 It has been suggested that
motion pictures will take the place of vivisection for the student
and will make possible protracted studies of diseases which under
present methods are painful to the patient.87
Screens
By mounting the screen in the smallest possible border and
suspending it well in front of the background, one vaudeville circuit
has obtained superior results.88 Greater brilliance is claimed for
an aluminum screen when painted on solid plaster. The vehicle is
absorbed, leaving the metal in a brilliant reflecting condition but
liable to tarnish.89
Statistics
Statistical data for the first six months of 1928 have been
scarce. One item of interest is the fact that there are 21,642 theatres
in Europe, 20,000 in the United States, 3,700 in the Far East,
3,598 in South America, 1,019 in Canada, 644 in Africa, a total of
51,103 theatres as potential customers for American films.90
Talking Motion Pictures
The talking motion picture was the point of greatest public
interest during the early part of 1928, and some descriptive matter
lias appeared. A review of progress of the Vitaphone, the Fox-Case
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Movietone, and the Phonofilm has appeared,91,92 and a description
of the Bristol synchronized phonograph record has been published.93
The sound device in "Wings" received considerable public notice94
and the Photophone method of recording sound and pictures on the
same film has also been described in the technical press.95
Television and Telephotography
Several historical reviews of past progress in sending pictures
by wire and radio have been published, notably one on the American
Telephone and Telegraph-Bell System.96 While the speed of sending
of most systems is far below that required for motion picture work,
true television is, perhaps, the common goal of all systems under
trial. Among the purely facsimile systems one sends a line screen
negative that is received and recorded by a stylus on potassium
iodide starch paper.97 A French publication on recent modifications in telephotography summarizes the methods under three
heads, viz. (1) by transmitting light through a transparency;98 (2) by
reflection of light; (3) by the passage of a stylus over a relief copy.99
Television proper in the form of a scanning disk backed by a
modulated neon lamp has recently been successfully tested on short
wave-lengths simultaneously with voice transmission on broadcast
wave lengths.100,101
Trick Photography
One effective trick of photography much used recently is to
place a person or object between plate glass mirrors, with the picture
being taken through a small hole in the silvering.102 Another device
recently described is a pivot coaxial with the lens, about which the
camera can be turned, giving the pictures a swaying motion.103
A review has been published, with mathematical analysis, of the
principles of the Schufftan process. This process uses partially
silvered mirrors to photograph action of full size objects against a
miniature background.104
Exposures and Exposure Meters
The increasing attention to illumination, both natural and
artificial, and the wider use of exposure meters indicate that this
phase of the business is approaching a scientific basis. Onex visual
type requires the operator to look at the adaptation field for ten
seconds, then darken the field to the point of permanent disappearance ofa separating line. The meter is then read.105,106
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The use of panchromatic stock is seemingly handicapped by
the lack of an exposure meter adapted to the peculiar sensitivity of
this film, and three separate filters have been recommended as
giving the best correction.107
A series of comparative tests between exposure meters and
actinometers leads one author to prefer the exposure meters working
on the extinction principle.108
Photomicrography
Among the new apparatus for motion photomicrography are:
(1) the apparatus of Leitz or Wetzlar consisting of a microscope, an
electrically driven camera and an arc light; (2) the Zeiss equipment
consisting of a spring driven lea Kinamo, Zeiss "Microphote"
attached to a standard microscope, and a separate illumination
system; (3) the amateur standard set-up of Tuttle of the Eastman
Kodak Company using a Bausch and Lomb microscope assembly
with an electrically driven Model A Cine Kodak.109
Make-up
A recent paper traces the historical development of make-up
and the problems confronted by the artist in the unnatural effects
produced by the intense lighting necessary. The relation of modern
make-up to the type of illuminants used on sets and stage installations isdiscussed.110
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EARLY

HISTORY

OF SOUND

PICTURES**

Terry Ramsaye*
BECAUSE something new has happened to the motion picture
industry, this gathering is full of new faces. So, in behalf of
the new talking motion picture engineers, it is proper to explain
and define at the outset just what this film business is. To be
exact, it consists simply in selling to a motion picture exhibitor
his own state of anticipation about what he thinks an audience
will think about some shadows which we will rent to him for a few
hours on some future date. That is, I submit, highly intangible
merchandise.
For some thirty years, the motion picture has been struggling
along trying to become a business. Until very recently there was
increasing promise that it would succeed in doing this.
Now you inventors and engineers have come along with your
sound gadgets and radio tricks and once again the movies are just
a "racket."
We have got to start all over again and elaborate a new art,
meanwhile trying to continue to do business at the same old stand.
We have got to go to work again, and that is obviously an annoying
condition.
With a view toward fixing the responsibility for this disturbing
state of affairs, I have been engaged in some investigations. I
feel largely honored with the opportunity of delivering my findings
to this gathering, for I feel that this Lake Placid session is
likely to prove one of the most important and ultimately significant
meetings of the Society of Motion Picture Engineers.
And, if I am going to be serious for a moment, I believe that
the developments now in progress with the coming of sound to the
screen are going to improve tremendously the status of the motion
picture, both as an art and as an industry. The work on which
you men are now engaged means a new order of attention for the
films, a vast gain in the technical personnel and along with it all
* Editor-in-chief, Pathe Exchange Inc., New York, N. Y.
** Address delivered at the banquet held at Lake Placid, New York,
Sept, 26, 1928.
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some promise of liberation of the screen art from lowbrow domination. The motion picture, through the rise of sound, promises
to become so entirely technical that an education will possibly no
longer be considered a handicap in motion picture work.
But now back to this question of by whom and why the noise
pictures have been committed. I have run it to earth and I have
the papers. The noise pictures have been committed on purpose.
I find that back in 1887, Mr. Thomas A. Edison, taking a
breathing spell after a battle with the electric light and the telephone
problem, got in a playful mood. He wanted to do something just
for fun. His idea of amusement is to do something unimportant.
So, Mr. Edison went into the laboratory at West Orange to play.
He sent over to New York for a young Englishman by the name of
Dickson, William Kennedy Laurie Dickson. Mr. Dickson had been
busy trying to put all the electric wiring in New York underground
and so he needed a rest too. This was, mind you in 1887 — fortyone years ago.
Mr. Edison put Mr. Dickson at work building some machines
and making some special tests. The story of Mr. Dickson, who was
associated with Mr. Edison's labors in this period, is of romantic
interest.
Dickson was born and educated in England. He was just a
schoolboy when he began to read exciting stories in London papers
about the "Wizard of Menlo Park." They seemed to interest
Dickson just like some of the Frank Merriwell dime novels got to
the rest of us. Young Mr. Dickson wrote to Edison in the far away
United States and said that he would be glad to come over and help
the Wizard do some wizarding. Mr. Edison wrote a typically polite
response and told the young man on no condition to think of it,
that he had too many amateur wizards already. Immediately,
young Master Dickson got on a ship and came over. He used Mr.
Edison's letter to crash the gate at the laboratory and walked in.
Edison looked him over and said — "Well you are here anyway, go
out- there and go to work — it serves you right."
Now less than five years later, Dickson had been made a
member of the research staff. Entirely by coincidence the two jobs
that Edison put Dickson to work on in 1887 have, by the developments oftoday, become intimately related. One was a machine that
should do for the eye what the phonograph did for the ear; and the
other, then seemingly widely divergent, was to make galvanometer
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tests of what we have since called the Edison effect in a double filament lamp. To simplify and speed up testing and with a hope of
lengthening the life of carbon filament lamps, Mr. Edison had built
some with two filaments in them and he found to his surprise — and
probable annoyance — that when he put a current into one filament
he excited the other. This was weird and puzzling. He had Dickson
make a large number of galvanometer tests and filed the results
away for some rainy day when he might get around to see what
might be done about the thing. As we all know now, that was in
truth the birth of the radio valve, which has so much to do with
the audio amplification that makes our movies today so infernally
audiferous.
When they went at the problem of making a machine that
could see as well as the phonograph could listen, the staff and Mr.
Edison were throughly dominated by the phonograph idea. Let
us read here from Mr. Edison's own
called "History of the Photographic
Development leading to the Perfection
incidentally by this same Mr. Dickson,
when the Broadway career of the screen

words, in a little booklet
Scientific Experiments and
of the Vitascope," written
and published in 1896, just
began.

"In the year 1887, the idea occurred to me that it was possible to devise
an instrument which should do for the eye what the phonograph does
for the ear, and that by a combination of the two, all motion and
sound could be recorded and reproduced simultaneously. This idea,
the germ of which came from the little toy called the 'Zoetrope,' and
the work of Muybridge, Marie, and others has now been accomplished,
so that every change of facial expression can be recorded and reproduced life size. The Kinetoscope is only a small model illustrating the
present stage of progress but with each succeeding month new possibilities are brought into view. I believe that in coming years by my
own work and that of Dickson, Muybridge Marie and others who will
doubtlessly enter the field, that grand opera can be given at the Metropolitan Opera House and New York without any material change from
the original, and with artists and musicians long since dead."

Mr. Edison had filled a room with sound from a tiny groove
cut into a cylinder and he had hope of filling it with pictures from
a spiral record of microscopic pictures. The result was that the
first motion pictures — in the sense of a continuous record of motion
photographed from a single point of view — were made on an emulsion coated on a phonograph cylinder.
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You see the noise business is really the father of the picture
racket.
They got the thing to work and the results were terrible. They
had a double barreled phonograph with one cylinder full of fairly
good noises and one full of frightful pictures which could be viewed
by one person at a time under a microscope.
Incidentally, the man in the pictures on that first cylinder
was — and is— Mr. Fred Ott, who is still on Mr. Edison's staff. It
looks as though Fred might get a steady job there now. He says that
he considers those first pictures of him much funnier than anything he has seen from Hollywood,
As is obvious from the knowledge of today, the characteristics
of emulsions and graininess made the microscopic size of the picture
record unworkable.
Then after a number of other divergent efforts too complex
for discussion now, Mr. Edison decided he would make larger
pictures and feed them into his machine on a belt. He had a machine
built and he made some highly unsatisfactory films with a collodion
base. They were just good enough to prove that the principle was
workable, if only an adequate material could be obtained. Now one
of the most powerful personages in the whole history of the movies
is Mr. John R. Coincidence. He is first aid to the scenario writers
even yet.
By coincidence, at this time, Mr. George Eastman of Rochester,
New York was trying to make photography fool-proof because he
knew the customers. He had a system of "roller photography"
in his Kodak, which depended on an emulsion that could be lifted
off the paper base. You pushed the button and then mailed the
Kodak to Rochester and awaited results. To meet the problem of
"roller photography," Mr. Eastman evolved nitro-cellulose base.
Edison heard about it before it got on the market and sent Dickson
up to Rochester for a sample. It must have been a credit transaction, because I find from the Eastman files that they got a postal
money order for two dollars and fifty cents from West Orange to
pay for a strip of film one inch wide and fifty feet long on September
9, 1889. That transaction did not, however, establish a binding
credit precedent covering film sales to the movies.
When Edison got this Eastman film his machine worked.
On October 6, 1889 they demonstrated the machine at West Orange,
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and ran a phonograph record alongside of it with a mechanical
alleged synchronization. It was undoubtedly a peepshow.
According to Mr. Dickson's account, the synchronized
picture was on a big screen and he stepped out and lifted his hat,
saying — "Good morning, Mr. Edison, I hope you are satisfied with
the kineto-phonograph." But Mr. Edison cannot remember the
screen and the projection machine, which we now know could not
have been there. Mr. Dickson, like others of our enthusiastic
pioneers, was writing of his anticipations in terms of attainment.
Another evidence of this is available in an excited description from
him of the marvelous effect of stereoscopic projection — which we
have not seen in workable terms yet.
Now that they had a picture machine, Edison said "that's that,"
and let it stand in the corner from 1889 to 1893. Then the peep
show machine was put into production and reached the market
with the opening of the Holland Brothers' peep show parlours at
1155 Broadway on April 14, 1894. Shortly a talking peep show
machine was offered to an uninterested market. The film and a
phonograph record were driven by the same shaft. They put on
part of the last act of Hoyts Milk White Flag and some dance
numbers from vaudeville but nobody cared. The device was not
entertaining.
In 1895 the projection machine was born and the movies
went largely silent from then until about now. You as students of
the technique know from your patent office records more than I can
tell you about the various endeavors since.
It may be of moment though to make one more historic reference. Among the employees of the Edison plant, in the phonograph
works and sometimes with Dickson, was one Eugene Lauste, now
living in Bloomfield, New Jersey. Mr. Lauste, if I may judge from
testimony in some of the early patent litigations, was once an
employee of the Edison phonograph plant. He seems also to have
done some work for Mr. Dickson when he was laboring on the
Kinetoscope infamous "Room 5" of the Edison Laboratories. While
the films were yet restricted to the peep show Kinetoscope, many
inventors set to work on the problem of projection, among them
Major Woodville Latham and his sons, Otway and Grey Latham,
in New York. They established relations with Mr. Dickson and
opened a workshop at 35 Frankfort Street, down under Brooklyn
Bridge.
Mr. Lauste went to work in that shop where the once
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famous "Latham loop" was evolved in connection with the Eidoloscope, the second Latham attempt at a projector.
In part because of these relations with the Lathams and other
sources of difference, Mr. Dickson presently left the service of Mr.
Edison and joined with the K.M.C.D. syndicate in the project
which gave rise to the American Mutoscope and Biograph Company. Mr. Lauste went with Dickson into the service of that concern. Presently, both Lauste and Dickson went abroad, where
they continued various labors of invention and investigation. In
1906, in England, a patent was issued for a talking picture to Mr.
Lauste, Robert Thorn Haines and John St. Vincent Pletts, electrical
engineer. This device was, if one may judge from the British
patent papers, a close approximation of the sound recording systems
which are now causing such a revolution in the technology of the
screen. However, the Lauste system, as it has been most commonly named, depended on a selenium cell. It is apparent that if
these inventors had found available the modern photo-electric cell,
their labors might have proven much more successful.
It is clear however, that the sound pictures of today are an
evolutionary outgrowth of the primary effort which Mr. Edison
made to make a motion picture device which should supplement the
phonograph. By chance, and the conditioning influence of the tools,
it so happened that the pictures born of the phonograph idea outstripped the parent for a career of independent development. We
have run through a cycle. The phonograph and sound recording
system had gone through a vast evolution until now it has caught
step and joined with the films again, after these four decades.
Now we know what all the noise is about — and who started it.

THE

REACTION

OF THE PUBLIC TO MOTION
WITH SOUND

PICTURES

Mordaunt Hall*
NOW that the plump motion picture prodigy has been given a
voice and one has heard him utter words, sometimes a trifle
too sonorous, it remains for the child to be taught to talk intelligently, or in a less recitational tone than has been the case so far
with most dialogue films. The fact that the shadow is heard means
that more and more will be expected from the screen, but, so far,
in a number of instances the vocal end has weakened the acting,
for the players in their anxiety to reach the microphone have forgotten that words are not enough; that they must be accompanied
by facial expressions and gestures.
The inventors have done their part and now it remains for the
producers to select stories with at least some slight degree of
subtlety. They should be set forth with intelligent dialogue and
acting. At the present moment most of the producers are (as so
often has been the case with the silent film) following the public
instead of leading it. There is no doubt that talking pictures now
are a. great drawing card and that the audible angle has stimulated
attendance at motion picture theatres. But there is the danger
of theatre owners not only losing the new patrons attracted by the
idea of sound, but also some of those who were especially enthusiastic about the silent productions and who find that sound has killed
the art of pictures, or caused the stories to be banal.
A few picture makers in their enthusiasm for sound with
shadows have hastily proclaimed their belief that the talking film
will deal a death blow to the stage. This, in my humble opinion, is
no more likely than a man falling in love with the articulate shadow
of a lady. True artists of the stage with color and flesh and blood
will always be with us, for man can't make a man. The screen,
however, has wonderful possibilities for entertainment, what with
imaginative cinematic- direction in which silence will play as important a part as sound. If the producers are careful and not too
* Motion Picture Editor, New York Times.
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greedy, they may add considerably to the number of intelligent
persons in their audiences.
Chaplin's work needs no sound to attract an audience. He is
one of the few men in this picture-making business whose productions have been favored even by those who seldom attended
the cinemas.
Chaplin is a great artist, for, besides being a remarkable actor
who is able to lend realism and depth, as well as humor and pathos
to his queer little character, he knows how to picture certain details
that help to make his films different
He is also as expert and imaginative
business. To him the idea of the voice
to an abomination. He believes that

from any other producer's.
a director as there is in the
with shadows is tantamount
the eyes can tell of love far

more effectively than hearing "I love you."
So far the shadow with a voice is a novelty, just as the silent
picture was a novelty in the old days. It remains for the producers
to consider seriously the new device and bend their efforts to making
productions that will cause the audiences, in the interest in the
story, to forget that they are gazing upon talking shadows. From
what I was privileged to see in the Fox studio in Hollywood,
Winfield R. Sheehan, the general manager, is awake to the necessities for real talking photoplays, acted by players who know how to
use their voices, men and women who are not overawed by the
knowledge that they are before microphones as well as cameras.
I saw and heard tests that cause me to feel reasonably certain that
in six months or so absorbing talking films will be made. There may
be features in which the suspense will be as well sustained as it is on
the stage.
There have been several short subjects that were so good that
the interest was in the actions and utterances of the performer,
and the fact that sound and film was a new device slipped from
one's mind.
Joseph Schenck, Samuel Goldwyn and Herbert Brenon are
among those who look upon the mad rush to produce pictures with
sound as a form of hysteria that endangers the picture industry.
An eminent director told me that he thought the film producers
had, in the talking pictures, a million dollar idea which they must
be careful not to make worth but twenty cents. He believed that
there should be months of further experimental study with players
and writers before rushing sound pictures to the theatre screens.
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He thought that sounds needed still as much study as did colors for
the ordinary so-called black-and-white photography. And, in this
regard. I heard that the rustling of a newspaper brought forth a
sound like the firing of a gatling gun, that a swishing beaded skirt
came forth from the screen like an Indiana hailstorm, that crashing
milk bottles sounded more like wood than glass, that a drum was
more impressive than a 15-inch gun and that the lead weights to
keep down the train on a gown sounded as if the wearer was being
followed by a tack hammer. Of course these are all sounds that
experience with the new invention will help to make more natural.
Sound pictures, judging by discussions I have heard, make
fast friends and keen enemies, due chiefly to the way they have
been handled. For instance, it was decided that Emil Jannings's
great picture, "The Patriot/' must be presented with sound effects,
but it happened that in the enthusiasm for sound the people who
added these effects decided to make Jannings heard in a couple of
sequences and have a dog bark, which, to my mind, was a mistake,
for this production was quite satisfying in its silence, or at least
without any vocal additions to characters who were mute in most
of the proceedings. This made enemies for sound.
The sound effects, such as the galloping of horses, the blowing
of a whistle and the report of a pistol, are effective, for one is
accustomed to having these supplied by orchestra and invariably
not synchronized. Through the medium of the Movietone and the
Vitaphone these effects are synchronized and therefore quite helpful
to the silent picture, but the idea of giving characters a chance to
articulate when they have been silent in the early chapters, and then
as suddenly depriving them of speech, may be a novelty, but in a
really worth while screen vehicle it is a mistake.
There was a picture presented a few months ago which had
dialogue in some sequences. The rendition of the "Marseillaise" by
one of the players was most impressive, but when an actor who was
playing the part of a Frenchman suddenly spoke up in good, true
American tones it emphatically detracted from the man's portrayal,
for one anticipated that his speech was something after the manner
of Booth Tarkington's Monsieur Beaucaire. This' a point which
does not pass unobserved even by the less imaginative cinemagpers,
and it gives an opportunity to many to ridicule sound.
This sudden gift of voice to characters is frequently startling,
for one may see a detective who has been silent suddenly boom
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forth in a terrifying fashion and thereafter figuratively have his
tongue cut out. There is the leather-lunged brute who storms at a
girl and the girl who whines back at him.
While I was in Hollywood I had the opportunity of chatting
with Lionel Barrymore. Mr. Barrymore, who gave an excellent
account of himself in the talking screen version of Charles Klein's
old play, "The Lion and the Mouse/' and overwhelmed the speaking
attempts of the other principals, said that producers of talking
films would do well to remember that Jefferson said :
"Fine voices have killed more good actors than whisky."
Certain voices of the fair and the brave on the screen however,
will prove utterly disappointing. Some of these performers could
learn to be acceptable by taking lessons in elocution or, rather
articulation, but there are obviously quite a number who are lost
when it comes to speaking lines. Chester Conklin, that amiable
and clever comedian, in a brief scene I saw on the Coast did exceptionally well, but a young leading man was so uncertain about
his speaking that a single syllable word came forth like one of two
syllables. And besides, while his voice off the screen may have
suited his off-screen personality, it did not suit from the screen the
character he was portraying.
There is much more to a voice than merely being heard and
synchronizing with the movements of the lips. A charming manner
of speaking may often cause one to forget facial deficiencies. Take
the case of Cyrano de Bergerac. One was almost blind to his
hideous nose when he poured forth his poetic phrases, but a Cyrano
with a rasping voice would, in spite of his gift for language, still be
an awful looking creature. The same applies to a plain girl and even
a lovely heroine is not nearly so charming when one hears her
uncertain articulation. A girl's whining voice is disappointing to
all cinemagoers, even though many of them may talk as she does.
And, so far, there has not been any specially good speaking performances bya young actress, except possibly that of Miss Madge
Bellamy, who comes nearer to it than the others in "Mother Knows
Best," a picture in which Louise Dresser, however, excels in her
lines, just as Lionel Barrymore did in "The Lion and the Mouse."
Her vocal efforts give one an excellent conception of the possibilities
of the talking picture. This result is due to Miss Dresser's long
experience as a stage actress.
Everthing is relative and, therefore, the weaknesses in the

Motion Pictures with Sound — Hall

607

sound picture, that were at first passed over because of real wonder
at the coupling of audible effects in a successful manner with the
screen, are bound to be noticed more and more as time goes on.
On that evening two years ago when Warner Brothers presented their first Vitaphone entertainment the enthusiasm was such
that the mention of minor shortcomings would have been carping.
Even today there has been no better specimen of sound and shadow
than the rendition by Martinelli of the Vesta la Giubba aria of
"Pagliacci." It was so excellent, so real, that one felt as though
Martinelli would eventually burst through the screen, as if it were
made of paper. The Warners made no. mistake in giving a highclass program then, for in the past, on Broadway, nothing particularly edifying had been seen in the way of screen singing or music,
although through the medium of the Phonofilm, some two years
before, there were presented audible film subjects with President
Coolidge, the late Senator La Follette and the then Democratic
Presidential candidate, John W. Davis. The best of these, so far
as my memory serves, was that of Mr. La Follette, and it was a
little too loud, but quite impressive for its day. The Vitaphone
scored an instant success, so great, in fact, that Olin Downes, the
music critic of The New York Times, told me that night that the
possibilities of such audible pictures "knocked him galley west."
He mentioned the fact that in small towns Hadley's Symphony
Orchestra could be heard in such a way that students of music
could study the work of the different tonal choirs through the
partial close-ups of groups of musicians.
In an editorial in The New York Times it was written of this
first Vitaphone presentation:
Those who first heard and saw the Pierrot in the person of the moving
likeness of Martinelli fill a great hall with a vibrant sound which
moved the audience as the presence of the singer could not have done
more effectually, perhaps not as affectingly, were present as at the
performance of a coming miracle in which the tongue of the dumb
image was made to sing. One can but regret that Caruso went away
before this miracle had been accomplished.

Only the other day something equally fine was presented through
the Movietone. It was Mischa Levitzki's pianoforte rendition of
Liszt's Sixth Hungarian Rhapsody. Imagine what this will mean
when the theatres in small communities are equipped for the
exhibition of sound pictures. The sound film is a subject that causes
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any writer to hesitate before heaping ridicule even on a Bowery
melodrama, because both the melodrama and the efforts of the
talented musician come to the audiences through the same marvelous
medium.
It was soon after he bought the controlling interest in the
Roxy Theatre that William Fox said that he felt certain that the
pictures of that year would be just as far behind those of five years
to come as they were at the time ahead of the subjects of ten years
ago. He predicted that the news reel with sound would be seen, and
it is the now familiar Movietone news reel and the financially
successful Vitaphone version of Al Jolson's "Jazz Singer" that
caused Hollywood to rush so wildly to sound, when many had
given it the cold shoulder when the Warner Brothers launched their
first Vitaphone program.
We have heard the Prince of Wales on more than one occasion,
and the interesting quality of his film was that the screen brought
forth the Prince's voice so splendidly that any one who had heard
him speak would have instantly recognized the tones. Last June
George Bernard Shaw, who has never been to this country, sent his
shadow and his voice over here, and while the articulate evanescent
image cannot create plays, it does give one Mr. Shaw's true personality by an unimportant little chat.
The first King to grace the Movietone screen was Alfonso
XIII of Spain. He happens to be another individual who has not
been to America. Through this remarkable device the King of
Spain was introduced in Madrid by the American Ambassador and
he then addressed his words to audiences in the United States,
telling them that he thinks Americans are fine sports and that he
would like to see more American tourists coming to his country.
This King is seen as though one were in a garden chatting with
him. He looks at first a trifle concerned, not about the Movietone
or the camera, but about what he is to say. He twists his mustache
as he gives ear to the American Ambassador, and at the same time
one can see that he is thinking what he is going to say to unseen
millions.
The talking picture should be distinct from a canned copy of
a stage play. It should be a piece of work wherein the scope of the
screen is linked with the opportunities offered for dialogue. I do
not mean that the characters should ever be deprived of speech, as
they have been, but that the most should be made of scenery with
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the sounds and the suspense aroused by the movements of a single
figure, or two figures unseen by each other. Flashbacks are advocated by some, but it seems that that ought to be avoided as
much as possible, for they often confuse the spectator.
There are quite a number of effective silent bits on the stage
which in a film translation could, of course, be amplified.
As Jesse L. Lasky pointed out during a eulogy of the talking
picture, producers must remember that while it is interesting to
have minor sounds at opportune times, when an actor is talking
unessential auxiliary sounds should, not be introduced, for if a
person is talking to another while there may be more or less faint
sounds in the room the two persons are only conscious of the sound
of each other's voices, which is all the spectator wants to hear.
But when two servants are depicted setting a table for dinner and
giving to the screen lines here and there, it would be interesting to
have the clink of glasses, the jangle of cutlery and the gurgle of
water or wine as it is poured from a decanter.
Copying ideas from life as we see it is always what is wanted
in either a silent or an audible picture. Being in character and
natural is the art of acting. The late Holbrook Blinn took as much
pains over a trivial incident as he did over an important spectacular
one. If he picked up a cigarette he did not at once put it in his
mouth and light it. No, he would feel for the cigarette, then he
would look to see what kind of cigarette it was, and finally he would
fight it as if he were in his own home. The same idea applies to
speaking. We don't talk to each other in declamatory tones or as
if we were reciting lines. Therefore the dialogue with films will be
all the more effective by copying life, having the characters obviously thinking about their utterances and not just speaking lines
with the proper pauses.
There are some producers who experience quite a deal of
trouble in finding stories for silent pictures, and from what these
men say it will be even more difficult to obtain suitable vehicles for
talking pictures. They refer to the number of plays presented on
Broadway and point to the relatively few successful efforts. They
estimate that out of 155 non-musical attractions presented in the
Broadway Theatres there were fifteen big successes and possibly
another fifteen minor successes. They also analyze the number of
successful novels and are gloomy about where the screen will be
able to get its 700 or more talking films.
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Now it happens all too frequently that producers pack too
much plot into a film, for sometimes after they have bought a play
they look upon the story as being too thin for the screen, and instead
of working out the cinematic possibilities of the vehicle they get
hold of a novel and try to boil the two into one, with the consequence that the result is an utterly muddled hodge-podge. And
while dwelling upon the subject of pictorial ideas let me give an
example of what I mean : The other day there was presented at a
small cinema off Broadway a German picture in which a convict
who had spent nearly ten years in prison is suddenly liberated. This
lent hope of some real psychology. The prisoner was then perceived
in his changed clothes, but unfortunately no attempt was made to
show his impressions in the tailor's shop or to depict his ride there.
When he was on his way to his wife's residence, one saw him looking
at the countryside and gazing up as a bird flies by. It was expected
then that the director would expatiate upon the ex-convict's impressions. Here was a former jailbird, who probably did not realize
that he had aged greatly, but who was only too well aware that
everything and everybody his eyes met had changed; yet this
interesting chance was wholly missed. And, had the picture been
one with dialogue, the opportunities for dealing with the ex-convict's
impressions of his new world after being shut up so long in a cell
might have been extraordinarily interesting.
In the search for stories the producers through the fault of the
star system are more or less bound in most instances to buy novels
or plays that suit their particular highly paid performers. The
stage producers nearly always can pick a play because they are
enthusiastic about it; the question of the players is determined after
the reading of the play.
They may say that plays are not written but re-written, but
the motion picture is much worse off, for an enormous sum has
often been paid for a story or a play and then the producer decides
to use little else but the title, and in more than one instance even
that has been dispensed with. All sorts of liberties were taken with
Barrie's "Admirable Crichton" by the insertion of bellboys prying
through keyholes and other bits of absurdity, but the most flagrant
insult to the author was the idea of calling the so-called adaptation
"Male and Female." In fact, as in so many cases, quite a number of
excel lent works could be produced again, as the theme, the psychology, the spirit of the author has, more often than not, been hope-
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lessly lost on the screen. In fact, with the gift of sound there are
many good plays that have been so poorly filmed that they could
be reproduced and in all probability be surprisingly successful
ventures. Then there are many old plays that could be made into
worthwhile audible screen vehicles. With this voice the screen is
starting again with a wonderful gift.
Samuel Goldwyn always seems to be looking for a story. There
is no dearth of stories, but Mr. Goldwyn must have one for either
Ronald Colman or Vilma Banky. Mr. Colman must always be a
charming hero and Miss Banky a beauteous heroine, and neither
must be anything but themselves in their appearance. Colman must
be gallant and all that sort of thing, and, therefore, Mr. Goldwyn
is frequently impelled to take a so-called special screen story. It
was Mr. Goldwyn who tried his usually unfailing power of persuasion on George Bernard Shaw, and Shaw ended the discussion by
saying: "No, Mr. Goldwyn, we can't come to terms. You see,
you are after the art and I'm after the money."
The trouble with producers is that they so seldom give credit
to the author for common sense. The scenario writers seem to
think that unless they change the story utterly they are not earning
their liberal compensation. Imagine Dumas Jr.'s cleverly written
classic, "Camille," being freely adapted and then appearing with
titles written by one of the Hollywood wise-crackers! Think of
these titles being purveyed to the audience in sound and hearing
Camille's friend saying, "Are you going to break up the party?"
One can, therefore, hope that sound with the screen images
may make the producers more careful. Certainly they could never
have characters speak some of the lines that as subtitles so frequently decorate the screen. It is necessary to have some dramatic
writers supplant at least a few of the ready-witted gentlemen
who have been supplying some of the captions for the screen.
The lisping in talking films is still apparent every now and
again, and it strikes one as strange that when the producers could
avoid the use of the dangerous letter "s" they don't do so. It is
not unusual to observe that quite a number of sentences begin with
"so."
Roy Pomeroy of Famous Players told me that the lisp had
been eliminated by the use of two strips of film, one for sound and
the other for the picture, but this concern has so far not presented
any of its sound efforts.
In most of the offerings launched this
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lisping is apparent, not with all the words with "s," but with a few.
But in spite of its shortcomings there is already much to marvel
at in the sound picture. We have had an audible and visual report
of the signing of the Paris Pact. There were snatches of Briand's
speech in French, and the cheering was heard as Dr. Stresemann
put pen to paper. You could hear the movement in the room, that
famous Salle de l'Horloge, and it means even more when one ponders that a hundred years hence people will be able to look at and
listen to this same eventful feature. How wonderful it would be
if we could listen to some of the figures of twenty-five, fifty or a
hundred years ago ! Think of hearing the shadows of the Jeffersons
and the Mansfields in some of their famous roles !
But, unfortunately, they were unable to leave any record of
their talent. The actor and the singer of today owe it to posterity
to appear in the sound pictures so that some future generation may
have an impression of their art. Lionel Atwill, for instance, has
already appeared in two short sound subjects, the last being
Deburau's message to his son, which is beautifully delivered.
So others, statesmen, singers, musicians and authors, can in
passing leave behind them shadows on the screen — speaking
likenesses or musical images.
DISCUSSION
Mr

Crabtree: Previous papers have indicated that about

60% of the attendance at the theatre consists of "flappers" and
their beaus. Now what is the reaction of the flapper to the sound
movie? Does she prefer the talking pictures, or is she satisfied
with a synchronized score or does she want a combination of these?
Mr. Hall: People somewhere about that age would be fiftyfifty; some find the sound disturbs their whispered conversations.
Mr. Richardson: This paper laid great stress on the necessity
for the actor to know how to use his voice, but at no point in the
paper was the fact brought out that the voice may be reproduced
in the theatre very differently. Newspapers could help a great
deal if they paid more attention to the abuses of reproduction in
the theatre and called the attention of the public to faults directly
traceable to errors in projection.
Mr. Hall: I am merely giving impressions as they come to
me; I am not quarelling with the man in the booth as to how he is
making the presentation.
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Mr. Maxfield: I have noticed in a number of the presentations that when certain close-ups of an individual actor are shown,
possibly eight or nine feet in height, accompanied by a voice, it
is either very loud from such a large face or appears to come from
a distance. I should like to ask Mr. Hall if he has any reactions
from the public on this.
Mr. Hall: I have seen close-ups talking in a modulated
fashion after the long shots have talked loudly, but I suppose those
are errors which will be remedied.

THE

PUBLIC

AND

SOUND

PICTURES

William A. Johnston*
IN NEW LONDON, a few weeks ago, "The Patriot," one of the
finest motion pictures ever made, opened to an audience of barely
three hundred people. In a rival theatre, "The Perfect Crime,"
a sound picture with little else to recommend it had a packed house
and lines before the box-office.
And this one instance — many more could be reported — sizes
up the country wide situation today.
The public wants talking pictures.
And the entire industry of motion pictures has been turned
upside down over night. Russia's revolution was not more basic.
Just the other day, I spoke to a worried looking executive of one of
the big companies.
"You're terribly busy," I said.
"Busy!" said he. "We're crazy."
The plain fact is that the business has several hundred million
dollars worth of its usual product on the shelf and the customers
are asking for something else.
The present hastily turned out crop of talkies are for the most
part crude and disappointing.
We get reports from cities everywhere of public dissatisfaction.
Exhibitors who come to our office tell of patrons who come back
from the sound movie house and openly voice their complaints.
But the sound movie houses are doing the business; and the exhibitors refer
I
to are in our office to see if we can help them get
installation of sound equipment.
The talkies are crude, yes. But so were our first radio sets.
There is, in my opinion, no more chance of the talkies passing
out of public favor than there was of the radio going into the discard. Our present recording and reproducing equipment will improve just as the radio improved. In fact there is a most interesting
parallel here in many respects.
I can readily recall those in our industry who said that feature
photoplays would prove only a fad, and before that many more
* Editor, Motion Picture News.
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who asserted that a nickel admission was standardized like a street
car fare and that it would be fatal to raise it.
As I see it, there have been three distinct eras in our industrial
growth.
First, there was the novelty era of short subjects. The appeal
was one of novelty. The industry's leaders thought that all you
had to do was to control the patents on the necessary equipment
and you could control the business.
But the motion picture was capable of expressing much more
and the public grew to want more. So we passed out of the mechanical novelty era into a so called era of art. The patents passed
away and the striving was successively for directors, players, stories,
writers, studio technicians. Year in and out, through an amazing
period of enterprise and the reckless but brave expenditure of untold
millions, we have developed the photoplay to the point that the
American product encompassed the earth. A most remarkable and
most creditable achievement it has been. But in all this era — and
it has lasted for fifteen years, there has not been, until now, any
great, basic mechanical change in the motion picture. I am not
speaking now from a scientific standpoint, nor am I overlooking the
technical advances in picture making or projection or presentation.
I am speaking only from a public viewpoint. The public has waited
patiently these years, somewhat impatiently the last few years for
another mystery; and now they have it. And the public, just as in
the early days of the movies, is flocking to it, complaining that it
distresses the ears just as the early flickers distressed the eyes but
revelling nevertheless in the new attraction.
So we are in a new era, a third one, and another era of novelty.
And the novelty, in the public eye, will gradually pass just as
the novelty of animation passed. But the talkies won't pass. We
will go right ahead into another era of improving the new attraction,
perfecting the devices, and developing a new art form in the studios,
the picture that not only moves but also expresses itself with sound.
Pantomime has its limitations, and, as with all human progress,
we are struggling to overcome them. The plain fact that silent
pictures have subtitles shows that pantomime at its best cannot fully
express itself. The talking picture is a great step forward. „
The silent picture hasn't been doing well of late. I refer again
and only to the public. We have given it palatial theatres, so
gorgeous that they draw people in through their own amazing mag-
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nificence. We have added ten thousand dollar a week bands, jazz
impressarios, organs and name organists, vaudeville and vaudeville
headliners, a new and extravagant form of picture theatre vaudeville— till the presentation tail wagged the motion picture dog.
The public responded to the big shows but the expense was terrific
and first run theatres began to show red. At any rate, the point is
that it has been increasingly difficult of late to sell silent pictures
to the American public.
I believe that block-booking has had a good deal to do with
this situation between the picture and the public. You may say
from a trade angle that selling pictures in mass is highly satisfactory
both to the seller and buyer, that it is even an economic necessity.
But the public, after all, runs the show business. Selling pictures
in mass means making them in mass and that on the one hand
puts a wet blanket on creative effort and on the other doesn't permit
the public to select the best product.
And I believe that we haven't sold our wares to the public as
we should have done. An industry that spends so much of its dollar
on its goods and their distribution that little is left, or felt to be left,
for spirited advertising, is in a sad way these days.
But over and above these two deterrents is the big fact that the
public has expected something basically new, something more vital,
some radically new appeal in the motion picture.
That's what the talkie is and that is why it opens the public
purse.
The talking picture is not new : but its opportunity is new, new
and great.
I recall the Gramaphone — about fifteen years ago. State
rights were quickly sold. It created quite a trade furore, and then
quickly died out. Looking back, it appears quite clearly that the
public didn't want this novelty — at that time. The brand new
novelty of animation was enough. Just to see photographed figures
in motion was an all absorbing mystery. And the new illusion held
forth so many and such appealing developments. New tricks were
born right along. We all remember the positive hysteria that greeted
Griffith's close-up and the genuine drama and scope of his "Birth
of a Nation." There was so much to be done. Today with the
silent picture, we seem to have done it. The public is asking:
"What's new?"
When the Vitaphone was in its laboratory stage, a man had
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to beg me, fairly kidnap me to get me down to hear it. We had
ourselves completely sold on the theory that the picture was all
in all, had no limitations. I was greatly impressed with the device
but questioned its show value.
Warner Brothers — their efforts tolerated then but envied now
— answered that question boldly, bravely, successfully. They
plunged, staking everything, stopping at nothing. They put the
show into the Vitaphone and the Vitaphone into the show business.
Even so, nothing revolutionary happened until "The Jazz
Singer" came along. That is the picture that turned the industry
talkie. Al Jolson and a song did the trick.
Let us stop here and try to analyze this epoch making attraction.
Al Jolson, singing his song over the radio, heard but not seen,
is just good entertainment.
Al Jolsom in a silent picture, seen but not heard, is just good
entertainment.
But Al Jolson, both seen and heard, in a picture, breaks boxoffice records and makes a new picture industry.
It isn't quite enough to see Al Jolson silent nor to hear him
unseen. He makes himself fully appealing, fully dramatic, only
when he is seen and heard at the same time.
Again, the song came along in the picture at an emotional
climax.
In other words, sound — whether talk, singing, instrumental
music, sound effect — when tellingly and artfully used, adds drama
to the silent picture, gives it a new vitality, a broader, more satisfying expression.
We don't want too much sound, just as we don't want too much
silence. And in making talkies we must not lose the rhythm of the
picture. Action on the stage, animation in the picture, give the
body of the narrative. Sound supplies the exclamation points.
There should be talk only when there has to be, or singing, or sound
of any kind.
There is chaos, as I have said, within the industry today. But
bad as it is, it is a good sign. It means progress. It is when the
show business gets orderly that you may look for danger signs.
The business may be satisfied with itself but the public may not.
And the public rules. There was chaos when the industry went
from short subject program service into feature photoplays.
The
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studios and the channels of distribution, trade practices, policies,
prices — all had to be revised. That is the same big problem to
tackle today.
Two main problems face the exhibitor today. One is the matter
of interchangeability of films and records over the various types
of installations. The exhibitor, of course, is not merely interested
in the kind of sound machine he can get. He wants to know what
entertainment service he can get for the machine.
To all inquiring exhibitors we give the answer : Yes, there will
be interchangeability because there must be. If the silent picture
had started with several types of projection machines running
varying widths of film there would not have been the great development of the picture we have seen. It is inconceivable that there
should not be interchangeability. On the other hand, it is not surprising that one machine with ample service of its own to offer
should hesitate to announce from the housetops that its service
is available to competing machines.
The other problem is that facing the theatre chain, which in
any one city and its suburbs has first run and later run theatres.
Realizing that the public call today is for the sound picture and
furthermore that sound pictures are as good in the small neighborhood house as in the palatial first run, the question arises as to
whether one or the other or both should go in for sound movies.
Will one house rob the other? How is each type of house to be
protected?
Because of the present great interest in the new kind of movies,
the large first runs cannot do otherwise than book them. In the long
run, however, the sound picture would seem to be the logical attraction of the smaller house, especially the small town house, and at
the same time its salvation.
To this the studio people reply: Yes, but silent pictures, the
better ones, are now cut in length to fit the small theatre program;
and how can you cut talking pictures?
To which there is the ready reply that there will be no talking
pictures as long as our so called special silent pictures. The introduction of talk in pictures is bound to shorten them — and greatly,
not only from the standpoint of story construction but also of
audience wants.
I believe that other important physical developments will
follow now that the screen can talk. One is color and another is the
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third dimension effect, both designed to lend further realism to the
formerly flat and silent figures of the screen.
I had lunch the other day with a well known physicist, a man
of vision but also of practice. The picture of the future, said he,
will have animation, sound, color and depth, and there will be such
perfection along all these lines that one entering a picture theatre
and seeing for the first time such an exhibition, will get the impression that he is actually seeing and hearing living people in
action.

THE

ENTERTAINMENT

VALUE

OF

THE

SOUND

MOVIE

H. B. Franklin*
THE

motion picture is being born all over again. Sound synchronization ibringing
s
to the motion picture theatre a second
chapter of progress, not alone because of the great interest shown
by the public in sound synchronization but because of the re-created
interest that it has brought to the entire industry. The advent of
sound or talking motion pictures has resulted in the quickening
of the pulse of many in every department of motion picture production. All in the motion picture world are taking stock of themselves and are giving more serious thought than ever to their future.
They all realize that they must adjust themselves to the new conditions brought on because of this development. Therefore, if sound
synchronization accomplishes nothing else, it has brought a new
note of responsibility to the industry, and consequently it will mean
that we are facing a period that will see not alone a continued
development of sound motion pictures but also the raising of the
level of the silent motion pictures. It is to be expected that the
advocates of the silent motion picture will make every effort to
hold their place with the public. All this will result in a higher
standard of entertainment, be it silent or with sound. This cannot
help but hold the attention of the public, and the new condition
brought about should therefore benefit everyone.
There is very little question but that the technique of the
making of motion pictures will be affected by the introduction of
sound. Yet, the silent motion picture is too well established as a
medium of entertainment to vanish because of this new development. It is more likely that the motion picture theatre of tomorrow
will offer both types of entertainment. Many stories and situations
are of a type that do not lend themselves to proper interpretation
through speech. This is particularly true of that type of picture
which must find a world market, where the problem of different
languages must be considered. The popular star of today represents
a huge investment of proven screen value, and it would be poor
judgment to scrap such talent. Players of personality and charm
* President, West Coast Theaters Inc.
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will continue to find the public favor. Then again, there are many
who prefer the restful atmosphere and soothing effects of silent
motion pictures with musical accompaniment.
Through sound synchronization a new literature will be brought
to the screen. New advances in the technique of motion picture
making that will appeal to the ear as well as the eye, will make
possible a new mode of expression, and no one can estimate at this
time the far-reaching effect of such a development. This technique
will take the best practices of the stage as well as the screen, and
out of it all will evolve an entertainment of the widest possible
scope. The great motion pictures are still to be produced. Directors
will devote their best efforts towards securing the right touch in
speech as regards tone and shading. It would appear that this
new mode of expression will bring to the screen new faces and
personalities who, because of voice, will lend themselves to this new
device. Just as radio has developed a talent all its own, it is likely
that sound motion pictures will develop personalities recruited
entirely apart from the stage or the motion picture.
Already great progress has been made in the making of pictures
that have talking sequences as compared to the crude efforts of a
few months ago. All of us in the industry are privileged to take
part in this movement that is adding this most interesting chapter
in the progress of the motion picture.
Talking motion pictures have created a new interest in the
motion picture theatre, and the public is translating this into
dollars and cents at the box office. A continued public interest will
be maintained to the extent that the quality of the entertainment
keeps pace with the natural demand of progress. Consequently,
it is the obligation of all of us to do our part in the development of
sound synchronization and treat it sympathetically and with
understanding.
Technically, sound synchronization is in capable hands, and
fundamentally it may well be said that the various devices have
perfected the recording and amplification of voice and sound. It is
to be expected that further improvements and betterments will
come out of the laboratories of the electrical companies that are
fostering the various devices. Up to this point it has been found
that the most practical installations are those which are fostered by
the Electrical Research Products, Inc., and the RCA-Photophone.
Because of the fact that virtually ninety per cent of the motion
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picture producers have committed themselves to the Electrical
Research device it is to be expected that this system will be used
to a greater extent than those of the others. It is known that the
Electrical Research Company has a close association, through license
grants, with such organizations as Fox Film Corporation, Warner
Brothers, Paramount Famous Lasky Corp., First National, Universal, United Artists, and others. Through the medium of Movietone and Vitaphone, which record the sound on the film itself as
well as records, these producers are now making a product which
will eventually be shown in theatres that are equipped with Electrical Research apparatus.
I will not attempt to cover the technical phases or go into the
merits of the various sound devices, as no doubt you will hear from
men who are technically trained and who understand this phase
of the subject better than I. Consequently, study and experiments
will make out of sound synchronization devices a perfect apparatus
that will faithfully reproduce in any theatre — no matter how large —
the subject which is to be recorded.
I wish to submit to the Society a thought that perhaps may
have been overlooked by technicians in the development of the
apparatus itself. At the present time, and under present methods,
it is difficult for a projectionist to determine the correct volume
control. Even though the volume control might be set correctly,
it is necessary to vary it in accordance with the varying number of
people in the audience. It may be noticed that as the number increases, itis necessary to step up the volume control in order to
secure a volume sufficient for certain parts of the theatre. The only
contact that the projectionist has with this problem at this time
is through the monitor horn in the projection room, which enables
him only to catch cues and make changeovers and to determine if
the system is in proper mechanical operation. I wish to submit the
thought that this deficiency might be overcome if an opening were
made in the front of the booth through which the chief projectionist
might enter the auditorium for the purpose of checking up on the
volume required. In this way the projectionist could determine
how the sound is coming through and still be in close contact with
the projection booth.
It is needless to point out that one of the most important
points in the operation of sound synchronization devices is the
proper volume, and, therefore, it is the obligation of projectionists
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to give this matter their special attention. Every subject should
be rehearsed before it is presented to the patrons of the theatre.
Inspection of each amplifying horn must be made to determine
if the sound is coming through properly. In the operation of West
Coast Theatres we have found that projectionists can get the best
results by inviting the co-operation of the musical director of the
theatre, who can help to determine just what is the correct volume
control for musical accompaniments. Sound synchronization fails if
the amplification is either too loud or too soft, and therefore the
right pitch is a matter of great importance for the proper enjoyment of performances. The sound equipment of each projector
must be tested separately, as frequently the volume on one projector may be greater than the other. Poor photo-electric cells may
cause a decided contrast in the volume in the operation of a Movietone mechanism. The Vitaphone reproducers require checking
constantly for smooth running results. Such things may appear
simple to most projectionists who undertake their work seriously,
yet they are so important that they can easily bear repetition.
A distinction between talking pictures must be made as compared to the film that is supplemented by musical synchronization
or sound effects. Experience would indicate at this time that photoplays that merely have sound synchronization do not have the
same box office appeal as pictures that have talking sequences. In
making this statement, I am naturally referring to those photoplays that expect box office appeal because of the fact that they are
using sound synchronization. The public is willing, however, to
accept the musical accompaniment that is reproduced through
sound synchronization in place of an orchestra or organ, but this
fact holds no particular box office appeal in itself. It is a wonderful
thing, however, when one pauses to consider that no matter how
small a theatre or community may be, it is possible to bring to
that theatre a motion picture with the same musical effect as heard
in the finest and largest theatres in the big cities.
Many players of the silent drama will probably have a longer
usefulness than if they continued with silent pictures alone. The
fine histrionic ability of an actress such as Pauline Frederick should
have a splendid appeal for sound motion pictures. The same may
be true of Louise Dresser, whose stage experience brings to sound
motion pictures a fine talent, and there are many others of this type.
The pioneers of sound synchronization, such as Mr. William
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Fox and the Warner Brothers, are entitled to a great deal of credit
for the present advancement of this development and will no doubt
reap the financial reward that is merited by their vision and foresight. The principal companies in the industry are fully aware of
the public demand for talking motion pictures, and it is to be
expected that within a short time fine productions will be forthcoming from the principal studios with talking and sound sequences.
The proper advertising of pictures that have sound is a matter
of great importance. The different kinds of synchronization must
be clearly advertised so that the public may be able to determine
the difference between the various types of synchronization. It is
wrong to advertise a picture with sound effects or musical accompaniment as a talking picture, and copy that is simplest and clearest
gets the best results.
It may be expected that every important theatre throughout
the country will be equipped with a sound synchronization device
within the next twelve months. Because of this fact, sound synchronization will play an important part in the work of everyone
interested in the industry. And its progress will depend upon the
understanding and effort that we all make.

THE
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Feank Woods*
A

SUM MARY and survey of the sound recording situation in
Hollywood must include activities of the Academy of Motion
Picture Arts and Sciences as representing the five production
branches of the industry.
By way of introduction it may not be out of order to call
attention to some points of resemblance and distinction that exist
in the scopes of the two organizations, the Society of Motion Picture
Engineers and the Academy, by which the activities of one supplement those of the other. The Engineers are primarily concerned
with the scientific creation of the implements and materials with
which the motion picture is produced and exhibited and with the
perfection of technical skill with which these tools are employed.
The Academy, representing the production branches of the industry,
is concerned like the Engineers with the perfection of technical skill
in the use of instruments and materials in production, but it is also
concerned with the artistry of the resulting product, the attractiveness of the product in the theatres and the relations of the production industry with the public.
Cemented by these ties, the Society and the Academy have no
conflicting interests, and on the contrary have much in common.
It is, therefore, a pleasure and a privilege on behalf of the Academy
to be permitted to make this report to a body of such distinction
as the Society of Motion Picture Engineers.
During the past five months, in addition to the routine activities of the Academy, including the promotion of harmonious
relations in the industry, distinct progress has been made in a
number of directions.
.Certainly the first of these subjects is the study of sound
synchronization, in which the entire industry is now absorbed to
the exclusion of nearly every other question.
But, although this
* Secretary of the Academy of Motion Picture Arts and Sciences,
Hollywood, Calif.
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topic comes first in importance, I shall treat it last in this report,
covering the others as briefly as possible.
Following the Engineers' convention in Hollywood, the Academy, in co-operation with the American Society of Cinematographers and the Association of Motion Picture Producers, held
five night sessions for demonstrations, exhibitions, presentation of
papers and discussion of illumination problems, the results of which,
together with other earlier and subsequent reports, data, and information are contained in the published volume, "Academy
Reports No. 1, Incandescent Illumination." Whatever success this
effort has achieved may be attributed largely to the assistance and
co-operation received from corporations and individuals not identified with the Academy, chief among these being members of the
Society of Motion Picture Engineers to whom grateful acknowledgment is hereby tendered.
Going further into its investigations of illumination problems,
the Technicians' Branch of the Academy expects to report at some
future date additional results of studio experiences. Illumination
is by no means a closed book. For instance at a recent session of the
Branch, on August 8, statements were submitted by Charles Rosher
and Karl Struss, Cinematographers for the United Artists, emphasizing one of the limitations of incandescent illumination previously noted in the published Reports, namely, that Mazda lighting cannot be depended upon to give distinct detail to figures
clothed in black when the figures come in contact in the picture.
It developed in the foregoing discussion that certain producing
companies, whose market is among the smaller theatres of the
country, dare not use incandescent lighting because they fear that
the photography of their product will not be proof against the bad
projection conditions that prevail in thousands of theatres. These
producers must therefore sacrifice all attempts at soft, artistic
effects, which it was acknowledged could be best obtained with
Mazda lights, in order to obtain sharp black and white results.
It was the opinion of the technicians present that the evil of bad
projection conditions is one that will be remedied only by drastic
and concerted efforts on the part of the organized producers and
distributors.
Included in the proceedings of the Technicians' Branch was
the announcement by Fred W. Beetson, Executive Vice President
of t he Association of Motion Picture Producers, that the Association
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had created a Research Bureau which will be the forerunner of a
research laboratory for the production industry, as originally
promised by the producers to the Academy. J. A. Ball, member
of the Academy and of the Society of Motion Picture Engineers,
was announced by Mr. Beetson as the head of the new Bureau.
Mr. Ball resigns from the production management of Technicolor
Company, October 1, to assume his new functions.
Judgment by the Academy of meritorious achievements in all
creative branches of motion picture production as revealed in
pictures exhibited for the first time from Aug. 1, 1927 to Aug. 1,
1928, is now under way. Awards for acting, directing, writing,
photographing, art directing, engineering, and producing will be
bestowed. It is felt that the bestowal of these awards annually will
inspire greater efforts toward artistic results.
Keeping to its policy of promoting effective relations with
colleges and universities of the country, the Academy has made
preparations for important steps in this direction, particulars of
which will be announced in October.
Last in our list of Academy activities and foremost in present
interest is the subject of sound effects and the synchronized voice
in connection with motion pictures. Of the technical details relating
to the systems in use and in prospect, nothing can be offered in
this paper. It is rather with the practical operation of the instruments and the artistry of the product that the Academy is primarily
concerned. We have proceeded on the theory that the personnel
of the industry, the directors, players, writers, technicians, and
even the producers must educate themselves in the new form of art,
which William de Mille has pronounced the marriage of the silent
drama and the stage, with the resulting infant an unknown quantity.
Bad talking and sound pictures may easily prove a disgrace to the
whole industry, while good pictures of this class may be its salvation.
The Academy seems to offer the only central clearing house for this
essential process of self -education.
More than five months ago, or to be exact, May 2, the Academy
held its
Branch
describe
technic

first educational session on this subject,
met at an informal dinner and listened
the various systems of sound recording
of the talking script. This was followed

when the Writers'
to Roy Pomeroy
and discussed the
by a session of the

Technicians' Branch, discussing the installation and operation of
recording systems; a dinner by the Directors' Branch, at which the
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director's problems were considered; a joint dinner by Writers and
Directors; a demonstration by the Fox Company in its projection
room; a largely attented meeting of the Actors' Branch; regular
monthly discussions by the Technicians' Branch; and the circulation of questionnaires by the Academy. During the present month
a general Academy session on "Voice and Language" and a Technicians' session on "Sound Systems and Acoustics" have been held.
Net results of these meetings, dinners, sessions, questionnaires,
and exhibitions, together with data regarding operations in various
studios, may be summarized as follows:
Of the studios in the Hollywood District, which includes
Culver City and San Fernando Valley, three are operating regularly
with sound recording equipment: Warner Bros., Fox, and Paramount. Others, including M.G.M., Universal, United Artists,
Goldwyh, Path6, F.B.O., and First National have succeeded in
adding limited sound effects and speech to a number of pictures by
temporary arrangements here and in the East. Sound proof stages
are in use or are being constructed in every major studio in the
district. In this connection, a resume of a paper on acoustics of
sound proof stages by Vern 0. Knudsen, Assistant Professor of
Physics of the University of California, Los Angeles, and consultant
for United Artists, Universal, and other studios, is published in the
September Bulletin of the Academy.
Practically all pictures now being produced by the major companies and short subject producers include sound accompaniments
of speech or effect, and music. These pictures, however, are made
in duplicate, as silent pictures, for use in the thousands of theatres
in this country and abroad which are not equipped for sound projection. For a like reason, minor producing companies and those
not catering to first run houses are not proceeding so rapidly as
the others with the installation of sound recording equipment.
Problems encountered by the production forces in the practical
application of sound to motion pictures were brought out in replies
to a questionnaire sent out by the Academy. The most difficult
of these problems have to do with story construction, direction,
and voice rendition. These problems do not lend themselves to
research methods but rather depend upon artistic developments
that may come from practice and familiarity with the new medium
of expression.
Regarding the training of the technical forces, for the proper
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operation of sound recording instruments, the various studio technicians of all classes have displayed the keenest interest. The
cinematographers, especially, have taken every opportunity to
acquaint themselves with all available information through the
Academy, the American Society of Cinematographers, and the
excellent magazine which the latter organization publishes.
Story construction has come in for more differences of opinion
than any other single problem connected with the adaptation of
sound and audible speech to the silent drama. This being the
affair jointly of writer and director it will be treated as such. Writers
called upon suddenly to invent dialogue for talking sequences often
have failed, making it necessary to call in other writers or to reconstruct the speeches on the sets in rehearsals, frequently with the
resulting product unsatisfactory.
The producers, being unacquainted with trie literary art, have,
in some cases, imported stage dramatists and directors from the
East but with little improvement of the situation, because the
recruits have required education in the limitations and possibilities
of the screen.
Under these circumstances the situation with regard to story
construction and direction is still in an unsettled state. The few
pictures that have been shown are not illuminating as to the literary
quality of the product that may be presented to the public this
coming winter. Only one point seems fairly well settled and that is,
in the words of William de Mille, the talking picture of the future
will follow the general line of treatment heretofore developed by
the silent drama. They will be motion pictures in which the characters will talk by audible speech instead of printed subtitles. The
talking scenes will require different handling, but the general construction ofthe story will be much the same. This will not, however,
preclude reproductions of stage material, particularly short sketches
and acts, and possibly occasional plays or operas.
Voice problems have also come in for very serious consideration.
Voice teachers have sprung up from every quarter, flocking here
from the East and intermediate points. But they have been of
little assistance in solving voice and speech problems. Ray K.
Immel, Dean of the School of Speech of the University of Southern
California, and Professor McDonald of the same University, However, have made a series of valuable voice tests, at the M.G.M.
studio in co-operation with the Academy.
Dean Immel uses a
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telegraphone for recording tests and playing them back, and the
kymograph, smoked paper, pneumographs, and stethoscope for
determining respiration, phonation, and resonation. He also uses
a series of nonsense words for the purpose of testing clearness of
pronunciation. Professional players, directors, and others in the
industry recognize the value of these tests and also the value of
teaching pla}^ers to speak distinctly enough to be understood over
the microphone, but they all agree that the greatest value of speech
rendition in talking pictures so far as the public is concerned will
lie in the perfect naturalness of the speaking, The stage voice is
conceded to be quite different from microphone requirements, as
the speaker for talking pictures is not under the necessity of forcing
the voice to carry to the back seats of an auditorium. These points
were brought out at an Academy session, Sept. 10, reported in the
September Academy Bulletin.
With regard to further progress of the industry in its efforts to
adjust itself to the new conditions it should be pointed out that
there is no place, other than the overworked and harassed studios,
where anything approaching effective study of many existing problems can be carried on. Trial and error in production is very expensive to the producing company and may be disastrous to the
whole industry. Bad .talking pictures will retard the whole progress
of this new medium. Good talking pictures will insure a successful
future by their appeal to the public. The actors, directors, producer,
technicians and writers in Hollywood are the people on whom the
industry must depend for quality production. To give this production personnel the proper opportunity to study, discuss and
profit by the talking productions in process of making, the Academy
has been endeavoring to secure from some source sound equipment
for the new standard projection machines which it is installing.
Unfortunately no success to date has accompanied these efforts.
The urgent demands of theatres for equipment have been held
paramount to the apparently essential necessity of insuring the best
possible product for exhibition in the theatres.
In closing I desire to express the Academy's warm greetings
and best wishes to the Society of Motion Picture Engineers and to
assure it that when it may again come to the Pacific coast for a
convention it will be received with open arms.
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DISCUSSION
Mr. Farxham: I should like to call attention to the statement
that clear photography cannot be accomplished with incandescent
lamps. The fact that two cinematographers could not do so is not
sufficient evidence. Pictures are being made with sharp focus by
incandescent lighting.
Mr. Crabtree: Was the Warner picture which we saw last
night taken with incandescent lights?
Mr. Mole: Warner Bros. Vitaphone pictures are all being
made with incandescent lights.
Mr. Maxfield: The author mentioned that the speaking voice
for the stage and the microphone was different because it was unneces ary to reach the back of the hall. Mr. Steinberg brought out
in his talk yesterday the distortion effect occurring when you amplify
a voice too much; it becomes heavy and has accentuated base tones.
A conversational tone of voice gives more low frequenc}^ energy than
when the voice is raised, so that if you amplify the quiet tone of
voice for a large theatre, people at the back hear it naturally, but
the rest hear it louder than actually spoken, which the phonograph
people call utubby." This is unnatural, and the experiments indicate that the speaker in making records for a theatre or large hall
must raise his voice as though he were attempting to speak to people
at some distance from him.
Mr. Crabtree : I notice that the first thing the producers in
Hollywood did was to build sound-proof studios. Are the soundproof studios actually necessary? They would be on Broadway, of
course, but in Culver City, for instance, there are not many extraneous noises. I saw one film recently taken in the open air and I
thought it very excellent.
Mr. Mole: I believe the noises accompanying sound pictures
taken outdoors really help towards the atmosphere of the picture.
The Western Electric and other companies which license their
system through the studios, however, require that sound-proof
stages be built for that work. If I am wrong, I should like to be
corrected.
Dr. MacKexzie: The sound-proof studio has two functions:
it keeps out outside noises, but the principal function is to control
the reverberation character of the space and make it the same for
all noises, otherwise you will hear the echoes in the recording room.
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Mr. Crabtree: With regard to the activities of the Academy,
probably a large number of those present did not have the opportunity of attending the Spring meeting in Hollywood. We realized
then that the Academy is doing very fine work, work which probably no other Society could have accomplished in so far as it has
brought together the artistic people, actors, directors, writers, and
so on, and they are working for a common cause. They are publishing a monthly bulletin and also a periodical bulletin giving in printed
form the various papers presented before the Academy and they
follow our procedure of reporting verbatim the discussions. I recommend those who are interested in motion picture production to read
the bulletins. It is the best way of keeping in touch with what is
happening in Hollywood.
Mr. Jenkins: I have noticed that the broadcasting stations
are using the room in its natural shape, and the church music coming
to you over the radio, provided you are not able to go to church
or use it as an excuse for not going, is to my mind more natural and
more acceptable than broadcasting from a sound-proof broadcasting
studio. I wonder, then, and it has occurred to me before, whether
the sound-proof room, being so unnatural, is perhaps not unwise.
It is a moot question and has no fixed answer yet.
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John C. Steinberg*
IN THE early communication of man, gestures, grimaces and vocal
sounds probably played equally important parts. Although all
three have survived, the voice has become the one most universally
used. With the invention of the telephone and the phonograph
it became possible for man to communicate at a distance and to
perpetuate his speech. Now man may communicate at a distance
and perpetuate, not only his speech, but his grimaces and gestures
as well.
This progress has been accompanied by extensive investigations
into the physical nature of speech and hearing. It is the aim of the
present paper to consider the bearing of various data on the sensory
aspects of speech and music. A selected list of published papers
that have been consulted is attached.
The organs of speech (Fig. 1) consist of the lungs (not shown in
figure), the trachea or windpipe, and the mouth, nose and throat
cavities. The larynx is situated at the upper part of the windpipe
and contains two muscular ledges known as vocal cords. They are
so arranged as to form a straight slit through which the breath
passes.
In the process of speaking, the lungs by their bellows-like action
force streams of air in and out through the vocal passages. As the
streams of air pass through the slit formed by the vocal cords, they
are set in vibration so that the slit is alternately opened and closed.
A train of sound waves is thus set up in the lower part of the throat.
As these waves pass out into the air, certain resonant and transient
characteristics are impressed upon them by the vocal cavities and
the movements of the tongue, lips, etc. It is these variations which
we interpret as speech sounds.
All of the speech sounds except those symbolized by the letters
p, k, t, f, s, th (as in thin), ch and sh are produced in this manner.
These sounds are called unvoiced sounds and the vocal cords do
not enter into their production. They are produced by frictional
vibration set up in the mouth itself.
* Bell Telephone Laboratories, New York, N. Y.
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Both groups may be divided into two classes — those produced
by a continuous flow of air which may be called the continuants
and those produced by the sudden stoppage of the air which may
be called the stops. In the former class are such sounds as a, v, f,
etc. In the latter class are such sounds as p, g, d, t, etc.
Although the vocal cords lend quality to the voice they are
not highly essential for producing the distinguishing characteristics
of the speech sounds. These are produced mainly by the mouth

TURBINATE!/

BONES

Fig. 1. Cross Section of Head and Vocal Organs.

and nose cavities. This is evidenced by the fact that we can understand whispered speech, in which the vocal cords play no part.
As a matter of fact counterparts of the lungs and vocal cords can
be located quite outside the body and still produce intelligible speech
A piece of apparatus known as the artificial larynx is a good
illustration. An ordinary bellows serves as the lungs, a rubber tube
as the windpipe, and a little metal box as the larynx. Inside the
box is a reed which vibrates with the passage of air, much like the
old style automobile horn. The interrupted air stream is led into
the mouth by means of a short pipe which is attached to the metal
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box. By properly shaping the mouth the various sounds can be
formed.**
This device is used by people who have undergone a surgical
operation known as tracheotomy. In this operation the larynx is
removed and the windpipe is terminated by a small hole in the
patient's neck, through which he breathes. In this case, the bellows
is dispensed with, and the rubber tube is fitted over the hole, so
that, when he breathes a train of sound waves is produced. In order
that he may speak these sound waves are directed into his mouth.

Fig. 2.

Cross Section of the right Ear.f

The mechanism of hearing (Fig. 2) is divided into three general
parts, the outer ear, the middle ear and the inner ear. The outer
ear consists of the external part and the ear canal. The middle ear
contains three small bones which are called the hammer, the anvil,
and the stirrup. They connect the ear drum with the small window
or diaphragm "O" of the inner ear. In the inner ear is located
organ of hearing. It consists of a spiral cavity US" surrounded
bone. The cavity is filled with liquid. As may be seen from
figure a spiral ledge projects into the cavity. The liquid above

the
by
the
this

** The production of the simple speech sounds and also connected
speech was demonstrated with the above type of apparatus.
t Reproduced, with permission, from Textbook of Physiology by William
H. Howell, M. D., W. B. Saunders Co., Philadelphia.
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ledge is separated from the liquid below it by a flexible membrane.
The two windows "0" and "E" retain the liquid at the base. At the
apex, the membrane is pierced by a small hole so that the liquid
may flow from the upper side of the ledge to the lower side. When
the window at "O" is pushed in, the window at "E" bulges out and
vice versa. The nerves of hearing are distributed along the flexible
membrane.
Sound enters the ear as successions of minute condensations
and rarefactions of the air, which are known as sound waves. They
cause minute increases and decreases in the air pressure near the
ear drum. These variations are called sound pressure and cause the
ear drum to vibrate. It is supposed that the liquid in the inner ear
surges up and down the spiral in accordance with the frequency
of vibration. If the frequency is low the pressure is relieved through
the flexible membrane near the apex. If the vibration frequency is
high, the pressure is relieved near the base. In other words, tones
of different frequency disturb the membrane in different positions
along its length. This separation enables us to identify the pitch of
the tone.
Speech waves are composed of a large number of tones of
different vibration frequency which change continually during utterance. These tones cause disturbances which are spread out along
the membrane containing the nerves of hearing. The high tones
disturb one end of the membrane, the low tones disturb the other
end of the membrane. If one could see this membrane it might
resemble the keyboard of a player piano in operation. At one instant the keys at one part of the scale are disturbed; at a later
instant the keys at some other part of the scale are disturbed. In
the case of the ear, the pattern of the disturbance on the membrane
is carried to the brain and interpreted as a speech sound.
Fig. 3 shows the range of sound pressure and frequency which the
ear can perceive. The vertical axis represents the sound pressure ft
and the horizontal axis represents frequency of vibration. In the
sensation of tone, loudness is caused by the sound pressure and pitch
is caused by the frequency of vibration. The lowest pitch that can
be sensed as a tone is of an order of 20 cycles, the highest is of an
order of 20,000 cycles.
The lower curve represents the sound
tt The sensation unit is denned as '20 log P, where P is the sound
pressure.
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pressures at which the various pure tones are just audible. It will
be noticed that the ear is less sensitive to the low notes, that is,
a greater pressure is required for these tones to become audible. The
upper curve represents the sound pressures at which the tones cause
a sensation of feeling or pain. The faintest tone that can be heard
and the loudest tone that can be heard stand in a ratio of one million
W falls in the area enclosed
to one. The ear can detect any tone «that
>*
2E.
by the two curves.
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Studies on the wave forms of speech sounds have shown that
the pitch of man's voice is of an order of 128 cycles (vibrations per
second), that of woman's voice of an order of 256 cycles. In both
cases, overtones of the fundamental chord tone occur in the speech
sounds. These studies have shown frequencies as high as 8000 or
9000 cycles in various speech sounds. Studies on the interpretation
of speech sounds have also indicated the presence of tones covering
a large part of the audible frequency range. This can best be seen
by considering the parts of the auditory sensation area which are
particularly important to the interpretation of the various speech
sounds, as shown in Fig. 4.
Although in the above figure the speech sounds have been
grouped in sharply defined areas, it must be understood that
actually the sounds overlap these areas somewhat, and that the
indicated areas are those which are most important in the interpretation ofthe sounds. The three voiced consonants which are
symbolized by the letters v, z, th (as in then), are exceptions and
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belong in the unvoiced consonant area. The various speech sounds
cover a frequency range up to 8000 cycles, and a sound pressure
range of 60 sensation units. The area above 8000 cycles does not
contribute appreciably to speech interpretation. It does, however,
■^
carry a large part of the sounds of breathing which take place
during
speech.
In general, woman's speech is"\ more difficult to interpret than
man's. This may be due in part to the fact that woman's speech
has only one-half as many tones as man's, so that the membrane
of hearing is not disturbed in as many places. We may suppose,
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therefore, that the nerve fibres do not carry as much data to the
brain for interpretation. The greatest differences occur in the case
of the more difficult consonant sounds. In woman's speech these
sounds are not only fainter but require a higher frequency range
for interpretation. A range from 3000 to 6000 cycles for man's
voice corresponds roughly to a range from 5000 to 8000 cycles for
woman's voice. Since the ear is less sensitive in the latter range
and the sounds are initially fainter, their difficulty of interpretation
is greater.
There is one other phenomenon of hearing which enters into
interpretation. When sounds containing a number of tones are
increased in loudness, the lower tones in the sound deafen the
auditor to the higher tones. This deafening or masking effect
becomes very marked when the sound pressure of the lower tones
is greater than twenty sensation units. In the case of speech, this
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effect impairs the interpretation of the higher pitched sounds. The
optimum loudness for the interpretation of speech corresponds to
a sound pressure between 0 and 20 sensation units. If the sound
pressure is less than this, the fainter sounds are inaudible. If the
sound pressure is greater, the masking effects impair the interpretation ofthese sounds.
As in the case of speech, musical sounds consist of a fundamental frequency and various overtones of the fundamental. The
tones, however, are sustained for appreciable lengths of time, and
when they are changed, the changes usually take place in definite
steps, known as musical intervals. The pitch of the tone is determined by the fundamental frequency. This frequency, however,
need not be present in the musical tone as the overtones which are
multiples of the fundamental may cause the correct pitch sensation.
The frequencies that are present in music depend upon the type
of instrument and the character of the music. The composition
of musical tones can be obtained by considering the construction
of various types of instruments, and by wave form studies.
Musical instruments may be divided into two general classes,
string instruments and wind instruments. With strings, the tones
may be produced by plucking, striking, or bowing, and are usually
reenforced by resonating air cavities and sounding boards. With
wind instruments, the tone may be produced with the aid of reeds
as in the clarinet, or without reeds as in the flute. In the playing of
horns the lips act as reeds.
Each class may be further subdivided into melody and harmony
instruments. In the former only one note is usually produced at
a time; in the latter several notes are usually produced simultaneously. In general, harmony instruments are capable of producing notes over a much wider frequency range than melody
instruments. A given type of instrument of the latter class may,
therefore, include several instruments covering different frequency
ranges such as the bass, tenor and alto trombone.
Experiments have indicated that notes of different frequency
or pitch as produced by a musical instrument, appear about equally
loud to the ear. This seems reasonable when we consider that the
ear has played an important part in the design of such instruments.
Since the sound pressures that are necessary for equality of loudness of various tones are known, it is possible to approximately
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determine the range of pressures that are met with in covering the
frequency range of music.
In Fig. 5 contour lines of equal loudness are shown for frequencies from 32 to 4000 cycles. The frequency range has been
divided into three parts, bass, tenor and alto, and soprano registers,
corresponding to the notes produced by various instruments. The
contour lines indicate that the notes of the lower registers have
greater sound pressures than those of the higher. The range of
pressures for various instruments and for various musical notations
of loudness are smaller for low notes. Direct measurements of the
pressures that are produced by various instruments when played
by musicians show this tendency.
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Fig. 5. Useful Area for Music.

The contour lines for loud tones show a smaller change in
pressure in going from low to high notes than do the contour lines
for faint tones. If instruments are played so that the notes are of
approximate equal loudness, an orchestra playing in a resonant
room where the sound reaching the players' ears is loud would
produce a smaller range of pressures than if it were playing in a
very well damped room.
Percussion instruments such as drums and the various accessory traps produce the greatest pressures that are used in music.
Although the fundamental frequency of the notes which they emit
is fairly low, the notes are particularly rich in tones of higher frequency, which may extend as high as 10,000 cycles. Although these
higher tones die out rather rapidly, they are essential to good
definition.
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The organ, the piano, and the harp have the greatest compass
and cover a frequency range from about 16 to 4000 cycles. All
three of these instruments are characterized by a rather prominent
first overtone, so that their effective range extends as high as 8000
or 9000 cycles.
Owing to their limited compass, the melody instruments are
among the easiest to reproduce. In any given register these instruments may be arranged in the following intensity order: wind
instruments, and string instruments, the violin producing the
faintest sounds. As a class these instruments produce notes covering
the frequency range of 32 to 4000 cycles.-.
From the auditory sensation area, we have seen that the ear
is able^to perceive a large number of tones which differ in sound
pressure and^frequency. We have also seen that the voice and
various musical instruments produce tones which cover a large
portion of the auditory sensation area. In order to obtain information as to the relative importance of various parts of this area to
the sensory characteristics of speech and music, experiments have
been performed in which the tones falling in various parts have
been eliminated from the sounds by means of filters.
When frequencies below 100 cycles, 200 cycles, 300 cycles and
on up to 1000 cycles are progressively eliminated from speech, the
character of the speech changes markedly. The terms "timbre"
or "tone color" best describe the characteristic which is lost. This
characteristic appears to be associated with the fundamental and
the first few overtones of the voiced sounds and their presence is
necessary in order to convey the sensation of timbre. Frequencies
below 300 cycles, however, do not appear essential to the correct
interpretation of the speech sounds.
When frequencies above 8000 cycles, 7000 cycles, and on down
to 3000 cycles are eliminated, the character of the speech again
changes markedly. The term "sibilance" appears to best describe
the characteristic which is lost. It refers to the prominence of the
hissing or frictional character of speech. If attention is directed to
such, sounds as s, f, th and z, the elimination of frequencies above
6000 or 7000 cycles is readily detectable. It requires rather close
attention to detect the elimination of frequencies above 8000 cycles.
Elimination of frequencies above 7000 cycles slightly impairs the
interpretation of the s and z sounds of woman's voice. Elimination
of frequencies above 6000 cycles impairs the interpretation of the
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f and th sounds of man's voice, and the interpretation of the f, th,
s and z sounds of woman's voice. The impairment due to eliminating
higher frequencies is usually greater in the case of female voices.
As in the case of speech the tone color or timbre of musical
tones appears to be associated with the fundamental and the first
few overtones of the note produced. Timbre is probably more
important in music than it is in speech as it is one of the things
which distinguish the tones of various instruments. It appears
that, in general, the fundamental and the first three or four overtones are necessary in order to distinguish the tones of various
instruments. When overtones higher than these are eliminated
the tones lose a characteristic which can best be described by the
terms "brilliance" or "definition." The tones seem to lose life and
become dull. The prominence of these characteristics varies with
the type of instrument, the composition of the music and the
personality of the musician.
The notes which are used most in music are contained in the
octave below middle C and the octave above middle C, that is,
from 128 to 512 cycles. The fourth overtone of 512 cycles has a
vibration frequency of 8192 cycles, so that tones of this frequency
and below occur frequently in music. A trained ear could no doubt
detect the elimination of frequencies above this range from the
ordinary run of music, but it is probable that the average individual
would have difficulty in detecting the elimination of frequencies
above even 6000 or 7000 cycles, unless he gave particularly close
attention to the percussion instruments.
Owing to the masking effect, the character of both speech and
musical sounds changes as the loudness of the sound is increased.
The higher notes are masked more and more which has the effect
of accentuating the bass notes. The best simulation is obtained
therefore when the reproduced sounds are about as loud as the
original sounds.
The effects discussed in the above paragraphs were illustrated by means
of speech and music reproduced. from phonograph records. In recording
the compositions, various frequency ranges were removed by means of
electrical filters, and different recording levels were used. Hence, the effects
could be shown by reproducing the records from an ordinary phonograph.
The records were prepared by Bell Telephone Laboratories and information concerning them can be secured from its Bureau of Publication,
463 West Street, New York City.
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DISCUSSION
Mr. Mole : In Hollywood they are going into the construction ofsound-proof studios. One studio is using a construction of concrete, and another is using wood construction. I have
been wondering whether the filter system would have any place
in eliminating noises that are objectionable in the production
of the picture. Apparently, from the demonstration, it appears as
though the niters have no place in the scheme of things.
Mr. Steinberg: If the noise frequencies overlap the speech
and music frequencies which you desire to reproduce, it seems that
there is little that can be done with niters. For good quality in
speech and music it seems desirable to reproduce frequencies from
30 to 8000 or 9000 cycles, which would probably include most
ordinary noise frequencies. I don't see how noise frequencies could
be eliminated by niters without also eliminating speech and music
frequencies.
Mr. Dunning: What range is necessary on a recording and
reproducing apparatus to cover the whole range of music and
speech; that is, the range of vibrations?
Mr. Steinberg: The entire audible range, from 20 to 16,000
cycles.
Mr. Palmer: Do the tests verify the impression I received
from the voice records we just heard on the phonograph, namely
that the speech was more distinct with the low frequencies cut off,
disregarding quality, than it was when the high frequencies were
cutoff?
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Mr. Steinberg: Yes, our tests show that removing low frequencies impairs the understandability less than removing the high
frequencies.
Mr. Kellogg: The records show some very interesting effects,
but there are two types of combination effect which we frequently
experience and which the records as played do not bring out and I
thought Mr. Steinberg could perhaps show the effect of one. When
we cut off the low frequencies we want to compensate by bringing
up the volume until we get the sensation of equal loudness. Could
you show this on the record with the filter? The other effect, experienced frequently, is overloading and then cutting off only the
high frequencies.
Mr. Steinberg: I don't have a record to show you the latter
effect. When the low frequencies are removed I can compensate
for the loss in loudness by increasing the gain in playing the record.
Do you want speech or music?
Mr. Kellogg: I think speech would be better.
Mr. Steinberg: Normal speech, and speech having frequencies below 375 cycles eliminated but of equal loudness to normal
speech. (Record Played.)
Mr. Griffin: I got the impression during the demonstration
of the musical records that with high frequencies removed the
volume was increased. Were the various experiments made with
the same amount of volume?
Mr. Maxfield: There was no change in the gain or volume
setting, except for the cut-off below 1200 cycles, where so much
volume was lost.
Mr. Richardson: Suppose you place a horn in any desired
position and then place another horn in such manner that the
vibrations or waves it creates will cross the vibrations or waves
of the other at approximately right angles; would there be destructive interference or would there not?
Mr. Steinberg: Yes, at the crossing point, in a room with
reverberation effects, if I get your question correctly.
Mr. Crabtree: What range of frequencies are the records
reproducing? From my observation of the sound-movies as presented inthe theatres, the women's voices seem the most difficult to
reproduce; in that the high frequencies are missing. Is that because
they are more difficult to reproduce on the wax record? I have
noticed that percussions are very feeble. What is the composite
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nature of the noise of a falling building? Does it cover from ten to
ten thousand cycles?
Mr. Maxfield: I don't know the details of the reproducing
equipment being used. The record contains frequencies from 20-25
cycles up to not less than 5000 nor more than 6000 cycles.
Mr. Crabtree: Why is the woman's voice imperfect; is it
due to cutting off high or low frequencies?
Mr. Maxfield: As pointed out by Mr. Steinberg, there are
only half as many harmonics in a woman's voice, and the very high
frequency sounds are weaker, so that there is the difficulty of their
getting lost in the noise of the studio and the reproduction processes.
They are very close to the threshold of audibility to start with.
Mr. Crabtree: Can you tell us about the composition of the
sound from a falling building? I think that is important from the
showmanship standpoint. I have heard good reproduced orchestra
music but spectacular effects like the sound of a falling building
were ridiculous.
Mr. Maxfield: I don't know about the noises of a falling
building. For the rumbling of trucks, airplane noises, and so forth,
it is necessary to reproduce from about 30 cycles up to at least
5000 or 6000 cycles.
Mr. Palmer: With regard to the reproducing of orchestra
music, when orchestra records were first synchronized with motion
pictures, they used very large orchestras — perhaps a hundred pieces
— and in the later records, you are conscious of only six or eight
instruments. Is that due to the cost of the large orchestra or is it
possible to get as good reproduction of music by using a few properly
selected instruments as it is from a very large orchestra?
Mr. Steinberg: I don't know the answer to your question.
I imagine they were satisfied with the results obtained with fewer
pieces.
Mr. Norlixg: Do you use a scratch filter in recording the
records? What is the frequency cut-off point?
Mr. Maxfield: In the recording, no filter is used. The
attempt is made to get the frequency band as uniform as possible.
Because of the design of the recorder, it fails to record beyond some
frequency between 5000 and 6000, which is the effective cut-off.
We hope to have it raised.
Mb. Norlixg: Doesn't the use of the scratch filter in eliminat-

646

Transactions of S.M.P.E., Vol XII, No. 85, 1928

ing high frequencies affect the quality of the music and give the
booming effect now heard in the theatres?
Mr. Maxfield: You get that in the high frequencies. You
get in trouble with jangling of keys and the rattling of paper, but
it is high enough with the music at 5000.
Mr. Griffin: Which type of recorder records the higher
frequencies?
Mr. Mills: Having had the privilege of reading all the papers
from our laboratories, I know that some of these questions as to
range will be answered by subsequent papers.
Mr. Tuttle : I understand from the paper that for the average
man's voice, there are present harmonics from 128 to the limit of
audibility, whereas in the woman's voice only harmonics above 256
are present. I should like to ask if there is a reason for the ratio
of 1:2, in the number of harmonics present in man's and woman's
voice.
Mr. Steinberg: The harmonics are multiples of the fundamental, and therefore occur every 128 cycles in man's voice and
every 256 cycles in woman's voice.

THE

PHYSICAL

CHARACTERISTICS
AND

OF MUSIC

SPEECH*

Dayton C. Miller**
SOUND may be defined as the sensation resulting from the action
of an external stimulus on the sensitive nerve apparatus of the
ear. It is a species of reaction to this external stimulus, excitable
only through the ear, and distinct from any other sensation.
The vibrations of a source of sound produce in the surrounding
air displacements, velocities and accelerations, as well as changes
of density, pressure and temperature, and other physical effects.
Because of the elasticity of the air, these changes in density and
other phenomena occur periodically and are propagated outward
from the source in radial directions at a velocity of about 1,130
feet per second. These disturbances of all kinds, as they exist in
the air around a sounding body, constitute sound-waves and are
the especial object of our present study. Such waves may be transmitted by all kinds of elastic matter, whether solid, liquid, or
gaseous.
Sounds are fully described by means of three characteristics:
pitch, intensity and tone-quality.
The pitch of a sound is that tone characteristic of being acute
or grave which determines its position in the musical scale; thus,
an acute sound is of high pitch, a grave sound is of low pitch. Experiment proves that pitch depends on a very simple condition,
that of mere frequency of vibration. The pitch of a sound is the
number of complete vibrations per second.
The loudness of a sound is described by a comparative statement of the strength of the sensation received through the ear.
* An evening address delivered before the Society on Sept. 26, 1928.
The address was accompanied by illustrative diagrams, photographs of
sound waves, and by the projection on the screen of actual sounds from
voices and instruments by means of the "phonodeik." Many of these
illustrations, as well as more detailed accounts of the methods and instruments here briefly mentioned, have been given in a book by the author,
"The Science of Musical Sounds," published by the Macmillan Company of
New York.
** Professor of Physics, Case School of Applied Science, Cleveland, Ohio.
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It is not possible to state simply the factors determining loudness.
For the corresponding characteristic of light and illumination, there
is a moderately definite standard commonly called the candlepower.
But for sound there is no available unit of loudness, consequently
we are dependent on the subjective comparison of our sensations.
Not only are the ears of different hearers of different sensitiveness,
but each individual ear has a varying sensitiveness to sounds of
different pitches and, therefore, to sounds of various tone-colors.
In a first study of the physical characteristics of sounds, we
are compelled to consider the intensity as the loudness not perceived by the ear, but determined by what the physicist calls the
energy of vibration. Fortunately, under simple conditions and
within the range of pitch of the more common sounds of speech and
music, there is a close relation between loudness and energy.
The energy, or what I shall call the intensity, of a simple
vibratory motion varies as the square of the amplitude, the frequency remaining constant ; it varies as the square of the frequency,
the amplitude remaining constant; or when both amplitude and
frequency vary, the intensity varies as the square of the product
of amplitude and frequency.
The loudness of what we hear depends not only on the characteristics of the source' and the ear but also very largely on the
peculiarities of the surroundings, that is, on the auditorium and
its contents. Among the features of an auditorium to be considered
are its size and shape, the materials of which it is contructed, its
furnishings including the audience, and the position of the source
of sounds within its walls.
The late Prof. Wallace C. Sabine of Harvard University
devoted himself to elaborate and difficult experiments and developed a thoroughly scientific solution of the problem of the
acoustic properties of auditoriums. This solution explains the
effects due both to reverberation and echo making it possible to
predict the acoustic properties from plans and specifications, to
prepare specifications which will give any desired acoustic result,
to point out the particular defective features of any proposed construction, and to specify the necessary remedy. The nature and
amount of acoustic defect in auditoriums already constructed can
be determined and these defects can be remedied with more or less
difficulty.
Professor Sabine's methods are not only thoroughly scientific,
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but they are also of remarkably practical utility to the architect
and engineer. No auditorium, large or small, and no music room,
public or private, should be constructed unless designed in accordance with these principles.
The third property of tone is by far the most complicated.
It is that characteristic of sounds produced by some particular
instrument or voice, by which they are distinguished from sounds
of the same loudness and pitch produced by other instruments or
voices. This characteristic may be called tone-quality or tone-color.
Xoise and tone are merely terms of contrast. In extreme cases
they are clearly distinct, but in other instances they blend, the
difference between them being one of degree. A simple tone is
absolutely simple mechanically. A musical tone is more or less
complex, but the relations of the component tones and of one
musical sound to another are appreciated by the ear. Noise is a
sound of too short duration or too complex in structure to be
analyzed or understood by the ear. The ear, often because of lack
of training, or because of the absence of suitable standards for
comparison, or perhaps on account of fatigue, fails to appreciate
the relations of sounds and relaxes the attention. Therefore, the
sounds are classified as noises.
Small sticks of resonant wood may be so prepared, that when
they are dropped, the resulting sound is a mixture of noise and
simple musical tone. If several of these sticks are dropped together,
the sound gives the effect of noise only, while if the sticks are
dropped one at a time in the proper order, the ear clearly distinguishes a musical melody, in spite of the accompanying noise.
Tones are sounds having such continuity and definiteness that
their characteristics may be appreciated by the ear — a fact which
renders them useful for musical purposes.
There is an almost infinite variety of tone quality. Not only
do different instruments have characteristic qualities, but individual
instruments of the same family show delicate shades of tone quality,
and even notes of the same pitch can be sounded on a single instrument with qualitative variations. The bowed -instruments of the
violin family possess this property in a marked degree.
The law of tone quality, first definitely stated in 1843 by
Professor Ohm of Munich, is as follows: All musical tones are produced by periodic vibrations. The human ear perceives pendular
vibrations only as simple tones. All varieties of tone quality are
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due to particular combinations of a larger or a smaller number of
simple tones. Every motion of the air which corresponds to a
complex musical tone or to a composite mass of musical tones is
capable of being analyzed into a sum of simple pendular vibrations,
to each of which corresponds a simple tone that the ear can hear.
From this principle it follows that nearly all the sounds we
study are composite. The separate component tones are called
partial tones, or simply partials. That partial having the lowest
frequency is the fundamental, while the others are overtones.
If the overtones have frequencies which are exact multiples
of the frequency of the fundamental, they are often called harmonics, otherwise they are designated as inharmonic partials.
Investigation shows that the sound of a tuning fork properly
mounted on a resonance box gives to the air a single simple motion
which, being propagated outward, develops a wave of the type
represented by the simple harmonic curve.
If a fork an octave higher is sounded, it sends out twice as
many vibrations per second, generating a wave of half the wave
length of the former.
If both forks are sounded at the same time, both motions must
simultaneously exist in the air. Since the same particles of air
transmit both sounds, the motion of a single particle at any instant
must be the algebraic sum of the simultaneous motions due to each
fork separately.
This argument may be extended indefinitely to include any
number of tones, of selected frequencies, amplitudes and phases.
There are, therefore, peculiarities in the motion of a single particle
of air which differ for a single tone and for a combination of tones;
and what may be called the shape of a sound wave must be a complete record of the tone quality of the sound.
An adequate investigation of the tone quality of a sound,
therefore, makes it necessary to have visible records of the sounds
from various sources, which can be quantitatively examined and
preserved for comparative study. The principal methods heretofore
employed for making such records are the phonautograph of
Koenig, the phonograph invented by Edison, the telephone of Bell
in connection with the oscillograph, and the manometric flame devised by Koenig and developed by Nichols and Merritt. None of
these methods being of sufficient delicacy, the writer undertook
to devise a still more sensitive apparatus which resulted in the
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production of the "phonodeik," which has been used since 1908.
The phonodeik consists essentially of a diaphragm of thin
glass mounted on the small end of a resonating horn. Close to the
diaphragm is a minute steel spindle, supported in jeweled bearings.
A mirror about 1 mm. square is attached to the upper portion of
the spindle, and the lower part is made in the form of a pulley.
A bundle of silk fibers, attached to the center of the diaphragm
is wrapped once around the pulley and fastened to a delicate spring.
Light from a pin-hole is focused by a lens and is reflected by the
small mirror on a moving photographic film in a special camera.
If the diaphragm vibrates in response to a sound wave, the spot
of light will trace the record of the sound on the film.

Fig. 1. The Phonodeik.

In the instrument used for photographing sound, shown in
Fig. 1, the motion of the diaphragm for sounds of moderate loudness
is about 1/1,000 inch, which being magnified about 2,500 times by
the mirror and light ray, produces a record 2| inches wide. For loud
sounds the record may be 5 inches wide. The film moves with a
speed of from 1 to 50 feet per second, according to the purpose for
which the record is desired. For general display a speed of about
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5 feet per second is convenient, while a speed of 40 feet per second
makes records suitable for analysis.
Besides the record of the wave, there is placed on the film
simultaneously a zero line giving the axis of the curve, and also
time signals, one one-hundredth second apart, enabling the exact
determination of pitch from the simple measurement of the film.

Fig. 2.

Apparatus for photographing sound waves.

The camera is arranged with several shutters for hand, foot,
and automatic electric release, and for any desired time of exposure.
A general view of the apparatus is shown in Fig. 2.

Fig. 3.

Photograph of the tone of an oboe.

Thousands of photographs have been made of sound waves
from various sources, vocal and instrumental. While inspection and
simple measurement will often give some information concerning

Characteristics of Speech and Music— Miller

653

such curves, it will be seen from an examination of Figs. 3 and 4
that they are generally too complicated for interpretation in their
original forms. The curves representing the sounds of music and
of speech are properly analyzed for comparative investigation by
the harmonic method based on the important mathematical principle
known as Fourier's theorem. This method is suitable for the
investigation of all phenomena that may be represented by periodic
curves.

Fig. 4.

Photograph of spoken words:

"Bureau of Standards."

The combination of Ohm's law and Fourier's theorem leads
to the- following conclusion : If a series of simple tones, on being
sounded one at a time, will produce in the air each separate simple
component wave found in the analysis, then all of these tones
sounding simultaneously will produce in the air the original complex wave, and the blended tones of the entire series will reproduce
the original sound as to its tone quality and other characteristics.
Therefore, each component curve of the Fourier analysis represents
a component tone, or partial tone, of the sound that was photographed. Acurve and its components are shown in Fig. 5.
As the numerical method of applying Fourier's theorem to
determine the components of a sound is very long and difficult,
various mechanical devices, known as harmonic analyzers, have
been made to assist in this work. The analyzer devised by Professor
Henrici of London, the essential part of which is a rolling-sphere
integrator, is, perhaps, the most convenient and precise yet made.
The converse of the analytic process just described, that is,
a recombination of several simple curves to find their resultant,
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is often required. Such harmonic synthesis, like analysis, can be
accomplished by calculation, and much more conveniently by
means of a machine. A harmonic synthesizer for thirty-two elements
has been especially designed and constructed in the laboratories
of Case School of Applied Science.

v/VWWWv
Fig. 5.

VWWWVW

Sound wave from the clarinet with its harmonic components.

For purposes of public demonstration, a phonodeik of special
construction has been made (Fig. 6) which shows clearly the
principal features of "living" sound waves. The sound from a voice
or instrument is produced in front of the horn. The movements of
the diaphragm with its vibrating mirror produce a vertical line of
light which, falling on a motor-driven, revolving mirror, is thrown
on the screen in the form of a long wave. The movements of the
diaphragm are magnified 40,000 times, producing a wave which
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may be 10 feet wide and 40 feet long. In a striking manner these
waves exhibit the characteristics of sounds from various sources
As seen on the screen, the sound waves are constantly in motion,
changing shape and size with the slightest alteration in frequency,
loudness, or quality of the source.

Fig. 6.

The Phonodeik for lecture demonstrations.

The analytical investigation of sounds by the methods described has been in progress, under the writer's direction for many
years, and it is to be continued indefinitely with all the facilities
at his disposal. The great extent of the field and the great amount
of detailed analysis and comparison required before conclusions
can be formulated render progress apparently slow; yet many
results of interest and value have already been attained, some of
which have been described elsewhere. Some of the subjects being
investigated are : the characteristics of tones from different musical
instruments, the nature of vowel tones and other sounds of speech,
the nature of noises and their prevention. The method may aid in
teaching vocal music and elocution, and it provides a very convenient test for exact tuning. The ideal musical tone for any voice
or instrument having been selected by the artist, it can be accurately
defined and reproduced by the aid of analysis.
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A musician must above all be an artist, and he must be skilled
in the technic of music; if, in addition to this, he also has complete
knowledge of the nature of the materials and instruments with
which he works, he will certainly be a greater master of his art. The
musician who listens will derive greater enjoyment if to the pleasure
of sensation is added the intellectual satisfaction of an understanding of the physical nature of sound and sound-producing
instruments.

GENERAL

PRINCIPLES

OF SOUND

RECORDING

E. C. Wente*
THAT sound as perceived by the ear is the result of a disturbance
in the air was known to the ancient Greeks, and that objects
are set in vibration by intense sounds must have been observed by
primitive man, but it was not until 1857, or less than a century ago,
that the first instrument was constructed for making a graphical
record of sound waves. In that year Leon Scott patented in France
an instrument which he called the phonautograph. In Fig. 1 is
shown a picture of this instrument.
A piece of smoked paper was

Fig. 1. Scott's Phonautograph.

attached to the cylindrical surface of a drum, which could be
rotated by hand and moved forward by a screw. The center of a
diaphragm was attached to a stylus through a system of levers in
such a manner that the stylus was moved laterally along the surface
of the cylinder when the diaphragm vibrated. Over the diaphragm
was placed a barrel-shaped mouthpiece. When the drum was
rotated, words spoken into the mouthpiece caused the stylus to
trace a wavy line upon the smoked paper. This wavy line was the
first known record of sound vibrations.
It was twenty years later, in 1877, that Edison brought out an
* Bell Telephone Laboratories, New York, N. Y.
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epoch-making invention. Edison constructed a machine very
similar to the phonautograph but differing in two important details.
The smoked paper was replaced by a sheet of tinfoil and the stylus
was attached directly to the diaphragm, so that it traced an impression of variable depth when the diaphragm vibrated, instead
of a wavy line as in the case of the phonautograph. After such a
record had been made the drum was set to the starting point and
with the stylus in place was again rotated at the same speed as
before. The recorded sound was then intelligibly reproduced. Thus
Edison gave us the first phonograph.
In subsequent models the tinfoil was replaced by a wax cylinder.
For many years the wax record, either in cylinder or disc form, was
used almost exclusively for the recording and reproducing of sound.
Although many other methods of recording have been suggested, it
is only in the last few years that records made photographically
have come into the commercial field as competitors. Both the wax
and the photographic records are now being used in conjunction with
motion pictures.

I

Fig. 2.

Mjrw-

Types of Photographic Sound Records.

Photographic records are now being made by many different
types of apparatus. But they may be divided into two general
classes. In one of these classes the record is a trace of constant
photographic density but of variable width, while in the other it is
a trace of constant width but of variable density. An illustration
of each of these is shown in Fig. 2. In one or two proposed methods
the record is a combination of both types.
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In almost all systems experimented with today there is at
least one element which they have in common with the phonautograph, viz. : a diaphragm which is set in vibration by the sound to
be recorded. As in the phonautograph the diaphragm may be
mechanically connected to the engraving mechanism or recorder;
or, again, it may be connected electrically as in most modern
systems. But in practically all of them the diaphragm forms an
essential element.
Unfortunately a diaphragm does not in general have the same
response at all frequencies. A favorite experiment in lectures on
elementary physics is to sound a tuning fork and with it, through
the air, set in vibration a second tuning fork. In this experiment it
is important that the pitch, or the resonant frequency, of the two
forks be very nearly the same, otherwise the motion set up in the
second fork will be too small to be observable. Diaphragms, and in
fact almost any other type of mechanical system, will have at
least one resonant frequency, which means that, under the action of
sound waves, the response will in general be much greater in this
region than at other frequencies.
In the older methods of recording, resonance was purposely
introduced in order to obtain records of sufficient amplitude. The
frequencies lying in the resonance region were then much overemphasized. The sound reproduced from such records had a blasting
and metallic quality, and well deserved the title "canned music."
Because of the complex nature of speech and music and of the
great amount of distortion introduced into the early recorders and
reproducers it is not surprising that the quality of reproduction was
poor, but it is really astonishing that the reproduced sounds were
at all intelligible. In fact, it has been suggested that, had the
complex nature of speech sounds been generally known at the time,
the invention of the telephone, which preceded the phonograph,
might have been delayed for many years since its inventor probably
would have dismissed his ideas as altogether impracticable.
Although considerable distortion may permissibly be introduced by the recording and reproducing systems before the character of the sounds is so changed that they can no longer be recognized, it is equally true that, if all classes of sounds are to be
reproduced to a degree of fidelity where the ear cannot distinguish
them from the original, the amount of distortion must be kept
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extremely small. It is therefore necessary to diminish the distortion
by the diaphragm to a negligible value.
Primarily that a diaphragm giving a uniform response may be
used and that a record of sufficient amplitude may still be obtained,
the electrical method of recording has been developed which is
today widely used in the production of commercial sound records.
In this method the pick-up diaphragm is made a component part
of the recording microphone. Here we can content ourselves with
a small amplitude of motion and amplify the voltage generated to
an amount sufficient for operating a rugged and distortionless
recorder. It may be of interest here to compare tjie amplitude of
motion of the diaphragm in the Edison recorder with that of the
microphone used in the majority of present recording systems. In
the former the maximum amplitude required for the loudest sounds
is about 0.001 inch, whereas in the latter under ordinary recording
conditions it is only about one-tenth as great and the weight is
only one-twentieth as great. It can thus be seen how the problem
of design of a pick-up diaphragm is greatly simplified in the electrical
method.
It is of course important that the rest of the recording system
shall also be free from distortion. However, if a microphone of
uniform response is available, the design of a distortionless recorder
is made comparatively easy, for its sensitivity may to a large extent
be disregarded, inasmuch as the required power can in general be
obtained by the use of vacuum tube amplifiers.
In the electrical method, extraordinary improvements have
been made over the older systems in the elimination of distortion.
The problem of developing recording apparatus is in many
respects identical with that of developing a high quality radio
transmitter. In the former, however, there is the additional problem
of distortion introduced by the record itself. If, for instance, a
record is run at a speed of ten inches per second, and a tone having
a frequency of 5000 cycles per second is recorded, the length of one
cycle on the record will cover a distance of only 0.002 inch. In the
case of wax records the needle must have a very fine point; and in
the photographic record the width of the light beam as measured
along the direction of motion of the film must be extremely small.
At whatever speed the record may be driven, there will always be
some frequency beyond which all tones will become more and more
attenuated.
While the loss of the higher frequencies does not in
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general impair the tone quality to the same extent as does the
presence of sharp resonance regions, yet it reduces the intelligibility
of speech and the richness and brilliancy of musical sounds.
There is another type of distortion commonly present in
reproduced sound, which is frequently designated as non-linear
distortion. This type of distortion is introduced when the excursion
of any element of the system is not proportional to the stimulus.
For example, a pure tone, which is of sine wave form, such as is
shown in Fig. 3, a, may be reproduced so as to have a wave form
similar to that shown in b. Physically, distortion of the wave form
in this manner is equivalent to the introduction of extraneous
frequencies. If the magnitude of these extraneous frequencies is
too great, the tone quality will be very disagreeable. However, a
small amount of distortion of this kind is not noticeable, for the

Fig. 3.

Non-linear Distortion of a Sine Wave

reason that the primary will mask the extraneous tone. It is a well
known fact that a tone must be much more intense to be heard
if another tone is sounded simultaneously.
Another type of distortion peculiar to recording is that introduced by a non-uniform speed of the medium on which the record
is engraved. This may not always be serious, but, in certain cases
of sustained tones, speed variations cause a disagreeable flutter
and in some types of music a decided harshness of tone.
One of the most serious problems with which the radio engineer
has to contend is static interference. This also has its counterpart
in sound reproduction from records. As the ether through which
the radio waves are sent is non-homogeneous because of extraneous
electrical disturbances, so the sound record is non-homogeneous
on account of the non-uniformity of the material on which it is
engraved. The noise resulting from these irregularities is often
designated as surface noise. In the case of the wax record, an
appreciable part of this noise has its origin in the minute irregular-
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ities of the material and, in the case of the photographic record, in
the finite size of the grains forming the photographic image. The
difficulties of eliminating this noise arise from the fact that the
physical intensity of audible sounds covers an exceedingly wide
range. Fig. 4 shows curves published by Wegel1 on the sensitivity
of the ear. The lower curve gives the threshold of audibility and
the upper curve the feeling level, i.e. the level of intensity of sound
which becomes painfully loud. The ratio of pressures of the maximum of these curves is about ten million. If a record of this extreme
range of volume were to be recorded the amplitude of the loudest
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Fig. 4. Sensitivity of the Ear.

tone would have to be ten million times as great as for the faintest
tone. There is, in general, a maximum amplitude that a record can
accommodate, which, for instance, in the case of the wax record is
about 0.002 inch. If a tone having an intensity near the feeling
level is recorded at this amplitude, then the amplitude of a tone
just audible would be only 0.000,000,000,2 inch. It is difficult to get
a material having a degree of homogeneity corresponding to this
value. A similar condition obtains in the case of photographic
records, where the pattern is formed by grains in the emulsion
which have a magnitude somewhat less than 0.001 mm. depending
upon the type of emulsion used. The range of volume considered
here is extreme. Practically it is not necessary to record a range of
this extent, but it serves to illustrate the extraordinary requirements
1 The Physical Examination of Hearing and Binaural Aids for the Deaf,
by R. L. Wegel. Proceedings of the National Academy of Sciences, Vol. 8,
No. 7, July (1922).
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placed upon the recording medium. When the range of frequencies
that are to be reproduced is increased the surface noise effect becomes
greater. As in the case of the different types of distortion discussed
above, the difficulties to be met are increased as the quality of
reproduction is improved.
DISCUSSION
Mr. Farnham: There is one form of distortion I should think
would occur; photographic material records density as the logarithm
of the exposure. Light is imposed on the film in accordance with
the intensity of the sound. It would appear, due to this phenomenon, as though the density of the positive film would not be
in accordance with the sound variations.
Mr. Wente: The conditions are the same as in picture photography. Anegative is first exposed and developed and from this a
positive print is made. For proper tone reproduction in photography
the exposures should be such as to fall on the straight portions of
the H and D curves of the emulsions, and the development of the
positive and negative such as to give an overall gamma of unity.
The requirements for high grade photographs are, I believe, more
extreme than for sound records, although I cannot speak with
authority on this point.
Mr. Crabtree : What are the relative advantages of the two
methods of wax recording — the hill and dale and the lateral cut?
Mr. Wente: I really am not qualified to discuss that question.
However, there is one difficulty which appears to be inherent in
the hill and dale record. Unless the natural frequency of the reproducing element is high, the needle cannot follow the undulations
in the groove accurately as it is positively driven in one direction
only. But it is possible that this difficulty has been overcome somehow, so that I am not sure that any advantage can be definitely
assigned to one method over the other.
Mr. Maxfield: The hill and dale has one very definite advantage over the lateral cut record, viz.: the grooves may be
spiraled more closely so that a longer record may be engraved on
a disc of given size. To offset that advantage it has two inherent
difficulties. One is that the groove is very shallow at the top of the
wave; at these points the needle is liable to jump out of the groove,
so that without an accurate tracking device the record is liable to
go out of synchronism with the picture. The other difficulty lies in
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the design of a reproducer that will follow to the bottom of the
wave. In the lateral cut record where the needle is driven both ways,
it is between two walls. In the vertical cut record it is pushed upward but only its own force pushes it back. If the reproducer is
made sufficiently stiff to follow at high frequencies, it is difficult to
make it sufficiently sensitive to reproduce the low frequencies properly.
Mr. Crabtree: There is nothing on the program dealing with
microphones. Can you, or someone else, tell us about the distortion
produced in the microphone?
Mr. Wente: The design of microphones has more than kept
pace with the development of recording and reproducing apparatus.
The microphone at present used in recording has a uniform response
over a wide range of frequencies. Non-linear distortion also is small
as the amplitude of motion of the diaphragm is very minute.
Mr. Dunning:
Are you referring to the carbon transmitter?
Mr. Wente: I am not referring to any particular type of
transmitter, although I do not wish to be understood as saying
that the ordinary carbon transmitter is free from distortion.
Mr. Dunning: Which microphone do you consider the best
for all around purposes?
Mr. Wente: That cannot be stated categorically; it depends
upon the condition under which it is to be used.
Mr. Dunning: For studio work, which will give the best
results?
Mr. Wente: I think any transmitter of sufficient sensitivity,
which covers the frequency range and is free from non-linear distortion will do. I do not know just what amount of distortion is
introduced by the carbon microphone, but in the case of the condenser transmitter the distortion is small, although it has a relatively low sensitivity.
Mr. Frederick: Mr. Wente may be reticent in discussing
the condenser transmitter since he was largely responsible for its
development. The answer to the question is largely contained in
the statement that the Western Electric recording equipment is
supplied with condenser microphones. This implies that' the condenser microphone is the instrument which for this particular
purpose the Bell Laboratories consider the best available today.
Mr. Crabtree: Mr. Wente has outlined the two principal
methods of sound recording. Are there any other methods which
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appear to be promising? I have heard of one process whereby the
scratch record is made on motion picture film base instead of on
the wax records. Can anyone contribute to the discussion along
that line?
Mr. Dunning : Amplifying your statement, I understand some
attempts have been made to use magnetic wire. Is anything known
about that?
Mr. Wente: That principle has been made use of for some
time in the telegraphone. While the wire is run from one spool to
another it is magnetized by an electromagnet of a type used in
telephone receivers. The recorded sound is then reproduced by
running the wire again past a similar magnet. There is liable to
be considerable non-linear distortion in this system. Other methods
of recording have been proposed, but as far as I know none are
now being used commercially in connection with motion pictures.

WESTERN

ELECTRIC SOUND PROJECTING SYSTEMS
USE IN MOTION PICTURE THEATRES
PART.

FOR

I

E. 0. SCRIVEN*

IN ORDER to reproduce in the theatre the pictorial record of
events accompanied by the sound associated with those events,
it is, of course, necessary to add some additional equipment to
that installed to produce the silent motion picture. It is the purpose of this paper to outline and discuss briefly the major items of
this equipment as used in the Western Electric sound projector
systems.
In the design of sound equipment a primary requisite is that
there shall be freedom from distortion. Distortion may be of the
sort which is independent of load and is evident in that the intensity
of some portion or portions of the sound spectrum is increased or
decreased in comparison with the rest. Or there may be the distortion which is a function of the level at which the device is
operated and is characteristized by the reduction of a pure tone into
fundamental and one or more harmonics. This latter condition is
most often the consequence of operating a vacuum tube amplifier
above its proper energy handling capacity.
It is the resonances of vibrating strings or reeds or air columns
or vocal cords that give us the music we record but we are careful
that a minimum of the resonances of the recording system itself
shall go into the record, and that any resonances of the reproducing
system shall not appear in the output of the sound projectors.
Aside from the effects of overloading, the prevention of distortion
is largely a matter of getting away from resonance phenomena
since it is the characteristic of the resonant system to respond with
disproportionate amplitude to stimuli in the region of its own
natural period. The whole history of the passage from sound
energy through the various recording and reproducing devices
back to sound energy again is one of contest with this fundamental
physical phenomenon.
* Bell Telephone Laboratories, New York, N. Y.
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There are in general two things one can do to avoid the harmful effects of resonance in vibration transmitting or transforming
apparatus: (1), the period of resonance of each piece of equipment
can be moved outside the range of frequencies one wishes to transmit, at the same time providing damping means to minimize free
vibrations: (2), the distortion produced by resonance in one piece
of apparatus can be compensated for or equalized by similar and
opposite distortion in some associated apparatus. The first is not
always easy of practical accomplishment in any particular device
and generally results in an instrument of very low inherent efficiency;
the second usually involves loss of energy. In both cases increased
amplification is required.
The sound record comes to the theatre either as a wavy groove
in a composition disc or as a striated track of varying density at
one side of the picture film. It is the function of the apparatus
being considered to derive from these records an electric current
in which all the variations in pitch and loudness are accurately
represented, to suitably amplify this current, to effect its conversion into sounds approximating those from which the records
were made, and to direct those sounds in such a way as to create the
illusion that sound and picture are cognate.
The disc records do not differ essentially from those used in
the ordinary phonograph except that they are considerably larger
and run at a much slower speed so that a single record will play
throughout an entire reel. The reproducer used is in some ways
similar to that used on the acoustic phonograph, the needle holder
being connected to a clamped diaphragm. This diaphragm is of
highly tempered spring steel and to it there is fastened an armature
made of a special high permeability alloy and so arranged that as
the diaphragm vibrates, the flux in the air-gap of a permanent
magnet varies correspondingly thereby inducing in appropriately
placed coils currents which are the electric representation of the
wavy groove which the needle travels. This reproducer is shown
in Fig. 1. Although the energy delivered by this instrument is
comparatively low it has a very uniform response over a wide
frequency range. This result is largely brought about by moving
all resonances out of the working range and by filling the magnet
chamber back of the diaphragm with a heavy damping oil. The
film used with the disc record, called synchronized film, differs from
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ordinary film only in that one frame at the beginning is specially
marked to give the starting point.
The film sound record, as has been said, consists of a track of
varying density running along one side of the picture. This sound
track is 1/10 in. wide. Differences or changes in intensity of sound
are represented by differences in the density of the record, while
pitch is represented by the number of changes from dark to light
and back again in a given length of track. This sound record is

Fig. 1.

Reproducer for disk record.

converted into a corresponding electric current by arranging that
a narrow high intensity beam of light shall pass through it and
fall upon a photoelectric cell. The arrangement is shown in Fig. 2.
The light from the bright filament of the exciting lamp is focused
as a very narrow line upon the film by passing through a system
of lenses and an aperture plate. The lamp filament is focused upon
a slit of dimensions 0.0015" X 3/16". The image of this slit is then
brought to focus upon the film as a 0.001" line whose length has
been reduced in. passing through the aperture plate to 0.080".
This reduction in length allows 0.010" on either side for variations
in position of the 0.100" sound track. The position and focus of
the lens tube are fixed but the carriage of the exciting lamp is movable so that when replacing lamps the filament may be properly
brought on focus.
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A photoelectric cell of the type used is shown in Fig. 3. The
characteristic of this device is that when it is polarized by a proper
voltage and is used within proper limits the current through it is
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proportional to the incident light. The circuit is shown in Fig. 4.
It is to be noted that the polarizing voltage is supplied to the photo
cell through a very high resistance and there is, therefore, obtained

Fig. 3.

Photoelectric cell.

across this resistance a voltage which is proportional to thex light
falling upon the cell and accordingly bears a direct relation to the
varying density of the sound track interposed between the exciting
lamp and the cell.
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The photo cell circuit is inherently one of high impedance.
In such a circuit there are two matters which require attention.
(1) Local interference, — "static," to use the radio expression — is
most readily picked up, and at this point where the energy level
is low, may be appreciable in comparison with the sound currents
themselves; (2) the shunting effect of capacity between the electrical conductors becomes noticeable particularly at the higher
frequencies. Hence a vacuum tube amplifier which serves both to
CONDENSER
2
>MEGOHMS

POLARIZING
BATTERY

Fig. 4.

10
►MEGOHMS

A.

Photoelectric cell circuit.

increase the energy and to make that energy available across a
low impedance circuit, is closely associated with the cell upon the
projector itself. The cell and amplifier are enclosed in a heavy
metal box or shield which is made fast to the frame of the projector
and the projector itself is carefully grounded. This amplifier is
shown in Fig. 5. It is designed to bring the level of the electric
counterpart of the film sound record up substantially to the same
energy value as that obtained from the magnet coils of the disc
reproducer. The filaments are heated from a 12 V storage battery.
Small dry batteries supply its plate current and also the polarizing
potential for the photo cell. These batteries and the battery leads
are shielded.
Vibration of a vacuum tube often produces sufficient motion
of its elements with respect to each other as to effect changes in
the stream of electrons which appear when sufficiently amplified
as noise from a loud speaker. In spite of all precautions there is a
certain amount of vibration of the projector when in operation
and it has therefore been necessary to design a rather elaborate
shock proof mounting for the photo cell amplifier.
It is evident from the relative location of apparatus as shown
on Figure 2 that it is not feasible to print the film sound record
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directly beside the picture to which it applies. As a matter of fact,
there is a spacing of 14-1/2 inches between picture and corresponding sound record and a certain amount of slack is allowed between
the sprocket which carries the picture with an intermittent motion
before the picture projection lens and the sprocket which must
carry the sound record with a uniform motion in front of the photoelectric cell. In this connection it is noteworthy that special precautions are necessary in order to prevent vibrations and speed

Fig. 5.

Amplifier used at projector.

fluctuations due to either varying supply voltage or varying load,
from affecting the uniformity of rotation of this sound sprocket.
This is taken care of by the very effective means of automatically
controlling the speed of the driving motor and by means of a
mechanical device interposed between the sound sprocket and the
rest of the moving equipment of the projector which effectively
opposes the transmission of any abrupt change of speed to this
sprocket.
The control box which contains the apparatus for governing
the speed of the driving motor is arranged to hold the record speed
the same as that at which the records are made i.e. 90 feet per
minute in the case of synchronized sound and picture productions.
By throwing a switch the automatic feature may be cut out and
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the speed of the machine may then be manually controlled by the
operator.
This completes the apparatus associated directly with the projector. The general arrangement of the latest type of Western
Electric projection machine, equipped with a Simplex head is
shown in Fig. 6. Incidentally this projector is also arranged to be
fitted with the Powers or the Motiograph head. Fig. 7 shows a
typical layout of the Western Electric projector system as installed
for use with talking motion pictures.

Fig. 6.

Sound projector equipped with Simplex head.

As in ordinary pictures, in order to run a continuous program,
it is necessary to use two projectors alternately. As the picture
from one machine is faded imperceptibly into that on the other
so the sound record may be faded from one machine to the other
without the audience being aware that a change has been made.
At the end of each record of sound film the music overlaps the be-
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ginning of the next and a device called a fader is employed in making
the transition. All that is necessary is to turn the fader knob when
the incoming machine is started. This fader is in fact a double
potentiometer. In the upper or normal operating range the change
in volume in moving from one step to the next is hardly more than
perceptible whereas in the lower range used only in fading, the steps
are large and the volume decreases to zero on one machine and
builds up on the other very rapidly. By choosing the proper step
in the upper range one can obtain any volume of sound desired
within reasonable limits and thereby equalize the level obtained
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from different sound records. The fader is ordinarily installed
with one or more auxiliary dials and handles interconnected so that
it may be operated from any projector position. In connection
with the fader there is provided a switch for changing from the film
to the disc input system and also a key for switching a spare projector in place of either of the regular machines. Fig. 8 shows a
fader with one auxiliary position.
Following the fader, we come to the main amplifier which
raises the energy of the feeble electric currents to a level adequate
to supply the loud speakers with sufficient volume to serve the
particular theatre. Fig. 9 shows a typical amplifier panel. This com-
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bination is capable of an energy amplification of about 100,000,000
times and is so designed that all frequencies in the range from 40
to 10,000 cycles are amplified practically equally. A potentiometer
15
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is provided on the amplifier but while its handle is readily accessible
it is ordinarily not used after having once been set at the time of
installation to give proper results in the particular theatre. Neces-

Fig. 9.

Amplifier Panel.

sary adjustments are made on the fader. The amplifier shown consists of three units.
The first consists of three low power tubes
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in tandem, resistance coupled, and requiring a 12 volt battery
delivering 1/4 ampere to heat their filaments. The second consists
of a single stage of two medium power tubes, connected in pushpull arrangement with filaments heated by low voltage alternating
current. Two similar tubes in this unit operate as a full wave
rectifier and supply rectified alternating current for the plate
circuits of the amplifier tubes of both the 1st and 2nd units. The
third unit has a single stage of high power push-pull amplifier
tubes and push-pull rectifier tubes and also operates entirely on
alternating current.
These three types are capable of arrangement into combinations to meet the particular need. For small theatres only 1 and
2 are required. In the larger houses the high power unit No. 3 is
added, while to meet exceptional conditions two or more of the high
power amplifiers may be operated in parallel from the output of
No. 2.
Following the amplifier there is an output control panel. This
consists of an auto-transformer having a large number of taps, the
taps being multipled to a number of dial switches to which the sound
projectors or loud speakers are connected. By means of this panel,
it is possible to match the impedance of the amplifier output to
the desired number of horns in order to obtain the most efficient
use of the power available and also to adjust the relative volume
of the individual horns.
The ordinary theatre installation employs four horns, two
mounted at the line of the stage and pointed upward toward the
balconies and two mounted at the upper edge or above the screen
and pointed downward. This combination has been found to give
good distribution throughout the house.
The loud speaker unit used with the horns in theatre equipments isessentially that described by Wente and Thuras recently.*
As brought out in this article, this unit shows extremely high
efficiency. About 30% of the electrical power supplied is radiated
in the form of sound. This is important since the higher the loud
speaker efficiency, the smaller the power capacity of the amplifier needed in the system.
The frequency-response character* A High Efficiency Receiver of Large Power Capacity for Horn-type
Loud Speakers, by E. C. Wente and A. L. Thomas. Bell System Technical
Journal, Vol. 7, p. 140, January (1928).

676

Transactions of S.M.P.E., Vol. XII, No. 85, 1928

istic of a typical receiver and horn is given in Fig. 10. An individual
horn may be equipped with several receivers by using multiple
throats as shown in Figs. 11 and 12. The power capacity for con-
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tinued safe operation of the horn with one, four and nine throats
is approximately 5, 20, and 45 watts, respectively (electrical input).
The number of horns used is dependent upon the particular in-

Fig. 11.

Twin throat for attaching two receivers to one horn.

stallation and is related to
If it is necessary to disperse
are needed than when it is
tively small angle.
This

the directive characteristic of the horn.
the sound over a large angle, more horns
desired to concentrate over a comparadirective characteristic of the horn is

Sound Projecting Systems — Scriven

677

important in talking motion pictures as it is responsible for the
illusion of the sound coming directly from the mouth of the horn;
that is, from the screen. If the horn is replaced by a loud speaker
of otherwise identical characteristics but which radiates its sound
over a very wide angle, there is a tendency for the sound to appear
to come from a point some distance back of the screen, thus tending to destroy the illusion.
The power supply equipment
has been fairly completely
covered in discussing various parts of the system. Under ordinary

Fig. 12.

Multiple throat for attaching nine
receivers to one horn.

conditions the requisite power is obtained from the electric mains
in the theatre except for the 12 volt battery required for some
of the vacuum tube filaments and for the electro-magnets in the
loud speakers and the dry cells used with the photo cell and photo
cell amplifier. Where 110 volt DC only is available there is a projector driving equipment which operates on this voltage but a DC
motor driving a 60 cycle generator is required for supplying the
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amplifiers. Where 110 volt AC is available, it is only necessary to
connect the projector motor and the amplifiers to this supply.
In addition to its function as a part of talking motion picture
equipment, the sound projector system may also be used in the
theatre for voice reinforcement and announcements for which uses
it operates as the familiar public address system. For voice reinforcement microphones may be concealed in the footlights and the
horns so placed as not to affect them. Announcements will ordinarily be made from a transmitter in the Manager's Office.
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The system is also used to furnish sound accompaniments for
non-synchronized pictures. Fig. 13 shows the cabinet containing
two turn-tables, each provided with a reproducer and means for
locating it accurately upon the record. A fader is included for
fading from one reproducer to the other. The same amplifier and
loud speakers are employed as for synchronized pictures.

WESTERN ELECTRIC
SOUND PROJECTING SYSTEMS
FOR USE IN MOTION PICTURE THEATRES
Part II
H. B. Santee*
The first part of this paper has described the equipment employed for sound reproduction in theatres. It is the purpose of
this, the second part, to explain the manner in which such equipment is installed and operated.
To obtain a clear picture of the whole problem in all its complexities, itwill perhaps be best to consider an installation from its
very inception and follow it through to completion. This treatment,
while including mention of details which may possibly appear
superfluous, will nevertheless present a fair idea of the scope of the
work involved.
The Electrical Research Products, Inc. supplies to theatres
the equipment of the Western Electric Sound Projector Systems,
supervises its installation, instructs the local personnel in its operation, and provides inspection service during its subsequent use.
One of the most important factors in preparing a theatre for
sound projection is the initial engineering survey, for upon this
survey rests the decision of the t}rpe of system to be installed and
the determination of requirements for apparatus layout and of
possible special treatment. Each theatre is an individual problem
and must be considered as such.
The survey engineer gathers pertinent information and prepares his recommendations. And while his recommendations are
given due consideration, a special staff at the home office studies
the survey and renders final decision. Survey information must
therefore be complete.
In the projection room the engineer must investigate the power
supply not only as to voltage and kind but to determine if there is
ample capacity to carry the load to be added, and if the regulation
is suitable.
The type and condition of the projection machines
* Theatre Systems Engineer, Electrical Research Products, Inc., New
York, N. Y.
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must be noted and the angle of projection learned. Is the space
between machines ample for the attachment of the sound apparatus
and for convenient operation? Is there an acceptable location
in the room for the amplifying equipment and associated controls?
It is sometimes necessary, particularly in the older theatres, to
require rearrangement of the projection equipment or possibly an
enlargement of the projection room. Such changes are naturally
welcomed by the operating staff. Space, conveniently near but
separately enclosed, must also be found to house the storage
batteries.
The auditorium presents an item for careful study, for upon
its characteristics is based the size of the system to be installed.
The types of systems available, varying in power output, meet
conditions imposed by theatres from the largest to the smallest and
are so arranged and selected that, while sufficient sound volume
is at hand in each case, no theatre is overburdened with excess.
As blue prints of the auditorium are not always available it is
frequently necessary for the engineer to take the dimensions himself, for the cubical volume is an important factor. Seating capacity
and the distribution of seats also bear influence. The general
acoustics of the house must be considered. What degree of reverberation ispresent, bearing in mind the absorptive effect of the
audience. Are there areas of echo or interference or of otherwise
bad hearing? Are internal or external disturbing noises a factor?
A final and specific study of acoustic properties can best be made at
the time of system testing upon completion of the installation, but
general effects can be and are observed during the survey process.
The stage must receive consideration as to size and to layout
with reference to location of the horns and of the special screen
used with the system. If the theatre policy covers the showing of
moving pictures only, the horns may be located permanently on a
suitable structure. If vaudeville or stage presentations are included, however, they are generally placed in movable horn towers
or else flown from battens.
Information sufficient to permit a knowledge of the conduit
runs for the complete installation is also obtained at the time of
survey.
The data collected, augmented by sketches prepared by
the engineer, in conjunction with blueprints of the building, if
available, thus provide the home office survey staff with a complete
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picture of the theatre. The type of sound projector system is accordingly selected and the dates of shipment of equipment and
installations are placed on schedule. If, perchance, architectural
changes in the theatre are required the theatre management is so
notified in the anticipation that alterations will be completed
prior to the actual introduction of apparatus.
At the outset of an installation, it is important for the engineer
to establish satisfactory personal contacts with the local people
and organizations that will be related to the work. This is necessary that the work may proceed smoothly and without delay, as
an opening date has by this time usually been fixed. While sufficient
time for the installation, testing and rehearsals is allowed, obviously
no large safety factor can be tolerated. The engineer first meets
the house manager, and subsequently the projectionists, the house
electrican and stage hands, and familiarizes himself with house
conditions such as policy, house hours, labor conditions, best time
for work, etc. It is necessary for him to find a competent electrical
contractor, one, if possible, who already has knowledge of the
theatre.
The installation proceeds in accordance with a logical plan.
It is usual first to attach the driving equipment to the motion
picture projector, for, while the projector mechanism itself remains
practically intact, its driving motor is replaced by one with electrically regulated speed control. A film speed of 90 feet per minute
is assured for sound picture work, but variable speeds may be
obtained, if desired, for silent film. As these motors require four
or five seconds to pick up speed, it is advantageous to have the projectionists become accustomed to such features in order to be able
to give full attention to the handling of film or disc record when
the time arrives.
The battery equipment is next installed with its switching
panel and charging apparatus. This permits an investigation of
the condition of the batteries and ample time for charging if
required. Furthermore, the projectionists may study this portion
of the apparatus at some leisure and have explained to them proper
schedules of charging. If a motor generator is required, it is set up
at this time.
The amplifiers and associated equipment are placed upon the
relay racks and the fader with its auxiliary positions is mounted
at the front of the projection room wall. The position of the monitor
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horn is carefully selected so that the operating personnel will at
all times be able to hear clearly, for it is by following the program
through this horn that fader change-overs are made.
While the apparatus is being placed in position the conduit
installation keeps apace. It should now be possible to connect the
storage batteries and A.C. supply to the amplifying equipment
and check its functioning. The fader can be electrically joined to the
film and disc reproducers associated with the production machines.
A film-disc transfer panel is mounted above the master fader
position to permit either the film or disc reproducers to be used at
will, simply by momentarily depressing the proper push button. A
signal light gives visible evidence as to which circuit is set up.
Interconnections between physically disassociated groups of equipment are made through a junction box located in the projection
room. This method not only facilitates installation but provides a
ready means for circuit checking and trouble finding.
While equipment and installation methods are constantly
being simplified, it may be noted that a rather marked advance in
this direction is to be introduced within a few months. At the
present time the driving motor and disc turntable have their
separate mounting pedestals. The film reproducer and associated
amplifier are supplied as separate units to be assembled as an
appendage. The film-disc transfer panel is an apparatus separately
mounted on the wall. The new plan provides that these individual
pieces shall join into a single united whole. A pedestal is to be
supplied which will have space for placing the driving motor and
mounting the disc turntable. The film reproducer and amplifier
will form a definite part of the pedestal. A film-disc transfer will
be associated with each unit which will permit the projectionist
in making his machine ready for the succeeding selection to prepare
completely for the change-over. As any equalizers which may be
necessary will also be included in the pedestal, special wiring or
switching of such units will be eliminated. A mechanical brake will
provide ready stopping of the projector. A model of this complete
device has been installed in the booth in this auditorium and is
being used in the projection of sound pictures.
The installation engineer next turns his attention to the stage.
The horns are placed in the mountings which have been constructed
by now and are located in positions which experience has taught
the engineer may be roughly correct for this type of house. After
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the loud speaking receivers are attached to the horns and connected in circuit, a cursory test follows to assure that no major
errors are present. This is the first opportunity to produce sound
through the complete system. Any imperfections that are immediately obvious are corrected. Comparative tests are then made
between the sound reproducers on the projectors equipped, so that
variations in volume can be compensated for. Each receiver and
horn is heard separately, and then in unison to check poling.
Receivers incorrectly poled give a most unpleasant effect of pressure
in the ears of the listener if he is at the junction of their sound
paths.
Before proceeding further it is desirable to have in place
the screen used with the sound system. An obvious requisite of
talking pictures is that the sound shall seem to emanate directly
from the action shown on the screen. If the sound source is placed
immedately behind the area of action in the picture, the illusion is
optimum. While it is true that the human mind tends to adjust
itself to disregard imperfections in this particular, extensive study
has shown that, where the sound originates from locations other
than at the visual source of action, an impression of unnaturalness
is often present. The auditor is probably not aware of the cause of
his uneasiness, but he is unconsciously attempting to convince
himself that he is hearing aright. Imperfections of location become
less annoying, of course, the farther one is away from the screen.
To present the best illusion a special semi-porous screen is used
which permits sound from the horns located directly behind it to
pass through readily. With the present type in use, a small percentage oflight is lost from the picture.
With the screen in place and the horns temporarily set, the
acoustic tests can be made and the final check given to the system.
Acoustic conditions of theatres are responsible for widely
different results obtained. Some houses give a mellow effect,
others make reproduced sounds appear metallic. The shape of
the interior has less effect in general than has the nature of the surface of the walls, ceiling and floor. If these surfaces are hard and
smooth like ordinary plaster, concrete, polished wood or glass,
they will reflect most of the sound striking them. Different frequencies may be reflected in varying proportion. Where surfaces are
soft, thick materials such as heavy drapes, carpets, upholstery, or
where the audience covers a relatively large space, a goodly portion
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of the sound is absorbed. Pilasters, moldings, cornices and such
broken surfaces disperse sound waves and tend to damp them out
quickly.
The hard or reverberant type of theatre is especially annoying
for speech selections since the duration of audibility is so great
that a sound will remain to overlap the sound succeeding it. This
gives an effect of poor articulation. For music reproduction, however, a reasonable amount of reverberation is acceptable as it
tends to give the effect of fullness and roundness. Another variable factor which further complicates the situation is the changing
amount of audience which in itself is an excellent absorbent.
Theatres which may be entirely too reverberant empty will sometimes give pleasing results when filled. Unfortunately, it is not
possible to have a completely filled house at every performance. It
Will therfore be seen that at best, a compromise must be tolerated.
Reverberation depends upon the rate of decay of sound and is
measured by its inverse, the duration of audibility of a sound of
known initial intensity. The introduction of highly absorbent
material into a room will have greater absorptive effect on the higher
frequencies. If the thickness of the material is increased considerably the absorption of the lower tones will be increased while that
of the higher frequencies will remain practically intact. Very thin
fabrics such as cheese cloth or bunting absorb only extremely
high frequencies.
A highly damped auditorium will cause sound to appear to
lack brilliance and definition and will have deadness which in
extreme cases may be almost depressing. Greater electrical power
will be required to fill the house with comfortable sound volume,
but the effect of the audience will be relatively less than it is in a
reverberant house.
Echoes, generally speaking, are due to too great differences
in the lengths of the sound paths of direct and reflected sound which
reach an auditor in a given position in a room. An interval of about
1/16 second is noticeable. Proper location of the source of sound,
or placing draping material over the offending reflecting surface
will ordinarily correct echo.
Interference is usually produced by the crossing of many
trains of sound waves reflected from various parts of the room.
It results in distortion and is overcome by proper placing of absorbent.
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Resonance occurs with a surface consisting of some thin, hard
material which is free to vibrate as a diaphragm at its own natural
frequency. Thus sound is reinforced. Distortion will probably
result, since only that portion of complex sound whose frequency
is near the natural period of the resonator is affected.
Armed with a km ,viedge of these general acoustic considerations and bearing in mind the three prime requisites to good
hearing, i.e., that sound should be sufficiently but not unnaturally
loud for all auditors, that successive sounds be clear and distinct,
and that the components of complex sound should retain their
relative intensities, the engineer makes his acoustic adjustments.
He usually tests first for sound distribution and arranges his horns
so that in so far as possible all portions of the house receive a like
amount. Good distribution can normally be obtained by proper
flaring and tilting of the horns. Any acoustic peculiarities are
next investigated and where possible corrected. Slight variation
in the location of the horns may result in quite marked differences
in the results obtained, for which reason this test may involve
many hours of labor. It may be necessary to convince the management that acoustic treatment is essential if good reproduction is to
be obtained.
One standard practice which is followed in all cases requires
that the horns and the back of the screen not occupied by the
horns be completely enveloped by absorbent drapes. If the sheet is
set back from the proscenium arch, it is also usual to hang drapes
in shadow box effect. This treatment eliminates back stage reflections of sound.
After the horn locations have been definitely fixed and the
equipment given a final check, the engineer proceeds to calibrate
the theatre. He has available several test records embracing a
rather wide variety of character of selection to cover various
types of entertainment which will be shown in future in the theatre.
Each record has been marked with a proper fader setting determined in a standard theatre. By playing these records at the
marked value and adjusting the main volume control potentiometer on the amplifying equipment until the proper effects are
obtained, it should be possible from then on to obtain good results
by using normal fader volumes for any succeeding selections. In
other words, this potentiometer setting which then remains fixed
compensates for the varying sizes of theatres and permits like effects
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of reproduction to be obtained universally. In addition, various
types of selection require that varying degrees of volume be fed to
the different horns. From the test records the engineer is able
definitely to select what these volumes should be and so establish
the horn setting values which are normally required. When these
potentiometer values and horn settings are determined the theatre
is considered calibrated. Such routine tends to standardize sound
reproduction in so far as that is possible in theatres using sound
projector systems.
While the installation has been progressing the operating
personnel have been instructed in regard to the functioning of the
equipment and the proper method of handling it. At the outset
each man has been given a copy of a complete operating instruction
bulletin for his personal keeping for study and reference. By the
time of the completion of the work, and as a result of the running
of the equipment during the acoustic tests the projectionist should
now be able to start up and adjust the amplifying equipment preparatory to running the show. He should be able to thread the projector with film through the sound gate compartment with surety
and for film reproduction adjust his sound reproducer lamp. , For
disc reproduction he should know how to place the starting mark
of the film in its aperture and fix the needle of the reproducer on
the starting mark of the record.
The rehearsal of the opening program is an important event.
It not only enables the projectionists to demonstrate their ability
in handling the equipment under real operating conditions, but
also gives them experience in actual change-overs of picture and
fader. The engineer can acquaint the manager with the technique
of running the show to obtain best results. While the physical
operation of the apparatus is the responsibility of the projectionist,
the manager in the last analysis is responsible for the general effects
in the theatre proper. Either he or someone assigned to the work
should be present in the audience during the showing of sound
pictures. Even though rehearsals of programs have indicated proper
operating points of the various selections certain conditions arise
which may require changes in volume. The observer is able to be
in touch with the projection room for transmitting his wishes by
means of a buzzer signal system and telephone circuit, which are
provided. It is, of course, essential that this observer not only be
entirely familiar with the results which the system may be expected
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to give, but should also know how to originate requests for obtaining the changes which he may want. Upon the ability and conscientious effort of this observer depends in a large measure the success
of the sound picture programs.
The installation personnel remain at the theatre until it is
evident that the equipment can be handled in a commendable
manner. At such time the installation is transferred to the service
organization of the Electrical Research Products, Inc.
The function of the Service Department is evidenced by its
name. The service engineer in whose district the theatre is located
is available for emergency calls at all times. In addition, he visits
the theatre periodically to check the equipment and recommend
what minor adjustments may be necessary. He listens to the selections on the program and makes any suggestion to the manager
which may occur to him. In this manner all of the theatre systems
are kept under frequent engineering supervision in an earnest
endeavor to maintain the class of service which they may be
expected to give.
DISCUSSION
Mr. Mole: What is the smallest amplifying system that
has been developed to date? What I have in mind is not for the
theatre but the auditorium or small hall?
Mr. Santee: I don't know quite how to explain this. The picture showed amplifiers adjusted like a sectional bookcase, so that
you can use the number required. There must be ample volume
available to fill the auditorium where the system is used.
Mr. Mole: Can that be used with one machine?
Mr. Santee: Yes.
Mr. Crabtree: There seems to be a wide difference of opinion
as to the loudness of the music to be played under any given circumstances. Personally, I like lots of volume. It seems to me that
the integrated energy from an orchestra should bear some relation
to the energy from the horn. Have measurements been made in
this connection? Papers published recently have recommended the
use of a system of distributing horns in different parts of the theatre.
What do you think of this plan?
Mr. Santee: Whether a picture is a real talking picture or a
so-called " sound" picture, we try to simulate actual conditions.
In the early installations we put some of the horns in the pit with
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the idea that they would simulate the actual sound from an orchestra. With this porous screen, it is more convenient to put them behind
the sheet. Many of the houses, particularly the legitimate houses,
do not provide a pit and sometimes it is very narrow. Personally,
I feel that the whole sound picture program is tending in one direction— the sound should emanate from the screen itself. I don't
believe loud speakers distributed through the auditorium would
give you the effect you want; in fact, I know they won't.
Me. Crabtree: With regard to the actual loudness of the
music, have measurements been made on the energy coming from
an orchestra or any instrument as compared with that coming from
a horn when you have found by trial that the music seems satisfactory to the average audience?
Mr. Santee: I can't explain any experiments made on this
but the last resort is the effect on the observer. Regardless of
measurements, the effect upon the audience is in the last event
what you are trying to make pleasing. If you are reproducing an
orchestra, the effect should be what you would hear directly from an
orchestra.
Mr. Crabtree: It seems to be up to the projectionist to
determine the loudness of the music.
Mr. Santee: The projectionist has nothing to do with this.
It is quite usual to have the fader arrangement which I mentioned inthe paper already fixed. If conditions require a change, it
is not made by the projectionist except by order of some one in the
audience. The projectionist is not able to do more than get a fairly
good idea of the sound in the theatre; in the last resort, it is the
man in the orchestra who is hearing it and can issue orders to
increase or lower the volume at will.
Mr. Porter: It seems to be the practice in sound picture work
to use porous screens, and I suppose the more porous, the better
it transmits the sound. On the other hand, porous screens are not
good reflectors of light. I wonder if data is available as to the
illumination increase necessary to offset the reflection loss.
Mr. Santee: Work is being done on this. We know there is a
slight loss of light— somewhere between ten and fifteen per cent.
We would like a screen better than this, and work is under way on
it, but there is nothing definite to report at present.
Mr. Sponable: I was going to enlarge on the answer to Mr.
Crabtree's question; namely, the Movietone has differed from the
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Vitaphone from the beginning. We developed the porous screen
and do not want the reproduced music to simulate an orchestra
but rather to serve as a frame for the picture. This is all the more
necessary now that we are adding speaking sequences to the pictures. We prefer to put the horns behind the screen and make the
music part of the picture. We like to keep the volume low in order
not to detract from the picture. The efficiency of the screen is
about eighty per cent as compared with a standard screen.
Mr. Richardson: There are two serious weaknesses in this
whole proposition. One is that while the service engineer is presumed to be available when something goes wrong, very often with
$2000 or $3000 in the house the engineer is found to be two or three
miles away. Of course, the audience will not wait, so that the projectionist must know how to remedy the defects or the management
will have to refund their money. As to the screen, I presume Mr.
Sponable and Mr. Santee have given correct statements of findings
in the matter of screen illumination comparisons. Hoever, these
comparisons do not tell us much because of the fact that in all cases
only new surfaces have been measured, whereas screen surfaces are
used in theatres for months and even for years. If you will hang a
sheet of plate glass up in the open air of a theatre and examine it
after ninety days you may be surprised at the fog it has accumulated. Ifa highly polished surface will accumlate dirt thus rapidly,
what do you think screen surfaces will do? Screen surfaces deteriorate very rapidly. I have long since taken the position that screen
surfaces should in no case be used in excess of ninety days. As they
collect dust and dirt they lose reflection power correspondingly. I
think my friends take a very optimistic view. After even so short
a time as three months, I am sure the reflection power will be
nearer fifty than ninety per cent.
Mr. Townsend : I think that the screen proposition is a very
serious one. We have film coming to us now that is almost burned
when we get it. It is so dry, it will crack during running, and the
more porous the screen, the more light necessary behind it, and the
more we heat the film. Does the Roxy Theatre use a porous screen?
Mr. Santee: No, it does not.
Mr. Townsend: Nearly every week we receive film that is too
dry to run and have to return it and get another print. If we reduce the reflective power with a porous screen, more light must be
used, and every one dealing with film knows we are heating it to
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the limit right now. If we must use porous screens we need better
ones than are furnished at present. The picture must be considered
along with the sound. We can't give up our motion picture for
sound entirely.
. Mr. Edwards: With regard to the importance of placing the
horns, I don't think that it is requisite that the horns be placed
actually behind the screen. Several years ago in Mr. Edison's
Laboratory a series of experiments were made on this problem.
Two horns were placed at about 25 feet from a disinterested and
uninformed observer who was blindfolded and seated in a revolving
chair. The same selection was then played on each horn in turn.
During the playing, the chair was spun around and the man asked
to tell from which horn the sound came. In most cases he could
not do it. This was tried with a number of observers and the results
were invariably the same. There are so many disadvantages encountered inendeavoring to place the horns behind the screen that
the subject requires very careful consideration.
Mr. Richardson has pointed out that the porous screen has
many inherent disadvantages, almost fatal to continued good projection. Due to its porosity and consequent loss of reflection the
light must be increased. To-day with many films, the heat at the
aperture is practically at the flashing point of the nitrocellulose
base. The film is so buckled that a dime could not be run from one
end to the other without falling off, due to this intense heat.
There is another point to which I should like to call attention
in regard to the observer in the theatre and his training. It is not
sufficient to tell the manager about the observer's telephone to be
used by a man in the auditorium while sound pictures are being
projected. It is not sufficient because the manager will probably
delegate this important work to an usher or anybody else handy at
the moment. The observer must be trained in this important work.
He must be capable of judging the desirable amount of volume
necessary for the film shown. I had an amusing incident only a few
weeks ago that will illustrate the need for this training. Gigli was
singing and in his song were many diminuendo passages which were
followed with a strong crescendo which literally filled the theatre.
The observer had the idea that the volume of sound throughout the
number should be. equalized therefore ordered that in the low
portions of the song that the fader be brought up two or three
points and in the crescendo passages brought down to match.
Of
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course this would have ruined the number so we paid no attention
to his demands. It however shows that due attention should be paid
to the education of the observer.
Mr. Wente: In regard to the placing of the loud speakers, it
was stated that if two speakers were placed in the room, the person
blindfolded and whirled about, it was difficult for the person to
tell where the sound came from. We have made such tests, but if
the listener is given time to catch his bearings and move his head
back and forth, he doesn't have difficulty in tracing the direction.
Mr. Farnham: It has been my observation, when seated at
the rear of a relatively large theatre showing a talking picture, that
there is an apparent lack of synchronism between the sound and the
lip movements. This is undoubtedly due to the fact that sound
travels more slowly than light. I realize that it is a difficult thing
to combat, and I would be interested in knowing what steps have
been taken to remedy this. It appears to me that advancing the
sound slightly so that it is in synchronism with the lip movements
at the center of the theatre offers a possible solution.
Mr. Santee: Certain laws of nature cannot be changed. If
you look across the lake and see the steamboat whistle steam and
then hear the sound, you don't think anything is wrong. The effect
is the same, and it would be unnatural to have it otherwise.
Dr. Mees: I think synchronization might be adjusted for the
middle of the theatre. The average attendant doesn't know that
light travels faster than sound.
Dr. Buttolph: Mr. Farnham asked my question, but I
should add that I observed this only a few days ago in the back of
a long, deep auditorium, and all my neighbors commented on this
lack of synchronization.
Mr. Kurlander: I came in just as Mr. Sponable finished his
statement that the porous screen was eighty per cent efficient. Is
that based on actual test?
Mr. Sponable: It is based on new screen material.
Mr. Kurlander: On the active part of the screen?
Mr. Sponable: The result was obtained by taking up the
light reflected from the screen with a photo-electric cell and the
amount reflected from a white surface of magnesium oxide.
Mr. Kurlander: I think that is very high for a porous screen.
The relative efficiency of an opaque screen is about eighty per cent
and the porous screen cannot compete with this.
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Mr. Palmer: I think there is some confusion here that
perhaps I can straighten out: I think Mr. Kurlander is taking Mr.
Sponable's remark as eighty per cent of the reflected light.
Mr. Kurlander: Have you figures on the over-all loss compared with an opaque screen?
Mr. Sponable: No?
Mr. Kurlander: I think the screen would be so inefficient
that the theatre would have to double the screen intensity to bring
it back to normal.
Mr. Porter: May I go back to the question of synchronization? In the ordinary theatre where you have a singer or speaker
performing in person at a long distance, you have the same problem,
i.e. the lips move before you hear the sound, but in that case the
person appears so small that you don't see sufficient lip movement,
and that makes the time lag more evident. This will tend to keep
closeups down to a smaller size. I don't see the necessity for putting
a man's face on the screen nine feet across from his chin to the top
of his head.
Mr. Spence: To get back to the subject of placing horns in
relation to the screen, a man who is here made that test long before
most people present thought of such work. That is Mr. Bristol.
Mr. Bristol: I hardly believe from my experience with horns
placed behind the screen, referring to the demonstration in the
Edison Laboratory, that such screens will be necessary in practice.
It will probably be found from further experiments that horns can
be placed at the sides of the screen thus saving the film from excessive heat which is very important.
Mr. Maxfield: In connection with synchronization, I had the
misfortune of sitting through one reel where the sound was ahead of
the lips, and I simply shut my eyes and let it go. A slight lag is
not so bad. With large close-ups, when sitting at the back of the
house, you have the impression that the persons are nearer to you
than they are. I don't think you can solve it by calibrating the
middle of the house because it is disagreeable on the nerves of the
people in front.
Mr. Coffman: It seems probable that many reported instances ofnon-synchronization have been observed in films to which
sound was added after the picture had been made. The lack of
perfect synchronization under these circumstances is always
evident; in some cases the characters are obviously saying different
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words from those apparently coming from them. Naturally this
trouble will disappear as a sufficiency of real sound pictures becomes
available. Mr. Bristol's system makes it possible to demonstrate
very strikingly that no adjustments for distance from the screen
are necessary or desirable. He is able to vary the relationship
between sound and picture records by one frame at a time, and it is
found that no matter how far from the screen one may stand,
preference is invariably expressed for perfect synchronization of the
two records. This result was to be expected, for thebrain normally
makes allowance for the time-lag between reception of visual and
auditory impressions originating in the same source.
Mr. Sponable: There are two or three little things about
which I would like to express an opinion. One is the misuse of
talking pictures in the theatres. An alert manager usually runs a
good show. In the case of the Fox houses where we find the shows
are consistently poor, we usually arrange to give the manager
instruction. With reasonable care and an intelligent house manager,
however, there is little excuse for a poor sound show.
Whether we run sound pictures or silent ones, we get a certain
amount of film buckling. This is very serious and expensive.
Films can be cooled by using back shutters or a cooling stream of
air. Such devices have been proposed and used and I don't know
why they have been discontinued. Of course, the buckling of the
film has no effect on the sound ; it merely throws the picture in and
out of focus.
With regard to synchronization if the film is printed and
threaded correctly for synchronization in the middle of the house,
it is not out of synchronization in the front and rear. Where the
effect is observed it is due to improper threading of the machine.
The present screen is the best we know of at present. I feel
that talking pictures have been advanced by using a screen where
the sound is reproduced through the screen. Speakers at the side of
the screen result in an imperfect illusion and only by placing the
speakers near the apparent source of sound will a true illusion be
obtained.
Mr. Griffin: I think we are
is important, and those having to
increase of light necessary with
desired. The paper dealt strictly

agreed that the matter of screens
do with projection know that the
the porous screens is not to be
with the type of horn known as
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"directional." I want to know if the new free cone dynamic speaker
placed at the sides, top or bottom of the screen wouldn't tend to
carry out the effect as satisfactorily as the speaker mentioned in
the paper.
Mr. Sponable : If Mr. Griffin can produce a cone that equals
the present horn type speaker in efficiency and quality, we shall
be only too glad to use it.
Mr. Griffin: I am speaking of future developments.
Mr. Sponable: With the free-cone speakers placed off-side,
we obtain a bad illusion.
Mr. Bristol: I have used this dynamic type very successfully
at the side of the screen, and I think they promise so well that they
will be used in place of the horn, but that remains to be found out.
Mr. Maloff: In this case it is interesting to compare sizes.
There is not room for four horns in front of the screen or on its
sides. When we put several speakers in a row we get the effect of
an area delivering sound. If we distribute sound reproducers along
the periphery of the screen we can get the same result. With Mr.
Bristol's equipment we were trying several cones next to the screen
against cones behind the screen in a studio of fairly good size. We
were unable to detect any difference and the absence of difference
in our opinion, was due to the small size of the cones. The chief
objection to a horn is its size. With several small cones we can get
exactly the same if not better results.
Mr. Crabtree: When listening to an orchestra, we have a
sense of direction of the various instruments. When listening to the
music from a horn, that conception is lacking. Mr. Engl in a paper
read before the Society spoke of orthosonic reproduction. The
scheme outlined was to have two pick-ups and transmit the sound
of one microphone to one ear and that from the other to the other
ear, which would require ear phones. With such an arrangement,
you get a sense of the location of the instruments in the orchestra.
Has anybody made experiments in that direction?
Mr. Mills: Mr. Crabtree will find in the literature of five or
six years ago a paper, I think by R. V. L. Hartley, dealing with
this subject of binaural hearing. I can supply the reference if
desired.
Mr. Porter: A great deal of work. was done on this during the
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War. A whole department in the Naval Experimental Laboratory
at New London worked on this. That data is available.
Mr. Palmer: I think there is no question but that there is a
distinct advantage in having the sound all come from the same
place. We have listened to organs where the sound from some pipes
came from one part of the house and some from another, and sounds
coming from different places are annoying.

SYNCHRONIZATION AND SPEED CONTROL
OF SYNCHRONIZED SOUND PICTURES
H. M. Stoller*
WHEN
Thomas A. Edison gave a demonstration of his talking
motion pictures nearly 16 years ago one of his chief problems
was proper synchronization between' his acoustic phonograph and
the motion picture projector. It was then necessary to locate the
phonograph behind the screen in order to make the sound appear
to come from the picture. A system of belts and pulleys running
from one end of the theatre to the other was used to secure synchronization with the projector in the booth.
The development of the electrical reproducer has made it
possible to locate the turntable and reproducing mechanism in the
projection booth permitting a direct mechanical coupling between
it and the projector. The horns are located behind the screen and
electrically connected by wires with the electrical reproducer.
Thus there is no problem of synchronization in reproducing
except to set the needle on the disc at the proper point before
starting. However, such mechanical coupling between the projector and sound reproducer (either of the disc or film type) makes
it necessary to provide very close speed regulation on the projector
motor, since variations in speed produce proportional changes in
the pitch of the sound.
This paper will describe the speed regulating system employed
in reproducing and the synchronization system used in recording.
Speed Regulation Requirements
A good musical ear while having a sense of absolute pitch of
only about 3% is extremely sensitive to sudden changes in pitch.
It has been found that a sudden change in pitch as small as one
half of 1% may be noticed if made abruptly. In order properly to
take care of this requirement therefore, the speed regulation or
change in speed of the motor drive over normal variations in line
voltage and load should be held within 0.2%.
The absolute speed must also be held near these limits since
* Bell Telephone Laboratories, New York, N. Y.
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at the end of a film it is necessary to switch from one projector to
another with minimum change in the pitch of the sound reproduction.
Voltage, Frequency and Load Variations
A study of the voltage variations in power supply systems
indicated a range from 100 to 125 volts. At a particular location
the normal variation of voltage was found to be 5% above or below
the mean value with occasional momentary variations of as much
as 10% above and below mean value.
An investigation of variations in frequency of the supply voltage showed that in the large cities the frequency was held very
accurately at 60 cycles. In New York City for example the frequency stays within one quarter of 1 cycle and does not change
rapidly. However, in some small power systems the frequency
varies as much as 5 cycles and in some cases is subject to rapid
changes.
The load of the motor is due mainly to mechanical friction in
the projector and take-up mechanism. This load was found to be
on the average one-tenth of a horse power but subject to wide
variations. In the case of a new machine with a stiff adjustment
of the take-up mechanism, the load was found to be as high as onefifth of a horse power.
Speed Control Circuit
A consideration of the variables just discussed imposes rather
severe requirements of speed control, the two extremes being (1) the
combination of low line voltage, low frequency and heavy load,
(2) the combination of high line voltage, high frequency and light
load. Ordinarily it might be possible to compromise and not provide
for such an extremely unfavorable combination of requirements.
However, it must be borne in mind that in the case of a musical
program the failure of the speed regulating system for even as short
a time as a fraction of a second would be a very serious matter
causing the music to sound off pitch similar to a phonograph which
has run down while in operation.
An examination of the standard commercial types of speed
control indicated that there was nothing exactly suitable. The
nearest approach to a suitable governor is the standard type of
phonograph governor but this friction brake type of governor has
serious objections if applied to a motor of considerable power out-
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put. In order, therefore, to have a control system which would be
free from need for maintenance, it was decided to develop a special
form of control system for the purpose. Fig. 1 shows a photograph
of the A.C. motor and its control cabinet.

Fig. 1. A. C. Motor with Control Cabinet.

AC Motor Control Circuit
Fig. 2 shows the AC motor circuit which consists of a repulsion
type of motor coupled to a small auxiliary alternator providing a
frequency of 720 cycles which through a control circuit is made to
operate a variable reactor across the armature terminals of the

REACTOR

Fig. 2.

A. C. Motor Circuit Diagram.

motor. If the speed of the motor is too high, the control circuit
produces a maximum impedance in the reactor Lx thereby reducing
the armature current of the motor and causing it to slow down.
While if the speed is too low the control circuit causes the reactor
Li to have a minimum of impedance increasing the armature current
and causing the motor to speed up.

Synchronization and Speed Control — Stoller
This reactor Lx is of the DC saturating type having two outer
legs with AC windings and the middle leg with a DC winding. The
AC flux circulates around the two outer legs. The DC flux flows
from the middle leg and returns through the outer legs in parallel.
When DC flux is sent through the middle leg it saturates the outer
legs thereby reducing their impedance to AC. This type of reactance
is old and was employed by Alexanderson as a magnetic modulator
in his early radio work.
\: Fig. 3 shows one element of the speed control circuit. This
consists of a bridge circuit having one variable arm and three fixed
arms. The variable arm comprises a tuned circuit consisting of the
inductance L and the capacity C which are designed to tune at
exactly the frequency corresponding to the desired motor speed.

-' PHASE
FREQUENCY

Eo

!/
Fig. 3. Bridge circuit
in speed control system.

Fig. 4. Output -90°
voltage characteristic of bridge circuit.

When this circuit is in tune it has a resistive impedance which is
balanced by the fixed arm R of the bridge. The other two fixed arms
on the left are windings of a transformer with a mid tap. If a
voltage 2EQ having a frequency of 720 cycles (which is the frequency
corresponding to the desired speed of 1200 RPM) is supplied to
the bridge it will be apparent that the output voltage E2 will be
zero. If, however, the speed is low the tuned circuit will have a
condensive reactance while if the speed is high it will have an inductive reactance. The output voltage E2 will, therefore, change
abruptly 180 electrical degrees from a speed below 1200 to a speed
above 1200. This characteristic is shown in Fig. 4.
The use of the above described bridge circuit gives a very
sharp characteristic due to the fact that the effective resistance
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component of the tuned circuit is balanced out by the adjacent
resistance arm of the bridge. In this way an overall characteristic
of the desired sharpness is secured using a comparatively small and
inexpensive coil and condenser.
Fig. 5 shows the complete control circuit. The output from
the bridge circuit is supplied to the grid of tube F4 which is called
the detector tube. The plate voltage of this tube comes from the
720 cycle generator through the step-up transformer TV The phase
of this voltage, therefore, remains constant. The phase angle of
the grid voltage, however, comes from the bridge output circuit
through the step-up transformer Ts and as previously explained

A.C.CONTROL

Fig. 5.

CABINET

A. C. Control Circuit Diagram.

suffers a sudden reversal of phase as the speed passes through 1200
RPM. Fig. 6 shows the resulting current characteristic through
tube y4. This current flows through coupling resistance Ri which
drives the grids of tubes V\ and F2 negative. This in turn reduces
the plate current through tubes Vi and V2 and hence through the DC
winding of the inductance Lx controlling the armature current of
the motor.
Tube Vz is a rectifier tube supplying excitation to the field
of the 720 cycle alternator and the negative "C" voltage along
potentiometer Pu
Fig. 7 shows the performance characteristics of the motor.
It will be noted that the actual speed characteristic is practically
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flat. This flat characteristic
consisting of the resistance
This compensating network
portion of the voltage drop

is secured by a
R2, Rz and R^
feeds back on
across the DC
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compensating network
and the condenser C2.
the grid of tube F4 a
winding of inductance

L\ thereby correcting for the "static fluctuation" of the control
circuit. By a suitable adjustment of this compensating resistance
the control circuit may be arranged to give flat regulation, under
regulation or even over regulation if desired. Fig. 7 has been drawn
with line voltage as the variable. A similar characteristic is also
obtained with load as the variable instead of voltage.
/UNCOMPENSATED
M

qq1o

,'

^COMPENSATED

-=--

UJcO

IOO

I20

FREQUENCY
LINE VOLTAGE

Fig. 6. Characteristic of
space current through detector tube Vi.

Fig. 7.
motor.

Performance characteristics of

An interesting point in connection with this compensation
circuit is the necessity for avoiding hunting or surging of the speed.
It is a well-known property of all forms of governors that if they
are adjusted to too great a sensitivity the speed instead of remaining
constant will fluctuate up and down about a mean value. The
simplest method of preventing such speed fluctuations is to decrease
the sensitivity of the governor allowing a bigger change in speed
with load (or voltage) and then compensating for this change of
speed or "static fluctuation" by means of a delayed action compensator. This phenomenon is well-known in the mechanical
governor art and is described by Trinks in his book "Governors and
the Governing of Prime Movers." The electrical equivalent of this
mechanical system is obtained by introducing the condenser G2 in
series with the high resistance R4. When a change in current through
the regulating reactance Li occurs the corresponding change in
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voltage drop is not transmitted to the condenser C2 immediately,
but C2 changes its voltage after a certain time lag (approximately
1 second), required to charge the condenser through the resistance
Ri. The introduction of this time lag restores the precision of the
circuit to the flat characteristic desired without introducing hunting.
Variable Speed Operation
By throwing the switch Si to the right the operator can disconnect the tuned circuit control and substitute a potentiometer
Pi as a source of grid voltage for tube 74. By means of this potentiometer the operator can adjust the speed of the motor at any
speed from 900 to 1500 RPM corresponding to 75 to 112 feet of
film per minute. This feature is employed for ordinary motion
picture work where it is unnecessary to synchronize the picture
with the sound. The regulation of the circuit under these conditions issufficiently good for ordinary motion pictures.
An interesting feature in this connection is that theatres in
many cases have preferred to use the regulated speed position for
ordinary motion pictures as well as synchronized pictures. The
reason for this being that with the speed of the projector precisely
controlled the orchestra leader is better able to keep his orchestra
in step with the picture indicating apparently that closer speed
regulation than is at present provided would be desirable for
ordinary motion pictures as well as synchronized pictures.
DC Control Circuit
A circuit very similar to the one just described is employed
in the case of the DC motor. Fig. 8 shows a photograph of this
motor and its control cabinet. The circuit is shown in Fig. 9. It
differs from the AC circuit in that an auxiliary regulating field
winding is employed on the motor instead of a variable reactor.
The source of power for the plates of the vacuum tubes is obtained
from the auxiliary 720 cycle generator instead of from a 60 cycle
transformer as in the AC circuit. Since a strengthening of the
field of the DC motor is required in order to reduce the speed it is
necessary to reverse the phase relationship of the transformer Th
so that the current in the detector tube decreases at speeds above
1200 instead of increasing as in the case of the AC circuit.
The operation of the circuit is as follows: When the line switch
is first thrown the motor acts as an ordinary DC shunt motor and
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accelerates. At low speeds the output from
is low and consequently there is no plate
tubes and no current through the auxiliary
is, therefore, weak and the motor speeds

Fig. 8.

maintained until
The phase angle
is then in phase
grid of the tube

the 720 cycle generator
voltage supplied to the
field winding. The field
up. This condition is

D. C. Motor with Control Cabinet.

the equilibrium speed of 1200 RPM is approached.
of the voltage supplied to the grid of the tube F3
with the voltage supplied to the plate so that the
goes positive at the same time that the plate is

Fig. 9.

positive.
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Control circuit diagram.

This causes a current to flow through the coupling resistances Ri and R2 which drives the grids of tubes Vi and V2
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negative, thereby keeping down the current through these tubes
and hence maintaining a weak motor field. The motor, therefore,
continues to accelerate until a speed of 1200 RPM is reached. At
this point as previously explained under the description of the
bridge circuit, the phase of the output suddenly reverses whereupon
the grid of the detector tube goes negative at the same time that
the plate goes positive, thereby cutting off the current through the
detector tube F3 and reducing the negative C voltage on the grids
of tubes Vi and V2- This increases the plate current through the
regulating field thereby stiffening the field of the motor and checking its rise in speed. In practice the current through the detector
tube is neither at one extreme or the other but reaches an equilibrium at the speed of 1200 RPM. A feedback network having the
delay feature for prevention of hunting is included in the same
manner as previously described for the AC circuit. The characteristic curves for the DC motor are similar to those shown in Fig. 7
for the AC motor.
For the operation of ordinary motion pictures the motor is
changed to a simple shunt DC motor by the switch Si and the speed
varied by means of the field rheostat.
Motor Drive of Recording System
It might appear that the simplest method of securing synchronization inrecording work would also be mechanical connection
between the recording machine and the camera. It has been found
desirable, however, from a practical standpoint to have the camera
movable with respect to the recording machine as the recorder has
to be accurately lined up and adjusted and is not essentially a
portable machine whereas the camera in ordinary motion picture
work must be a portable piece of equipment. It has been necessary,
therefore, to develop a motor drive equipment which will satisfactorily interlock the camera and the recording machine but leave
the camera unit portable. It is essential that the interlock should
hold not only during normal conditions but during acceleration
and deceleration, In other words, the system must be the full
equivalent of a mechanically geared system. The principle employed isold being disclosed in a patent issued to Michalke in 1901.
In Fig. 10, A and B are two units which it is desired to interlock.
Each unit has a three phase stator and a three phase rotor, the
latter provided with slip rings. Magnetizing current for the system
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is supplied from an independent three phase, 60 cycle source. If
the rotors of A and B are in exactly the same positions with respect
to the stators it is evident that the e.m.f.'s produced in them by
transformer action will be identical as to voltage and phase. Consequently there will be no flow of current over the rotor leads and
hence no torque developed. If, however, unit A is turned through
a small angle then the phase of the e.m.f.'s produced in the rotor
circuits will differ from that in B and a current will flow in the
rotor circuits producing a torque which will tend to make unit B

Fig. 10.

Electrical driving gear.

assume the same position as A . If A is rotated continuously B will
follow it up to synchronous speed of the stator field at which point
the torque will drop to zero since no e.m.f. is induced in the rotor
of either machine.
Complete Recording Circuit
The portion of the circuit shown in Fig. 10 is merely the equivalent of a mechanical gear, neither unit tending to rotate as a motor
by itself. In order to produce such rotation, therefore, a distributor
set is added as shown in Fig. 11, the distributor acting to use a
mechanical analogy, as the driving gear of the system and each
of the individual units of the system as driven gears. The distributor isitself driven by a DC motor provided with the speed
control circuit previously described and shown in Fig. 9. The
speed of the system is thus solely dependent on the DC driving
motor and independent of the 60 cycle excitation frequency.
In practice the system is controlled by an operator at the
distributor set and by means of switches any desired number of
cameras, recording machines, or projectors may be employed. The
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projecting machines are used in case it is desired to make up a
sound record to accompany an ordinary motion picture film which
has previously been recorded without sound accompaniment. It
has been found that the system operates very satisfactorily and
requires very little maintenance. When starting up for the first
time it is necessary that the various units should line up properly
as to phase otherwise there will be a local flow of current in the rotor
circuits, which will cause the motors to operate as induction motors

RECORDING

Fig. 11.

SYSTEM

Diagram of Synchronizing s}rstem for recording.

and run away. Under running conditions the system is very stable
showing no tendency to hunt or surge between units, for the reason
that being polyphase each phase as it becomes inactive (when the
induced e.m.f. passes through zero) acts as a damping winding for
the other two active phases.
If the load on a particular unit of this system is varied there
will be a variation in the phase angle between this unit and other
parts of the system in the same manner as in the case of a synchronous motor of the ordinary type. The magnitude of this phase
angle, however, does not vary more than 30 electrical degrees or
15 mechanical degrees and is sufficiently small so that it produces
an inappreciable effect on the synchronization.
The above described motor equipment with its associated
control circuits has been in practical use for over a year both in
recording and reproducing work and there have been practically
no troubles in service.
In the design of this equipment" first consideration has been

Synchronization and Sveed Control — Stoller

707

given to its precision and reliability in operation and the provision
of adequate margins to care for all variations in service conditions.
As a result it has been possible to maintain a high standard of
quality in music and speech reproduction.
DISCUSSION
Mr. Palmer: Is it possible to eliminate all the speed control
apparatus and simply use a synchronous motor? In New York the
number of cycles is kept very accurately to a standard and we have
thousands of clocks running as sjmchronous motors. It seems to
me that all this extra apparatus could be eliminated and an ordinary
synchronous motor used.
Mr. Stoller: That would be very desirable, because in many
cases the frequency of the source is sufficiently constant for the
purpose. There are two reasons we didn't adopt such a system.
A synchronous motor is very good for a particular speed, but you
can't cover the range from 75 to 115 feet of film per minute, which
is required for silent pictures. There are many cities where the
frequency is not sufficiently constant, and it was necessary for us
to develop some form of circuit to take care of such cases. For constant frequency cases, the alternative would be to use a synchronous
motor securing the desired speed range by mechanical gearing.
There would have to be different designs to fit the different makes
of projectors, and it therefore seemed doubtful whether there would
be much advantage in this method.
Mr. Palmer: I was speaking particularly of the studios operating in New York and the synchronizing apparatus for the cameras
used in the studios. I don't see the necessity for a vacuum tube
speed control for such an apparatus.
Mr. Stoller: In the case of the recording system, the advantage in having this particular type of regulation is largely a
matter of convenience. The number of recording systems is not
very large compared with the number of reproducing systems.
The ordinary synchronous motor would not have as nice starting
characteristics.
Mr. Palmer: I am not speaking of the motors driving the
camera but those driving the generator.
Mr. Stoller: Presumably, you could develop some other
method of control, but there is no such method which is commercial.
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Mr. Palmer: Wouldn't an ordinary synchronous motor do
the job?
Mr. Stoller: It is likely something of that sort could be
developed. However, a synchronous motor produces beats in speed
as it approaches synchronism and these beats are objectionable in
their reactions on the interlock. The vacuum tube control was
already developed for reproducing and the cost of something
different was not warranted for recording.
Dr. Mees: I should like to ask not Mr. Stoller but a projection
engineer or manufacturer if we are justified in using such an elaborate apparatus for running the projector, why we couldn't use a
water cell to keep the film cool.
Mr. Edwards: Water cells are very old and have always
proved decidedly unsatisfactory. The most efficient method of
cooling film is by using a blower throwing a jet of cold air on the
aperture and the aperture plate so that excess heat may be carried
off by radiation.
Mr. Kroesen: What is the advantage of this method over the
Selsyn type of motor?
Mr. Stoller : The Selsyn motor is similar to the system described for recording. It is an electric gear system and doesn't
provide for speed control. What we need in reproducing is a speed
regulating device, not an interlocking device.
Mr. Devry: Has there been a speed established for the travel
of the film?
Mr. Stoller: The standard motor speed is 1200 RPM
responding to ninety feet of film per minute.

cor-

RECENT ADVANCES IN WAX RECORDING
Halsey A. Frederick*
IN THE recording and reproducing of sound by the so-called
"electric" method with the "wax" disc, the process may be
considered as consisting of eleven steps. In order, these are : studio,
with its acoustic conditions; microphone; amplifier; electro-mechanical recorder; "wax" record; copying or reproducing apparatus;
hard record or "pressing"; electric pickup; amplifier; loud speaker;
auditorium.
With this chain of apparatus the chief problem is that of
making the reproduced sound in the auditorium a perfect copy of
that in the studio. This is a matter of quality or fidelity of reproduction. There are other problems of cost, reliability, time
required, etc., which are important but secondary to that of fidelity.
While it may be necessary or convenient to introduce distortion in
one of these links to compensate for such unavoidable distortion as
may occur in other links, experience shows that it is desirable for
the sake of simplicity, reliability and flexibility to reduce such corrective warping to a minimum and to make each step in the process
as nearly perfect as possible. Perfection of a complete system may
be judged by the practical method of listening to the overall result.
It is necessary, however, to analyze each element of the complete
system. To do this, other more analytical methods of test and
standards of performance must be used. One of the most useful of
these is the response-frequency curve. In order that all frequencies
be reproduced equally and that the ordinary faults of resonance
be avoided, this must be flat and free from sharp peaks. Good
reproduction requires that frequencies from 50 to 5,000 cycles be
included without discrimination. If, however, the low frequency
range be lowered to 25 or 30 cycles, a noticeable improvement will
be obtained with some classes of music, whereas if the upper limit
be increased to 8,000 or even 10,000 cycles, the naturalness and
smoothness of practically all classes of reproduction will be noticeably improved.
A second important requirement in the judgment or analysis
* Bell Telephone Laboratories, New York, N. Y.
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of any such system is that the ratio of output to input shall not
vary over the range of currents or loudnesses (as well as frequencies)
from the minimum up to the maximum used. If this requirement is
not met, sounds or frequencies not present in the original reproduction will be introduced. This type of distortion has probably been
heard by all of us in listening to an overloaded vacuum tube amplifier and is often referred to as " non-linear" distortion.
A third requirement not entirely dissociated from the first
two is that any shifts in the phase relations shall be proportional
to frequency.
Our judgment of the degree of perfection needed in sound
reproduction systems is changing and growing more critical, so that
what seemed excellent yesterday may be only fair today and
tomorrow may seem intolerable. Therefore it is necessary that our
consideration and analysis be continually more searching and
fundamental.
Of the eleven links in the chain of apparatus required for
electric "wax" recording and reproduction, only five are peculiar
to the "wax" method. These are the electro-mechanical recorder,
"wax" record, the copying apparatus, the "pressing" and the pickup
or reproducer. The extent to which the "wax" method is capable of
the highest quality of reproduction will be disclosed by an examination of these five links. Any consideration of the practical advantages or disadvantages of the method can logically follow this
examination into the quality possibilities.
The consideration which follows refers to the so-called "lateral"
cut record; that is, a record in which the groove is of constant
depth and oscillates or undulates laterally about a smooth spiral.
This is the type used in the Western Electric Company disc record
type of synchronized motion picture system. Some, but not all
of the considerations and conclusions might apply to the "hill and
dale" type record. It is not the purpose of this paper to consider
the relative characteristics of "hill. and dale" and "lateral" "wax"
records.
Electro-Mechanical Recorder
It is the task of the electro-mechanical recorder to take power
from the amplifier and drive a mechanical recording stylus. The
present-day recorder is a highly developed apparatus based on
extensive experimental as well as theoretical studies. A diagram-
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matic view is given in Fig. I.1 Recorders
by the Western Electric Company have
over a range of frequencies from 30 to
frequency characteristic is shown in Fig.
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which have been supplied
been designed to operate
5,500 cycles. A typical
2. The device operates in

Fig. 1. Diagrammatic view of the electro-mechanical recorder.

linear fashion over the range of amplitudes involved in speech and
music. As is seen, the response falls off below about 250 cycles.
This falling characteristic is necessary in order that the maximum
loudness be obtained from a record for a given spacing between
grooves without cutting over from groove to groove. In order that
a lateral oscillation in a groove may represent constant intensity
of sound or a constant energy over a range of frequencies, not the
amplitude of the oscillation, but the velocity, which is proportional
to the product of the amplitude and the frequency, must be main-
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tained constant. With the characteristic shown with these recorders,
constant velocity is obtained from about 250 cycles to 5,500 cycles.
Below 250 cycles an approximately constant amplitude is obtained.
If, therefore, sounds of constant absolute intensity are to be recorded over this range of 30 to 250 cycles, there is equal tendency
for sounds of the different frequencies in this range to over-cut the
record groove. Attenuation of the lower frequencies by the recording apparatus may be corrected in reproduction by a suitable
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electric network. Such a network will increase the subsequent
amplification required but, as this additional amplification occurs
in the first stages, it is not expensive. Practically it has not been
found necessary or desirable to introduce such a corrective network
since the correction has been largely cared for by the characteristics
of the pickups used.
Recent development studies have established the possibility
of flattening the response at the low frequency end and of raising
the high frequency cut-off of the recorder. Fig. 3 shows a characteristic obtained with such a laboratory model. This shows uniform
performance within + 1 TU from 250 to 7,500 cycles and within
±4 TU from 30 to 8,000 cycles. Although its immediate practical
value might be limited by other portions of the system, this device
is of great interest in that it establishes beyond question the fact
that an extremely broad range of frequencies can be successfully
recorded in the "wax."
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The broad, flat characteristic obtained with electric recorders
has been made possible by so designing their elements that they
constitute correctly designed transmission systems. In such a
transmission system, whether it be an electrical recorder or a long
telephone line, a correct terminating impedance is required. The
load imposed by the "wax" is somewhat variable but fortunately
is rather small. It has been found desirable to make the other"
impedances in the recorder relatively large so as to dominate the
system and thus minimize the effects of any changes in the impedance imposed on the stylus by the "wax."
The mechanical

FREQUENCY FIG-3
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OF A LABORATORY MODEL RECORDER
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load used as a terminating impedance and to control the device
has consisted of a rod of gum rubber 25 cm. long. Torsional vibrations are transmitted along this rod. The rate of propagation is
about 3,000 centimeters per second so that its length is equivalent
to an ideal electrical line of about 1,500 miles. The dissipation
along this rubber rod is such that a vibration is substantially dissipated by the time it. has travelled down the line and back. It thus
constitutes substantially a pure mechanical resistance, the magnitude of this resistance being approximately 2,500 mechanical
abohms, referred to the stylus point as its point of application.
The "Wax" Record
In recording2 the usual procedure is to use a disc from 1 in. to
2 in. thick and from 13 in. to 17 in. in diameter, composed of a
metallic soap with small amounts of various addition agents to improve the texture. This is shaved to a highly polished surface on a
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lathe. This polished disc or so-called "wax" is placed in a recording
machine (Fig. 4), which is essentially a high grade lathe arranged to
rotate the "wax" in a horizontal plane at a very uniform speed in
a definite relation to the film with which it is synchronized. The
recorder with its cutting tool or stylus is moved relative to the
surface of the disc, common phonograph procedure being to record
from the outer edge of the disc towards the center, whereas in the
Western Electric Company theatre system the direction of cutting
is reversed. After a record has been cut into the "wax," the "wax"
may be handled and with proper precautions readily shipped from
place to place.

Fig. 4.

The recording machine.

The shape of the groove varies somewhat in commercial
practice. The groove and stylus most commonly used with Western
Electric apparatus are shown in Fig. 5. The groove is approximately
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0.006 in. wide and 0.0025 in. deep. The pitch of the groove is
between 0.010 in. and 0.011 in. so that the space between grooves is
about 0.004 in. Thus the maximum safe amplitude is about 0.002
in. If this occurs at 250 cycles the corresponding amplitude at
5,000 cycles assuming constant absolute intensity of sound over this
range, would be 0.0001 in.
It is important that a smooth groove be cut as any roughness
in the walls introduces extraneous noise in the reproduced sound.
To insure a truly smooth groove the surface of the "wax" must be
shaved to a high polish. The texture of the "wax" must be fine and
homogeneous which requires not only that the "wax" composition
be correct, but that it be operated at the proper temperature.
"Waxes" may be obtained commercially which will operate satisfactorily over the range of room temperature. The "wax" must
be levelled in the recording machine with reasonable care. The

Fig. 5.

Recorder Stylus.

stylus must be sharp and so ground that the cut will be very clean.
The "wax" shaving is removed as cut by air suction. The operator
is aided in maintaining the correct depth of cut by the use of a
so-called "advance" ball which rides lightly on the "wax" and
serves to maintain uniform depth of cut in spite of small inaccuracies
of leveling of the "wax" or deviations from planeness. The "advance" ball is adjusted relative to the stylus by observing the cut
with a calibrated microscope. A satisfactory operation of the
recording machine requires an ordinarily skilled mechanic with
reasonable experience.
The rate of rotation is dependent upon the diameter of the
record groove which is determined primarily by the length of time
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which it is desired to have covered by a single disc. The controlling
element is the linear speed of the groove past the recorder or reproducer. In the Western Electric system the speed varies from
70 ft. to 140 ft. per minute, in other words, of the same order of
magnitude as with the film record. The wave lengths also are about
the same as for a sound record on a film. At this minimum linear
speed the half wave length for a 5,000 cycle wave is 0.0014 in.
If the minimum linear speed is fixed at 70 ft. per minute and the
groove spacing is fixed, there is an optimum relation between the
size of the record, the rate of rotation and the playing time.

Tm
N
R
V0

=
=
=
=

2470
Tm = wNR2
playing time in minutes.
grooves per inch.
radius of outside groove — inches.
minimum linear speed in feet per minute.

This is illustrated graphically in Fig. 6.
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After a record has been cut, the sound may be reproduced
directly from the "wax" by using a suitable pickup or reproducer.
Ordinary reproducers or pickups rest much too heavily on the
records to be used on ordinary "wax." That this would be so is
obvious from the fact that the vertical pressures between the point
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of the needle and the record in an ordinary phonograph are of the
order of 50,000 pounds per square inch. Obviously any such
pressures would destroy a groove cut in soft "wax." These high
pressures have been necessary in order that the groove might
properly drive the needle point of the reproducer. Reduction of
this pressure requires reduction of the impedance offered by the
needle point to transverse vibration.

Fig. 7.

Playback pickup for "wax" records.

The design of a suitable "wax" "playback" requires reduction
of both the mass and the stiffness of the reproducing system to a
minimum. In the past such "playbacks" have failed to reproduce
the higher and lower frequencies with much satisfaction. The device
shown in Fig. 7 represents a large advance toward ideal reproduc-
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tion. The response of such a device when driven by a "wax" record
recorded at constant velocity over the frequency range is shown
in Fig. 8. This reproduction is not widely dissimilar from that
obtained from finished records with the best electric pickups now
commercially available and is sufficiently good to serve as a very
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valuable criterion in judging the quality of the record. The record
may be played a number of times without great injury. The extent
of the injury is indicated by the frequency characteristics obtained
on successive playings shown in Fig. 9. They show little change in
--v
the low frequency response and a loss of about 2 TU per
playing
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at high frequencies. The practical value in studio work of being
S"
able to let an artist hear and criticize the results of his own efforts
immediately can hardly be overestimated.
Copying (Processing) of the "Wax" Record
After a groove has been satisfactorily cut into the "wax"
record, the usual procedure is to render the surface of the "wax"
conducting by brushing into it an extremely fine conducting powder.
It is then electro-plated. The technique in this step varies somewhat
with the different companies doing such work, although not in any
fundamental manner. The negative electro-plate thus made may be
used to hot-press a molding compound such as shellac containing
a finely ground filler. This first electro-plate is called a "master."
From it two test pressings are usually made. If satisfactory this is
in turn electro-plated with a positive, being first treated so that
this positive plate may be easily removed. This positive is sometimes called an "original." From this in turn is plated a metal mold
or "stamper." From these, duplicate "originals" may be plated
and from them, duplicate "molds" or "stampers." These processes
involve no measurable injury to the quality of the record and are
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comparatively simple and extremely safe in practice. By this practice of making a number of duplicates it is possible to safeguard the
"master" and insure against any accident which might destroy a
valuable record. From a single "stamper" it is not unusual to make
a thousand finished pressings. The time required for these operations is such that test pressings are commonly obtained from the
"wax" in 12 hours. Recent refinements in the art have reduced
the time required so that finished records may, if necessary, be
obtained in 3 hours after delivery of the "wax."
Hard Record or " '"Pressing"
Various materials have been used. in making the hard record
or "pressing." In some cases the material has been made homogeneous and in others the surface is of a different material from that
used in the body of the record. Some have used a laminated structure. There has not, however, been much latitude allowed the
experimenter concerned with materials for the hard record. The
material has had to be quite hard and, in order to show a reasonable
life, it has had to contain sufficient abrasive to grind the needle
quickly to a good fit. At the beginning of the run of a new needle
the pressures are very high, due to the small bearing surface. They
decrease rapidly so that with an ordinary loud steel needle after
one minute's wear in the ordinary phonograph, the bearing area is
increased to such an extent that the pressure is only about 50,000
pounds per square inch. As the needle continues to wear to a
larger bearing surface, the pressure obviously continues to decrease.
These high pressures and necessary abrasive characteristic of the
record have introduced irregularities which are responsible for most
of the extraneous noise commonly known as "surface" or "needle
scratch."
The "pressing" copies the "wax" record with a very high degree
of accuracy so that if our attention be confined to frequency characteristics alone, the "pressing" shows almost complete perfection.
Moreover, it is cheap and durable, and reproduction of the sounds
from this record calls for no fine adjustments or intricate apparatus
as has been long evidenced by the broad use of the ordinary phonograph.
The major part of the extraneous or "surface" noise found
with this method of reproduction comes from the material of the
finished record. Recent progress has been made in reducing this
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noise. As a result of this, together with refinement in the plating
processes, records used with Western Electric Company theatre
equipment during the last two years have shown a reduction of
3 to 6 TU in "surface" noise. This corresponds to eliminating 50%
to 75% of that previously present. It is not necessary to reduce
the level of "surface" noise to
threshold of audibility under the
noise which are of interest. This
it is not the absolute amplitude

the zero point but merely to the
conditions of minimum auditorium
noise masks the surface. Moreover,
of the imperfection giving rise to

"surface" noise but the relative magnitude in comparison with the
useful sound amplitudes which counts. Thus, an effective reduction
in "surface" could be made if we were willing to use larger records
or if we were willing to reduce the playing time of the present
records by increasing the spacing of the grooves and the amplitude
at which the grooves are cut. Any large reduction in "surface"
noise made by a reduction in the irregularities in the record material
would open the door to increasing the playing time of a record of
given size. There is no known absolute or fundamental reason why
further improvements in record materials may not be expected to
further reduce the amount of "surface" noise. Moreover, large
advances in pickup design open distinctly new possibilities as to
reductions in "surface."
It has sometimes been thought that in order to reproduce
high frequencies properly, the linear record speed would have to be
increased or the size of the needle point reduced. At present the
diameter of the bearing portion of a representative needle is about
0.003 in. whereas, as mentioned before, the half wave length for a
5,000 cycle wave is 0.0014 in. The factor determining whether a
needle will follow the undulation of the groove is not any consideration of the relative diameter of the needle point and the undulation
of the groove but rather the radius of curvature of the needle and
the bend of the groove. As indicated before, the amplitude at 5,000
cycles would be only about 0.0001 in. if sounds of that frequency
were as intense as those of lower frequencies (0.002 in. at 250 cycles) .
As a matter of fact, sounds of 5,000 cycles or more in speech or music
are characterized by lower intensity than those of lower frequency.
If, however, we assume an amplitude of 0.0001 in. at 5,000 cycles
and assume a linear record speed of 70 ft per minute, then the minimum radius of curvature of the undulation of the groove is 0.00193
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in.* With the foregoing assumption, the radius of curvature of the
undulation of the groove becomes equal to that of the needle point
at about 7,000 cycles. Taking into account the lower intensities
of sounds encountered at these high frequencies, it is obvious that
present commercial needle points are quite capable of following
the high frequency undulations of the groove up to frequencies of
at least 10,000 cycles. The limitations of high frequency reproduction commonly found in the past are associated with limitations
in the design of the pickup or reproducer and relate either to inability ofthe record groove to drive the needle point, with resultant
chatter, or inability of the pickup structure to transmit high frequency motions from the needle point to the armature.
Electric Pickup
Large advances have been made within the last two or three
years in designing electric reproducing structures. The mechanical
impedance at the needle point has been reduced so that the needle
point truthfully follows the undulations in the groove without
necessitating excessive and somewhat destructive bearing pressures.
At the same time the transmitting structure has been so designed
that a very broad range of frequencies is properly transmitted from
the needle point to the armature. Moreover, proper mechanical
loads have been provided so that the motions after transmission
are absorbed and hence not reflected back. This is another way of
stating the fact that resonance as ordinarily considered has been
eliminated from these structures.
The curves shown in Figs. 10 to 12 illustrate the steps which
have been taken. The pickup shown in Fig. 11 is free from the
resonances shown in that of Fig. 10. The resonances present in
the earlier pickup involved high needle point impedances in the
region of these resonances. These high impedances involved large
driving forces destructive both to needle and record. Certain records
* The minimum radius of curvature is computed by the formula

c ioot2 Ap
Where:
Rc = minimum radius of curvature in inches.
V — linear speed in feet per minute.
A = amplitude of vibration in inches.
/ = frequency in c.p.s.
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were injured after only a few playings with this, reproducer. The
later reproducer is characterized not only by considerably reduced
average needle point impedance, but, as shown by the curves, the
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resonance is practically eliminated and hence there is an even
greater reduction from the maximum impedance which occurred
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Fig 11

in the earlier reproducer at resonance. Both needles and records
have a relatively long life with the later type pickup, which has
been in commercial use for some months. As is seen, the higher
frequencies are reproduced in considerably better fashion. A third
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curve is given in Fig. 12. This was obtained with a more recent
experimental model in which a further large reduction in the needle
point impedance had been effected and in which, in addition, a
very much more rigid, though lighter structure served to connect
the needle point with the -armature. This model shows further
reduction in wear and tear on the record and very greatly improved
reproduction at the high frequency end of the scale.
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The application of the processes of sound recording on "wax"
to records which are to be synchronized with film has involved meeting a number of conditions not previously encountered in the phonograph field. One of the most important of the serelates to editing,
cutting and rearranging of the picture. Various methods have long
been used to copy or "dub" a disc record. The prime requirement is
that there be no sacrifice in quality. To attain this end records have
sometimes been copied at very low speed. This method appears unnecessarily laborious and slow and the results obtained are not
altogether satisfactory in the light of possibilities presented by
pickups and recorders of the characteristics shown above. Rear angement ofmaterial on records is entirely practicable, portions
may be deleted or new portions added either as a whole or the new
sounds added to those already on a record — in fact, any changes of
this type may be made which can be made in the picture.
The detailed technique of "dubbing" appears to offer no serious
technical difficulties.
The refinement reached and the extent of
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its future use may be expected to be governed by the demand in
the synchronized motion picture field.
References
1 "High Quality Recording and Reproducing of Music and Speech,"
by J. P. Maxfield and H. C. Harrison, Trans. Amer. Inst. Elect. Eng., 45,
pp. 334-48 (1926).
2 "Some Technical Aspects of the Vitaphone," by P. M. Rainey,
Trans. Soc. M. P. Eng. XI, No. 29, pp. 294-317 (1927).

DISCUSSION
Mr. Richardson: I should like to direct attention to a
remedial weakness in sound reproduction. It was first brought to
my attention by Mr. Edwards, a projectionist of Brooklyn. The
needles which are furnished to reproduce the sound vary greatly in
certain characteristics. The points and the length of the needles are
different, and this makes a considerable difference in reproduction.
The needle should certainly be very closely standard as to length,
diameter, and material. I understood a needle should be sharp, but
apparently its highest efficiency is reached after a moment's use.
Is that correct?
Mr. Frederick: Mr. Richardson is right in feeling that the
needle is an extremely important element in the reproduction from
disc records. The needles should be as closely alike as practicable
and should be sharp only to the extent required to fit the groove.
At the present time needles are rounded after grinding so that the
point is roughly a hemisphere of 1 to lj mils radius which is somewhat less than the radius of the bottom of the groove. After use
for a short time, the bearing facet of the needle becomes more or
less elliptical and the fit in the groove improves. If used too long,
the bearing facet becomes so long as to interfere with the reproduction ofthe high frequency waves. It is only to the extent
that the needle point initially fails to fit the groove that the point
has to be ground in.
Mr. Richardson: How long should a needle be used? Is it
only suitable for playing one record, or can it be used longer?
Mr. Frederick: The length of time a needle can be used
depends very largely on the type of reproducer in which it is used.
It also depends of course on the materials of which the needle and
the record are made and on the character of the sounds recorded.
With the reproducer which we are now using a good steel needle
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may be used as much as a half hour before the loss of high frequency reproduction becomes noticeable.
Mr. Crabtree: What effect does the application of a lubricant
have on the life of a record? Could a lubricant be applied through
a hollow needle or could a needle be made with a lubricating core?
Mr. Frederick: Lubricants have been tried, although not to
my knowledge in exactly the manner suggested. Lubricants on a
record show little or no effect. This is probably because the pressure
between the bearing parts exceeds that for which lubricants now
known can be held between the bearing parts in sufficient quantities
to be effective. I do not see how the use of a stream of lubricant
through a hollow needle would improve the situation over other
simpler methods of application.
Mr. Maxfield: Work is now under way on new groove shapes
and new needles, particularly in view of the possibility of the early
commercial development of a pickup that is lighter on the record.
A narrower, shallower groove helps to cut down the surface noise
effect and gives more active surface on the disc for a given rate of
spiraling. This permits the use of larger amplitudes which in turn
permits the more modern recorders having less droop at the low
frequency end to be used.
Grinding the needle in the first few revolutions of the record
is apparently unnecessary provided the radius of curvature of the
point is of the order of lj mils. Recent experiments on a semipermanent needle indicate that by shaping the tip carefully to the
groove shape and rendering the surface exceedingly hard such a
needle will play two hours even at the high pressure between the
needle and groove mentioned by Mr. Frederick. No experiments
have been made to indicate what the life of these needles would
be with the lighter pickups.
In the matter of "dubbing," experiments have been carried to
a point where they are useful practically. For talking motion
pictures more accurate timing of the parts picked out is required in
addition to the requirements of the "dubbing" examples shown
during the paper. As was shown there it made no difference as
regards the general effect whether a word here and there was left
out or not.
In talking motion pictures, however, an error of this sort would
disturb the synchronism. There have been put into the^audible
accompaniment for commercial pictures noises such as airplane
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sounds, gun fire, heavy trucking, etc. The ability to do this accurately has gone far enough to be handled commercially.
Mr. Kellogg: Mr. Frederick mentioned the reduced response
of a cutting tool at low frequency as being compensated for by increased sensitivity of the upick-up." The term "pick-up" has
sometimes been used for a transmitter, and the condenser transmitter has the characteristic increased response at low frequency.
Does Mr. Frederick mean the original transmitter catching the
sound or the magnetic device which runs on the record during
reproduction?
Mr. Frederick: I had reference to the magnetic device used
in reproducing from the record. The statement referred to is less
applicable to the later types of reproducers.
Mr. Kellogg: If the answer to this had been that the compensation was in the microphone, the purpose of the reduced
response of the cutting tool at low frequency would be sacrificed,
because the whole object of this reduction is to get all the music
possible on the record and compensation you can, and any increased
response in the original transmitter would result in recording the
low frequency cuts in their full amplitude.
Is a hill and dale type of record better for playing back from the
soft wax? I think it might be since the arm carrying the reproducing
device swings on the record and the angle of the needle is changing
whereas with reproducing devices for the hill and dale method it
can be kept tangent.
Mr. Frederick: The assumed difference between hill and
dale and lateral cut records as regards reproduction from the wax
does not exist as we mount the reproducer in exactly the same
manner as we mount the recorder. The reproducer arm is positively
transversed relative to the record and is thus held tangent to the
groove
Mr. Richardson:

It seems a needle not worn too much is

better than a new one. Is there a method by which with a magnifying glass the point of usefulness can be determined?
Mr. Frederick: As the needle becomes worn it is possible
with a glass to see the elongated facet at its point. It is, however,
not easy to tell visually when the elongation of the facet becomes
too great. As previously mentioned, when the needle wears too much
the loudness of the high pitched reproduced sounds becomes less
in comparison with the lower pitched sounds and the tone quality
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becomes dull and lacking in distinctness. For a given reproducer
and type of needle it seems best to determine about the minimum
time at which excessive wearing occurs and to discard all needles
at this time. After all, needles are not expensive.
Mr. Richardson: If the worn needle is better, what is the
difference?
Mr. Frederick: A needle worn to the extent that it fits the
groove perfectly is better than a new one or than one that is worn
excessively. I have already mentioned the effect on quality of
reproduction resulting from excessively worn needles. It requires
only a few seconds (10 to 30) to wear a. needle into a satisfactory
fit and we therefore cannot justify the loss in quality resulting from
excessive use.
Mr. Richardson: While wearing, does it not injure the
groove?
Mr. Frederick: Any effect on the groove occurs largely at
the start before reaching the portion on which sound has been
recorded.
Mr. Edwards:

In connection with the needle, we have found

it better to use a new needle for each record. The damage doesn't
amount to much on the record because the limitation of use on the
record is about twenty runs. Only last week we finished a record
which, due to an accident, we had to use 76 times. On the last run
the difference was not perceptible. I should like to*ask whether
experiments have been made with the diamond point, such as that
used on the Edison.
Mr. Frederick: I assume that you refer to lateral cut records.
The results obtained with diamond points are not altogether satisfactory. Itis very difficult to get diamond points entirely smooth
and free from flaws. Moreover, groove shapes may vary from one
record to another with the result that a diamond needle point may
not fit all records properly.
Mr. Griffin: I understand these records are laterally cut.
I think the answer to Mr. Richardson's question is that the damage
to the needle is caused by rubbing against the side of the cut. I am
presuming that the damage done to the point of the needle by the
bottom of the cut is negligible. Am I in error?
Mr. Frederick: No. The wear is mostly on the end of the
needle.
,
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Mr. Crabtree: How many times should a Vitaphone record
be run? Also do you stop the record suddenly on to which you are
dubbing or do you re-position the cutting tool at each scene inserted?
Mr. Frederick: I am not wholly familiar with the practical
technic which has been used in the dubbing of the records as I have
been more interested in the physical aspects of the problem. I would
say it is a matter of practical convenience. Perhaps Mr. Maxfield
can tell you how he has done it.
Mr. Maxfield: It is impossible to stop the wax during recording without introducing into the record a distinct "swish" when it
is restarted. Records of a number of component parts are run
continuously and others are started up at the proper time synchronously, the switching being semi-automatic. The sounds from these
records are "dubbed" onto the receiving wax which is run continuously. Where more than one operation is desired from a given
record, several copies are made and run on separate turntables
because of the difficulty of accurate stopping.
There is one other point in connection with "dubbing" which
might be of interest. The examples which were shown were dubbed
about a year ago and showed some increase in surface noise because
the surface noise of the original record was reproduced and amplified
in the re-recording. The whole process has been improved by the
use of semi-permanent records of special material with a needle
carefully fitted to the groove. This improvement has gone so far
that no measureable surface noise is added in the process of dubbing.
By far the greater part of surface noise is brought about by the
material of which the commercial record is made and does not reside
in the original matrices from which they are pressed. It is possible,
therefore, to get a record whose life is short with practically no
surface noise. Such records are used for the dubbing process.
Mr. Byles: In Figure 5, it is interesting to note that the side
angles of the cutting stylus are tangent to the bottom sector. What
is the advance angle of the stylus? This angle has a tremendous
effect in machine tool practice.
Mr. Frederick: I have some doubt as to the answer that
should be made since'the practices of different recording companies
differ. These vary over a range of perhaps ± 10° from the vertical.
My impression is that most experienced recorders consider it a very
important element and that they fail to agree as to the best angle
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Mr. Farnham: I have noted from an examination of the pickup and the cutting stylus that the amplitude of the sound can be
made proportional to either the velocity of the needle movement
or the amount of its movement. This of course would result in
record cuts of radically different types. What is the relative advantage ofone type over the other?
Mr. Frederick: In a magnetic device the e.m.f. is proportional to the velocity of the driven point. If the reproducer
had its e.m.f. proportional to the amplitude and we recorded at
constant amplitude the radius of curvature for high frequency
grooves would be excessively small and hence reproduction of high
frequencies very difficult. There would appear to be no adequate
compensating advantages to the constant amplitude method of
recording and reproducing and therefore we chose the constant
velocity method.
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Donald MacKenzie*
THE sound records I am about to describe are of the variable
density type, and the method of making them is that developed
by Bell Telephone Laboratories.
It is not difficult to specify the requirements of this type of
sound film. So far as possible the exposure of the negative must
be kept within the straight line portion of the Hurter and Driffield
curve for the emulsion chosen, and the print must be timed with
the same restriction. The development of the negative and of the
print must result in a positive where the transmission of each element of length is proportional to the exposure of the corresponding
element of the negative. The light modulator must be supplied
with undistorted power from the recording microphone and amplifier. When the positive is projected, the striations of the sound
track must be enabled to modulate the illumination of a photosensitive cell to retranslate the photographic effect into electrical
current which shall be a fair copy of the microphone current
generated by the original sound. From this point on the problem
is the familiar one of sound reenforcement, the film and cell having
taken the places of the sound source and microphone.
Figure 1 shows a photograph of the light valve, invented in
1922 by E. C. Wente of the Bell Telephone Laboratories. Essentially, it consists of a loop duralumin tape suspended in a plane at
right angles to a magnetic field. The tape, 6 mils wide and 0.3 mil
thick, is secured to windlasses A and A ' and stretched tight by the
spring held pulley B. At points C and C insulated pincers confine
the central portions of the tape between windlasses and pulley to
form a slit 2 mils wide. Supporting this loop and adjusting devices
is a slab of metal with central elevation D, which constitutes the
armature of an electromagnet. The central portions of the loop
are supported on insulating bridges to lie 3 mils above the face of
D; here the sides of the loop are centered over a tapered slot, 8
mils wide by 256 mils long in this plane, opening to 204 mils by
* Bell Telephone Laboratories, New York, N. Y.

730

Recording with the Light Valve — MacKenzie

731

256 mils at the outside face of the armature.
Viewed against the
light, the valve appears as a slit 2 mils by 256 mils.
The electromagnet core has a similar elevation opposing D
across an air gap of 8 mils which closes to 7 mils when the magnet
is energized from a 12 volt battery. A tapered slot in the magnet
core begins 8 mils wide by 256 mils long and opens with the same
taper as the slot in the armature. When the assembly of magnet
and armature is complete, the valve constitutes a slit 2 mils by
256 mils, its sides lying in a plane at right angles to the lines of
force and approximately centered in the air gap. The windlasses

LIGHT

VALVE

Fig. 1. The Light Valve.

A and A', one of which is grounded, are connected to the output
terminals of the recording amplifier. If the magnet is energized
and the amplifier supplies a sine wave current from an oscillator,
the duralumin loop opens and closes in accordance with the current
alternations.
When one side of the wave opens the valve to 4 mils and the
other side closes it completely, full modulation of the aperture is
accomplished. The natural frequency of the valve is set by adjusting the tension applied by the pulley B ; for reasons which involve

732

Transactions of S.M.P.E., Vol XII, No. 35, 1928

many considerations the valve is tuned to 7000 cycles per second.
Under these circumstances about 10 milliwatts of A.C. power are
required for full modulation at a frequency remote from resonance ;
about one one-hundredth of this power at the resonant frequency.
The impedance of the valve with protecting fuse is about 12 ohms.
If this appliance is interposed between a light source and a
photographic film we have a camera shutter of unconventional
design. Figure 2 shows a diagram of the optical system for studio
recording. At the left is a light source, a ribbon filament 18 ampere
projection lamp, which is focussed on the plane of the valve. The
light passed by the valve is then focussed with a 2 to 1 reduction
PLANE OF
RIBBON OF
LIGHT

CONDENSING
LENS
SYSTEM

Fig. 2.

PLANE OF
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RIBBONS
^
SLIT

PLANE
IMAGE
FILM
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J
fO.OOf X 0.128' ^

OBJECTIVE
LENS
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Diagram of the optical system for studio recording.

on the photographic film at the right. A simple achromat is used
to form the image of the filament at the valve plane,, but a more
complicated lens, designed to exacting specifications by Bausch
and Lomb, is required for focussing the valve on the film. The
undisturbed valve opening appears on the film as a line 1 mil by
128 mils, its length at right angles to the direction of film travel.
The width of this line varies with the sound currents supplied to
the valve, so that the film receives a varying exposure: light of
fixed specific intensity through a varying slit.
Figure 3 shows a studio recording machine with the door of
the exposure chamber open. In this machine the film travels at
90 feet per minute, and the sound track is made at the edge away
from the observer. The line of light, the image of the valve, overruns the perforations by 6 mils, extending toward the center of the
film 122 mils inside the perforation line. The right-hand sprocket
serves to draw film from the feed magazine above and to feed it
to the take-up magazine below; this sprocket is driven from the
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motor shaft through a worm and worm wheel. The left-hand
sprocket engages 20 perforations and is driven through a mechanical filter from a worm and worm wheel similar to that driving the
feed sprocket. The mechanical filter enforces uniform angular velocity of the left-hand sprocket which carries the film past the line
of exposure, the focussed image of the valve. Balancing of the fly-

FJLM

RECORDING

MACHINE

Fig. 3.

Studio Recording Machine.

wheel which forms part of this mechanical filter holds the angular
velocity constant to one-tenth of one per cent, despite the imperfections of the driving gears.
So far we have provided a means for driving the film and a
means for modulating the light thereon, but we have not chosen
the average illumination about which the modulation is to take
place. The maximum exposure corresponds to the maximum opening of the valve and is therefore double the average. Choose now
the contrast to which the negative sound record is to be developed
and draw the Hurter and Driffield curve for this contrast for the
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emulsion chosen for the negative sound record. The maximum
exposure should correspond to the beginning of over-exposure,
the average should be half this. The Hurter and Driffield curve
will give the density of the over-exposure point for the chosen contrast and the density for half this exposure. Let the machine be
run to expose film to light through the unmodulated valve for
several values of the lamp current. Develop the film and measure
the densities due to the various values of lamp current. Select,
by interpolation if necessary, the lamp current which corresponds
to half over-exposure. With this current in the lamp the machine
is ready to make a sound record, since the focussing of the valve
has already been done and manufacturing specifications insure that
the line of illumination shall lie, within 3 minutes of arc, at right
angles to the direction of film travel.
Consider at this point the procedure in the recording studio.
Adding sound to the picture introduces no complication of technique other than to require sufficient rehearsing to make sure of
satisfactory pick-up of the sound: microphone placement must be
established and amplifiers adjusted to feed the light valve currents
which just drive it to the edge of overload in the fortissimo passages of music or the loudest utterences of speakers.
Figure 3 shows a photo-electric cell mounted inside the lefthand sprocket, which carries the film past the line of exposure.
Fresh film transmits some 4 per cent of the light falling on it, and
modulation of this light during the recording is appreciated by the
cell inside the sprocket. This cell is connected to a preliminary
amplifier mounted below the exposure chamber, and with suitable
further amplification the operator may hear from the loud speaker
the record as it is actually being shot on the film. Full modulation
of the valve implies complete closing of the slit by one side of the
wave of current; this modulation should not be exceeded or photographic overload will abound.
One or more cameras and one or more sound recording machines
are driven by motors electrically synchonized from a common distributor. Speed control and synchronization of these motors are
described by H. M. Stoller.1 At the beginning of the day's work a
check is made of the operation of the driving motors, and the
tuning and spacing of the valves is verified.
1 Synchronization and Speed Control of Synchronized Sound Pictures by
II. M. Stoller. Trans. 8. M. P. E. Vol. 12, No. 35. p. 696 (1928).
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Figure 4 is a schematic diagram of the studio equipment for
sound recording. Provision is made for combining if desired the
contributions of several microphones on the set. This combination
is under the control of the mixer operator in the monitoring room,
viewing the set through a double window in the studio wall. The
mixer controls also the gain of the amplifiers for the recording
machines.
AMPLIFIER

ROOM
FERABLY A »B"
CONSTANT:
NEQUAUZER
PREI RECORDING
IMPEDANCE EQUALIZER

MONITOR

Fig. 4.

ROOM

ROOM

I

Schematic diagram of the studio equipment for sound recording-

The diagram shows relays which permit the mixer to connect
the horn circuit either directly to the recording amplifier or to one
or the other of the monitoring photo-electric cells in the film recorders. The direct connection is used in preparing the sound pick-up
in the studio: the program is rehearsed until satisfactory arrangement of microphones and of amplifier gain is effected. The electrical
characteristic of this direct monitoring circuit is so designed that
the sound quality heard in the horns shall be the same as the quality
to be expected in the reproduction of the positive print in the
theater. Acoustic treatment of the walls of the monitoring 'room
secures the reverberation characteristic of the theater, and the
monitoring level is so adjusted that the mixer operator hears the

736

Transactions of S.M.P.E., Vol XII, No. 35, 1928

same loudness that he would wish to hear from the theater horns.
It is very important that the operator judge his pick-up on the
basis of sound closely identical in loudness and quality with that
to be heard later in theater reproduction.
After the pick-up has been established on the direct monitoring circuit, the output of the recording amplifier is applied to the
light valves and the monitoring horns are connected to the photocell amplifiers on the recording machines. With no film in the
machine and at a convenient lamp current a complete rehearsal is
made to verify the operation of the valves at the proper level.
Film is then loaded, cameras and sound recorders are interlocked
and starting marks made on all films by punches or light flashes.
A light signal from the recording room warns the studio, which
after lighting up signals back its readiness to start. The machine
operator starts the cameras and sound recorders, brings up the lamp
current to the proper value, and when the machines are up to speed
signals the studio to start. During the recording, the mixer operator monitors the record through the light valves, thereby assuring
himself that no record is lost.
In the choice of emulsion for the sound negative, the usual
designation of speed may be disregarded, because it is desired to
make the exposure of the unmodulated track many times the under
exposure of the emulsion used. The advantages of positive emulsion
for the sound negative have come to be generally recognized;
positive has been used by Bell Telephone Laboratories since 1924.
The scale of Eastman positive film is about 20 to 1; we adjust the
recording lamp current to give an illumination on the film for the
unmodulated track of 10 times the under-exposure. After one lamp
has been calibrated as described before it may be replaced when
necessary by another in which the wattage in the ribbon filament is
the same; the light emission is very closely correlated with the
wattage. Where the unmodulated or average exposure is ten times
the und.r-exposure minimum, 90% modulation of the light can be
permitted without running into under-exposure on the faint side
of the wave. For sound currents reaching 100% modulation of the
light, 90% of the wave is free from distortion; if the average light
were halved, still 80% would be free from distortion. There is
therefore considerable latitude in the average exposure, and the
negative is satisfactory if the transmission of the unmodulated
track lies between fairly wide limits.
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The choice of the negative sound gamma is determined by
the practice of the laboratory in regard to picture development. It
is usual to see on the screen pictures whose overall gamma considerably exceeds unity. On the sound track the overall gamma
should equal unity, and the development of sound negatives should
be uniform, though that of picture negatives is left to the judgment of the finisher.
Theoretically, it should be immaterial what combination of
reciprocal values is chosen for the negative and positive sound
gammas. Practically, we have to recognize the existence of ground
noise in all records and take precaution to minimize it. No- matter
how excellently we reproduce the fortissimo passages, our record
is unsatisfactory unless the ground noise is low enough for a wide
volume range, that is, a wide range in level between fortissimo and
pianissimo. Whether our negative sound record is made on negative
or positive emulsion, there is always the danger that in reproduction we shall encounter variations in transmission from point to
point due to local variations in the celluloid base, to local action of
the developing agent, or to a developer excessively granular in
action. The photo-electric cell is able to recognize variations of
1/10 of 1 per cent, whereas the eye ignores contrasts under 2 per
cent. These local variations in transmission, continued to the positive print, constitute the ground noise.
The remedy is, in part, to choose a developer which produces
minimum graininess. In part, to insist on machine development of
the sound film with thoroughly agitated developer. Further, to
carry the sound development to a high gamma; this obviates to a
large extent flow marks of the developer, and goes a long way to
escape local variations in the base by developing the negative
striations to be conspicuous in comparison.
In 1924 we concluded that the optimum choice was positive
emulsion developed to unit gamma for both sound negative and
sound print. This is feasible for sound records separate from pictures, but a compromise must be made for the combination of
sound and picture in a single positive print. Here the positive
development required for a satisfactory picture is always to a
gamma far above unity.
It is customary to develop picture negatives by inspection
having in mind the uniform positive development to be undergone
by the prints from these negatives. The gamma of these positives
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need never exceed 1.8; the sound negative then should be developed
to 0.55. In order not to disturb the practice of the film laboratory,
we ask that the positive development be standardized and its
gamma ascertained, the reciprocal of this gamma then arranged
for in the standardized negative development. A negative gamma
above 0.5, together with the precautions of careful handling, permits the realization of an adequate volume range.
It is beyond the scope of this paper to discuss the details of
manipulation and of choice of developer, but I wish to acknowledge
the cooperation of Mr. J. W. Coffman in the solution of such problems. The problem is the reduction of ground noise, and its seriousness is not to be diminished by choosing a different recording
method.
In printing the sound negative, a uniform density for the print
of the unmodulated track is desired. The volume of reproduced
sound for a given reproducing light source varies directly with the
average transmission and the per cent modulation of this average.
This average density should be on the straight line portion of the
positive Hurter and Driffield curve, far enough to keep the denser
negative portions from reaching the under-exposure region. For
Eastman positive film a suitable transmission of the unmodulated
portion of the sound print is 35%, referred to air, for the usual
values of positive gamma: 1.4 to 1.8. At this average transmission
only the peaks of the recorded sound will encroach on the region
of under-exposure. For the reciprocally developed negative track
the region of under-exposure will have been reached by occasional
peaks on the other side of the wave, and such photographic distortion as exists will be balanced between positive and negative.
Here we appropriately consider the photographic distortion
as it occurs in variable density records. If the entire negative exposure has been confined to the under-exposure region of the
emulsion chosen, a huskiness will result in the reproduction which
can not be corrected by any known technique. But if the unmodulated negative transmission for a gamma of 0.55, is about
16% referred to air; 90% of the wave will be clear of under-exposure,
and experience shows that the ear detects no distortion. In telephonic terms, everything at a level 1 TU below full modulation
will be free from distortion, and the peaks will be substantially
perfect. The same may be said of the positive printed to an average
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transmission of 55%, provided the overall gamma approximates
unity.
It has been calculated that if the overall gamma departs from
unity by 0.2 in either direction, a harmonic of 5% amplitude of the
fundamental will be introduced. Experimentation has shown that
a 5% harmonic is the least detectible. We state then the tolerance
on the overall gamma for the sound track as 0.8 to 1.2. Variation
of corresponding amount in the contrast of a picture print is intolerabletherefore
;
greater latitude in contrast is permissible in
the sound record than could be tolerated in the accompanying
picture.
In printing these sound negatives in combination with pictures
for projection in the theatre, it is customary at the present time
to print one negative, masking the space needed for the other, then
run the positive again through the printer with the other negative,
masking now the space already printed. In printing the picture
negative, light changes are made as usual; for the sound negative
the light is regulated to result in 35% transmission of the unmodulated track after positive development. Provision of suitable
masks in the camera has been made to show in the finder and expose
on the film only the portion which will be available for picture
projection.
In the theater projector, the sound gate is located 14.5 inches
below the picture gate, in order to project the sound record at a
point where the film is in continuous motion. Therefore in the
printing it is arranged to print the sound negative displaced along
the length of the positive enough to bring the sound 14.5 inches
ahead of the corresponding frame. The printer apertures are chosen
to give a dark "no man's land" 17 mils wide between picture and
sound track ; the latter at the outside is separated 4 mils from the
inner perforation edge.
Figure 5 exhibits the present practice for the finished positive.
It will be seen that the sound track covers 100 mils clear, and is
illuminated in the projector by a line of light 80 mils long, 1 mil
wide, centered on the striations. This gives a margin of 10 mils
at each end of the reproducing line, an allowance for lateral shifting
of the film on the sprocket teeth.
In conclusion, let me estimate the quality of the sound record
to be expected. Assume that the recording lamp current has been
set to within 5% of the theoretical optimum, the overall gamma
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held between 0.8 and 1.2, and the final average positive transmission
is between 32% and 38%. Then the distortion of wave form due
to photographic handling is so small that the ear can not distinguish
the record from a theoretically perfect one. The frequency-amplitude characteristic of the reproduced sound remains to be stated.
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Fig. 5. Picture and sound track dimensions of synchronized
sound film for standard 35mm. positive stock.

Due to the fact that the element of illumination, both in recording and in reproducing, is 1 mil wide instead of infinitely narrow,
the final print will not reproduce the higher frequencies as efficiently
as the lower. For example, at the standard speed of 90 feet per
minute, the line of illumination covers on the film an entire cycle
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length of the frequencj' of 18,000 cycles. This frequency is therefore
extinguished completely. The drooping characteristic resulting
from this effect, called the film transfer loss, may be largely offset
by judicious choice of electrical characteristics and by taking
advantage of the mechanical tuning of the light valve.
Figure 6 shows in curve A the light modulation by the valve
in recording for constant sound pressure of various frequencies at
the transmitter; in curve B the overall characteristic of the reproduction interms of electrical power delivered to theA, loud speaker
for constant sound pressure at the transmitter in the studio.
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Characteristic curves of sound recording process.
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The difference of curves A and B is the uncompensated part
of the film transfer loss. Experience shows that curve B is close
enough to flat; the success of the record, as of the picture, depends
on the director.
DISCUSSION
Mr. Duxxixg: What kind of sprocket holes are used on the
projection positives?
Dr. MacKexzie: Eastman perforations on the positive; Bell
& Howell on the negative.
Mr. Duxxixg: Are Eastman or Bell & Howell sprocket teeth
used on the recording apparatus?
Dr. MacKenzie: Bell & Howell, in order that you may use
negative or positive.
Mr. Duxxixg: Are both machines fitted for Bell & Howell
perforations?
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Dr. Mackenzie : On the recording machine, the Bell & Howell
perforations are used.
Mr. Dunning: Are both full size or is there an allowance for
shrinkage?
Dr. MacKenzie: There is excessive shrinkage on some film
when new and in that event the sprockets would be unable to carry
the film.
Mr. Dunning: How does the life of the projection positive
line up with that of the silent film?
Dr. -Mackenzie: I think it is determined by the care with
which it is rewound and the quantity of grease that is not put on it.
I know that a sound print sounded as well when it ended as when it
started. You can do this (drawing) ; you can drive a scratch down
that way, cut out a quarter, and nothing happens unless the scratch
varies in width. A scratch due to finger handling or something in
the projector or put on by the re winder — and you have seen that
many times — cannot be detected.
Mr. Crabtree : What is the maximum number of microphones
used in studio recording and how does the monitor man mix the
currents from the different microphones to give the desired effect?
I should think the monitor man would have to be a trained musician.
Dr. MacKenzie: The musician is trained to make music and
not to judge it.
Mr. Crabtree: But an orchestra conductor mixes the music,
surely.
Dr. MacKenzie: He is not a musician; he is preparing a
program. The mixer with judgment knows what kind of sound
should come from the horns to make a hit in the theatre, just as
the projector man knows what makes a picture on the screen. If
he is a musician, so much the better. I don't know what the maximum number of microphones is. The maximum I have seen is six;
I have not used more than three. One is best if it can be put in
the right place.
Mr. Crabtree: The musical director of a large theatre
suggested to me recently that it might be desirable to have a
separate microphone for each instrument.
Dr. MacKenzie:
And what did you say?
Mr. Crabtree: I said it might be necessary to enclose each
musician in a separate glass chamber. That is a suggestion anyway.
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Mr. Ross: What is the object of connecting two recording
outfits to the system?
Dr. MacKenzie: So that you can be sure of recording in case
one gives out.
Mr. Palmer: What does the grain size of the emulsion have
to do with the problem of recording? Also, if I understand correctly, the loud speaker is actuated by light passing through the
film, and this hits the cell while the picture is being made. Does
light reaching the cell have to pass through the film first?
Dr. MacKenzie: Yes.
Mr. Palmer : It seems to me the film would distort the current
so that you would not get a correct reproduction of the sound.
Dr. MacKenzie: It would distort focus, but the cell does not
care about this. The light through the film is modulated. A film is
uniform when exposed because the photo-chemical effect doesn't
show up until the film is immersed in the developer. It can't
guarantee that the light is properly focused.
Mr. Palmer: There might be one stage in the cycle where the
light energy was not sufficient to pass through the film.
Dr. MacKenzie: It doesn't happen that way. What the cell
cares about is not so much the amount of light as the variation
in it. The amount of current in the cell depends on the maximum
and the minimum. If you get 4% on one side and zero on the
other, it is proportional to 4. This effect you mention is where
some light gets through. Do you know whether there is a minimum
amount of light the cell cares about, Mr. Koller?
Mr. Koller:
It is very little.
Mr. Palmer: What effect does the grain size have?
Dr. MacKenzie : It doesn't have any, because it is finer than
the resolving power of the film. Resolving power matters most.
As Dr. Mees said yesterday, the film grain is about a thousandth
of a millimeter, and the element of track we are interested in covers
many thousands.
Mr. Mole: In the construction of the sound stages in the
Hollywood studios, some installations are putting in wax recording
as well as film. The wax is for the purpose of the "play back." Has
anything been done on film recording for the same purpose?
Dr. MacKenzie: No play-back is possible until the film is
developed. As the record is made, you listen by means of the photo

744

,

Transactions of S.M.P.E., Vol XII, No. 35, 1928

electric cell inside the sprocket, and you have a satisfactory record
unless it is ruined in development or printing.
Mr. Mole: The only objection is that the director will not
know how it will sound until the next day.
Dr. Mackenzie: Precisely; that is the objection.
Mr. Edwards: I was interested in your remarks about
scratches. I understand that the clearer that the sound track is,
the better the reproduction. What is the effect of processing the
film?
Dr. MacKenzie: It is important not to contaminate the film
with dirt.
Mr. Edwards: Will it change the relative densities?
Dr. Mackenzie: I don't think so. If you smear grease over the
film, the sounds fade, because the volume depends on the average
transmission of the film and the per cent of modulation will be the
same in any case, but the average transmission will go down.
Mr. Edwards: After the processing, generally, we have a
burnishing. On the image, I should think that would amount
almost to local reduction. Will that affect the sound?
Dr. Mackenzie:
Within reasonable limits, it will not.
Mr. Townsend: Am I correct in assuming that a positive
record is more seriously injured by dirt than by scratches?
Dr. MacKenzie: A clean scratch down the film makes no
difference. Grease, which will never be uniform, puts on a sound
record of variable width type, and you have the combined disadvantages.
Mr. Townsend: I should think it would be wise for the producers or laboratories to suggest, at least to the exchanges, that the
films be shipped in the tin cans in which they are received. It is
the custom to ship films now in fiber lined metal cases and they roll
around and produce a considerable quantity of fine dirt which
collects on the film.
Dr. MacKenzie: That introduces surface noise, of course.
Mr. Sponable: What is the efficiency of the mechanical filter
used in the recording machine?
Dr. MacKenzie: As far as motor efficiency is concerned, I
don't know. It is plus or minus 1/10 of 1% constant speed provided
careful adjustment is made.
Mr. Sponable: With an audible flutter in the machine will
the introduction of the filter remove the flutter?
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Dr. MacKenzie: It has been done without a filter but better
gears are used, and the filter is set more carefully.
Mr. Sponable: How long will the light valve remain in tune?
Dr. MacKenzie: If you keep it in adjustment, the tuning
should last for a long time. With skill in inserting the ribbons you
can make it fast, and with a suitable friction held on the pulley,
you can make sure that the tension spring is not changing.
Mr. Sponable : Will it stay in tune a day, a week, or a month?
Dr. MacKenzie: Some have stayed in tune for months; others,
only for a day, because the tension on the ribbon cannot be locked
after it is set. Any jar is trying to pull it away.
Mr. Sponable: Are the valves susceptible to temperature
changes?
Dr. MacKenzie: The coefficient of expansion for 0°F. is
0.000001255. They are susceptible to temperature changes to a very
small extent.
Mr. Sponable : Would they be satisfactory for outdoor sound
recording at 0°F. as well as at 100°F.?
Dr. MacKenzie : I think they would, but they have not been
tried.
tion?

Mr. Sponable: How many men are required for the installa-

Dr. MacKenzie : I should think there should be a man at the
recording end, one at the stage, monitoring room, amplifier, and
so on — about six, I should say.
Mr. Sponable: Is the masking of the sound track adjacent
to the sprocket holes necessary?
Dr. Mackenzie: The man who knows most about the effect
is Mr. Coffman; perhaps he could tell you.
Mr. Coffman: I think that necessity has been practically
demonstrated.
Mr. Sponable : Have you a demonstration of this to show me?
Mr. Coffman: I can show you this in New York; I have no
demonstration prints here.
Mr. Sponable: You say that you prefer positive film for
recording. If you use negative film or panchromatic film to its
best advantage, do the records differ materially from those on
positive?
Dr. MacKenzie:

I can't tell you.

I should like to try these
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things, but one test is not enough. I think that with a great many
kinds of emulsion, you could get exactly what is needed.
Me. Kellogg: I understood you to say that the gamma of
the negative was 0.6. There is a kind of distortion which I understand is brought about by developing to a low gamma, with a
material having a gamma infinity of 2 or more, due to exhaustion
of the developer close to a spot of high density; there is a diffusion
of the developer across the line. The diffusion of the developer
causes an exaggerated contrast next to the line because unused
developer gets into the dense part and gives heavy development and
the exhausted developer gets into the thinner part and gives less
development.
Can you tell me how you hold the gamma down?
Dr. MacKenzie: That is an advantage. For a square-topped
wave the exposure rises and falls off here (indicating). It is not
easy to reproduce this abrupt change. If the effect you mention
is there, it would counteract that degradation. Machine development minimizes it.
Mr. CapstAff: The distortion that Mr. Kellogg just mentioned isknown as the "Eberhardt" effect. Positive stock has a
gamma infinity of more than 2 with ordinary developers ; the effect
is very pronounced indeed with gammas below 1. The effect is
shown up very strongly with duplicate negatives using positive
stock for the master positive and duplicate negative. Because of
that, the Eastman Company introduced the duplicating stock,
which has a much lower gamma infinity.
Dr. MacKenzie: In case the limitations are not different, it
would be. We can use a gamma constant which is approaching
gamma infinity.
Prolonged development is required, of course.
Mr. Capstaff: You speak of the gammas and the limitations
in the virtual or overall gammas. How do you measure them?
Dr. MacKenzie: By making sensitometric strips on the
negative.
Mr. Capstaff: With diffused light?
Dr. MacKenzie: You are printing by diffused light and in
reproduction the cell sees a collimated light, and we prefer a compromise photo-electric cell density. The specular density is about
10% greater than the diffuse.
Mr. Capstaff:
That introduces Callier's Q.
Dr. MacKenzie: I don't know anything about that.
Mr. Capstaff: That will vary from about 1.2 to 1.5. Gammas
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might reach 1.5 with collimated light, and this differs by the /
value of the lens picking up the light. The larger the- aperture,
the higher Q becomes.
Dr. MacKenzie: You are talking about precision photography.
Mr. Capstaff: You are talking in terms of sensitometry. If
the values are gammas within the limits stated, you must take into
account Callier's Q.
Dr. MacKenzie: I should like to take into account all the
things of minute and considerable importance, but in a studio
where the records can be made and the effect you mention may be
found, it is extremely difficult, and we can't say whether certain
items can be disregarded. Our job is to make a concession for the
sake of getting a film into the theatre.
Mr. Tuttle: I believe Dr. MacKenzie said that the light
valve was capable of an intensity variation of 400%; did I understand correctly?
Dr. MacKenzie: I said 100% modulation. The light is varied
from one extreme of 100% current and voltage. We have here
(indicating) a fixed specific intensity through a variable slit.
Mr. Crabtree: Is the valve normally enclosed in a dust tight
tube or chamber?
Dr. MacKenzie: It should be placed in a dust tight room,
and we are providing covers for it.
Mr. Crabtree : I should think you might use a glass container
with the wires protruding through wax, which could be softened
by heat when the cell was to be adjusted.
Dr. MacKenzie:

That is an idea I hadn't thought of.

KERR

CELL METHOD

OF RECORDING

SOUND

V. Zworykin, L. B. Lynn, and C. R. Hanna*
Introduction
TWO types of sound recording on film are in general use, defined
according to the sound track produced as variable area-constant
density and constant area-variable density. The first type of
record is produced by any of the methods employing vibrating
mirrors or shutter arrangements. The second type of recording is
done by various arrangements falling under two general classifications: (a)pulsating light source, and (b) valve action. Examples
of a pulsating light source are the glow lamp of Seibt,1 the Poulson
arc,2 and the mercury arc.3 Examples of those coming under the
class of valves are the string galvanometer, the double grating,
and the Kerr cell. .
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Diagram showing components of Kerr cell recorder.

Variable density systems which employ a light valve have the
advantage of easy control of both average light intensity and the
best operating point as far as linearity of the valve itself is concerned. The Kerr cell has the advantage over the other light valves
in that there are no mechanically moving parts. Also the power
requirements for its operation are quite small.
Description of the Kerr Cell Recorder
Fig. 1 shows the essential parts of a Kerr cell recorder. Light
from an incadescent lamp filament A, is imaged in the space between
* Westinghouse Electric and Mfg. Co., E. Pittsburgh, Penna.
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the electrodes of the Kerr cell D by lens B, after being plane polarized by the Nicol prism C. The light transmitted through the Kerr
cell passes through the second Nicol E, before being imaged on the
film G by the lens F.
Fig. 2 shows a photograph of the Kerr cell itself. In the system employed, the Kerr cell is removable from the optical system
for convenience in cleaning and filling with the liquid. The essential
parts are two electrodes of carbon or other material with parallel
faces, carefully insulated from each other and from the container
so as to withstand high potentials up to 1,000 volts. The container

Fig. 2.

The Kerr cell.

is carefully sealed to exlude moisture and other contaminations
from the outside. All materials coming in contact with the liquid are
such that no interaction with the liquid takes placed. Care is
taken not to put any undue mechanical strains on the glass windows
forming part of the container.
Fig. 3 shows the recorder optical system. A reflector glass and
eye-piece are provided to facilitate focusing of the image on the
film. Fig. 4 shows a portable camera and recorder together with
the amplifier used in conjunction with the recorder. A schematic
diagram of the electrical circuit employed is shown in Fig. 5. A
polarizing potential is supplied to the Kerr cell in series with the
output from the amplifier by means of a rectifier and filter system
B, which is continuously adjustable to deliver voltages from 100
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Fig. 3. Recorder optical system.

Fig. 4. Complete portable camera and recorder.
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to approximately 1200. The amplifier is capable of delivering undistorted modulation voltages up to 200 to the Kerr cell.

HJ

AM

PLIFIER

MICROPHONE

f r— 1 / CELL

60~AC_
IIOV-

Fig. 5.

Schematic Circuit diagram of recorder.

Theoretical Considerations
Referring to Fig. 1, the first Nicol plane polarizes the light in
a direction 45° with respect to the plane of electrodes in the Kerr
cell.
This plane polarized light is represented by the vector R

?
Fig. 6.

Diagram illustrating action of Kerr cell recorder. *

in Fig. 6. This may be resolved into two components perpendicular
to each other and represented by X and Y in the diagram.
In
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passing through the Kerr cell these components will progress with
different velocities because of the different indices of refraction
along A^ and Y on account of the material being stressed by the
applied potential difference and will emerge with a time phase
difference 0. The resulting light emerging from the cell is then no
longer plane polarized, but is elliptically polarized. This is analogous to the elliptical field distribution produced in the single phase
induction motor by any of the phase splitting schemes. In the Kerr
cell this time phase angle <fi is equal to the product of a constant
depending upon the frequency of the light and the liquid used, the
length of light travel in the stressed/E
portion
of the liquid, and the
y
square of the potential gradient in the liquid. That is:

For Nitrobenzol C6H5-N03 i£ = 18.0XlO-10 for X = 546 m/x and
* = 25.5°C.4
The second Nicol transmits only that component of the light
reaching it in the plane of Ri. This component is made up of the
difference of the projections on Ri of the instantaneous values of
X and F. These are
R
X = — — sin cot
R
Y = — — sin (ut — d>)

V2

where co = 2w X (light frequency)
\/2
1
R r
Ri = ~— (X-Y)= — [sin c^- sin (ut -(/>)]
v 2
2

0

/

= R sin —2 cos V
I cot

</>\J

2/

This is a harmonic quantity whose peak value is :
(f>1
/E\*
Rx = R sin —2
= R sin —2 Kll \dj
—
and whose frequency is a>/27r, the same as the frequency of the
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incident light. The light intensity reaching the film is proportional
to the square of the vector Rh

1

I = R2sm<

/E\2

2

\d)

This is a function which varies between 0 and R2.
mum is reached when the voltage is:

°=Wii

The first maxi-

E
Substituting this in the equation above:

I = R2sin'

7T /E\2

A plot of the light intensity against voltage is shown in Fig. 7.
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Fig. 7. Light transmission curve for Kerr cell.

The
one-half
circular
may be

best operating point is P, at which the light intensity is
the maximum light intensity as at Q. This corresponds to
polarization of the light emerging from the Kerr cell, as
demonstrated as follows: If the phase difference between

X and Y of Fig. 6 is 90° or w/2 radians, their resultant will be a
rotating vector of constant amplitude, just as in a two phase electrical machine a uniform rotating field is produced by the two fields
placed 90 electrical degrees apart in space. In optics such a rotating
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vector is known as circular polarized light. Since the vector is
constant in length, its value may be found by noting its maximum
projection on any axis. In the preceding calculation the projection
on R\ was found to be

0
Ri = R sin —2 •
For
7T

7T

1

6= —2
; Ri = R sin —4 = ——R.
\/2
The light intensity corresponding to this is:
1
2
I = —R2
which is one-half the maximum value.
This operating point is slightly below the first inflection point
of the curve and requires a voltage 0.707 times the voltage corresponding to maximum transmission of light. In the operation
of the recorder the voltage is raised until no change of transmitted
light occurs as the second or analyzing Nicol E is rotated. This is
the test for circular polarization. It has been found that at this
point the curve is sufficiently linear to allow 50% modulation of
light with less than 5% third harmonic. Such light modulation
is obtained by a voltage modulation of approximately 21%. The
limits of this modulation are indicated by points A and B on the
curve.
Experimental Work
Curve 1 of Fig. 8 shows an experimental curve of the performance ofthe Kerr cell. Curve 2 is the theoretical curve. The
experimental curve was obtained by measuring the slope of the
light intensity vs. voltage curve for different polarizing voltages
and then integrating the curve representing the plot of these slopes.
To do this, a small fixed sinusoidal voltage modulation was applied
to the Kerr cell at different polarizing voltages and the corresponding light modulation was found by measuring the a.-c. output from
an amplifier which was fed by a photocell receiving the light
modulation from the Kerr cell. Since the voltage modulation was
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fixed the light modulation as measured was proportional to the
slope of the curve.
It was shown in the theoretical considerations that the point
corresponding to circular polarization of the light emerging from
the Kerr cell was obtained with a voltage 0.707 times the voltage
required for first maximum of light. This fact was readily checked
experimentally by setting the biasing voltage at 0.707 times that
corresponding to the first maximum of light and noting whether
the light intensity remained constant as the analyzing Nicol was
rotated.
Although this was checked only by visual observation,
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it was found that a 5% change in this voltage from the 70% value
would make the light emerging from the cell sufficiently elliptical
to be detected.
A further check on the ability of the Kerr cell to produce light
modulation corresponding to music and speech pulsations is to
apply voltage pulsations corresponding to speech or music to the
Kerr cell, pass the light modulation from the Kerr cell into a photocell connected to an amplifier and loud speaker. The quality of reproduction ifound
s
to be as good as that obtained with microphone,
amplifier and loud speaker alone. Such a test is not conclusive
because of the masking effect of distortion inherent to microphones,
amplifiers and loud speakers, but in the tests made these were all
capable of high quality performance and the addition of the Kerr
cell was found not to detract perceptibly from the quality of the
reproduction.
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Fig. 9 shows the type of sound record obtained with the use
of Kerr cell equipment. When the photographic processes are
carefully controlled so that the product of the gammas of the
negative and positive is kept close to unity, very good quality of
reproduction is obtained from records of this type. Considerable
departure from the above condition of developing is possible without
marring the quality of certain kinds of reproduction such as speech,
for example. The limits are not so wide in certain kinds of musical
reproduction as, for example, the piano.

Fig. 9.

Type of sound record obtained with use of Kerr cell.

Doubtless methods of accurately controlling the development
will be worked out. It should be said here that any such accurate
control, while more important to the success of sound recording,
will also be a step in the right direction in the securing of good
pictures.
The Kerr cell method of recording as such is capable of giving
consistently good results in view of the fact that tests made, not
involving any photographic processes, have always proved satisfactory.
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DISCUSSION
Mr. Taylor: I assume that the curve was made with monochromatic light. Is there a story about that and its actual working?
Mr. Hanna: The Kerr constant does vary with the frequency
of the light. The curve was made, however, without using monochromatic light. It is remarkable that the shape of the curve remains
practically the same. Actually, in practice, we have been using
a blue filter in the recording. I don't know if it is as important as
it was thought at first.
Mr. Wente: Could Mr. Hanna give us an idea about the
intensity of the image? I think he said it was 1 mil by 100. With
polarized light half of it is lost, but how would the brightness of the
image compare with that obtained with a simple lens system of 1 : 1
magnification and of some definite aperture?
Mr. Hanna: Of course, as you point out, you lose light in the
first nicol prism and in the following one; and also in the Kerr cell.
There is no difficulty, however, in getting enough light for photography.
Mr. Benford: Is there a temperature effect, and, if so, what
precautions are necessary to maintain the temperature of the cell?
Mr. Hanna: We have observed very little trouble of that
kind possibly because the temperature does not vary sufficiently
to give us trouble. At first, we thought the properties of the nitrobenzene might be variable but the voltage required to produce
circular polarized light has been found to remain the same if the
size of the electrodes and the spacing are kept constant. If extreme
variations of temperature are encountered, it is necessary only to
change the biasing voltage slightly.
Mr. Mills: Is there any hysteresis effect?
Mr. Hanna: I suppose you have in mind the time lag. In
liquids, the time is of the order of 10~9 seconds, and for audio
frequencies there is no trouble in obtaining high enough frequency
response. When the amplifier is designed so that sufficient capacity
current may flow into the Kerr cell electrodes there is no variation
in the audio range. The electrical volt amperes required for operating the cell, are of the same order as required by the grid of a tube.
Mr. Kellogg: Frequently, it happens that some friend of
mine who is not so familiar with these matters proposes a parallel
light scheme for some purpose or other. I always enjoy springing
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on him the theorem that parallel light is zero light, such as that
from a star so distant that its disc is immeasurably small. If you
have to get a long, slim beam, the smaller the angle subtended by
the diameter cf the beam as viewed from the other end, the less is
the light coming through. In the Kerr cell you are confronted by a
problem which brings in that question. In order to make it workable at low voltage, you want to put the plates rather close together,
and in order that you may get the rotation without getting too close
to the break down strength of the nitro-benzol, you want to make
the path reasonably long, and that tends to restrict the angle that
the light can take between the plates to almost parallel light. One
way you could get more light through would be to have highly
reflecting surfaces on the electrodes. But a question which has been
in my mind in figuring this out is whether you reverse the rotation
by reflection on the surface?
Mr. Hanna: I don't know if I can answer that from my
experience. I can see how there might be difficulties from reflection.
In all our work, we have imaged the light inside the cell, and reflection has probably not entered into it. We have in some instances
used gold plated electrodes, which are quite shiny, but perhaps the
color of the reflected light is inconsequential.
Dr. Zworykin: In our experiments we tried to use the Kerr
cell with one Nicol prism only by placing a mirror behind the cell
to reflect back the light. The action is the same, only in this case
the Nicols are not crossed to start with and therefore the increase
of potential across the cell decreases the light instead of increasing
as with two crossed Nicols. The reflection from the electrodes is
avoidable by proper optics. For instance, if the distance is 12 mils
and the width of the image 4 mils, you can easily focus the image
without touching the edges of the electrodes.
Mr. Lamson : On the standard cell assuming 50 per cent modulation ofthe light, what is the average of the a.-c. voltage?
Mr. Hanna: I stated the percentage of the modulation of
the voltage to be about 20. In one cell, for example, the bias was
700 volts in which case the peak alternating voltage for the modulation would be 140.
Mr. Coffman: Can you work near the top of the straight line
portion of the H & D curve in recording sound on standard motion
picture positive or negative emulsions?
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Mr. Hanna: That depends on the light source and optical
system employed. It is easy to secure enough light for negative film
and with care in design, sufficient for positive emulsions may be
obtained.
Mr. Byles: Have you discovered any other uses for this
very interesting cell?
Mr. Hanna: Many uses have been proposed. It can be used
for picture transmission and television.
Mr. Spence: What about the life of the cell? In the past,
sound recording pictures have been taken with a number of the
cells on hand for replacement. Can this one be sealed in the factory and then forgotten or must it be replaced in so many hours?
Mr. Hanna: There is nothing in the cell itself to go wrong but
the liquid has to be replaced occasionally. In many cases where
no abuse is given to the cell, it will stay operative for many weeks.
An immediate check on the operation of the cell is had in the circular polarization test. If circular polarization can be secured the
cell is all right. If not, it is inoperative, due probably to a previous
spark-over. There is no halfway point. The cell either operates
perfectly or not at all.
Mr. Ross: What are the deteriorating elements, the liquid or
the^electrodes?
Mr. Hanna: I should say the liquid entirely. It is only necessary to wash out the cell and refill it to make it new.
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Introduction

HIS paper is concerned with the optical systems employed
in the recording of sound on motion picture film. Since it
would obviously be impossible to give in one short article all the
optical information necessary for the design of a completely
satisfactory recording or reproducing system, the scope of this paper
has been limited to che light-gathering characteristics of the
various well-known systems. This phase of the problem does not
often receive sufficient consideration. In fact, the photometry of
optical systems in general falls somewhere between the field of
interest of the lens designer and that of the illuminating engineer.
The former is primarily interested in the perfection of the image
formed by the optical system and uses geometrical methods almost
exclusively. The latter, on the other hand, although more likely
to approach the problem from the standpoint of physical optics,
is handicapped in these considerations by an unwieldy system of
units.
Since the number of possible combinations of lenses is infinite, this paper can scarcely hope to treat all the optical systems
that might be employed in sound recording. Its purpose is rather
to set up a consistent set of photometric definitions and units, to
illustrate the general method for computing the amount of light
which passes through an optical system, and finally to consider
briefly the special optical requirements in some of the better known
methods of sound recording.
Photometric Units
One obvious method of evaluating the amount of energy
radiated per second by a source of light is to express the power
in watts in the same way that the power of a radio broadcasting
station is expressed in watts. In fact, a source of light may be
likened to a small broadcasting station, broadcasting electromag* Associate Professor of Optics and Photography, Massachusetts Institute of Technology, Cambridge, Mass.
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netic waves of a very much shorter wave-length than those used
in electrical communication. Since glass transmits very little energy
of shorter wave-lengths than 0.0004 millimeter and since photographic materials and photo-electric cells are rarely sensitive to wavelengths longer than 0.0007 millimeter, there is a need for a radiation
unit which will express the power radiated within this narrow but
important region. Although units of photographic intensity have
frequently been proposed, they are not widely used at the present
time. Consequently, it seems best to use a unit of power which depends on the visual effect of the radiation from a light source, notwithstanding that neither photographic .films nor photo-electric cells
have exactly the same spectral sensitivity as the eye. This unit of
radiant power evaluated with respect to the visual effect is called
the lumen. It is quite analogous to the watt except that it includes
only the energy in the visible region and is further weighted by
the visibility curve of the human eye. In the present paper, the
amount of luminous flux radiated by a given source of light will
always be expressed in lumens.
When the radiation from a source is not uniform in all directions, itis often convenient to consider the amount of flux radiated
per solid angle in some particular direction. If the dimensions of
the source are small compared with other dimensions of the apparatus, the source is frequently assumed to be a point and the
intensity in a particular direction is then measured in lumens per
solid angle. In other words, if a small source radiates L lumens in
the solid angle co, the intensity / is defined by equation 1 .
L
I= CO

(1)

It would be quite feasible for standardizing laboratories to
preserve a lamp which by definition radiates one lumen when
operated under certain standard conditions, but, as it is somewhat
simpler to compare the intensities of two sources than it is to
compare the total fluxes, an intensity standard is preserved instead,
the unit being known as the candle. It should be. noted again that
the sources are here assumed to be points. In other words, the photometer bench must be large enough in comparison to the srze of
the sources to make the error in assuming them points negligible.
When the light from a point source of intensity I is allowed to
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impinge normally on a surface located at a distance d, the illumination of the surface is determined by equation 2.

E=i

(2)

Many different units are used for this quantity E. In this country,
illuminating engineers are in the habit of expressing I in candles
and d in feet, in which case the illumination produced by one
candle at a distance of one foot is said to be one foot-candle. For
the purposes of this paper, it is more satisfactory to measure the
distance d in centimeters and to express the illumination in centimeter-candles, or,better, in lumens per square centimeter, which
of course, is the numerical equivalent.
When the surface radiating luminous flux is too large to be
considered as a point, the intensity concept must be modified
slightly. Thus, in the case of an extended surface, the brightness
may be measured in candles per square centimeter. The surface
may be either self-luminous, as in the case of a tungsten filament, or
it may be illuminated from some other light source. Since one
candle represents by definition the radiation of one lumen per unit
solid angle or the equivalent, it follows that a surface of unit brightness radiates or reflects in the direction considered one lumen per
unit solid angle for each square centimeter of area.
The units and symbols to be used throughout this paper for
these four fundamental quantities — flux, intensity, illumination and
brightness — are listed for convenience in the table below:
Table of Photometric Units
Quantity
Flux
Intensity
Illumination
Brightness

Unit
Lumen
Candle
Lumen per square centimeter
or centimeter candle
Candle per square centimeter

Symbol
F
I
E
B

For the solution of numerical problems, it is convenient to
know the approximate sensitivity of photographic materials and
photo-electric cells. The ordinary range of exposure for superspeed motion picture film lies between 0.000002 and 0.0002 lumensecond per square centimeter. In other words, an exposure of one
second to an illumination of 0.000002 lumen per square centimeter
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or the equivalent, will produce a just perceptible deposit when the
film is developed. Cine positive film ordinarily requires about 25
times as much exposure to produce a just perceptible deposit but,
because of the high contrast obtainable with it, the same density
may often be secured with only a moderate increase in exposure.1
The film speed in recording is generally in the neighborhood of
50 centimeters per second. If the width of the slit is one thousandth
of an inch (0.0025 centimeter), the time during which the film
is exposed is only 0.00005 second. To produce a just perceptible
deposit with cine negative film, the illumination must be roughly
0.04 lumen per square centimeter. In a previous communication
to this journal it was shown that the average exposure of sound
records of the variable-density type should be at least four times
this minimum value.
The area of the slit used in reproducing is roughly 0.0005
square centimeter. As most photo-electric cells have a sensitivity
in the neighborhood of ten microamperes per lumen, the illumination at the reproducer slit should be at least 200 lumens per square
centimeter to avoid operating with currents less than one microampere which are difficult to amplify.
Illumination in Real Optical Images
The method of calculating the illumination in the case where
the source is a point has already been given in equation 2. When
the source is an extended surface, the illumination which it produces at a distant point is obtained by subdividing the surface
into a very large number of infinitesimally small areas after the
manner of the integral calculus. Each of these areas is considered
to be a point and the total effect of the whole surface is found by
the mathematical process known as integration. For example the
illumination produced at the point P by the circular disk D of
radius r in Fig. 1 is obtained by integrating equation 3 between
the limits zero and (r).
dE = 2irB sin (9 cos Odd

(3)

The well-known result of this integration is given in equation 4.
E = irBsm26.
^ (4)
When the disk is not circular, the same method is followed,
1 This effect is due in part to the failure of the reciprocity law.
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but the integration is more difficult. Such cases, however, usually can
be treated satisfactorily by means of the following approximation.
The solid angle co within the cone of plane angle 6 is given in equation 5.

o> = 2tt(i- cos (9).
For small values of 6, 2(1 — cos 6) is approximately equal
In other words, the illumination at the point P is given
mately by the product of the brightness of the disk D and
angle which it subtends from P as expressed by equation
E = Bco.

(5)
to sin2 6.
approxithe solid
6.
(6)

The magnitude of the solid angle in turn is determined by dividing
the area of the disk D by d2. Although this method is not rigorous
it is a sufficiently good approximation for the present purpose and
is much easier to apply in systems comprising cylindrical lenses.
Let us now consider the case represented in Fig. 2. The
source S having a brightness B is imaged at P by means of the lens
L. From the principle of the conservation of energy, equation 4
can be shown to be applicable to this case also.2 In other words,
the illumination at the point P on the axis of the system depends
only on the brightness of the source S and on the angle 6. The effect
at P is the same as though the source did not exist and the lens

Fig.
Fig. 1.

were a self-luminous object of the same brightness as the source.
The illumination for other points on the axis to the right of the lens
may be computed in similar manner by applying equation 4, the
angle 6 representing the angle subtended by the lens or the image
P, whichever subtends the smaller angle. Sometimes slightly more
illumination can be obtained at a point ahead of the image position,
2 Loss of light in the optical system by absorption or reflection is here
neglected and will be "consistently neglected throughout this paper. The loss
by absorption is generally small while the loss by reflection usually amounts
to four per cent at each air-glass surface.
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but it is not feasible in practice to attempt to utilize this gain
because a very rapid decrease in illumination occurs at points just
off the axis.
Although only a single lens is shown in Fig. 2, equation 4
obviously applies also to a more complicated optical system since
it depends only on the principle of the conservation of energy. In
every optical system, there is always one aperture which limits the
axial zone pencils. This aperture may be inserted especially for the
purpose, as in the case of the iris diaphragm of a photographic
objective, or it may be such an obstruction as the rim of one of the
lenses. The image of the aperture formed by the lens or lenses preceding itis called the entrance pupil of the system and, in similar
fashion, the image of the aperture formed by the lenses which follow it is called the exit pupil. Consequently, we may generalize
equation 6 and say that, for all practical purposes, the illumination
in the image formed by any optical system is the product of the
intrinsic brightness of the source and the solid angle subtended by
the exit pupil from the image
Glow
Lamp
Film

Fig. 3

Recording with a Glow Lamp
With this much by way of introduction, let us consider briefly
a few of the methods of sound recording which are in actual use.
Because of its simplicity, let us take first the case where a glow lamp
is the source of illumination. In the simplest arrangement, the
brightness of this lamp is modulated by the amplified voice currents
and the light is allowed to pass through a narrow slit to expose the
moving film placed just behind it (see Fig. 3). The illumination at
the slit is the product of the brightness (not intensity) of the glow
lamp and the solid angle which it subtends at the slit. Since the
solid angle can never exceed 2x, the brightness required to produce
an illumination of 0.16 lumen per square centimeter cannot be less
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than 0.025 candle per square centimeter.3 The exposure received
by the film when the light is unmodulated is independent of the
distance between the slit and the film and depends only on the film
velocity. When a signal is impressed on the lamp, however, the
effect of a space between the slit and the film is to fill in the scantily
exposed parts and to reduce the exposure in the more heavily
exposed regions. In order that the film may record high frequencies,
it is therefore necessary to use a narrow slit very close to the film.
Since the width of the slit is seldom more than 0.001 inch, the distance between it and the film should be even less than this value.
A quartz wedge has sometimes been used in place of the closeup slit, the sharp edge of the wedge being ground away until it
has the desired dimensions. The wedge is then placed so that its
narrow edge nearly touches the film. This has undoubtedly been
done in the hope that all the light entering the blunt edge of the
wedge would be captured and passed along to the film to give an
increased exposure. Of course light may be caused to follow a
quartz rod for long distances even around bends, but this property
of a rod does not apply to a wedge. The reason is that the angle
with which the rays strike the surfaces of a wedge increases with
successive reflections until the light is no longer totally reflected
but emerges into the air through the broad faces of the wedge.
The futility of attempting to increase the illumination in this
manner may also be seen by referring again to equation 6.
Recording with the Imaged Slit and Glow Lamp
An open slit 0.001 inch in width quickly becomes filled with
dirt and foreign matter which leaves longitudinal streaks on the
film. Also it is frequently impracticable to place the slit as close to
the film as good sound quality requires. These difficulties may be
overcome by forming on the film a reduced image of a somewhat
larger slit, as shown in Fig. 4. The glow lamp is placed behind a
slit S and a suitable lens O, usually a microscope objective, forms
a reduced image of this slit on the film. As before, the maximum
illumination is the product of the brightness of the glow lamp and
the solid angle which the microscope objective subtends at the
3 Equation 4 leads to the value of 0.050 lumen per square centimeter,
just twice the brightness obtained by substituting in equation 6. Equation
4 is rigorous while equation 6 is only an approximation. When the angle
6 is small, equation 6 is a satisfactory approximation.
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film.4 In order for the slit to be the field stop of the system, however, the bright area of the glow lamp must subtend a larger angle
from the objective than the real slit. In other words, in looking to
the left from any point of the lens, the slit should be uniformly and
completely filled with light or the sound track will not be uniformly
exposed.

Glow
Lamp

Film

Fig. 4.

In case the above condition is difficult of fulfillment, a system
like that shown in Fig. 5 can be used. Here the microscope objective 0 forms an image of the slit S on the film as before. The glow
lamp is imaged on the microscope objective by means of a condens-

Film

Fig. 5.

Diagram of practical optical system for recording sound
with glow lamp.

ing lens C of sufficient diameter to subtend a larger angle at 0
than the slit S. The magnification of the glow lamp should be such
that its image at 0 is larger than the area of the objective. Other4 Since the numerical aperture of a microscope objective is usually
known, it is frequently more convenient to use equation 4 instead of equation 6. The numerical aperture of a microscope objective used in air is equal
to the sine of the angle 6 when the objective is used at the magnification
for which it was designed. As the objective shown in Fig. 4 is used for reduction rather than for magnification, the sine of the angle 6 is equal to the
indicated numerical aperture when the distance from S to O is roughly
160 mm. The sine of 6 varies inversely as the magnification plus one. » Consequently, when the magnification is less than 1, as in Fig. 4, the illumination depends very little upon the magnification. For high values of the magnification iis
t nearly inversely proportional to the square of the magnification.
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wise, the glow lamp becomes the aperture stop of the system and
the exit pupil, although still at the microscope objective, becomes
of smaller size. Again the illumination of the film is the product of
the brightness of the glow lamp by the solid angle which the illuminated area of the microscope objective subtends from the film.
This system possesses two advantages over that of Fig. 4.
In the first place a somewhat smaller source of light may be used.
Also, inequalities in brightness of the surface of the glow lamp do
not produce streaks of unequal exposure on the film. Both systems
produce the same illumination5 with the same objective 0. It is
impossible to compare these systems with that of Fig. 3 on any
rational basis since the practical limitations are so different in the
two cases, although the theoretical limits are the same in both.
This theoretical limit is reached, of course, when the film is illuminated by a cone of light of 2ir steradians.
The practical limit in Fig. 3 depends upon the construction
of the glow lamp. In Fig. 4 and Fig. 5 the practical limit depends
upon the objectve. As it is difficult to construct an objective
with sufficient field having a numerical aperture higher than 0.25,
the practical limit to the illumination is 1/16 of the theoretical
limit (see equation 4). The glow lamp in Fig. 3 can rarely be placed
close enough to the film to exceed this value.
Recording with a Kerr Cell
In the systems that have just been considered, the brightness of the light source was modulated by introducing the amplified sound current into its supply circuit. Unfortunately there
are only a few discharge tubes which will follow the rapid changes
in sound intensity and the brightness of these sources is usually
low. Until glow lamps of higher intrinsic brightness are developed,
it will be necessary to use other sources of light for high quality
recording since the amount of light available with the best of glow
lamps at the present time is barely sufficient to expose cine negative
film. The low resolving power and bad graininess of this material
make it undesirable for sound recording purposes, and, as the
desirable photographic characteristics are obtainable only at the
sacrifice of sensitivity, it is customary to use a light of higher
5 This assumes the use of a glow lamp of the same brightness and the
same effective slit at the same magnification in both cases as explained in the
previous footnote.
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brightness with some sort of modulating device or light valve.
The simplest of these is the well-known Kerr cell.
The Kerr cell consists of a pair of electrodes in a liquid such
as trinitrobenzene which has the propert}r of becoming doubly
refracting in an electrostatic field. A sound recording system using
such a cell is shown in Fig. 6. Light from any source of constant
brightness, such as the filament of an incandescent lamp, passes
through the collimating lens and then through a polarizing Nicol
prism before entering the Kerr cell. On leaving the cell the light
passes again through a Nicol prism and a lens which forms an image
Film

Nicol

Nicol
Kerr Cell

Fig. 6.

Diagram of the Kerr cell recorder.

of the filament source on the slit in front of the film. The second
Nicol prism is so adjusted with respect to the first that when no
voltage is applied to the electrodes of the cell they transmit one
quarter of the incident light. When the signal voltage is applied
to the cell, the exposure of the film is increased or decreased in a
manner which corresponds roughly to the original variations in
sound intensit}7.
It is obvious that the optical system of Fig. 6 is fundamentally
the same as that shown in Fig. 2 provided that the Nicol prisms
and Kerr cell are of sufficient size. In other words if the second
lens is the aperture stop, as Fig. 6 shows, the angle 6 may be made
sensibly the same as in the case shown in Fig. 4. Although the
normal setting of the Nicol prisms decreases the average illumination to one quarter of the amount available without them, the
brightness of the filament of an incandescent lamp is many times
greater than the brightness of any glow lamp having a reasonable
life. Consequently, recording may be' done with the Kerr cell arrangement on a less sensitive and better adapted type of photographic material.
Recording with a String Galvanometer : String Vertical
Of the mechanical devices which might be used for light
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valves, the simplest is undoubtedly the string galvanometer. This
consists of a wire or ribbon called the string, suspended in a strong
magnetic field. The passage of current through this string causes a
deflection which ma}^ be made to open or close a suitable aperture.
The string is normally adjusted to fill half of the opening when it
carries no current. Then when a signal is impressed on the galvanometer, the resulting oscillations of the string cause corresponding variations in light flux which may be used for photographic
recording. Ordinarily the film travels in a vertical plane so that
the recording slit is horizontal. The string can be placed either
vertically (across the slit) or horizontally (parallel to it).
Sound records of the variable width type can be made with the
string vertical, but the illumination is so low that such a procedure
is not practical. To secure good quality, the natural period of the
string must be less than that of the highest pitch to be recorded.
This means that the string must be light and consequently incapable of large deflections. In practice it is difficult to obtain deflections greater than 0.001 inch in a galvanometer having a satisfactory frequency response curve. As this deflection must be magnified
nearly 100 times to fill a sound track of the usual width, the available
illumination is necessarily low (see footnote 4).
By means of a suitable system of cylindrical lenses, the magnification between the string and the film may be 100 to 1 in the
horizontal plane and 1 to 1 or better in the vertical plane. In the
Kerr cell arrangement of Fig. 6 the magnification between the source
and the film was 1 to 1 in both planes. Consequently, neglecting
for the moment the absorption of light by the Kerr cell and the
loss caused by the Nicol prisms, this type of string galvanometer
arrangement can be only 1/100 as efficient in light-gathering power
as the Kerr cell arrangement. If we continue to neglect the absorption in the cell but remember that the Nicol prisms reduce the
illumination to one quarter of the value it would have otherwise,
we find that the Kerr cell is some 25 times better than a string
galvanomter used in this manner.
Fig. 7 shows a method of using a string galvanometer with the
string vertical to produce a variable density type of record. The
upper diagram represents a plan or horizontal view of the system
and the lower diagram a vertical elevation. The source of light is
focused by means of the condensing lens C on the ribbon of the
galvanometer. The galvanometer is imaged on the film in the
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vertical plane by means of a cylindrical lens. Consequently, the
solid angle of the cone of light (or pyramid of light in this case)
reaching the film is the product of the angles di and d2.
It is obvious that the value of 02 may be made approximately
as great as the angle d in the Kerr cell arrangement of Fig. 6. The
maximum value of 0i requires a little more careful consideration.
If no mechanical difficulties were encountered, the galvanometer
should be placed as close to the film as possible, the limit being
reached when the opening subtends the same angle from the film
as the lens C. In other words, except for mechanical limitations
0i may approach the value of 62 in a well-designed system.
Source
Film

Source

Film

Fig. 7. Method of using vertical string galvanometer for
making variable density type of record.

If, as usually happens, the magnets of the galvanometer prevent it from being placed as close to the film as desired, the string
can be imaged at the proper point by means of a cylindrical lens
inserted in the upper diagram. Since the opening in the galvanometer however, is already as bright as the source and since it is impossible toincrease this brightness by any optical system, the limit
of light-gathering power of the latter system is the same as the
case just considered. Consequently we may sum up the consideration of the vertical string type of string galvanometer with the statement that by properly designing the optical system it may be
used to produce records of the variable-density type but is quite
useless for the production of records of the variable-width type.
Recording with a String Galvanometer : String Horizontal
We have already seen that the deflection obtained with a
string galvanometer suitable for recording high frequencies are
small, usually of the order of 0.001 inch or less. Since the width
of the slit is of this order of magnitude, it is possible to make sound
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records of the variable-density type by means of the system shown
in Fig. 8. The source of light is focused on the film. Each of the
four lenses shown may conveniently be a microscope objective of
16 mm. focal length and 0.25 numerical aperture. Since the magnification ofthe source of light on the film is approximately unity,
the illumination is four times as intense as that produced by the
same objectives used in the Kerr cell arrangement of Fig. 6 because
of the loss occasioned by the Nicol prisms. The sound produced by
this system is slightly distorted in the high frequencies, when the
velocity of the string approaches that of the film. Since the effect
of distortion, however, is to introduce higher harmonics, it may

Film

Fig. 8.

Galv
Method of using horizontal string galvanometer
for producing variable density record

not be serious because
ment is as satisfactory
of the variable-density
are difficult to produce

of their relative inaudibility. This arrangeas any for the production of sound records
type. Records of the variable-width type
with a horizontal string galvanometer.

Recording with an Oscillograph: Variable Density Records
In the string galvanometer method of recording, a mechanical
part such as a wire or ribbon is used as the movable portion of the
light valve. Instead of utilizing an actual motion of this sort
the equivalent effect may be produced by causing the image of
some stationary aperture to move with respect to some other
stationary aperture. This can be done most conveniently by the
use of an oscillograph mirror.
The oscillograph consists essentially of two parallel wires
stretched taut in a magnetic field. These wires are so connected
together that the current flows upwards, say, in the one at the same
time that it flows downwards in the other. A small mirror is
attached by its edges to these wires in such a manner that a current
causes a rotation of the mirror, usually about a vertical axis.
The optical system of the oscillograph has been made the sub-
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ject of a previous investigation.6 Fig. 9 shows an adaptation of
this instrument to the production of sound records of the variabledensity type. The source of light is focused on the oscillograph
mirror which in turn is refocused on the film, Fig. 9 being a horizontal or plan view of the optical system. This figure has been drawn
as though the mirror produced no deflection of the beam, but acted
only as a stop or aperture in the system. In any actual case, of
course, the light should fall as nearly perpendicularly on the mirror
as possible and should be reflected in the same manner. At each of
the objectives is placed a grid consisting of parallel wires or ribbons
with alternate transparent spaces. At the oscillograph mirror is
a single lens which images the first grid on the second. Since light
traverses this lens twice, the effect is the same as if there were two
lenses, and Fig. 9 has been so drawn.
Source

Grid

Fig. 9.

Grid

Arrangement used with oscillograph for producing variable density records.

Before a program is recorded, the mirror is so adjusted that
when no signal is impressed on the oscillograph, the image of the
wires of the first grid half covers the spaces of the second grid.
The grid should be so designed that the maximum deflection of
which the mirror is capable will produce a shift of the image equal
to one-half of the width of the spaces. Consequently, when a
signal is impressed on the oscillograph, the amount of illumination
at the film varies in accordance with the sound pressure at the microphone. This system has been shown with a close-up slit but it
may be modified for use with an imaged slit as in Fig. 4.
In practice, the width of the mirror in a suitable oscillograph is
rarely more than 0.5 mm. Since this mirror is imaged on the film,
it must obviously be magnified at least six times in order to cover
a sound track 3 mm. wide. Since the illumination in the image is
about inversely proportional to the square of the magnification
6 The Optical System of the Oscillograph and Similar Recording Instruments by A. C. Hardy, J.O.S.A., R.S.I., Vol. 14, June, 1927, p. 505.
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plus one (see footnote 4), it follows that in this case the illumination
can be only 1/12 as intense as with the unit magnification of the
system shown in Fig. 8. This may be partially remedied by inserting a cylindrical lens with its axis perpendicular to the plane of
Fig. 9. This is usually possible because the height of the oscillograph mirror is greater than the width of the recording slit so that
unit magnification or less can be used in this plane. If we assume
the magnification in the vertical plane to be unity and the magnification inthe horizontal plane to be 6, the light-gathering power
with this arrangement is roughly two-sevenths as great as with the
system of Fig. 8.
Recording with an Oscillograph: Variable Width Records
The difficulty of producing high quality sound records of the
variable density type has already been emphasized in a previous
paper,7 where it was shown that the characteristics of photographic materials are such that improper exposure or development
Source
Film

Source

Fig. 10.

Optical system for making variable width sound
record with an oscillograph.

will introduce distortion. This source of distortion can be eliminated
by the use of sufficient care in the photographic phase of the problem, but it is doubtful whether this is justified at the present
time. The variable width type of record is inherently free from
this type of distortion and is easily produced by an optical system
such as that shown in Fig. 10.
In this arrangement the source of light is focused on the oscillo7 "The Rendering of Tone Values in the Photographic Recording of
Sound," by A. C. Hardy, Trans. Soc. M. P. Eng., Vol. XI, No. 31, p. 475,
(1927).
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graph mirror by means of a spherical lens. As before, the mirror
is drawn as though it produced no deflection of the beam. In the
vertical plane, shown in the lower diagram, the mirror is refocused
on the close-up slit by means of a cylindrical lens. In the horizontal
plane the beam is allowed to diverge and cover the width of the
sound track. A stop at the condensing lens C covers half of the area
of the lens. This stop is reimaged on the film by means of the single
lens close to the mirror, this lens being again shown double in the
diagram since the light traverses it twice. The neutral position of
the mirror is adjusted so that the image of the edge of the diaphragm
at lens C occupies the center of the sound track. As the signal is
impressed on the oscillograph, the image of the diaphragm moves
from side to side and produces records of the well-known variable
width type.
Since the light-gathering properties of the oscillograph have
have already been discussed at some length in the previous paper,6
it is only necessary to refer here briefly to the general conclusions.
As in the previous case, shown in Fig. 7, the illumination is proportional to the product of the angles B\ and 02. The angle B\ may
have a value equal to that of 02 in Fig. 7. On the other hand, the
value of 0i depends on the distance from the mirror to the film which,
in turn, depends on the sensitivity of the oscillograph vibrator. It
is usually possible to obtain a deflection of one inch at a distance
of ten inches without heating the vibrator enough to give it an
undesirable frequency response. With a sound track 0.1 inch in
width, therefore, the proper place for the mirror is one inch from
the film. If it is placed closer than this, the full width of the sound
track will not be utilized without overloading the vibrator. If it
is placed at a greater distance, 0i and therefore the illumination will
be reduced proportionately.
It is frequently impracticable to place the vibrator as close to
the film as required by the optical considerations. In such cases,
as we have seen before, the mirror may be imaged at the proper
point, preferably by means of a cylindrical lens inserted in the
upper diagram. Such a lens, however, is powerless to increase the
illumination over that provided by the scheme shown in Fig. 10.
With a mirror 0.5 mm. in width and 25 mm. from the firm, the
numerical aperture in the upper diagram is only 0.01. Since this
system, however, requires no modulation control with its attendant
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reduction in exposure it is very satisfactory for recording even on
cine positive film.
This system has been considered with reference to the close-up
slit arrangement only. From previous considerations, however,
it is obvious that the slit could be imaged on the film and it is likewise apparent that such a procedure is justified only as a matter
of convenience from the mechanical standpoint rather than from
any superior light-gathering characteristics of the imaged slit system.
Reproducing
We have already found that the illumination of the reproducing slit should be 200 lumens per square centimeter. This corresponds to the placing of a 200 candle-power lamp at a distance of
1 centimeter or the equivalent. The design of incandescent lamps
is such that the bulb usually prevents placing the filament sufficiently close to the reproducing slit. As a consequence, it is custoSource

Photoelectric Cell

Fig. 11.

Diagram of optical system of photoelectric cell reproducer.

mary to employ an optical system similar to that shown in Fig. 11.
The filament is here imaged on the reproducing slit and the illumination may be calculated by means of equation 4. Since the brightness of the average tungsten filament operated in such a way as to
insure a reasonable life is of the order of 1200 candles per square
centimeter, a microscope objective of 0.25 numerical aperture will
produce an illumination at the slit of 235 lumens per square centimeter. As we have already seen, this will provide an average
photoelectric cell current of about a microampere.
The objections to a close-up slit apply even more forcibly
in reproducing than in recording. Consequently it is preferable
to use the system shown in Fig. 12, wherein the filament is imaged
on the microscope objective 0 by a condensing lens C and a slit
of generous dimensions is imaged on the film. If the objective
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0 is filled with light, the flux reaching the photo-electric cell will
be the same in this case as with the system shown in Fig. 11.
Conclusion
The declared purpose of this paper was to illustrate the general
method of computing the amount of light which passes through
any optical system. Although this general method has been freely illustrated byexamples chosen from among the better known methods
of sound recording, it is impossible to compare the merits of the
various systems without assigning actual numerical values to the
quantities involved.
This is due to the fact that the amount of
Source

Photoelectric Cell

Fig. 12.

Diagram of reproducer optical system with close-up slit eliminated.

light available with most systems depends upon mechanical or
electrical limitations rather than optical ones. For example, in
the case of a string galvanometer the amount of exposure on the
film with a properly designed optical system depends on the displacement which may be given to the string and its current carrying
capacity. It is hoped, therefore, that the numerical values herein
presented for purposes of illustration will not be interpreted as a
final comparison of the merits of the various systems of recording
and reproducing. The question of image perfection has been entirely ignored in the present paper for lack of space.

AN ELECTRICAL SYNCHRONIZING
ING SYSTEM FOR SOUND MOTION

AND RESYNCHRONIZPICTURE APPARATUS*

William H. Bristol**
IN THE most successful type of sound picture reproducing
systems, the synchronization is accomplished by driving the
projector from one end of the motor shaft and the record turntable
from the opposite end of the same motor shaft.
Although perfect synchronization is maintained by positively
driving the turntable and the projector by the same motor, this
method of synchronization does not afford any simple means for
resynchronizing during the projection of a picture on the screen
and if an error is made in locating the starting points of the film
and record, there will be a lack of synchronization of the sound and
picture throughout. the full length of the film. In case a correct
start has been made and it happens that the film has been broken
and in splicing one or more frames have been omitted, the picture
will be in advance of the sound after passing such a place in the
film, and out of synchronism by an amount corresponding to the
number of frames that' have been left out in making the splice.
Therefore it is evident that when direct mechanical connection between the turntable and the projector is used, the picture
and the record are out of synchronism, they cannot, without some
sort of differential gearing, be brought back into synchronism without stopping the projection. Realizing the importance of having
a system of synchronization that would permit of re-synchronizing
the picture with the sound record while the picture is being thrown
on the screen, an electrical method of synchronization was developed
which affords a fundamentally simple means for re-synchronizing
the sound with the picture whenever occasion requires.
When in 1915 application was made for a patent on the synchronizers for synchronizing phonograph records and motion pictures, it was discovered that the fundamental principle involved
* The subject matter of this paper is based upon a previous paper
presented by the author at a meeting of the Franklin Institute, Philadelphia,
Dec. 21, 1927.
'* President, The Bristol Company, Wate'rbury, Conn.
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had been patented previously by Dr. Carl J. A. Michalke, of
Berlin, for the purpose of indicating and transmitting motion to a
distant point. In 1917 a United States patent and a number of
foreign patents were granted to me on an entertainment apparatus
combination for motion pictures and sound records synchronized
by the Michalke device for transmitting motion.
The following is a condensed description of an electrical
synchronizing system for producing and reproducing disc type
sound records with motion picture films, and includes a technical
description of simple electrical apparatus by which the film may
be advanced or retarded with respect to the sound during the projection of the picture on the screen, without any effect whatever
on the sound reproduction since the speed of the sound recording
disc remains constant at all times even when the film is being
slowed down or speeded up to keep the sound and picture in step.
This synchronizing system which has been developed for driving the cameras and the recording machine, and also for reproducing the sound record with the motion picture, consists of two
special synchronizers, one of which generates the electrical energy
in its magnetic field to feed the field of the other. The rotors or
armatures of both synchronizers are energized from an alternating
current line. When the armature of one of the synchronizers is
turned by an outside source of power, the armature of the other
synchronizer turns the same amount and at the same speed. Torque is developed from rest with these synchronizers, thus making
it possible to transmit power electrically from one sjmchronizer to
the other with perfect synchronism at any speed.
The unique resynchronizing feature is accomplished by mounting the field winding frame of one of the synchronizers in trunnion
bearings within which the armature bearings are located, thus
allowing the field frame of one of the synchronizers to be rotated
with reference to the main frame independently of the rotation of
the armature.
When one of the armatures is revolved at a given speed, its
speed with reference to its field can be changed by rotating manually
the field frame in its trunnion bearings. Ordinarily, when transmitting power from one of the synchronizers to the other the field
frames are stationary, and the speed of the second armature will
be the same as that of the first. If the field frame of the first synchronizer isrotated, the speed of the second armature will be the
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same as the new speed of the first armature relative to its field, and
not the actual speed of the first armature. This will be further described and illustrated.
A striking feature of the working of the two synchronizers is
that their action is not affected by considerable variation of the
voltage, or of the frequency, of the alternating current by which
the rotors are energized.
We will now describe the basic principles upon which the
synchronizers are constructed and also the method of re-synchronizing.
Fig. 1 is a diagrammatic representation of two synchronizers.
The rotors, or armatures, R and R' ', are fed from the alternatingcurrent lines as indicated, while the field windings A, B, C and A',
B', C are interconnected, as shown, by wires D, E and F.
Assume that the power is to be transmitted from the rotor,
or armature, R to R'. When the alternating current is turned on
both rotors will instantly take corresponding positions with reference to the field windings A, B, C and A', B' , C . In the position
of the rotors as shown in Fig. 1, the rotor R is inducing voltage in
its field windings A, B, and C. The voltage in B being at its maximum, since the lines of magnetic flux are parallel to the axis of the
core at the rotor. In A and C the induced voltages are equal but
each less than in B. These voltages are transmitted through the
wires D, E and F to their corresponding windings A' ', B' ', C, thus
producing three magnetic forces acting on the armature R' , which
will hold it in an equilibrium position as if the rotors were electrically geared together.
If a source of power is applied to rotor R, revolving it through
an angle in a clockwise direction, the voltage induced in the field
coil B will decrease to a point of no voltage after the rotor R has
turned through an angle of 90°, bringing the magnetic lines of the
rotor R perpendicular to those of the field coil B. In the meantime
the voltage of the field coil C has decreased to no voltage and has
begun to increase toward the maximum. In the coil A the induced
voltage has passed through the maximum point and has begun to
decrease. From this it will be seen that as the rotor R is revolved,
maximum voltages are induced in its field coil one after the
other in a counter-clockwise rotation exactly corresponding in
rate to the rotation of the rotor R in a clockwise direction. It will
be readily understood that the varying voltages induced in the
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field coil A, B and C will be transmitted through the wires D, E,
F to the corresponding field coils A', B', C", where they will cause
corresponding magnetic forces on the rotor, or armature Rf, which
will make it revolve exactly as rotor R is revolved and with power
corresponding to the electrical energy induced in the field coils.
The amount of power which it is possible to transmit with
synchronizers of this kind is not limited, but depends upon the size,
mechanical construction and electrical energy supplied to the rotors.
In the present application, the synchronizers are made to transmit as much as one-quarter horse-power and are about the same
size as a modern quarter horsepower electric motor.
Fig. 1 may be used also to explain the fundamental principles
of re-synchronization.
Suppose the field A, B, C is rotated one

Fig. 1 . Diagrammatic representation of the synchronizers.

revolution in the same direction as its armature R, while the
armature itself has turned through ten revolutions, the armature
R will actually have turned only nine revolutions with reference
to the field A, B, C. The rotor R' will therefore only have turned
nine revolutions, although R has actually revolved ten revolutions.
Again, suppose the field A, B, C is turned one revolution in a
direction opposite to that of its armature R, while the armature
itself has turned through ten revolutions. The result will be that
the armature R has made eleven revolutions with respect to its
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field A, B, C and the armature Rf will then have made eleven
turns, although the armature R has actually made only ten revolutions.
The working model shown in Fig. 2 has been made to illustrate, by actual operation, the foregoing principles of the synronizer and the method of re-synchronization. Two synchronizers
are connected by a small cable containing five wires, two of which
furnish the alternating-current supply to the rotors.
The other

Fig. 2.

Working model of electrical gear for resynchronizing.

three are the interconnecting wires between the fields. These
three wires divide the field windings each into three equal parts,
and on the finished synchronizers, the windings are distributed
similarly to those of an induction motor. The rotor of the synchronizer shown in the front of Fig. 2 can be revolved in either direction
by the chain drive by means of the front handle, while the field of
this synchronizer may be rotated in either direction by the rear
handle. Each armature is provided with a pointer so shaped that
the armature motion may be easily followed.
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We are now ready to describe the operation of the two model
synchronizers. Upon switching the alternating current to the armatures there will generally be a motion of one or both of the armatures,
bringing them into magnetic equilibrium or what might be called
throwing them into electric gear.
If the armature of the front synchronizer is revolved in either
direction, the armature of the rear synchronizer will follow in step
at all different speeds.
On the disc shown at the left of Fig. 2 are mounted three
small incandescent lamps connected across at the three equidistant points of the fields. When the armature of the front synchronizer isturned, these lamps show by their increasing and decreasing brilliancy the varying induced voltages generated in the
three field sections. As previously explained, these lamps show
how the maximum, induced voltages occur around the field in a
direction opposite to the direction of the motion of the armature.
To illustrate the method of re-synchronization by this model,
if the armature of the front synchronizer is rotating at a constant
speed, the pointers will show that both armatures are turning
exactly together. Then to retard the armature of the rear synchronizer, the field of the front synchronizer is revolved by the rear
handle in the same direction that the armature is moving. The
amount of retardation will be governed by the number of turns or
fraction of turns of this field, and the pointers will continue to
revolve at the same speed but angularly separated.
Again, assuming that the armature of both synchronizers
are revolving together, in order to advance the armature of the
rear synchronizer, the field of the front synchronizer is turned in a
direction opposite to that of the rotation of its armature.
In Fig. 3 a motion picture projector for standard width
film is shown with the synchronizer attached for driving it with its
re-synchronizing handle at the left, convenient for the operator.
At the right of Fig. 3 is shown the turn-table on which the record is
placed. Beneath the turn-table on the left side, its synchronizer
is shown; attached to it is a five-wire cable which is the only connection between the turn-table synchronizer and the projector
synchronizer. The motor located beneath the turn-table, on the
right side of it drives the turn-table through the worm and gear and
also drives the armature of the turn-table synchronizer, which in
turn drives the armature of the projector synchronizer, so that
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Projector for standard 35 mm. film equipped with synchronizer.

the projector is furnished with power for its operation. Perfect
synchronization of the film with the record on the turn-table is
thus maintained.
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In Fig. 4 the synchronizer is shown applied to a standard
35-mm. portable projector.
In Fig. 5 is shown a synchronizer applied to a small projector
designed for 16-mm.
films, together with a turn-table
unit

Fig. 4.

The Holmes portable projector equipped with synchronizer.

which is identical with the turn-table unit employed for the professional projector shown in Fig. 3 with the exception that the
re-synchronizing handle is located for convenience on the' turntable unit. The only connection between the synchronizers is the
usual five-wire cable shown in Fig. 3. These portable synchronizing
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outfits have been designed to bring talking moving pictures into
the school and the home,
Fig. 6 shows the universal turn-table unit suitable for use with
all types of projectors. In this illustration is shown the governor,
which maintains absolutely constant speed, this being of vital
importance for the reproduction of music.
From the description and illustrations already shown, it may
be seen that the turn-table unit consists simply of a driving motor,
a governor, a worm and gear and one of the synchronizers.
The

Fig. 5. An amateur standard projector equipped with synchronizer.

other synchronizer is attached to the projecting machine on a
suitable bracket, the two synchronizers being connected only by
the five-wire cable. There are no commutators to wear or spark,
and there are no make or break contacts to cause trouble.
The electrical synchronizing system has several advantages
as compared with direct mechanical connection between the turntable and the projector. First, the simplicity of the installation; a
synchronizer can be easily secured to the projector by a suitable
bracket and connected by the five-wire cable to the turn-table
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synchronizer, which is a part of a self-contained unit that may be
located at the most convenient place. No further adjustments
need be made on this turn-table unit at the time of installation.
Second, the ability to re-synchronize. Third, the advantage of
being able to apply the synchronizing driving system to any projector, whether made for standard 35-mm. width or 16-mm. width
film.

Fig. 6. The universal turn-table synchronizer.

DISCUSSION
Mr. Crabtree: Do I understand that the projectionist must
turn the handle when he sees any lack of synchronism? Must he
watch the picture all the time?
Mr. Bristol: The operator should have a speaker in the booth
or wear earphones to pick up the sound from the amplifier, or better
still, have a person located on the floor of the theatre provided with
a device for giving signals to the operator, thus advising him
whether the film should be advanced or retarded to bring it into
perfect synchronization by means of the resynchronizer described
in the paper.
Mr. Crabtree: What causes lack of synchronism?
Mr. Bristol: A mistake in starting or in splicing where a
break has occurred. Starting points should be clearly marked, but
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mistakes are often made. The needle may accidentally be started in
the wrong groove, and if it is started wrong without the correcting
mechanism, it would be necessary to run through the entire reel
out of synchronism.
Mr. Stoller: I am sure it would have been a satisfaction to
Mr. Michalke if he could have been here to see that both in Mr.
Bristol's system and the Western Electric system the principle
of the old Michalke patent is used. There is no question that
this method of synchronization is the simplest and most reliable.
It has no maintenance on it, is flexible, and permits easy adjustment. There is one point which I think is of interest : One difference
between the system just described and that shown in my paper is
the use of three phase on the rotor as well as the stator. The
advantages in favor of the polyphase are that you avoid vibration,
which is pronounced with the single phase, and you have more
damping than in the single phase system. In the event of transient
disturbances, the single phase system is not as suitable on this
account.
There is one feature in connection with re-synchronizing which
I don't see the advantage of. If your system has anything to put
it out of synchronism, there will be some advantage in having a
means to put it back in, but where you have a mechancially direct
connected system, there can be only a breakage of the shaft,
which is improbable. The difficulty of setting at the proper mark
initially is largely a matter of carefulness on the part of the operator.
Mr. Spence: I think the one item that brings an important
factor into view which has been overlooked is the. breakage of the
film. If it is broken without making up the loss of a few frames,
you will be continuously behind.
Mr. Bristol: I mentioned that in the paper, and I think this
is one of the most important and practical features of this resynchronizing device. When a broken film has been spliced, the synchronization may be perfect at the beginning of the reel and then when
you come to the place where an imperfect splice has been made
which causes lack of synchronization, the resynchronizing device
makes it possible to bring the picture into perfect synchronization
again, keeping it there during the running of the rest of the reel.
Mr. Briefer: I still cannot see how one can judge the number of frames the picture can be out unless a direct system of headphones has been used.
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Me. Bristol: If the operator cannot see and hear it in order
to know what to do, one way is to have an observer near the screen
so he can see what is wrong and give a signal to the operator. One
buzz in my case means to advance the film and two is to retard it
and these signals are given until there is perfect synchronism.
Me. Kroesen: Is this system similar to that with the Selsyn
motor operated by differential gears operating the commutator?
Mr. Bristol: I don't know what kind of device you are referring to.
Mr. Kroesen: You use only a Selsyn motor and, assuming
the projector is operated by a motor and maintaining definite
speed, the commutator is operated in the same way. It retards
and advances it.
Mr. Bristol: The synchronizers have no commutators and
both must run at the same speed, unless the field of one is manually
rotated in one direction or the other as has been explained in the
paper.
Mr. Maxfield: In the early days of my work I had the opportunity of operating talking motion picture projection equipment through the use of. a differential gear. With this the synchronization between the picture and the record could be thrown out in
either direction and back in again; but if the picture started more
than five or ten frames out of synchronism because of patching or
misediting it was very difficult to determine which way it was out
until some sharp noise was made or a long pause occurred in the
sound.
Mr. Spence: The only way it could be out, is in patching
when it will be ahead. Therefore, the lag will always be in one direction only.
Mr. Bristol: That is true generally unless in patching you
put in too long a piece. Mr. Maxfield is quite wrong, because there
is always some word which will show right away that it is wrong.
A little care will show immediately which way it should go.

A STUDY

OF GROUND NOISE IN THE REPRODUCTION
SOUND BY PHOTOGRAPHIC METHODS*
Otto Sandvik

OF

GROUND noise is a term ordinarily used to designate extraneous sounds which occur on a photographic sound record, or
more explicitly, noises which are present on a film that either contains no silver deposit or else has a silver deposit of uniform
optical density. The purpose of this paper is to point out some
causes of these noises and to show how the noise level increases
with repeated runs of the film through the projector.
Some of the earlier workers were inclined to believe that the
noise was due to optical inhomogeneity in the film base itself. In
order to investigate the validity of this contention a series of
experiments was carried out. In these experiments, several kinds
of film base besides the standard motion picture film were investigated. One of these experiments, and the only one which will be
considered here^was to run the clean film through the sound reproducer in the usual manner. The gain or the volume control of the
amplifier was advanced until a barely perceptible noise, caused by
the moving film, was heard. This method is rather qualitative in
nature; but has the advantages of directness and similarity to
conditions which prevail in practice.
The results obtained by several observers showed that there
was very little difference in the noise level of different kinds of
film base; and moreover, that, with a gain setting as normally
used for a sound record, the ground noise was imperceptible.
The amount of noise, however, was increased considerably
by running the film through the projector a few times, and was
found to be enhanced greatly by handling with the bare fingers,
by impressing even minute scratches, or by blowing dust particles
into the projector against the film while it was running through.
The next step was to determine how much, if any, the noise
level was increased by the several steps involved in manufacturing
the film, and the ultimate processes of developing, fixing, washing,
and drying.
* Communicatioin No. 374 from the Kodak Research Laboratories.
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The method followed in this investigation was to run the
film sample under consideration through a standard sound reproducer, and measure with a thermocouple and millivoltmeter the
power output of the amplifier. If the film is optically homogeneous,
the power output is either zero or some constant value. If, however,
the film is not homogeneous, the amount of light falling on the
photo-electric cell varies and the power output is a function of
these variations in the light intensity. Moreover, the loudness of
the noise is a function of power delivered by the amplifier into a
loud speaker. It is quite beyond the scope of this paper to consider
in detail the relation which exists between intensity of the sound and
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Fig. 1. The graph indicates the noise present in samples of film at various stages of manufacture and processing: (a) without substratum; (b) substratum on one side; (c) substratum on both sides; (d) emulsion-coated,
fixed, washed, and dried; (e) emulsion-coated, developed, fixed, washed,
and dried — density about 0.1; (f) emulsion-coated, exposed, developed,
fixed, washed, and dried — density about 0.3.

loudness, or the stimulus and the sensation. It is not, however,
essential for the present to consider this relation since we are
interested only in the relative amount of noise which occurs under
various conditions and this is indicated fairly well by the relative
amounts of electrical power which are caused by the film running
through the sound reproducer.
The method of making the measurements was to read voltmeter deflections at constant intervals and take the mean of a
large number of these readings to represent the noise level pf the
film in question. A set of such observations for film at various
stages of manufacture and processing is shown in Fig. 1. It is seen
from these that the noise level is the same for plain and substrated
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base. That is, no dirt or other factors giving rise to optical nonhomogeneity are introduced by substrating the base.
Now when the film base is emulsion-coated and put through
the regular process of fixing and washing, or developing, fixing,
and washing, the level of the noise intensity is found to be somewhat
increased. The question naturally arises: Is the gain in noise due
to the emulsion,' or is it due to the processing? To answer this
question two experiments were carried out. One was to find out
the difference in the noise level introduced on two pieces of the
same film in wiping the film after washing by machine or by hand.
The results obtained showed that the noise level on the film which
has received careful manual wiping was less than half that which
had been wiped by machine. These results clearly indicate the importance ofvery careful handling during processing film used for
sound recording. The second experiment was to take a piece of
film base, substrated but not emulsion-coated, and run it through
the regular process of developing, fixing, washing, and drying.
The results obtained showed that noise level had been increased
considerably above that of another sample of the same piece of
film which had not been processed, and, furthermore, that it was
comparable in magnitude to the noise level on a film emulsioncoated and processed. It may be concluded, therefore, that there
is no appreciable increase in the noise level at the various stages
of manufacture. There is, however, a considerable increase in
the noise level during the process of developing, fixing, washing,
and drying even when these operations are carried out by a skilled
worker and with the utmost care.
It is of interest to note that film fixed without development
is noisier than film which has been developed so as to add a small
density (about 0.1) due to a certain amount of fog present; and
that the film which has received a uniform exposure so as to increase
this density to about 0.25 has still less noise. This can be accounted
for on the basis that a certain amount of dirt, speaking in a broad
sense, has been introduced, and that the presence of this dirt
causes a larger variation in the light incident on the photo-electric
cell on the clear film than on one of which the transmission has been
reduced somewhat by a uniform silver deposit.
It seemed to be of interest to determine how the noise would
grow by repeatedly running the film through the projector. To
investigate this point four samples of film were prepared, two
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of which were developed without exposure, the other two being
flashed and developed with a resulting uniform density of about
0.3. These films were then run repeatedly through a standard
projector with sound-reproducing attachment, the film being rewound after each run. The same method of obtaining an indication
of the noise level as described above was used;
i.e., a thermocouple
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Curves showing the increase in ground noise, on a film having
form density of 0.1, by repeatedly running it through the projector.
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Curves showing the increase in ground noise, on a film having a uniform
density of 0.3, caused by repeatedly running it through the projector.

and millivoltmeter was placed in the output circuit of the amplifier, and the mean value taken of the power output for a large
number of readings obtained at constant intervals of time.
These results are shown in Figs. 2 to 5 inclusive, where the
output is represented by the ordinates, and number of times run
through the projector are plotted along the abscissa. Curves 2
and 3 represent the two films developed without exposure and curves
4 and 5 the two which were exposed and developed. It is seen from
these curves that after the first few runs, the increase in power or
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the intensity of the sound is practically uniform with the number
of times run. The increase in the loudness or the auditory sensation,
however, would be less rapid since the sensation is not directly
proportional to the stimulus.1 This increase in the sound intensity
is undoubtedly due to accumulation of dirt and scratches on the
film and would probably continue to grow more or less linearly
until a saturation value, so to speak, would be reached.
It is interesting to note that the rate of growth of the noise
intensity is more rapid for the two film samples having the lesser
density. This, as pointed out above, can be accounted for on the
basis that the percentage change in amount of light incident on
the photo-electric cell produced by a given amount of optical inhomogeneity in the film is decreased as the total transmission of
the film is decreased.
It may be pointed out that a sound having the vibration frequency equal to the number of perforations passing the slit per
second, usually called sprocket noise, is not always due either to
irregularity in the motion of the film or the edge of the perforation passing over the slit, but is frequently caused by a small tear
or a strain at one corner of the perforation. It may also be caused
by a periodic variation in density along the perforation track, that
is, an area of higher density along the perforations and one of lesser
density between the perforations. These areas are of sufficient size
to extend into the sound track. This variation in density is probably caused by insufficient agitation of the developer during
development of the film.
For a discussion of the relation between sound intensity and
the loudness the reader again is referred to the paper by Harvey
Fletcher which, in addition to the completeness of the paper
itself, contains a very excellent bibliography of the literature on
the subject.
Summary
The results obtained show that the amount of noise present
in clean film base, with amplifier operated at a normal gain, is
imperceptible.
There is no appreciable increase in the noise level introduced
at the various stages of manufacture, but a considerable increase
1 Physical Measurements of Audition and Their Bearing on the Theory
of Hearing, by Harvey Fletcher. Bell System Tech. Jour. Vol. 1-2: 1922-23.
p. 145.
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in the ground noise is introduced during the process of development fixing, washing, and drying, even when these operations are
carried out with the utmost care by a skilled worker. This increase
in noise is very probably due chiefly to dirt and abrasions received
by the film during the process.
The growth of the noise level by repeatedly running the film
through the projector, after the first few times, increases linearly
with the number of times run. This increase in noise level is
undoubtedly due to dirt, dust, and scratches which accumulate on
the film at a more or less constant rate until a saturation value, so
to speak, is reached.
DISCUSSION
Dr. MacKenzie: In the first slide where six samples of film
were shown, were precautions taken to get equal intensity of light
through all or was ordinary projection used?
Mr. Hall: It was as in normal projection.
Dr. MacKenzie: It is clear that the amount of noise would
depend on the average amount of light. With a filter of 50% transmission you would make a reduction of one-half. I should like to
see the curves corrected for the transmission of the material run
through so that all would have the same average transmission. Of
the noise, how much is due to amplifier and cell noises?
Dr. Sandvik: (communicated) In regard to part of the second
comment by Dr. MacKenzie the noises due to amplifier and cell
were subtracted from the total noise level in every case, hence,
the noise level indicated in each diagram is that due to the film
alone.
Dr. MacKenzie: With regard to the film which has been
projected sixty times; if this were a picture should it be replaced
after that time?
Mr. Hall: I have seen sound pictures projected in which the
film was worse than that by far. It didn't have vertical scratches.
I think that is a matter of opinion.
Dr. MacKenzie: How many times would you care to project
a single print?
Mr. Hall: I am not well qualified to answer.
Mr. Kurlander: The theatre runs a show about four times
daily or about 28 times a week, so that this is equivalent to two
weeks' theatre service.
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Mr. Richardson: No statement can be made as to the number of times a picture can be projected. The damage is not nearly
all done on the projector. There has been very little intelligent
work done by engineers in an attempt to lessen the damage to film,
a large part of which takes place in the process of rewinding.
Was the film run as a band or rewound each time?
Mr. Hall: It was rewound each time.
Mr. Richardson: Have you any information on the damage
caused during rewinding film?
Mr. Hall: It was not rewound at high speed, and no finger
prints were put on the film.
Mr. Richardson: Rewinding is often done at a terrific speed.
No intelligent means have been taken to prevent metallic dust
attracted by electrostatic charges generated at the projector aperture from gathering on the film. I think this must be taken notice
of now that we have sound pictures. I believe the laboratories
should devote a portion of their energies to the projection problems and methods of handling film in the projection room and
should work out means for preventing metallic particles of dust
getting into the reel of film. Possibly this is partly caused by the
heat, although I don't think so. I have tried for years through
publications to secure the elimination of abuse in rewinding.
Rewinding abuses cost money — hundreds of thousands of dollars
a year. We are dealing with very high heat values at the aperture.
Would it be possible that the heat would alter the characteristics
of the photographic emulsion so as to create noise?
Mr. Hall: I could not answer that categorically. I doubt if
it would. I don't think the heat would introduce a lateral scratch.
It might change it so that there would be strain at the sprocket
when it goes past the aperture.
Mr. L. A. Jones: In the case of the last sample of film, it
was rewound under very careful conditions. This test was not made
under and does not simulate average theatre conditions, because
it was handled so carefully. This test was made specifically to show
how ground noise accumulates with passage through the projector.
I think a good deal of this could be eliminated by cleaning the
film. Moreover, the ground noise that you heard was largely accumulation ofdust particles. There was actually little injury to
the film. With regard to heat, I am sure that the mere exposure to
heat would not increase the noise level.
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Going back to Dr. MacKenzie's comments, I think the experiments were made in a way strictly comparable to practice. The
projector with the sound recording elements was set up the same
as in practice, and this condition was maintained, so that the first
three films had a certain illumination incident on the photo-electric
cell. In the case of the developed films, the setting was not changed,
so that the actual illumination on the cell was lower, as it will be
in practice. We were trying to find how much actual noise was
attributable to the film, and I think the conditions were strictly
comparable and correct.
Mr. Crabtree: You spoke of wiping film- manually as compared with machine wiping. Do you mean squeegeeing with chamois or pneumatically?
Mr. Hall: Pneumatically.
Mr. Crabtree: That emphasizes the importance of using
water which does not have a large saline content. Drops of water
containing dissolved matter on the film make spots, and they contribute to the ground noise.
Mr. Jones mentioned the matter of cleaning film. Machines
are available for satisfactorily cleaning film which has accumulated
oil and dirt. The cleaning process consists in immersing the entire
film in an oil solvent and then squeegeeing and drying. I think
such a machine should be in every theatre devoted to the projection of sound movies. Laboratories are devoting attention to
suitable lubrication of film intended for sound work and to methods
for reducing the propensity of the film to accumulate dirt and
scratches. In order to suitably lubricate the film, it is usual to apply
a thin line of wax to the edges but if an excessive quantity is applied,
this encroaches on the sound track area, and gives ground noise.
Satisfactory experiments have been made by applying a solution
of wax in a solvent with the edge waxing machine whereby only a
small quantity of wax is applied. Only. a very minute quatity of
wax is necessary to eliminate troubles which arise if the film is
not waxed. In the past, we have been putting on too much lubricant. Experiments are in progress on the effect of varnishing the
film but they have not advanced to such a stage that we can say
anything about it.
Mr. Edwards: Was the trial made with a loop, so that the
number of times it passed the light aperture could be checked? Have
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we any way of telling how much of the damage was caused in the
projector and how much was due to rewinding?
Mr. Hall: No, but a large part of the damage probably
occurs during rewinding.
Mr. Kellogg: Is the reduction of ground noise as the result
of density on the film proportional to a reduction of light received
from the film? Does transmission due to the density of the film
have the same effect as reduction of light by a stationary filter?
Mr. Hall: We have no direct measurements on that, but the
ground noise, caused by the film, should be reduced approximately
in proportion to the reduction in light intensity. It would make
little difference whether the light is reduced by the density of the
film or by a stationary filter.
Mr. Hardy: I should like to know how the intensity level
shown in the slides compared with that of the average picture.
Mr. Hall: The sound intensity is very much less than that
of the average picture. In fact when the amplifier is operating at a
normal gain the noise level is barely audibile.
Mr. Ross: At what speed were they run? At ordinary speed,
you say there is no perceptible noise, so the- speed was increased.
Is that correct?
Mr. Hall: All projection was at the standard speed of 90
feet a minute.
Mr. Ross: I understood you stated that at normal speed no
noise was produced, so you increased the speed. Is that right?
Mr. Hall: No ground noise was perceptible on new film. It
increased as the film was run repeatedly.
Mr. L. A. Jones: I. think a misunderstanding has arisen here
because Mr. Hall stated that at ordinary levels of the amplifier
setting no noise was perceptible, and in order to make it sufficient
for the judgment of differences, the gain was increased until the
noise even on the clear film was perceptible. I think his reference
was to that rather than change in projection speed.

SOUND

FILM

PROCESSING

Joe W. Coffman*
THE West winds bring us tidings of an art that is newly born —
sound pictures have made their advent, and Hollywood is
telling the World in its usual hearty way. Apparently not all the
celebrants wholly enjoy the festivities, since we hear of players'
frantic efforts to be vocal and of directors who find pantomime
rather cramping to their style.
But notwithstanding the present lusty cries from the cradle,
the art need not long remain in swaddling clothes, as all the elements
for rapid growth are at hand.
The stage will teach the players how to talk, and revengeful
players teach directors the fine art of pantomime. The telephone
industry offers thorough knowledge of speech and its reproduction,
while radio can solve the problems of studio technique and design.
Forty years ago the basis for solution of the photographic problems
involved was laid by Hurter and Driffield, whose methods a number
of our own members have helped perfect.
Up to the present, sensitometry, as outlined by Hurter and
Driffield, had not received the attention it deserved from the
industry, and for enforcing that attention now the sound film will
probably earn the eventual gratitude of the laboratories.
Today, sensitometric tests to determine developer characteristics are an important part of routine sound film processing, particularly inthe case of records made by variable density systems.
Unit overall contrast, or gamma, of the sound print is the goal
at which are aimed all efforts at control of the processing of variable
density sound tracks. Needless to say, the accompanying picture
must be conformable to accepted standards for regular motion
picture prints. Overall contrast considerably greater than unity is
usually desired in the picture so the picture negative is ordinarily
developed to a higher gamma than is the sound negative. Normal
development of silent picture negatives is to a gamma of approximately 0.80 and normal development of the prints is to the vicinity
* Vice-President Carpenter-Goldman Laboratories, Inc., Long Island
City, N. Y.
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of 1.80 so that the overall gamma of the usual silent picture seen
on our screens today is approximately 1.4.
If the picture negative and print are to be developed according
to these silent picture standards, then the accompanying sound
negative should be developed to a gamma of approximately 0.56.
Overall gamma being equal to the product of negative gamma by
positive gamma, development according to these specifications
would give an overall sound track gamma of unity and an overall
picture gamma of 1.4.
Negative gammas as low as that indicated for the sound track
have not been frequent in silent picture practice, and the "old
timer" is inclined to consider a sound negative of these characteristics very "weak" or under developed. But quite satisfactory
variable density sound prints have been produced when these factors
were used. It is probable, however, that the trend of laboratory
technique will be in the direction of higher gamma for picture
negatives, particularly if there become available negative emulsions
permitting of higher gammas without the high density now associated therewith. Such emulsions should, of course, retain the wide
latitude and fine grain structure of the present negative emulsions.
They should possess low exposure inertia, since most sound pictures
are photographed with relatively low intensity incandescent lighting, and should preferably be panchromatic. An emulsion with
these characteristics is admittedly much easier to define than to
produce. But if obtainable, it would make practicable the development of picture negatives to a gamma considerably higher than
that previously stated. The sound negative could then be developed
to a higher gamma, producing a denser negative than that now
being obtained. This would tend to reduce the level of negative
ground noise by reducing the ratio of base density to overall density.
In a sufficiently dense sound track negative, variations in base
density become insignificant as compared with variations due to
modulation of the track.
Cameramen vary widely in the lighting of sets, depending upon
the laboratory to modify the original contrast to that value which
produces the most pleasing pictorial result. This makes it difficult
to standardize on the gammas to be used unless the cameraman's
technique is well known. It is frequently advisable to develop the
picture negative first, securing what would be considered a good
negative according to straight pictorial standards. Test prints are
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then made to determine the most satisfactory time of development
for the print, pictorially considered. Sensitometer strips are printed
on each of these tests and the gamma of the most satisfactory print
is determined by measurement of the sensitometer strip densities.
The reciprocal of this print gamma is the gamma to which the
sound negative should be developed.
For example, a certain cameraman is inclined toward rather
flat lighting of his sets. His' negatives, developed to a gamma of
0.80, require prints of a gamma of 2.00 in order to give what he
considers satisfactory results. Unity divided by 2.00 gives 0.50
as the indicated gamma to which the sound negative should be
developed.
The same technique can be applied to the determination of
the most satisfactory gammas for the various negative and positive
emulsions which may be used. The sound track can be given its
theoretically perfect photographic characteristics without causing
picture quality to suffer in the slightest if these relatively simple
precautions are observed.
These observations apply only to variable density sound-films
in which the sound and picture impressions have been recorded on
separate films and combined to make a single print. If separate
prints of the two records are to be made, or if a print of the sound
record only is desired, then the simplest and most satisfactory
technique is to develop both the sound negative and the print
therefrom to a gamma of unity. The picture is treated as any silent
film would be, except that care must be exercised to prevent breaks
and splices. Where sound and picture impressions are recorded on
the same negative, it is necessary to develop them together, both a
negative and print. Some compromise with quality is apparently
unavoidable under these circumstances.
The variable width system of sound recording is not so dependent for quality upon accurate sensitometric control of development processes, but even here it would seem desirable to have
sensitometric data always at hand. The positive sound track should
have the maximum possible overall gamma, while the picture
quality should remain unaffected. While definite values for gamma
need not be prescribed, the requirements indicate the advisability
of developing the sound negative to approximately gamma infinity,
an'd the combined print to a relatively high gamma. The picture
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negative should then be developed to a rather low gamma to
prevent the overall picture contrast from going too high.
Methods and equipment for sensitometry are not within the
scope of this discussion :— suffice it to say that neither in point of
time nor money are sensitometric methods costly to the film laboratory. Actually, the saving in cost of reprints and the improved
quality of the product should amply compensate for all the necessary expenditures.
Machine processing is rapidly coming to the fore, and with
its ally, sensitometry, is forcing a rather hasty retreat by the "old
timer" with his racks and tanks, his secret formulas, and his undisputed good judgment. Machine processing is almost essential
to the controlling of development and the securing of uniformly
satisfactory results.
It is true that by the exercise of extraordinary care, fair
negatives and prints of any type of sound film can be produced
by rack-and-tank methods, but the extreme painstaking requirements and the difficulty of controlling the results give rack-andtank methods a poor efficiency rating as compared with machine
methods. At best, rack and tank prints will hardly equal the
quality of routine machine prints, because some imperfections due
to splices, rack marks, and developer variations inevitably appear
on the rack-and-tank product.
The disc systems of sound synchronization make fewer demands for modification of laboratory technique than do the film
systems, but even here the machine has great advantages, for the
entire reel can be processed as a unit, eliminating splices with their
attendant dangers to synchronization. Bearing in mind that
scratches, dust spots, finger prints, etc., cannot be cut out of these
negatives and prints without replacing the sections removed, the
superiority of the developing machine becomes even more evident.
Developing machine design should provide for complete control over all factors affecting quality of product. Reserve developer
tanks should be of the largest practicable capacity in order to keep
to a minimum those variations due to developer exhaustion. Continuous circulation from these tanks into the developer tanks of
the machine is, of course, to be provided for. Thermostatic control
of developer temperature within limits of one degree is highly
desirable. A thermostat in the machine developer tank may be
arranged to control a two-way valve in the developer feed line so
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that a rise or fall in temperature will cause the valve to by-pass
some of the developer through cooling or heating coils as may be
required.
At least three developer circulation systems are needed: one
each for sound negative, picture negative, and prints. Print developers generally used in developing machines are too contrasty and
contain too much potassium bromide to be of use in developing
sound negative on positive stock, hence the necessity for the
separate developer for this purpose. Sound negatives recorded on
the same film as the picture are necessarily developed in the picture
negative bath.
High concentration developers are desirable for sound-film
work in all its phases, for they produce more nearly uniform results
and require strengthening or renewal less frequently. Potassium
bromide, since it tends to alter the contrast relationships of the
various intensities of exposure, should not be used in negative
developer formulas, and should be held to a minimum in print developers.
The less-basic alkalis should be used in most developer formulas,
and their concentration kept relatively low, thus permitting higher
concentration of the developing agent and longer time of development. Both these factors tend toward greater uniformity of result.
Modifications of the Eastman Borax developer formulas have proven
very satisfactory for negative development for both sound and
picture negatives.
The borax developers tend to produce a fine-grained negative
which is especially desirable on the sound tracks, since the highfrequency limit is established by the limit of resolution of the film,
and this, in turn, is largely dependant upon grain-size.
It has been found desirable to use a stop-bath in the rinsetank through which the film passes immediately after development. Otherwise the developer is not entirely removed from the
film, and tends to drain from the sprocket holes upon the sound
track, making stains scarcely visible to the eye, but picked up by
the photo-electric cell in the reproducer as a distinct ninety-six
cycle hum. No trouble from this source is experienced when the
stop-bath is used.
Efficient printing is one of the greatest problems now confronting
the sound film laboratory. The sound track must be printed on a
continuous printer while the picture may be printed on either

804

Transactions of S.M.P.E., Vol. XII, No. 35, 1928

continuous or step machines. Present practice usually involves
separate printing of the two impressions whether or not they were
recorded on the same film. The apertures are complementary to
each other, the one masking the section through which the other
prints. This necessitates two runnings through the printer, as now
arranged. To secure the maximum definition of the very fine
lines representing the higher frequencies, it is necessary to reduce
the aperture slot to very narrow dimensions, and this, in turn,
produces a marked fluctuation in lighting of the sound track due to
gear and belt back-lask, etc. This may be overcome by installing
a mechanical filter on the printer sprocket drive, thus smoothing
out the small irregularities of speed. A filter of this nature should
be connected to the printing sprocket by a positive-acting clutch,
thus permitting the starting and stopping of the film without the
handicap of overcoming the inertia of the filter flywheel. Addition
of a mechanical filter would tend to eliminate also the flicker now
frequently noticed in pictures printed on continuous printers.
Mislights are very troublesome in sound prints, usually meaning the reprinting of entire scenes. Since scenes are usually much
longer than in the silent pictures this is a rather costly operation.
Light-shifts now in use are not wholly satisfactory from this
standpoint, having varying degrees of propensity for mislighting,
and being hardly rapid enough to shift the lighting of the sound
track without a density change which will be reproduced as noise.
Light-shifts which depend upon a change in the resistance of
the lamp circuit tend to cause a slight change in the gamma of the
prints, the longer wave-lengths tending to produce higher gamma
due to their deeper penetration of the emulsion. This variation is
not large enough to be of serious moment; but it is probably better
to look toward a light shift in which the actinic qualities of the light
remain unchanged. These defects in existing sound track printers
may be fairly easily overcome; but it would seem expedient to
redesign the entire printing machinery now while the industry is
new. Practically all the requirements are known — and the laboratories look hopefully to the equipment manufacturer.
In adapting existing continuous printers for sound track
printing, care should be taken that the aperture masks make contact with the film along the side as well as at top and bottom;
otherwise light may leak from the picture aperture to the sound
track, and cause many strange noises. Identification marks should
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be eliminated from the sound track side of the print for the same
reason. These light leakages are seldom apparent to the eye, but
they are very distinctly apparent to the ear. It seems best to mask
off the sound printing aperture one or two mils from the line of
sprocket holes; otherwise refracted light from the edges of the perforation sometimes affects the sound track, producing the characteristic ninety-six cycle note, or "sprocket hole hum."
In printing, it is necessary to displace the sound track on the
print to compensate for the separation of the sound and picture
apertures. There seems to be a tendency to agree on a fourteenand-a-half inch advance of the sound track as the standard displacement. A convenient laboratory device holds the original
synchronization mark by sprocket pins at this distance from a
film punch, which is operated to make the new start mark. This is
only one of a series of minor laboratory appliances which the new
art is bringing in. The list includes synchronous rewinds, buttjoint splicers, negative splice punches, positive splice blackers, film
hooks, and various other strangely-named devices.
Inspection of first prints should be under conditions approaching those of the theatre as nearly as possible. This requires a completely-equipped sound film projection room with a screen room
of adequate size and correct acoustic characteristics. The inspector
needs have an ear for tone quality as well as an eye for visual
quality. Routine inspection of subsequent prints may be carried
on with simplified equipment consisting of a projector with sound
pick-up, a small amplifier, and head-phones. This inspection is not
primarily for tone quality, but for defects such as volume variations, "sprocket hole hum," dust or splice noise, etc.
It comes as someting of a shock to the laboratory man to discover that he can no longer depend upon his eyes to judge the
quality of laboratory work upon a sound film. Sound tracks frequently appear to be perfect to the eye, but displeasing to the ear,
full of distortion and extraneous noises, all of which can be remedied
by correct laboratory procedure. On the other hand, a sound
track may be very discouraging to the eye, full of seeming scratches,
rack marks, printer flicker, etc., and yet it is reproduced as a nearly
perfect auditory record, clear and undistorted, with an almost
imperceptible noise background. These reversals of customary
standards of judgment are sometimes discouraging, but they add
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to the thrill of the laboratory man's existence and carry to him
forcibly the conviction that "To measure is to know."
DISCUSSION
Me. Crabtree: You spoke of the average negative gamma as
being about 0.8. You might be interested in some experiments we
made. We submitted sensitometric strips on negative panchromatic film to the various laboratories in Hollywood to be put
through with their regular night's work. The gammas on these
varied from 0.5 to 0.85 — most of them being about 0.6-0.7 with an
average gamma of 0.65. You have probably noticed that the
trend is toward softer pictures. The studios light their sets with
hard lights, thus permitting such low gammas.
You mentioned the matter of streaks on films. It is possible
to get streaks on a machine, especially with a tube machine where
the film is exposed to the air for any considerable length of time;
the developer produces aerial oxidation fog so that it is necessary
to restrict the time to a minimum during which the film is exposed
to the air. Most of the developing machines ensure that the film
is continuously immersed in the developer.
Have you observed less graininess when positive film was
developed in borax? We are also interested to hear more about
the various devices which you mentioned.
What is the effect on the sound of increasing the gamma and
vice versa, of lowering the gamma?
Mr. Coffman: That is rather a large order. I am quite willing to grant that on the Coast the tendency of late has been to
develop to lower negative gammas than those indicated in the
paper, but it is quite desirable to keep the laboratories to relatively
high gamma development of the picture negative and if we indicate
the New York average 0.80, perhaps it will have some influence in
the desired direction. The borax standard developer formula for
positive stock sound negatives does give slightly finer grain than
some of the other standard formulas and has useful characteristics
in that it contains no potassium bromide and is found to give very
uniform results.
Mr. Crabtree: If you leave the positive film long enough in
the developer, the concentration of the sulfite is sufficiently high
so that the emulsion will be fixed out. With maximum development times of 5-7 minutes, it is quite satisfactory. All the positive
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film developed in the Warners Bros. Laboratory in Hollywood is
developed in the borax developer.
Mr. Coffman: Please note that the paper did not specify
the standard Eastman borax formulas but modifications of them.
In the case of sound negative on positive stock it is not only necessary to dilute the bath but to modify it in other directions. The
desired gamma is so low that the matter of time is not serious.
The devices mentioned would require some time to describe in
detail. The butt-joint splicer allows the two ends of the film to
be brought together and a strip of celluloid put on the back, so
that not even one sprocket hole is lost. The negative splice punch
makes a triangular punch at the splice, so that on the print there
will be a black triangular mark acting as a light rheostat, cutting
down the light and letting it back gradually so that only a dull
thud instead of a click is heard. Another device may be used to
paint a similar triangle on the positive splices. The film hooks are
devices for holding the film for development on racks so that no
perforations are lost.
The effect of overall gamma on sound quality I will ask Dr.
MacKenzie to discuss.
Dr. MacKenzie: If the sound track gamma is short of unity,
there is a harshness in the reproduced sound. In an extreme case,
it will sound like an overloaded carbon microphone. I assert that
positively, because when I started for here, we had just heard 300
or 400 feet of negative of a production for the Metro-GoldwynMayer Company, and it was terrible — it sounded like a large
churn. Several of my superiors thought the "sound" business had
gone on the rocks.
Mr. Briefer: References are made in this paper to the effects
of various developing formulas on the grain structure of the image.
It is well understood that the gradations of a negative or positive
print cannot be changed, after exposure, by any manipulation of
the developing agent and that the graininess of an emulsion is
approximately fixed by the average grain size of the silver halides
composing it. To be sure, variation in apparent grain structure may
be produced by wrong manipulation, but with normal treatment
the resultant gradation and graininess may be predicted from the
characteristics of the emulsion in question, otherwise our system
of photographic emulsion measurements would be to no purpose.
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Mr. Coffman: I should like to have a reply to these statements from a representative of the Eastman Research Laboratories.
Mr. Crabtree: I hope Mr. Briefer does not infer that for
any given emulsion you can't change the resulting graininess by
the suitable choice of the developer, because that can be done.
It is correct that in general the gradations cannot be charged
appreciably but by the use of a developer such as the Eastman
borax formula containing low alkali and high sulfite negatives can
be produced having much less graininess for a given gamma than
those produced by developers used several years ago.
Mr. Tuttle: Mr. Coffman mentioned in his paper the Bell
and Howell streaks and the objectional effect of them on the
sound record track. He enumerated several cases of this, and I
should like to ask if they use alternating current on the lamp printing the sound track.
Mr. Coffman: The reference was not to streaks but to the
flicker, which is an irregular variation of the light. Any one who
tries to use alternating current will try it only once because of
the 60 cycle hum. We use direct current, of course.
One point I did not mention in response to Mr. Crabtree is that
the developing machine most satisfactory for this work is of the
horizontal tank type in which the film is pulled through the developer byfriction on the sides of the film rather than by sprockets.
At no time is the film out of the solution. It has been found advantangeous to run the film directly from the developer into a stop
bath. Development irregularities are brought out strongly by the
photo-electric cell, and they should be eliminated as far as possible
in the development of sound film.
Mr. Taylor: Mr. Coffman has indicated so many defects and
how an improvement can be made, that I was surprised that he did
not mention the fundamental difficulty of the difference between
the length of shrunk negative and the new positive. Have you a
remedy for this?
Mr. Coffman: While this is a problem of some seriousness,
and one which printer designers should consider carefully, it is
concerned primarily with the reproduction of the higher frequencies
on the sound print. With present equipment, properly used, it has
been found practical to secure good definition on all frequencies
up to 7000, and at present reproduction of higher frequencies than
this is limited by other factors than printer slippage.

THE

ACOUSTICS

OF

SOUND

RECORDING

ROOMS

Paul E. Sabine*
IN DEALING with this subject, one must of necessity be concerned with general considerations. Each sound recording room
presents special problems calling for particular solutions, which
arise from conditions that are imposed, by necessities which are
quite other than acoustical. In the particular case, therefore, the
designer of a sound recording studio has to include in his general
design problem the special conditions that must be met in order
to record sound faithfully, and free from extraneous noise.
The first of these general considerations to be urged is that
the matter of acoustic conditions be included from the very first
in the development of the plans. This would mean that the site,
in the case of a new building would be selected with the probable
conditions as to noise, in mind. The noise of heavy traffic, of street
cars, or of elevated railwaj^s, being transmitted in part by way
of the earth is almost impossible to eliminate. If the recording room
is to be included in an old building, careful consideration should be
given to its location with reference to machinery or other existing
sources of noise. The difficulties of successful sound insulation in
a building already- constructed are frequently extremely great.
Having admitted the acoustical problem as of prime importance
in the studio or stage layout, the designer should undertake to
secure definite quantitative data on the various specific problems
involved. In a field as new as is the recording of sound in connection
with motion pictures, there will have to be considerable experimentation as to the acoustic conditions for recording which will
produce a record that most nearly simulates music and speech as
heard by an audience from an actual stage, yet the principles
governing the behavior of sound within closed spaces are well
known, and quantitative data for producing the desired conditions
can be had, once these conditions are determined. Having determined the acoustical conditions that are desirable it is not necessary
to guess at or experiment with means of obtaining these conditions.
Let me illustrate by an example. In listening to a stage production,
* Riverbank Laboratories, Geneva, 111.
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the audience hears the voices of the actors as they are modified
by the acoustic conditions of an actual stage. What is the best
means of securing this illusion in the case of the talking moving
picture? Is it to make a record that is entirely free from "room
effects," and then put in the room effects by reproduction upon a
stage that will introduce them, or will it be better practice to record
under conditions that will include the "room effects" in the sound
record? Only trial can answer this question, but once answered, I
think it is safe to say that our knowledge of acoustics is at a point
where the desired conditions for recording, whatever they may be,
can be secured without further experimentation.
At the risk of indulging in the thankless task of carrying coals
to Newcastle, by speaking of matters upon which many of you
are already informed, may I very briefly outline the subject of the
acoustics of rooms in general as an introduction to the consideration
of the specific problems of the sound recording room.
Sound consists of the rapid to and fro motion of the particles
of the air or other elastic medium. This motion is propagated from
particle to particle with a velocity of about 1120 ft. per second at
ordinary temperatures. This vibrational motion of the individual
particles results in a cyclic variation of the pressure, above and
below the normal atmospheric pressure which in turn is accompanied by a corresponding fluctuation in temperature — a rise in
the compression phase, and a fall in the rarefaction phase.
As a form of energy, sound can disappear from an enclosed
space in which it is produced only by transmission or by absorption.
The latter consists in the dissipation process of transforming the
regular vibrational motion of sound into the random molecular
motion of heat, and occurs only when work is done against dissipative forces, such as by non-elastic compression or flexure of soft
materials or by motion to and fro in the minute channels of porous
materials. When sound is incident upon a solid surface, part of its
energy is reflected, part transmitted through the solid, and part
absorbed. For purposes of the interior acoustics of rooms, it is
unimportant whether the energy disappears by absorption or by
transmission, and since in general the latter is a relatively small
proportion of the unreflected energy, we include it in the absorption.
The absorption coefficient depends in a marked degree upon the
pitch, to some extent upon the quality,' that is whether the sound
is pure tone or one with harmonics, and, probably upon the in-
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tensity, intense sounds being absorbed more strongly than faint
sounds.
From the foregoing, it is apparent that sound once produced
within a room will persist for an appreciable length of time after
the source has ceased emitting it, due to the fact that it requires
time for the multiple reflections necessary to reduce its intensity
to inaudibility. This persistence is technically called reverberation
and is measured by the time required for sound to decrease to
1/1,000,000 of its initial intensity. The phenomena of reflection,
absorption, and reverberation can all be illustrated by means of
photographs of sound pulses taken by means of electric sparks.
Another phenomenon that occurs in rooms is that of interference. This results from the undulatory nature of sound. As a
simple illustration consider the case of a train of waves incident
upon a plain surface. At points, at wThich the reflected wave train
travels an odd number of half wrave lengths further than the oncoming, the condensation of one will coincide with the rarefactions
of the other and assuming equal intensity the pressure change at
such points will always be zero. For an even number of half wave
lengths difference, the twro pressure changes will reinforce each
other. Thus we have in a room with a sustained source of sound
of fixed frequency a point to point variation in the intensity, which
changes with changing pitch at the source, with the position of the
source, and with any shift in the position of reflecting surfaces writhin
the room. As a general rule this inequality of distribution is not an
important factor in the acoustic properties of a room. Concentration
of reflected sound by extended curved contours, may accentuate
these inequalities to the point of being a real acoustical defect.
Echo is the distinct repetition of a sound of short duration, by
reflection from some solid surface or surfaces. In order to separate
two sound impulses the time interval between must be of the order
of 1/20 of a second or more. This means that the reflecting surface
must be at least 28 feet from the observer. Multiple echoes which
merge into each other constitute reverberation. Concave reflecting
surfaces serve to produce localized echoes.
By far the greatest number of cases of acoustic difficulties arise
from excessive reverberation. Its effect is to prolong the separate
elements of speech or music so that these run into each other, thus
lowering intelligibility and sharpness of enunciation. Thus suppose
for example that each syllable of speech in a room persists for three
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seconds after it is spoken. (Not an unusual length of time in an
empty room.) Speaking at an ordinary rate, a speaker will utter
fifteen syllables in this length of time. There will be thus at any
time the residue of sound from fifteen preceding syllables competing with the direct sound at the ear of the auditor with resultant
confusion and loss of distinctness.
Without going into the mathematical analysis of the theory
nor the very careful experimental work that has been done by
Wallace C. Sabine and others in verification of this theory, we may
state the laws of reverberation as follows :
1. For a sound of fixed initial intensity in two rooms, the
periods of reverberation are directly proportional to the volumes
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Fig. 1. Reverberation Times of acoustically good rooms of different volumes.

and inversely proportional to the total absorbing powers of the
two rooms, the total absorbing power of a room being defined as
the sum of the products of the area of each surface exposed to sound
multiplied by the absorption coefficient of that surface.
2. In a given room, the duration of audible sound after the
source has ceased is proportional to the logarithm of the initial
average intensity of sound in the room.
Law 1 may be put in the form of the well known reverberation
equation
T = 0.05V/a
wherein T is the time required for the sound intensity to decrease
to 1/1,000,000 of its initial value, V is the volume of the room in
cubic feet, and a is the sum of the products of area and coefficient
for all surfaces in the room.
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With the data at hand for determining a, it is apparent that
we can compute the reverberation time for any room. One immediately raises the question as to what the reverberation time as
thus computed should be for an acoustically good room. The answer
is arrived at by seeing what T is for rooms that are acoustically
good. Fig. 1 shows the values of T for six different auditoriums
which are recognized as being acoustically very satisfactory for
both music and speech. Included also are two other rooms, one too
reverberant, the other too "dead." T is plotted as a function ot
the logarithm of the volume, and the graph shows that longer
reverberation times as defined above are allowable for large than
for small rooms.
We thus have a very usable criterion of excellence for rooms
that are used for audience purposes. Thus for example, if the
volume of a proposed room is 200,000 cubic feet then the absorbing
power, including that of the audience should be 6667 units in order
to give a reverberation time of 1.5 seconds, the value which according to the graph is desirable in a room of this size. If the calculated
total absorbing power of the room surface and the audience is less
than this, then sufficient area of absorbent treatment should be
introduced to bring the total up to the desired value. It should be
said that the departure from the values shown without materially
affecting hearing conditions is fairly large, certainly as great as
5% and possibly as great as 10%, so that the graph serves simply
as a working basis for designing rooms with comfortable acoustics.
Coming now to the question of the proper reverberation time
for sound recording rooms, I have to confess the lack of any very
precise data. As you know, the early practice in phonograph
recording and in radio broadcasting was to cut down sound reflection to the limit, by the use of heavy drapes hung well out from the
wall and over every foot of available surface. While this practice
serves to eliminate any trace of room effects, it at the same time
produces a dull lifeless quality to music particularly, that is extremely trying to artists and is easily perceptible to discriminating
auditors. Gradually the tendency toward less deadening and longer
reverberation times has grown up. In 1926, I conducted a series
of tests for station WLS in Chicago to find out whether differences
in room conditions were perceptible to radio listeners, and as to
what condition was preferred. It was arranged to vary the absorbing power of the studio in three steps by the removal of drapes, thus
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increasing the computed reverberation time from 0.25 to 0.64
seconds. In this test, the same short program was broadcast under
each of the three conditions, and the preference of the radio listeners
was asked for. Of the 121 replies received, only 16 expressed a
preference for the least reverberant condition,' while 73 preferred
the most reverberant. It was not possible to carry the experiment
to still longer reverberation periods. It is interesting to know that
the reverberation time of 0.64 is not far from what one would predict from extrapolating the graph of Fig. 1 to the volume of this particular studio. From my own observations and experience and
what I have been able to gather from the experience of others, I am
inclined to believe that what we consider good auditorium conditions will come to be recognized as not far from good recording
conditions. This of course does not mean that recording studios
do not as a rule need some absorbent treatment. As a matter of
fact they do. When we remember that in an auditorium 2/3 to
4/5 of the total sound absorption is supplied by the audience, and
that there is usually no audience in the recording room, it is obvious
that the deficiency must be made up by special absorbent treatment
of some kind. In fact, in large stages the amounts of absorbent
treatment necessary to give good audience room conditions will be
rather formidable. For example a room with a volume of 500,000
cubic feet, would normally have an audience of 2500 people, with
an absorption of 11,500 square feet of perfect absorption. At least
23,000 square feet of felt, with a coefficient of 0.50 is required to reduce a stage of this size to good audience room conditions. Now
500,000 cublic feet would be a small motion picture stage according
to present practice, so that it appears plain that to provide proper
acoustical conditions on the very large stages now used for the
silent motion pictures requires a considerable outlay for sound
absorbents. It is apparent that from the standpoint of economy,
it is the part of wisdom to provide in the initial layout for the
necessary acoustical treatment. Frequently it is possible through
the exercise of a little ingenuity to utilize materials for the purposes
which are much cheaper than the usual types of materials now used
for an acoustical correction in auditoriums. In the latter, requirements of appearance and decoration add appreciably to the cost of
the materials employed.
Speaking entirely from the standpoint of an outsider knowing
only incidentally of the requirements, other than acoustical, of a
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motion picture stage, I would venture the suggestion that possibly
the requirements of sound recording would call for radical departure
from the present plan of having very large stages designed to
accommodate simultaneously a number of sets, to the plan of having
a number of smaller separate stages acoustically insulated from each
other.
Certainly the problem of the control of reverberation in

Fig. 2.

Absorption coefficients of felt of various thicknesses.

moderate sized rooms is much simpler than in extremely large
rooms.
The Effect of Absorbent Treatment on Tone Quality
Practically all musical tones are complex. That is, they consist
of a fundamental tone with its series of harmonic overtones.
It has long been recognized that the phenomenon of reverberation may affect the quality of musical tones produced in a room.
In the open air, at a distance from any reflecting surface and at short
distances from the source of sound it may safely be assumed, I
think, that the wave in the air is identical with the wave form produced by the source. That is to say the quality of the tone does not
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materially change as the wave advances. But in a room, the resultant vibration at any point is that due to the sound coming
directly from the source combined with that which has been reflected from the bounding surfaces of the room. Now, if these
reflecting surfaces reflect all the components of the complex tone
in the same degree, the quality of the reflected sound will be
identical with that of the direct sound. But as a matter of fact,
practically all materials are selective to a greater or less degree,
so that, theoretically, at least, the quality of reverberant sound
is altered by the room. •
Fig. 2 shows the absorption coefficients of hair felt of different
thicknesses from 1/2" to 3" over the frequency range from 128
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l.V Absorption coefficients of bare felt.
2.|The same with an impervious membrane.

to 4096 vibrations per second. It will be observed there is a maximum of absorption that shifts to lower frequencies as the thickness of the material is increased. The ratio of the maximum to the
minimum absorption is 6.2 for 1" material. This ratio is reduced
to 2.5 when we get to a thickness of 3". This selective absorption is
characteristic of all porous materials. One obvious method of ironing out the curve is to increase the thickness. This however is an
expensive procedure and as a practical matter is sometimes difficult.
It is also possible to reduce the peak absorption relatively to the
absorption at other frequencies by surfacing the porous material
with a flexible though impervious membrane. Fig. 3 shows the
effect of cementing a painted fabric to the surface of 1" felt. This
however, has the disadvantage of producing a decrease in the general
efficiency of the material.
The effect of this selective absorption is pronounced in rooms
in which the major portion of the total absorbing power is supplied
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by a selectively absorbing material. The high pitched components
of music or speech are dissipated more rapidly, resulting in a preponderance ofthe lower tones producing a peculiar hollow effect,
which is far from pleasing to the ear, and which in sound recording
may result in a serious overemphasis of the low tones.
We have had occasion in our laboratory to solve this problem
in the treatment of the room in which the response of loudspeakers
is measured. By a somewhat fussy arrangement of the absorbent
material we have been able to secure conditions such that the
measured response is quite independent of the relative positions
of the source and the pick-up showing that the reflection of sound
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Fig. 4. Absorption coefficients of two \" layers of felt with intervening air space.

at all frequencies is negligibly small. Fig. 4 shows the increase in
absorption of sound of low frequencies that can be secured by
properly disposing two layers of 1/2" hair felt with reference to
each other. The work of Dr. Wente at the Bell Laboratories as well
as further uncompleted work in our laboratory indicates that
absorbing structures can be designed that will give much more
nearly uniform absorption over the pitch range than do simple
porous materials. Whether or not such conditions make enough
difference in the quality of the sound record to warrant the pains
and expense to secure them is a question that can only be answered
by recording experience. The point here emphasized is that if
necessary for good recording they can be secured.
Extraneous Noise
Freedom from outside noises is more a matter of attention
to numerous details of construction than of building magic sound
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proof walls. That term "sound proof wall" like the term "projectile
proof armor" is a purely relative one. One thinks of an eight inch
brick wall as fairly sound proof, yet sounds that are not so loud as
to be painful can easily be heard through such a wall. On the other
hand, much less formidable constructions than an eight inch brick
wall will serve to exclude sounds of ordinary intensity. One finds
the explanation of the difficulties of complete sound insulation in
the extreme sensitivity of the ear, and the wide range of intensities
to which it responds.
During the last nine years, a great deal of work on the transmission ofsound by partition walls has been done at the Riverbank
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Fig. 5. Reduction of sound in
transmission of various types of partition walls.
Straight line in figure, single masonry
wall.
Double wall, bridged.
Double wall, sawdust fill.
Double wall, slag fill.
Double wall, felt fill.
Double wall, no fill.
Double wall, 4 inch separation.
The same, bridged.
Wood stud, lath, and plaster.
Steel.
If" Oak.

Laboratories.
The results can be summarized only very briefly for
the purpose of this paper. The outstanding facts are as follows:
1. For what may be considered as continuous masonry including walls of gypsum tile, clay tile, solid plaster, and brick the reduction of sound in transmission increases according to a fairly
definite law with the increasing weight of such constructions.
2. Felts and other fibrous porous materials, used alone are
not effective sound insulators as compared with stiff, heavy, and
impervious materials. As generally employed, for sound insulating
purposes either as an inner-lining for double constructions, or as
a fill between wood members in single construction they do not
produce any very marked effect in increasing the degree of sound
insulation.
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3. Double wall constructions furnish a higher degree of sound
insulation than do single walls of equal weight. The greater the
structural and spatial separation of the two component structures,
the greater the degree of sound insulation afforded.
Fig. 5 presents the results of some of the tests on the transmission of sound by more usual types of wall construction. The
vertical scale gives the average logarithm of the reduction of sound
intensity for 17 different tones ranging from 128 to 4096 vibs. per
sec. The horizontal scale gives the logarithm of the weight per
square foot of the partition structure. The points lying along the
straight line are for masonry partitions including walls of clay and
gypsum tile, both hollow and solid, and of different thicknesses, as
well as solid plaster on metal lath, from 1 J " to 4 J " '. The double partitions were of gypsum tile, with complete structural separation
between the single units. The effects of the various types of fill as
well as the effect of bridging the intervening air space are shown.
Unless otherwise indicated, the separation between the double
walls was 2 inches.
It appears then that when insulation from external noise is
necessary the double wall construction is the most effective means
of securing it with wall construction of moderate weight. Equally
important is the matter of preventing the entrance of sound by
means of openings, including doors and windows, and ducts for
heating or ventilation. The ventilating system of a talking moving
picture stage requires especial care in the planning. Quiet operation
should be a first consideration in specifying the fans, pumps and
other machinery employed in air conditioning. Flexible canvas
coupling between the fan and the ducts should be specified to
prevent the conduction of vibrations along duct walls. The cross
section of ducts should be figured large enough to allow lining with
sound absorbent material. Properly constructed baffles of sound
absorbing material, can be effectively used in reducing the passage
of noise through conduits. It is good practice to surface exterior
walls with cork and plaster, particularly in cases where ducts leading to and from rooms that should be acoustically separated run
parallel or close to each other. It should be remembered that so
far as the admission of sound is concerned, there is no difference
between intake and outlet ducts.
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A system of sound insulation is no more effective as a whole
than its least effective element. Pains should therefore be taken
to provide doors and windows which are as "sound proof" as
possible. A double door of as heavy construction as feasible, with
the maximum possible separation of the two units, and provision
for closing tightly, is the best means so far available. Care should
of course be taken to procure a proper degree of insulation of motors,
generators or other sources of vibration from the main structure of
the studio or stage. Structural vibrations may be transmitted with
amazing facility through an entire building.
It is fairly clear as stated, at the outset, that freedom from disturbing noise is a matter of careful detailed planning. The foregoing
serves to indicate along broad lines the possible sources of trouble
and the means by which these troubles may be avoided. On the
whole, the acoustical problems of sound recording rooms are not
seriously troublesome, if taken into account from the beginning.
They may be extremely annoying if omitted and brought in only as
an after thought.
DISCUSSION
Mr. Frederick: Can you tell us anything about the effect of
small cracks around the .edges of doors.
Mr. Sabine: I made measurements on an oak door If inches
thick as hung ordinarily and then sealed air tight. The reduction
with cracks was 17 S.U., sealed it was 22 S.U. The transmission
of sound by comparatively small cracks is surprisingly large.
Mr. Maxfield: I should like to point out that the Victor
Company even in the earliest days of its electric recording has never
used "dead" studios. Published information on studio damping
probably started with the work of Wallace Sabine when they
determined that a time of reverberation of 1.08 seconds was the
best condition for piano studios. When the recording work started
we duplicated these conditions in the recording room and found too
much resulting echo in the record. The probable explanation is that
we listen with two ears and can sort out the direct sound from the
reverberation mixed with it because of the sense of direction
whereas the recording equipment "listens" as if it had one ear only.
Artists who tried listening in such a room with one ear stopped up
pronounced the room too "live." With sufficient damping to reduce
the time of reverberation to somewhere near 2/3 of the value given
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by Sabine for two ear listening the best results were obtained
especially in small studios. Listening in such a studio with one ear
stopped up, gives approximately the effect to be expected in a
normally "live" room using two ears. If the studio is small and the
music is to be reproduced in a large place the nature of the reverberation left in the record from the small studio does not sound pleasing
in the larger room and we are therefore forced to make the records
"deader" or do the recording in a larger studio. With the horn
type of projector which tends to concentrate some of the sound into
a "beam" it is quite necessary to leave considerable of the right type
of reverberation in the record itself as the sound instead of striking
the roof and floor and walls of the auditorium comes straight out
at the audience and the resulting effect is that of a highly damped
auditorium. This effect occurs in halls where the acoustics for
ordinary concert type of program are very good.
Mr. Kellogg: The liveliness of the room can be compensated
for, partly by the position of the microphone. If placed close to the
source of sound the ratio of the sound to reverberation is greater.
Conclusions about the amount of reverberation time in recording
rooms must be tied up with the placing of the microphone used.
I should be glad if Mr. Maxfield would supplement his remarks
on this aspect of the matter.
Mr. Maxfield: In the experiment we made, the music was
produced at one end of the room and the microphone placed where
the listener ordinarily would be. In large halls, when we have had
to make records quickly, we have used the dodge of putting the
pickup close to the source as you mention, but you don't get as
good a musical record as when working merely in an audience
position and controlling the acoustics accordingly.
Mr. Crabtree: In voice recording, have tests been made on
the effect of placing reflectors or absorbers relatively close to the
speaker? I have in mind the recording of persons speaking outdoors,
so that you get an effect similar to that of persons speaking indoors.
Mr. Maxfield : I don't know.
Mr. Sabine: The effect of trying to control the sound by re~
Sectors near the source is apt to be disappointing, because of the
phenomenon of diffraction. The reflector must be large compeared
with the wavelength of the sound. Ordinarily, it is about 7 or 8 feet
and a real reflector, i.e., one in which reflection rather than diffraction isimportant requires dimensions of at least 40 or 50 feet.
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As to the control of sound locally in a room, I have never seen
any attempts which seemed to be at all successful. Referring to
the question of reverberation once more, the line I showed for proper
reverberation times for small rooms, goes considerably lower than
the values given by Wallace Sabine as the result of his tests in music
rooms. They were listening to piano music and the curve shown
fits both music and speech better than do earlier figures.

ACOUSTICS

OF AUDITORIUMS

Paul R. Heyl*
THE

scientific study of architectural acoustics is a thing of comparatively recent years. In 1895 Harvard University had just
completed the Fogg Art Museum, containing an auditorium which
proved almost unusable. The Corporation of the University
appealed to the scientific staff of the faculty for advice and assistance in the matter, and Prof. W. C. Sabine undertook the study
of the case. Two years were spent in the investigation of the
questions involved, in the course of which experiments were made
in a number of existing and satisfactory auditoriums. As a result,
certain fundamental but previously unrecognized principles became
clear, which later enabled Professor Sabine to predetermine the
acoustic design of the new Boston Symphony Hall.
These investigations of Sabine were the pioneer scientific work
in the subject. So completely and carefully were they carried out
that subsequent workers have done but little in the way of extending the theoretical foundations of the subject, and have for the
most part merely enlarged our knowledge of the acoustic properties
of the various materials commonly used in building construction.
The usual defects of auditoriums are three — echo, dead spots,
and reverberation. In the usual sense of the term, echo means a
definite or articulate repetition of a sound after an interval at least
equal to the total duration of the sound that is being repeated;
while reverberation means a confused or inarticulate prolongation
of the sound. Echo is always a bad feature in a hall; reverberation,
on the other hand, is desirable up to a certain point; only in excess
is it an evil. Of the two, echo is the more difficult to remove; prevention by foresight in construction, aided by expert advice, if
necessary, is the best plan.
Echo arises by regular reflection of sound from smooth walls,
ceilings, or proscenium arches just as a mirror may reflect a beam
of light without scattering it. If, however, the surface of the mirror
be roughened the reflected light will be diffused in all directions;
and if the walls and ceiling of a room be similarly irregular (on a
* Bureau of Standards, Washington, D. C.
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sufficiently large scale) the reflected sound will be scattered, broken
up, and its definite or articulate character destroyed. In this case
we have what is called reverberation.
The lapse of time before an echo is heard is due to the fact
that the reflected sound has traveled a longer path than the sound
which comes directly from the source. This difference of path may
be such as to cause much mischief. The reflected sound of a spoken
syllable or of a note of music may arrive at the ear at the same
moment as the succeeding syllable or note which has traveled by
the direct path, and so cause hopeless confusion.
Generally speaking, auditoriums are less likely to exhibit
troublesome echo when their outlines are rectangular. An instructive case of the trouble that may be caused by curved walls is
cited by Watson in the case of the auditorium at the University of
Illinois, with an approximately circular floor plan and a hemispherical dome. The best that could be done in the way of after
correction of the acoustics of the room was only partly satisfactory.
Watson regards the complete cure of such a room as hopeless
without "surgical treatment"; that is, straightening the walls.
Smooth, hard-finished walls, such as the usual plastered type,
are excellent regular reflectors of sound and are consequently likely
to produce echo. It becomes of importance, therefore, to break up
such surfaces so as to produce irregular distribution of the reflected
sound. This is usually done by coffering in the case of ceilings.
Examples of this kind may be seen in many theaters of modern
construction. The ceiling and, perhaps, the proscenium arch are
broken up into depressions about 4 feet square, containing a succession of steps totaling a depth of, perhaps, 8 or 10 inches. An
irregular surface of this character breaks up the reflected sound and
distributes it in such a way as to minimize echo, and, in fact, to
convert it into reverberation. The dimensions which should be
assigned to such coffering are not a matter of taste or accident. If
the wave length of the incident sound is very large compared to
the size of the irregularities it encounters there will be little dispersive effect produced ; and if very small, the smooth spaces inside
the coffering may act as regular reflectors. The size mentioned,
4 feet in diameter, is a compromise between the average wave length
of the male and the female voice.
Dead spots and sound foci occur as a consequence of echoproducing conditions. Sound travels through the air as a wave of
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alternate compression and rarefaction, and if a reflected sound wave
is retarded by the proper amount it may happen that the compression of the directly transmitted sound and the rarefaction of
the reflected sound arrive at the ear at the same time, neutralizing
each other's effect and producing a diminution in intensity. If
the reflected sound is retarded a little more it may happen that two
compressions coincide, producing an unusually loud sound. The
most usual cause of such sound foci, however, is a curved wall or
ceiling which concentrates the sound to a focus.
Since dead spots and sound foci arise from the same cause as
echo their removal may be brought about by the same treatment.
Some care and experience is necessary in order to locate the particular portion of the room which is responsible for the production
of a dead spot. Often this can be found only by a cut-and-try experiment, as it is not possible to predict the path of reflected sound with
the same accuracy as in the case of light. The reflecting portion once
found must be treated in such a way as to decrease its power of
regular reflection.
W. C. Sabine mentions a case of a theater, the ceiling of which
contained a flat oval panel, to which such trouble was traced.
In this case an irregular canopy, oval in plan and slightly larger
than the panel, was hung just below it with good effect.
A sound produced in a room is reflected back and forth from
walls, floor, and ceiling, a portion being absorbed at each reflection
until its intensity is so reduced that it becomes inaudible. Owing
to the high speed of sound there may be many such reflections in
the course of a single second in a room of ordinary size; and the
greater the dimensions of the hall the more prolonged will be the
reverberation.
If the walls of the room are covered with some highly soundabsorbent material, such as hair felt or acoustic plaster, two or
three reflections may suffice to destroy the sound. Such a room
is acoustically "dead" and undesirable. A little reverberation
is necessary to satisfy our established tastes and auditory habit,
and the desired amount of reverberation is found empirically to
increase with the size of the auditorium.
The principles of this subject as laid down by Sabine, are
explained with an illustrated example in Circular No. 300 of the
Bureau of Standards, entitled Architectural Acoustics, which may
be obtained of the Superintendent of Documents, Government
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Printing Office, Washington, D. C, price five cents (stamps not
accepted).
DISCUSSION
Mr. Crabtree: At a previous meeting, the scheme of stringing
wires across the room was suggested for preventing reverberation.
Mr. Heyl: That is about a hundred years older than architectural acoustics, and it is absolutely worthless. There is a church
in California, and Mr. Sabine gives a picture of it in his book,
where they put up miles of wire with no improvement in acoustic
qualities.
Mr. Devry: Do I understand that domes and walls are bad?
What about the Tabernacle at Salt Lake City?
Mr. Heyl: Professor Watson says the dome is elliptical there,
and a person speaking on the platform at one end can be heard by
some one at the other end of the room. The Tabernacle is considered to have good acoustic properties, but Professor Watson
says it is about as bad as any place he has been in.
Mr. Richardson: Would it not be well to fireproof the
material the authorities object to?
Mr. Heyl: That will fill up the pores and spoil the acoustic
properties. They can be covered by tinted fabric for appearance
but not painted.
Mr. Richardson: Is it not true that the material can be
soaked in a liquid having little or no solid substance?
Mr. Heyl: I have heard of some such thing, but the pores of
this material are very small, and it takes very little to fill them and
so ruin the effect.
Mr. Crabtree: Can you discuss the acoustical properties of
this room?
Mr. Heyl: With a large audience like this, it is at its best.
With so many square feet of clothing, you are bound to have
enough to cut down the reverberation.
Voice: Do you run into a different set of requirements in
making a particular room quiet when it is surrounded by noisy
rooms where you get transmission of noise through building
materials?
Mr. Heyl: That is a question I have not treated. We differentiate between transmission and absorption. Our sound laboratory
at the Bureau has published a good deal of information, and by
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for the numbers of the publications on the subthese from the Superintendent of Documents.
cure for a room already built, we have found
insulator is an air space, and one way in which

it can be put into the room is to "fur" the plaster from the wall
by putting strips far apart with strips of material across these on
which you can plaster. That leaves an air space between the
plaster and the wall, and it will cut down transmission. Sometimes
we think noise comes through the wall when, as a matter of fact,
it comes through the floor. Frequently, a floor extends without
break through the wall, and the vibration of a piano comes through
and nothing you can do will stop it. We tried furring out the plaster
at the Mayflower Hotel in Washington. They had a small and a
large ball room next to each other and entertainments were scheduled for both on the same night. The ladies of one committee came
down and complained to the manager that they were worried that
the sound would come through from the next room. The manager
called us up about it and we went down there and looked the place
over and suggested an auxiliary partition of this type. It was put
up in three days. Their man made a neat job of it, and what
happened after that I don't know, but "no news is good news,"
so I guess it was all right.
Mr. Zerk: What about dust in the porous material?
Mr. Heyl: Some walls which have been installed three or four
years are still good. If the pores are full of dust it will be as bad
as paint, but they don't seem to fill up in that time. I don't know
how acoustic plaster would stand up twenty years without refinishing If any further questions occur to anyone, I suggest you write
to the Bureau of Standards, and we shall try to answer them. The
Bureau is at the disposal of the people.

ACOUSTIC

LININGS FOR SOUNDPROOF
PICTURE STAGES AND SETS

MOTION

Fkank S. Ckowhurst*
A

PAPER with the above title must of necessity cover considerable ground for the very simple reason that there is so much
ground to cover, not only so far as linings are concerned but as to
the peculiar problems facing engineers in which linings play a part.
In 1900, W. C. Sabine began to publish the results of his work
in connection with the acoustics of auditoriums which was practically the first serious effort to make a systematic study in this
field. Prior to that the acoustics of an auditorium was dependent
on chance. It was easy to hear or it was difficult depending as we
now know upon whether the architect had or had not incorporated,
unwittingly, the necessary requisites for good acoustics.
Since 1900 acoustics has attracted considerably more attention
and much information of value has been obtained but practically
all the study has been on auditoriums. Little has actually been
done or accomplished, with respect to the peculiar needs of the sound
motion picture.
The public auditorium is usually an oblong structure with a
stage at one end. The floor area is filled with seats and when in
use there are hundreds of people present. The upholstered seats,
the drapes at the windows or stage, and the clothing of the audience
are all more or less sound absorbing materials (materials that have
sound absorption have the qualities of elasticity, compressibility,
porosity. They catch sound waves and in their narrow pores
dissipate them into heat by friction).
A stage for sound pictures is, as you will readily see, totally
different. There are no upholstered seats, no general floor covering,
and no mass of people. Hence, the absorption of the walls and
ceiling must be greatly increased. That is a fundamental and,
so far, authority is agreed upon it as such.
Added to this is, of course, considerable work that we are all
doing to find means of insulating the interior of the stage from
sounds coming from the outside.
' (row hurst & Co., Beverly Hills, Calif.
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A "Talkie" stage is different from the conventional auditorium
in that it has for its audience a microphone and not the human ear,
and a microphone, as I understand it, has few "complexes" and no
"sub-conscious." I mean by that, that it does not sift what it
wants from what it does not want. Human beings have that faculty
and use it continually. For instance, rooms are inhabited by
residual noise, transmitted sound from the outside and vibrations
put in motion by a thousand different agencies, all of which the
human ear registers but which are ignored by the mind when it
gives preferential attention to one group of sounds. But should
an unexpected sound be heard, like the seeming sound of a street
car, when the scene is located supposedly a hundred miles from a
city street, then our conscious thought and attention is arrested
and we inquire the reason for the unusual.
So on a "Talkie" stage the microphone will record not just the
sounds we wish to hear, but every sound and residual noise must be
eliminated to a very great extent or we might find some of the most
delicate dialogue hopelessly burlesqued.
Another point of interest is the psychology of the artist of
whom it is generally known that he works much more happily if he
can get a "response from the atmosphere," that is, if the reverberation from the sound he makes is prolonged sufficiently so that he
can gauge its quality. As an illustration of this, the song you sing
in the bathroom sounds much sweeter than if you render it in a
room with a less hard reflecting area.
So it is with artists on a set or in an auditorium but if acoustical
conditions were perfect for the artist they would not be perfect
and a long way from perfection for the audience or microphone
because reverberation, if prolonged sufficiently to be noticeable
to the audience, makes hearing difficult. The ideal condition is
to have a small reflecting area adjacent to the artists and a dead
area surrounding the audience or microphone.
In the light of that another peculiarity of the "Talkie" stage
becomes evident and that is that the set cannot in every instance
be used at one end of the stage. The scene desired might necessitate
the use of the major part of the stage, in which case the absorptive
effect of the wall area of the stage proper cannot be utilized to any
extent and it is necessary to rely upon the ceiling alone to take
care of the deadening of the same intensity of sound as in another
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Table I
Sound Absorbing Coefficients for Pitch 512
Material

Open Window
Akoustolith (artificial stone)
Ambler Sound Absorbing Plaster
Balsam Wool, bare, 1 in. thick, 0.26 lb. per sq. ft.
Brick Wall
Brick Wall, painted
Brick, set in cement
Calacoustic Plaster
Carpet, unlined
Carpet, lined
Carpet, with § in. Ozite hairfelt
Carpet rugs
Acousti-Celotex, type A, unpainted
Acousti-Celotex, type B, painted or unpainted
Acousti-Celotex, type BB, painted or unpainted
Acousti-Celotex, type C, painted or unpainted
Armstrong Cork Board, 1 in. thick, 0.875 lb. per sq. ft.
Armstrong Cork Board, sprayed with cold water paint
Armstrong Cork Board, 2 in. thick, 1.6 lb. per sq. ft.
Cork tile
Curtains in heavy folds
Fibroblock, unpainted
Flaxlinum, bare, 1 in. thick
Maximum, 1 in. thick, with unpainted membrane
Gimco Rock Wool, bare
Glass, (single thickness)
Hairfelt, bare, 1 in. thick, 0.75 lb. per sq. ft.
Linoleum
Marble
Nashkote A, \ in. thick
Nashkote, £ in. thick
Nashkote B, \ in. thick
Plaster on wood lath
Plaster on metal lath
Plaster on tile
Sabinite Acoustical Plaster
Stage opening, depending on stage, furnishings
Ventilators
Wood, plain
Wood, varnished
Acoustic Zenitherm (cork granules cemented With plaster)

Coefficient
per sq. ft.
1.00
0.36
0.14
0.61
0.032
0.017
0.025
0.16
0.15
0.20
0.25
0.20
0.25
0.47
0.70
0.30
0.30
0.30
0.35
0.03
0.40

0.75

0.42
0.61
0.61
0.57
0.027
0.58
0.03
0.01
0.31
0.41
0.37
0.034
0.033
0.025
0.21
0.75 -0.4
0.25
0.06
0.03
0.33
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Table I
Sound Absorbing Coefficients for Pitch 512
Individual Objects

Coefficient
per sq. ft.

Adult person
Plain wood seats

4.7
0 . 15

Church pews, per seat
Seats, upholstered seat and back
Seat cushions, per seat

0.2 -0.5
0.75-2.00
1 .00-2.00

set from the same picture in which the absorptive value of the
walls of the stage is effective.
To my mind, consideration of these problems is paramount
and along these lines the larger gains are to be found so far as clearer
recording is concerned.
From the foregoing it becomes evident, I hope, that what is
necessary is a larger and still larger knowledge of absorptive linings
and then the kind and quantity to use for each individual need.
First, let us start with the stage itself. I am excluding from
this paper any mention of the comparative values of different types
of building construction, a subject that needs a paper of its own,
but the lining within that structure is another matter for a lining
is always necessary and it is not nearly so difficult, evidently, to
arrive at an opinion on this.
Table I shows the calculated coefficients used to establish the
reverberation in rooms, for a pitch of 512.
The pitch 512 is the standard pitch for measuring sound; it
is one octave above middle "C" and was used as the natural tone
in Dr. Sabine's earlier experiments.
Let us consider a room of 44,000 cu. ft.* Its values of absorption we shall say are as follows :
*Open windows
Plaster on tile walls
Plaster on lath
Wood floor (varnished)
Seats
Audience

30
6000
3000
3000
300

sq.
sq.
sq.
sq.
sq.

ft.
ft.
ft.
ft.
ft.

at
at
at
at
at

1.00
0.025
0.033
0.03
0.15

100 at (4.7-0.15)

30
150
99
90
45

units
units
units
units
units

414 units
455 units
869 units

* Excerpt from Prof. Watson's book
Materials."

"The Absorption of Sound
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«tf
832

Transactions of S.M.P.E., Vol XII, No. 35, 1928

»

CO

C3

NCM

CO

tH

co

H

CM
CMi-hCMCM

1— <

(M

CM

CD

OS

os

^

CO

b- b-

CMCM
CM

7}

c3
OS

r^
CO

rt+3 O s"tf o
4<
tf 6
fe«-0 £ d & fe >CO

CM

d
CI
CO

O O

CM

CO

CO

o

i>

oj ©
^-t-h

oo

oooo CM

0o©
-^ o

CMCM
-* *o

S ii ffl
CO CO h

fe
^O
S-S^O

CMCM
r^iO

,

©5 ©
i-hO

":>©

d
o

►£

6

ti

tf

1^

t>

^

%h

^

<N

ig
ss s
H^S

ffl

«

fe

PH
h-

,o
OSOS
COCO

CO
CO

CO
CO

cOtJH
COCO

CO ^
l> I>
cOCOi-Hi-H

©
"*
COO

O
CO
tHt^

bto

CM
CO

tF OS
cOCM

COCO
COCO

OS CS TH CD
CMCMi-Hi-t

CO'*
CO *C

,-H tH
CO-*

1>
CO

tH
Th

1> i-<
lOCM

cocM

-^oococm

co o

ooo

o

oo

osco

oo

oooo

oo

oo

o.o

COCO

H

o

oos

o

oooo

oo

^

SJ

w

COCO
COCO

oo

e >-i i-i
*Q

£OSPh

CI

is
O
(N

CMd
CO
OS

h-

CO
CM

03

T-J

CO

^^

^

i— i

co

s

££
6 6

CM03

OS

OS

CO
coco

XO

CO

l-H

7—1

CM

d

32
^cococo^^^co
lO

^

1>

CMCM
OS
OS

03

CM

CD

OS OS *d d
03 o Cft OS
0 dc3 o T3
d
CO
-4-3 r^

d
o d
c3

CO

oo

oooo

oo

© ©

oooo

oo

oo

o o

tS
T*4

;> O

C3i

tH.tH

i-h

CM

tH

O

i-H

tH

CO

CMCM

CMrH

rHrH
oo

g
^

S>

00O

^4

©

©

CO CO

oo

OOCMOOt-i^h^h
OO
oooo
oo

t-i h
oo

,-h
©
GO

d. ^

r.

5« ^ .

v -J3

OS

^^

0

e

-»J

k
05

(h

O
03

>

£

CD

3iO
OOh

Oh
»H

^

^
.2

P •§ 3 En <~ a

^ -,„

43 v 43CD ^ft

"J ^tf^c
S^.>< .2d .2d^ ^ ©o-2"
.2 . »« I -s
g
o3 -g
.S
2t3 £ hi. g1 .M
+? «~
CD
•§
a X „«n '^
1 i,
^CD ,-: rd

•■-1+= d^

1 d

CO
CD

o<x> ^

-d
d

° ^

o«£
HIM
^^ d
03
C'
CD

d0

• Od

t^
CM

_ '-<1 » 43 -S -^ « ,2 "S ^ 1 .2 !; ^ ^ ° ^ ^ -rt
y

d °-

n ,

/-> rrt

i-i

C

,— id

^

.

^T

th

'"T

Acoustic Linings for Stages and Sets — Crowhurst

833

This room will be too reverberant, as shown by data calculated
from rooms that are satisfactory, which indicate that about 1700
units of absorption would be needed for good effect. It is necessary
for correction to add the difference between 1700 and 869.
The audience supplies 455 of the total 869 units so that on a
"Talkie" stage increased absorption must be found to take care of
its absence. It is generally conceded that a stage 100 feet by 80 feet
must have a lining or combination of linings the coefficient of which
is 0.40 per sq. ft. or better for a pitch of 512.
There are several materials that can accomplish this but
though materials may absorb well on a frequency of 512 they often
vary widely on higher or lower tones. Some materials are very good
absorbents of sounds of high pitch but exceptionally poor for sounds
of low pitch and vice versa.
In Table II are given the absorption coefficients of a number
of materials for sounds of various pitches.
This application of absorbent surfaces does not necessarily
eliminate acoustical problems. On the contrary perhaps, for I am
convinced that each stage has its own individual sound phenomena
(F. R. Watson in an address at the Physics Colloquium at the
University of Illinois would seem to favor this hypothesis), and that
it will be necessary to find what pitches are the most easily governed.
Tones below 512, as a rule, desire the most study yet again it
would be disastrous to neglect the higher frequencies. The whole
science of acoustics is, of course, built around these problems.
Besides their efficiencies as sound absorbents there is another
angle to linings which is important and that is the fire hazard.
Many of the usual linings are inflammable ; others become oxidized
and crumble in the course of time and, of course, have to be renewed.
I am getting the best results from a material composed of a
mineral matter rather than a vegetable matter. Its coefficient of
thermal conductivity is listed at 0.27 B.T.U.'s per sq. ft. at 80°F
it contains 90% dead air space whose coefficient is listed at 0.175
B.T.U.'s; and it will not disintegrate or sag at any temperature
between 40° below zero and 1250°F. Its sound absorbing qualities
as given by Prof. Watson are as follows:
Frequency
Coefficienct

256
0.46

512
0.57

1024
0.56

2048
0.72
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This is as high, if not higher, than any other material on the
market of the same thickness. On the exposed surface I apply, if
desired, a plaster coat with a very porous aggregate, this merely
for a wearing surface, the whole having a permanent fireproof
quality apart from its absorptive value.
But, as I have said, any material that has a coefficient of 0.40
or better for a pitch of 512 should be sufficient for the needs of the
stage proper, contingent of course upon whether exterior noises
can be held out and that earth vibration is overcome to the greatest
possible extent.
Here I could take much time on various methods and their
merits for floors but will leave it with the note that I have found
a coarse aggregate with an asphaltum filler which is admirable as
a deadener and the objection that it is too dead can be overcome
by a local covering of sound reflecting surface where desired. Its
greatest usefulness is in eliminating the sound of footsteps or other
noises that have no part in the recording.
So much for the stage itself. Let us consider further what can
be done with the sets within the stage. Take, for instance, a play
or a plot that must have as a set a great room, let us say the Throne
room in a palace. The walls must of necessity be smooth and the
floor gleaming. There is a mob scene, hundreds of extras are shown,
the noise of them possibly swelled by instruments, a band. This
is recorded by the same delicate microphone that records the same
scene with but two people in that entire room. The microphone
is not flexible, so the absorption must be adjusted or else the difference in sound volume is going to be hopelessly illogical to an
audience listening to it in a distant theatre.
It is an essential, therefore, to limit the absorption to the needs
of each particular scene. I go further and say that to get continuity
of value of sounds, the absorption must be equalized relatively
even if the sets are different ones, or else you will have one artist
in the same picture with three or four different pitches of voice.
This is being overcome at present by having the artist speak almost
directly into the microphone, a reason I believe for many of the
present peculiar and harsh tones.
All of these things, to my mind, can be overcome by a larger
use of absorptive linings and with a greater understanding of their
different values. A violin for instance would have to have for good
recording an acoustical material with the best coefficient on pitch
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4096, the roar of a mob the best on a pitch of 128. This can be
done quite easily without loss of time for the reason that sound is
fluid, and like water, it finds and takes the quickest egress flowing
through whatever offers the least obstruction. It is not difficult
if thought is given the matter to find ways of breaking the reflecting
area of the "Flats" of a set and placing material at these points
sufficient for the need and suited to that need but easily changeable
should the need change.
The big advantage of this is that reflection adjacent to the
microphone is cut down and yet there is sufficient for the artists
so that they feel that it is the "life" in their voice which adds so
much to their rendition.
I have attempted to offer in this paper logical deductions,
obvious I presume, to any one interested in the subject and I am
sure that means for overcoming problems of "Motion Pictures
with Sound" must be an individual study of each stage for it is
evident that it can never be a formulated science made up of data
arrived at under dissimilar conditions elsewhere.

RECENT

DEVELOPMENT

IN

DYNAMIC

LOUD

SPEAKERS

John Minton and I. G. Maloff*
THE reproduction of speech and musical sounds has received
very careful study by engineers associated with the radio industry. As a result of such study, acoustical reproduction by broadcast receivers and their associated loud speakers has reached a
fairly high degree of perfection. To be sure, this is not generally
true for all loud speakers and all sets. Nevertheless, the improvements in reproducers and sets which have been brought about
during the last three years, have made possible a new appreciation
of radio broadcast and reception.
While these changes in reproducers have been going forward in
radio, the acoustic reproduction for "talking movies," has not kept
pace in this advance. However, the problem of sound reproduction
for talking movies has taken on a new importance, because of public
interest, and we may expect that the improvements developed for
radio broadcast reception will be applied to the talking movie field.
It is the purpose of the present paper to discuss some of the recent
developments which • the writers have made in dynamic loud
speakers, and indicate how these developments may be applied to
the talking movie field.
There are several types of loud speakers, but those employing
magneto-dynamic and electro-dynamic forces are the ones almost
wholly used in radio reception. These speakers are generally
classified as magnetic and dynamic types, respectively. The difference between the magneto-dynamic and the electro-dynamic
motors is that the first utilizes the magnetic pull between a constant
field magnet and a small armature of magnetic material, while the
second uses a force between a constant field and a conductor carrying alternating currents. Usually, but not necessarily, a dynamic
speaker has a steady field supplied by an electro-magnet, with
direct current excitation; while the magnetic type utilizes usually
the field of a permanent magnet.
These units are designed to drive some sort of a sound generating surface. In trie earlier days this surface was generally a few
* Peerless Division, United Reproducers Corporation, Rochester, N. Y.
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inches in diameter, and designed to radiate its sound energy into
the surrounding space through the medium of a horn. The horns
were of various sizes and shapes. Today, for broadcast reproduction
the improvements in cone type speakers have practically eliminated
the horn. It seems only a matter of time until we shall see the complete elimination of the horn. If this is true, as it is, because of
improved acoustical reproduction, then it seems only reasonable
that public demand will necessitate introducing the same improvements in the talking movies. The aim of all of us, as engineers
studying these problems, is to be able to supply the demand as it is
impressed upon us.
The difference in construction between a cone sound radiator
and a horn is generally known. We shall attempt to summarize the
requirements of a loud speaker suitable for talking motion pictures.
It must be reasonably free from frequency distortion, which means
that it must respond fairly uniformly to all frequencies in the audible
range. Also it must be free from wave form distortion and must
give a wave of sound pressure exactly corresponding to the electrical
wave impressed on it. This requires that all transient phenomena
must be of as short duration as possible. Another requirement is
that a loud speaker must have a linear response with respect to the
electrical signal impressed on its terminals which means that its
output must be directly proportional to the input or in other words,
it must be free from volume distortion over the volume range required.
A loud speaker must withstand continued use and misuse and
must be economical in initial cost, operation and maintenance.
Thus good performance only, is not all that is required. A complicated and expensive device cannot be called good if its only feature
is good performance. Economy and stability are requisites of engineering and should not be forgotten in Sound Picture Engineering.
Some time ago we started the development in this field with
the following problems in mind: the construction of a speaker
which would meet the requirements outlined above with special
reference to synchronized pictures. This necessitated a better
motor and a better sound radiator.
It did not take long to decide on the type of drive. The movable
part or in technical language, the armature, obviously, must move
in the air and must not rub against anything in order to avoid a
rasping sound.
Therefore, there must be an air-gap between the
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armature and pole-pieces. Now then, to send a magnetic flux
through the air is costly. The greater the air-gap the higher the
cost of the electromagnet. In a dynamic speaker the motion is not
across the gap, but along it. Therefore the gap is just a clearance
and the amplitude of motion is not limited by it. We need such
amplitudes and especially on low-frequencies. For a constant
radiated sound pressure the amplitude of a rigid sound radiator
is inversely proportional to the frequency. For that reason the
radiator must move at great amplitudes at low frequencies. These
considerations led us to decide in favor of the dynamic type.
Having decided on the driving motor we tried to compare the
radiators, keeping in mind the requirements outlined in the first
part of this paper. The frequency distortion came first. It is practically impossible to build a horn with uniform response. It can be
approached but the cost becomes prohibitive. We may refer to a
number of authors on this subject. Papers were written by Goldsmith, Minton, Sliepien, Hanna, and others. A rigid cone made out
of paper gives a more uniform response if properly designed and
mounted. By changing the angle of the cone, its size, and the material ofwhich it is constructed, we can shift the valleys and peaks in
response curves and with sufficient care we can produce a radiator
that gives a curve which is reasonably free from frequency distortion.
Regarding wave shape distortion we found that with a cone we
were able to obtain much clearer low-frequencies and greater freedom from undesirable harmonics and hence greatly improved reproduction. There were two important factors, however, which were
favorable to horn-type speakers. First, the efficiency, and secondly
the amount of sound they can deliver. The advantages enumerated
above urged us to try to improve the dynamically driven cone to
obtain much greater efficiency and increased sound output and thus
meet the talking movie requirements, as well as securing a better
speaker for radio.
Studies of impedance curves of various dynamic loud speakers
invariably revealed that the impedance was chiefly composed of
resistance which did not differ greatly from the direct current
resistance of the so-called voice-coil. It was obvious that the
problem was to eliminate copper losses, which means decreasing the
copper resistance.
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The dimensions of the air-gap and the clearance requirements
definitely limit the dimensions of the coil for any particular case,
and these dimensions cannot be increased to afford more winding
space because of the increase in cost which would necessarily follow
if the same flux is to be maintained in the gap. Also, the relative
fragility of such a coil requires the use of a tubular support or a
spiral insulator, which still further limits the amount of space in
the air gap which is used for an active conductor, so that for any
particular case, the useful space for windings can be considered
to be fixed and of a definite amount. If one considers that the
usual wire insulation, such as enamel or silk, occupies approximately the same percentage of total space in the winding, regardless
of the actual size of wire, it is clear that the amount of weight of
copper which may be used in the moving coil of the wound type is
substantially independent of the size of the wire used.
It can be shown mathematically that the d.-c. resistance of a
coil in a given air gap, when a given amount of copper is used, is
directly proportional to the square of the number of turns.
It is known that the reactance of an iron core and also of an
air core coil is likewise proportional to the square of the turns, and
the same is true of the motional impedance and resistance; hence
the total impedance of the voice-coil is directly proportional to the
square of the number of turns. Therefore, it may be seen that while
the absolute value of resistance of a moving coil is proportional to
the square of the turns, the ratio of impedance to d.-c. resistance
is independent of the number of turns. This is true providing the
usual insulated wire is used. No substantial improvement in performance may be expected by merely varying the number of turns.
The generated sound pressure of a loud speaker, other things
being equal, is proportional to the driving force F delivered by the
coil to the diaphragm. It can be demonstrated that F is proportional
to the flux density B in the air gap, and to the length of L the conductor in the field, and to the current I in the conductor; that is,
F = BLI
Now, the maximum amount of power W that a given vacuum
tube amplifier can deliver at a given input grid voltage is a definite
quantity and can always be obtained by using an output transformer of proper ratio and efficient construction.
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If the load impedance is essentially resistance, the current I
in the movable coil can be determined from
W = PR,
and

W
R

and we said before that
RocN2.
The length of the conductor of the movable coil is proportional
to the number of turns, or

By substituting

r2oc —

W

and

and therefore

vNw
Vw = bVw_
FkBN —
N

N2

That is, the generated sound pressure from a given speaker,
other things being the same, is substantially independent of the
number of turns or size of wire on the coil. If, however, the amount
of copper in the air gap be increased by employing copper in the
space formerly required by insulation and support, the reduction of
resistance, which is the chief factor limiting the current in the conventional dynamic construction, will result in a material increase
in current, and hence the power W and will produce a greater driving
force and increased sound output. In this way marked increase in
efficiency has been obtained.
Now it will be understood that such a winding cannot be
directly connected in the output circuit of the present power
amplifier tubes without great loss of efficiency. It is therefore
necessary to utilize a transformer for coupling the tube and the
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speaker. There are two fundamental requirements which must
be fulfilled in order to obtain the greatest possible efficiency of
operation. First, the windings should have a minimum possible
leakage reactance; secondly, the path of alternating current or
sound flux in the speaker and direct current or magnetizing flux
in the field winding should be kept separate.
In our final models we used step-down transformers with as
high as 2000:1 ratio working into a single turn voice coil having
a direct current resistance of not over 0.001 ohm and in some types,
much less.
A new problem presented itself when we tried arranging this
device mechanically, in order to satisfy the electrical requirements.

Fig. 1. Curve of sound pressure vs. Frequency.
Ten inch cone driven by a
single turn motor with constant input to grid of power tube.

The driving coil had to be a strip of copper approximately 3/64
inch thick and 1/8 inch wide, and leads had to be at least four
times greater in cross sectional area.
After a few experiments it was obvious that we multiplied the
efficiency of the dynamic speaker at all frequencies. It was found,
however, that at high frequencies the sound pressure output
for a given input was increased approximately three times; and at
low frequencies, it increased more than that. This was fortunate,
as the stiffness of the supports affects the low frequencies and has
no appreciable effect on the high frequency response. Therefore,
supports were stiffened so that the low frequency response was
reduced to a desirable level, which resulted in increased mechanical
rigidity and rugged construction.
A sound pressure curve for a
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finished commercial speaker is shown in Fig. 1 and represents a
large improvement in quality and efficiency.
Many experiments on the use of these speakers for sound pictures have been made. They indicate that very satisfactory results
can be obtained particularly if a few dynamic speakers are placed
around the periphery of the screen or behind a suitably perforated
screen. Their size is not objectionable, and their sound output is
ample to fill a large theatre. The so much discussed perforated
screen may be desirable but it is not necessary when the speakers
are placed at the edge of the screen. For small churches, schools
and auditoriums, one reproducer with an amplifier capable of
delivering about three watts of undistorted output is sufficient. For
very large theaters several speakers working from a strong amplifier
are recommended.
DISCUSSION
Mr. Crabtree: What causes rattling in a dynamic speaker?
Also, in case the impedance of the speaker does not match that of
the amplification tubes, what tolerance is possible, so that the sound
is not appreciably affected?
Mr. Maloff: The chief cause of rattle in dynamic speakers
is non-concentricity between voice coil and the central leg of the
electromagnet. The gap in commercial speakers is not more than
a sixty thousandth of an inch and if the construction is not rigid
the voice coil easily goes off center. Most of the manufacturers have
practically eliminated this trouble. Most of the earlier models
went bad as far as I remember, but it was chiefly due to production
difficulties because it was hard to keep tolerances. In our construction, we make it as rigid as possible.
As to what happens to a sound reproducing system if the loud
speaker doesn't match the tube: There are two cases — one case is
when the loud speaker impedance is too high for the tube. In this
case, there is no appreciable change in quality but the efficiency is
reduced materially. In case impedance of the speaker is too low,
it is so easy to overload the tube, the plate current swing is too large
and the quality becomes poor.
The word "matching" is hard to understand, because there are
two ways of matching: One is for maximum efficiency for which
we have to make the load impedance equal to the plate impedance.
To get maximum available undistorted output, we have to make the
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load impedance twice as large as the impedance of the tube. I refer
to Mr. Kellogg's paper published in 1924 on the use of vacuum tubes
as power amplifiers. It contains comprehensive data and enables
an engineer not specializing on vacuum tubes to match the impedance to the load. Another paper by Louchrin and Warner
published more recently can also be recommended.
Me. Kellogg: What fundamental, natural periods do you
get?

Mr. Maloff: In the particular construction which we are
using now, the natural frequency is about 70 cycles. However,
the natural frequency is not so pronounced in this type of speaker.
With no field in the gap, if you give the vibrating system a mechanical impulse using your finger, you hear a pronounced note of about
70 cycles; but with a field on, it is impossible to hear anything
because the damping is extremely heavy.
Dr. MacKenzie: Can you draw a curve of the efficiency?
Mr. Maloff: First, I will draw the impedance curve of a
typical dynamic loud speaker (drawing). The natural frequency
is determined by the stiffness of the supports, the weight of the
coil and of the cone. It causes a sharp peak in the impedance curve.
The system is very efficient around this band of audio frequencies.
After that, these mechanical advantages of the system disappear,
and the impedance drops down, later we have a rise of the impedance again. The d.-c. resistance level will be about 90% of the
minimum value of the impedance. If we take the stiffness out of
the system and support it loosely with strings, I think that the
efficiency at low frequencies could be measured in percentage with
two figures — about 20 and up. This is over-all efficiency between
electric input and sound output.
Mr. Stoller: I should like to make one correction. Mr. Maloff
stated in the introduction that the loud speaker was designed first
in connection with the radio industry. I should like to call your
attention to the fact that it was developed by the Western Electric
Company about 1912 in connection with telephone applications.
Mr. Maloff: The radio industry gave the speaker a real
chance. I didn't mean that the radio industry was the first in which
the loud speaker was used. Of course, loudspeakers have beentised
for years but it was the radio industry that needed loudspeakers
for their own advancement and stress was laid on loudspeaker
development.
However, Mr. Stoller, you can hardly claim credit
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for the Western Electric Co. for the loud speaker for it has been in
continuous use since the advent of the phonograph and the telephone, at least 50 years or more, and has undergone continuous
development since. As far as real improvements are concerned,
radio is responsible for practically all of it. However, credit is
beside the point, in my judgment.

RE-VOCALIZED

FILMS

Edwin Hopkins
THE replacement of voices on talking picture films may be
accomplished in a relatively simple manner by an invention
which for purposes of patent title has been termed a Vivigraph.
A film in which voice replacement or voice substitution has been
effected may conveniently be termed a Re-Vocalized Film.
Such a process is highly useful for a number of purposes:
1. It will enable American made films to be re-vocalized for
foreign languages, thus preserving the foreign market which is
otherwise threatened by the language differences.
2. It will enable film players whose gifts of expressions are
facial to team with players whose gifts are chiefly vocal.
3. It will make open-air scenes possible by permitting the exclusion ofextraneous sounds from the finished picture.
4. Sound proof picture studios will be unnecessary when the
film is to be re-vocalized.
5. Directors may direct in the usual way and will not be required to be silent.
6. Novel comic effects will be made possible, such as vocalized
cartoons and vocalized animals.
While re-vocalized films are obviously of importance to players
in films who lack acceptable voices and stage experience, I believe
their value will be greater in bringing before the public vocal
players at present unknown.
A great revolution is taking place in motion pictures. Voices
are presumably being added to films. In reality what is taking
place is that films are being added to voices. In dramatic art
vocal interpretation and expression are greatly superior to pantomime. On the speaking stage pantomime is a mere shell for the
voice, as only a few auditors in the front rows are near enough to
get the same intimacy with pantomime that the screen is able to
show to an entire audience with the close-up.
If improvement continues at the present rate, talking pictures
will be superior to the stage in giving a more intimate contact with
the artist.
845
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Voices without pantomime, as in the radio and phonograph
have attained wide popularity, and have made considerable inroads upon motion pictures. Talking pictures will regain for the
motion picture industry much ground lost to radio. The contest
of the future, however, will be between television and talking pictures. While television is already a technical possibility, in theatres
it will probably never be able to compete economically with talking
pictures.
Another superiority of talking pictures lies in the more lasting
impression made by the voice than by the features.
In the case of re-vocalized films, however, a new element
enters, since it will be possible to combine the attractiveness of
the player who delights the eye with one whose voice is equally
agreeable to the sense of hearing. Thus, so to speak, invention
improves upon nature.
I recall, not so many years ago, writing a letter to the New
York Times, advocating the giving of the names of players of the
screen on a preliminary program. In those days no credit was
given; who it was on the screen you had no means of finding out.
As I recall, the Times did not even publish the letter, so unimportant did the suggestion appear. In those days a stage player if
he admitted he was playing in a film would apologize for it. He
did not want to have his name mentioned. Things are different
now. But I think that when we re-vocalize films we should give
credit publicly to the possessors of the voices. It will come later
in any event if it is not done at the outset.
Casting voices for film players needs to be carefully done.
The personalities of the players should be somewhat similar. However, where a player is somewhat unsuited to a role facially and,
for example, a more severe type of personality is called for, this
might be provided for in the voice casting. The film player will
thus be available for a wider range of parts.
When actors make a phonograph record after the film is made,
of the same subject matter, it is a physical impossibility to make
their voices synchronize with the lip movements of the film. A
discrepancy of one-twelfth of a second or even less is sufficient to
destroy the effect of synchronism. Actors cannot pronounce words
within such close limits of accuracy. What happens is that they
first get slightly ahead and then slightly behind, swinging back
and forth across the zone of synchronization, a considerable portion
of the time, however, within proper limits.
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When they attempt to keep in exact synchronism they lose in
dramatic effectiveness, since so much attention is paid to the synchronism that the acting suffers.
The principle of this invention is to alter, artificially after
the record is made, the locations along the sound track of the
various words which are out of synchronism, and so bring them
back into synchronism. The words which are in synchronism are
not disturbed.
This redistribution of the sound effects along the phonic track
or line produces the synchronism, since it is carried out after the
record is made and is independent of a time element. It does not
have to be done so fast or so slow, but the sound effects merely have
to be moved so much forward or backward along the track, until
they are brought into exact synchronism.
The original purpose of the invention was to enable phonograph
records to be made after the film was made, and still be synchronous, for the actors then had to stand so close to the phonograph
that they could not pose for the camera.
But although this was not accomplished, until the development of radio broadcasting with sensitive microphones and electrical recording, the phonograph remained too weak for theatrical
use. The usefulness of re-vocalized films for the purposes first
mentioned still continues, however, for they accomplish things not
possible to the supersensitive microphone.
Having isolated the idea of redistributing the sound effects
along the phonic track of the phonograph to bring then into synchronism with the motion picture, the practical application had to
be worked out. A phonograph record of the cylindrical type built
up of thin laminations was used at first. After recording a record
on a master with these thin laminations, if the sound lagged when
the film was exhibited along with it, it was because the phonic
track of the phonograph was longer, relatively, up to that point,
than the film. By taking out a thin lamination, an entire turn of
the spiral would be removed, and the sounds brought up to the
film. This is best accomplished in a soundless space. With still
thinner laminations a quarter of a turn of the spiral may be removed, the rest of the record being angularly compensated for by a
three quarters twist to make the sound groove continuous. Where
the sound comes too soon, the phonographic sound track is short.
It may be lengthened by inserting a lamination of blank space or

848

Transactions of S.M.P.E., Vol XII, No. 35, 1928

blank groove, properly set in. Thus by inserting or removing laminations the sound effects on the phonograph could be adjusted to the
motion picture.
But this is an operation of great practical delicacy and difficulty. The idea then occurred to me that it would be better to
adjust the film to the phonograph than the phonograph to the film.
This is much more easily accomplished. When the film runs
ahead it is too short compared with the phonograph. At such places
I insert a duplicate frame or individual picture selecting a frame
for duplication in which there is little physical action. If the film
gets behind in synchronism it is obvious that it is too long. I then
cut out a frame and patch the film, at a point where there is little
or no physical action.
By alternately inserting duplicate frames and cutting out
surplus frames I redistribute the effects of the film in accordance
with the effects of the record and thus attain an exact synchronism.
There is more than one frame leeway, however, in which to
work, as the synchronism zone extends for about a sixth of a second,
one-twelfth in each direction.
At the rate of 90 feet per minute projection, each frame occupies
about a l/24th of a second in passing. In acting a stage play, an
act that runs thirty three minutes will contain about 5,000 words
of dialogue, in addition to the silent places due to stage business.
This is an average of 150 to 160 words per minute. But certain
spaces contain words at a much more rapid rate and others no words
whatever. Thirty three minutes of film amounts to about 3,000
feet, or 48,000 frames, occupying about 2,000 seconds. There are
thus on an average ten frames per word, or two and one half
words per second. An average word thus occupies 4/10 of a second,
although many are spoken much more rapidly. If one-twelfth of
a second destroys synchronism, actors would have to keep within a
fifth of a word to be synchronous by their unaided efforts. This is
manifestly impossible.
Where they get out by a second or so long stretches of film
may be cut out in neutral spots to prevent jumps.
In practice it is difficult to put in new frames or duplicate
frames. It is simpler to cut but frames. In order to effect this,
the sound record when made later than the film is run at slightly
faster speed than one which would cause it to run with the film
exactly. This would get the record to the end sooner than the film.
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Thus the film has to have frames cut out to catch up. Enough
difference is maintained so that the actor never gets far enough
behind on the record to necessitate the insertion of frames in the
film, even if he is slightly behind the zone of synchronism.
It might be thought that a great many patches would have to
be made in a film to effect such synchronization.
On the contrary a surpisingly small number are required.
After he is accustomed to his part an actor plays pretty much in
the same running time. He can remain in the synchronization zone
for considerable stretches.
It has been my experience in the direction of stage players
that an actor must play a new part eighteen or twenty times before
an audience before he is sufficiently easy in the lines to be able to
do justice to his histronic talents. This is an important point for
directors of talking pictures to keep before them.
In order to get the best results in talking pictures and in the
casting of players for them a number of factors must be considered:
1. The actor must have native talent for vocal expression.
2. He must no longer be an amateur. My experience is that
it takes at least one thousand performances before audiences to
give an actor the proper command of his talents to justify a Broadway appearance. Few become stars under two thousand performances.
3. The actor must be well suited to the part he is to play in
the talking picture, and not be miscast. This is far more important
than in silent pictures.
4. The actor must have experience in the role itself before
audiences for at least twenty performances.
5.. The actor must have a quality of voice that records well
through the microphone.
6. The sound record must be of the best quality.
7. The theatre must operate the talking picture mechanism
skillfully.
If there is failure in any one of these elements the talking picture
will not be up to that standard that will soon be demanded.
Assuming that we have cast a picture with experienced players
suited to their parts, it becomes necessary to give them an opportunity to play twenty times before audiences. With the number
of visitors in Hollywood this should be easy to arrange and a small
charge might even be made.
The performances are not just for
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fun; the actor must go out for blood, for if he does not the audience
will. An audience is always an audience and can never be trifled
with.
In rehearsals the players learn each other's methods of playing.
The pitch and tempo are set and the cues picked up with the proper
timing. The thread that runs through a performance must be drawn
taut, and not till then will the actors give what they are pleased to
call a performance. And nothing less than a performance should
be recorded in talking pictures. In all that I have seen so far,
except reproductions of vaudeville acts, most of the cues were dead
and had had time to be buried before the next actor chimed in.
When re-vocalized films are to be made the vocal cast as well
as the film cast should play before audiences. Particularly should
the players have adequate preparation, who are to appear before
both the camera and microphone. The actors who are to play on the
screen alone do not need quite so much drill, although it is better
for them to have it or else their features will not express the degree
of feeling expressed by the re-vocalized voices.
Audiences are an absolute necessity. No amount of rehearsal
will have the desired effect.
In making re-vocalized films, the film actors should at the same
time make a phonograph record, but they need not be in a sound
proof studio for this, as the record is made merely for purposes of
reference, to show what deviations they made from the text of the
play as it should have been performed.
After the film is made with its correct lip movements the vocal
actors then go to a sound-proof phonograph recording room, from
which they can view the film being projected.
They then make the phonograph record while watching the film
projection. Being well up in their parts they will not need to watch
the lip movements exactly, but merely keep to the customary tempo
of the play with occasional reference to the film. They will succeed
in making a record which is not only very nearly synchronous but
also very good dramatically. If they tried to be too nearly synchronous the dramatic effect would be impaired by their nervous attention
to the synchronism.
They can easily run through the piece several times to get well
acquainted with the film tempo, as no great expense is involved and
the whole record may be made in two hours.
I believe, however, that talking pictures should be longer than
an hour, indeed an hour and a half or two hours are required to
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tell the story with dialogue. Driving deeper it necessarily moves
slower and will hold more tensely than the silent movie.
With the re- vocalized phonograph record in hand the film
cutter examines the film to see where it lags behind and here and
there cuts out a frame. The re-vocalized record thus becomes
exactly synchronous and the equal if not the superior, dramatically
speaking, of the simultaneously made film and record.
In the matter of foreign language films made in the United
States, the re-vocalized film appears to be indispensable. The only
alternative is to have American actors who can speak foreign
languages perfectly, or all foreign casts, both of which are impossibilities.
To make Re- Vocalized foreign language films, the American
actors must have a sufficient smattering of the foreign language
to make the proper lip movements. The foreign words must be
actually pronounced, though not necessarily with the correct accent.
Five languages, however, will cover the larger part of the foreign
field : Spanish, French, Portuguese, Italian and German. American
actors should learn these languages fairly well. In the case of more
difficult languages such as Russian, Chinese and Sanskrit, they
may be phonetically represented in English characters and learned
by rote, without a complete understanding of the meaning of each
word. There must be a separate negative for each foreign language.
It is, of course, absolutely necessary to speak the various foreign
languages with suitable lip movements when the negatives are
being made, as the lip movements of the English language will not
fit the words of foreign languages which express the same ideas.
But once the correct lip movements for each foreign language
are on the films, the process of re-vocalization which I have described,
becomes available for foreign actors.
There must be in the studio a foreign acting cast for each foreign
language to be re-vocalized. They should watch the scene being
shot in English and in their own language. They should play the
dialogue in their own language in a theatre before an audience, in
order that when they re-vocalize the film they may give the revocalization the proper dramatic force and finish. Foreign audiences
will be more exacting as regards the vocalization than for the silent
motion picture.
This will create a considerable demand for foreign actors in
Hollywood and New York, and for translators. It will involve some
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extra expense, but will give American made films a wider market
abroad as comparatively few foreign producers will have the equipment and finances to go heavily into re-vocalization for languages
other than their own. American film producers have developed a
certain world-sense; the American made film is more available in more
foreign countries than films made by producers of other countries,
whose local or national requirements hold them within narrower
limits for success at home. This home success tends to make the
films unacceptable elsewhere, or at least in many places elsewhere
in the world. The American made film re-vocalized in the foreign
language will distance other films except in their own country of
origin, and will compete strongly with them there.
There is a possibility that English as spoken in England may
be a foreign language as compared with the English of Hollywood.
A special All-British negative may have to be shot and re-vocalized
by All-British actors. If American-spoken English is to go in
England, Australia and elsewhere in the British domains it will
have to divest itself of American slang.
One effect of re-vocalization in foreign languages will be to
provide the players and extras of Hollywood with an occupation
for their spare time, on and off the set. They may employ it learning
foreign languages. The industrious extra who equips himself with
a background of foreign languages will have a new key to the
studio.
The making of foreign negatives will not involve great expense
as they can be made on the sets immediately after the American
version is run through. Loud speakers of the foreign language and
wall charts of the dialogue will prove useful.
It will be essential for the foreign negatives to be re-vocalized
because a vocalized picture would be very dead and slow without
the vocalization. A full half of the life of the talking picture is in
the talk, if not more. The alternative would be to make a silent
picture with its own special technique, of the same subject, for
foreign distribution but the silent pictures will soon be out of vogue,
for a time at least, although there are subjects and treatments that
call for silent pictures and they should have a permanent place in
programs. The prizes of the talking picture are going to go to those
who pick winners, as in the legitimate field. The best authorship
and the best engineering technique in presentation will prove the
winning combination.

MEASURING

THE

QUALITY

OF SOUND

REPRODUCTION*

J. B. Engl*
THE technique of recording and reproducing sound for the purposes of "sound-picture films" has created a new problem, that
of testing the quality of the reproduced sound. A very obvious
method of testing the quality is of course just listening to the reproduction and comparing it with the original speech or music, if you
remember it. But it is known very well that the human memory
and our ears are not very reliable. Asking different hearers in the
audience, shows you almost as many opinions as there are hearers.
I wish to remind you here of what A. 0. Rankine, in a paper1 on
sound recording, said about the small effect of changing the density
of sound records, on the clearness of reproduction. He thinks "only
a rough approximation to the original vibrations is necessary in
the reproduction of sound for ordinary audition."
Now we certainly will not be satisfied with a reproduction
of "talking motion pictures" of that kind. We wish the characteristics of the reproduction to be exactly the same as the original if
possible. Hence we need an impartial method of measuring the
quality which does not depend only on the opinions of an audience.
The method which I am proposing is an indirect one, in as
much as I test the different parts of the reproducing equipment
separately, and depend upon the results given by the combination
being equally perfect. The whole method is, of course, based on a
laboratory investigation and has to be carried through by a soundengineer.
A reproducing outfit consists of a picking-up device, for instance
a photoelectric cell acted on by light-rays, an amplifier, and loudspeakers. Let us begin with the amplifier. It is easy to generate
alternating voltage of different frequencies in the range of 16
cycles to 10,000 cycles per second, by means of one or several suitable alternating current generators. The voltage can be measured
with the usual type of a.c. volt meter. A small definite fraction
78.

* Technische, Hochschule, Berlin.
1 A. O. Rankine, Proceedings of the Physical Society, London, Vol. 32, p.
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of this voltage is applied by means of a potentiometer arrangement
to the input circuit of the amplifier. The inductance and capacity
of the potentiometer resistances must be negligible. The output
circuit of the amplifier is connected to an oscillograph of the bifilar
loop type. The amplitude of the oscillating loop is kept constant for
different frequencies and the necessary potentiometer-positions to
obtain this amplitude are noted. These positions should be the
same for all frequencies for a reliable and suitably designed amplifier.
Oscillographs with a constant sensitivity up to 10,000 cycles are
on the market.
When we know that the amplifier has a constant frequencycharacteristic, we can go on with testing the loudspeakers. To be
able to carry through this test, we need two separate sound generators ofsmall size.
The loudspeakers are tested by comparing the loudness of
sound from one of these generators at various frequencies, as reproduced by a system consisting of a microphone, an amplifier and
the loudspeakers and as emitted directly by the other generator.
The microphone must be one which is known to have a flat frequency
response characteristic.
The sound generators can be easily built on the principle of
heterodyning two oscillating valves, rectifying the beat-note and
applying the audio-frequency to a telephone or small loudspeaker
of any type. For each frequency to be tested we make the soundintensity of the two generators equal by small adjustments of the
currents in the generators. One generator is then put at a definite
distance from the microphone, the other at a definite distance from
the loudspeaker unit to be tested. Of course, microphone and loudspeaker unit must be in acoustically separate rooms. The best place
for the microphone will be the open air. The output of the amplifier
is cut down by an ohmic potentiometer device, to a point that we
get equal intensity from the second generator and the loudspeaker
unit. By hearing alternately the generator and loudspeaker, we
can get as accurate a result as the sensibility of our ears permits,
i.e., an accuracy of about 20%. This is done for all frequencies
desired. The fraction to which the potentiometer must cut down the
output energy of the amplifier will be the same, if both microphone
and loudspeaker unit transmit all frequencies in the same way.
There remains the testing of the photoelectric pick-up device.
In order to do that we must generate a light ray of effectively
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constant intensity, but modulated by frequencies of the range
spoken above. For the lower frequencies up to 60 cycles that is
done by passing a constant light beam from a tungsten filament
through a polarizing and analyzing nicol. The polarizing nicol is
made to revolve at various constant velocities,. It is mounted
suitably and rotated by a motor. The light impinges on the photoelectric cell, connected to the amplifier. The output of the amplifier
is connected to the oscillograph used for amplifier testing. Again
the amplitude of the oscillograph loop should remain the same for
all frequencies. For the higher range up to 10,000 cycles, there
is inserted between the two nicols a Kerr cell. This device, as I
do not need to explain, is used for modulating light for television
purposes. The two nicols are set at polarizing angles of 45° to the
condenser plates of the Kerr cell. By applying a constant alternating
voltage of any frequency to the condenser plates, the light rays
are modulated with the desired frequency.
In this way we are able to test all parts of the reproducing
apparatus, and we know now that with such tested apparatus,
density variations of any frequency in the range of audibility will be
reproduced faithfully and without distortion. In each case of testing we can make actual oscillograms with increasing amplitude and
determine the volume which gives distortionless reproduction for
different frequencies.
It seems to me that tests of the kind described should be
undertaken for the different existing systems of sound-film reproduction. Ihave started with investigations of this kind at the
German Physikalisch-Technische Reichsanstalt and hope to be
able to give you the detailed results at the next meeting.
I think there can be no doubt that this method gives more
dependable results than individual opinion from an audience and
that in this way we will avoid expensive and unnecessary work and
experiments and finally get the best picture-sound reproduction
possible.

SOME

w

THOUGHTS

ABOUT MOTION
SOUND

PICTURES

WITH

L. T. Robinson*

E HAVE in the motion picture, combined with some form
jof sound reproduction, a comparatively new development
that bids fair to become useful in many ways.
The various systems that have so far been disclosed, and the
component parts that have been employed, will no doubt be the
subject of many interesting papers and discussions.
There are, however, many things that merit careful consideration which are common to all devices of this kind, and to their
useful application; and it is to one small part of this general subject
that I would like to have you turn your thoughts for a few minutes.
You may not agree at all with some of the views advanced,
and this may well be the case for much of what I shall say is not
the result of firm convictions, and is, therefore, entitled "thoughts."
If we are engaged in producing a new thing which has not yet
reached a permanent, crystallized condition, we may well set up
an ideal to which we may approach nearer and nearer, and we may
also consider how best to proceed to know what progress we are
making toward the desired end.
An ideal, or standard of perfection, for any combined motion
picture and sound device is an arrangement which allows the auditor
to receive the same impression as he would if he could have actually
seen, and heard, the original event.
The motion picture may not approach this standard, but
whatever degree of perfection it has, or how much it may be
improved in the future, the sound reproduction is built around
the picture and the two things must be considered together.
Considering now the sound portion of any equipment. The
reproduction should sound the way you would expect the original to
sound under the circumstances that are brought to your mind by the
illusion created by the picture.
There should of course be synchronism between the action
shown in the picture and the sound, and the exactness demanded in
* Engineer in Charge, General Engineering Labs., General Electric
Co., Schenectady, N. Y.
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this respect is in some cases extreme. For example, more can be
done to complete the illusion of a voice coming from the lips of a
speaker by accurate timing between the sound and action than is
generally appreciated.1
For the present we will dismiss the picture from our thoughts
and turn our attention to the accompanying sounds. We are
interested in reproducing three kinds of sounds: speech, music, and
miscellaneous noises.
There is little difficulty in setting up a satisfactory standard
for speech and judging the quality of a reproduction. If we know
the speaker it is quite obvious whether or not a reproduction sounds
like the original voice. Xearly all have developed skill in this respect by constant, critical attention to the speaking voice in order
to hear and understand what is said. However, speaking voices
are very sensitive to the pitch at which they are reproduced.
Perfect reproduction is not so easily attained.
Miscellaneous noises are sometimes very difficult to reproduce and sometimes easy; these will not be considered now.
Before proceeding further, the question of the proper loudness
of sound reproductions is worth a passing comment. The illusion
desired is often totally destroyed if the volume of the sound is too
different from that which an auditor would expect to hear if he
were placed with reference to the origin of the sound as the picture
indicates.
Suppose the picture is of a parade with a military band passing
the observer. If the length of the marching columns indicates
that the observer is some distance from the band the auditor does
not feel perfectly at ease if the music and drum beats are so loud
as to endanger his hearing, but if the same band is shown seated on
the platform, in concert formation, the auditor is disappointed if he
does not receive a considerable volume of sound. In each case he
expects a sound volume such as he would ordinarily associate with
the impression created by the picture.
In general I think operators, including exhibitors, who control the sound are apt to raise the volume much too high. Perspns
continuously engaged in this work seem to require more and more
1 A System of Motion Pictures with Sound, by H. B. Marvin, Trans. Soc.
M. P. Eng. Vol. XII, No. 33, p. 86, (1928).
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sound to satisfy themselves that proper reproduction is being
obtained.
Some things, like a military band in the immediate foreground,
should be reproduced with large volume. Other things are natural
only if reproduced with very much less volume.
The string quartette, for example, or the harpsichord, that
quaint instrument that I am glad to see is being re-introduced,
lose their charm and become very grotesque if reproduced with too
much volume.
It must also be remembered that the speaking and singing
voice, as well as the tone quality of many musical instruments,
differ much in original production when used or played loudly or
softly. If this point is ignored and loudness increased by amplification, very serious forms of distortion are likely to result.
Music makes up a large part of the reproductions at present
desired, and music, in particular, is the subject of which I want to
talk.
We have here a unique problem of reproducing with mechanical contrivances effects that have been developed as an art and for
the most part without physical measurements.
Motion picture machines are mechanical contrivances, but
the motion picture art as a whole is not. The artistic side plays a
large part in it, but we will assume for the present that the problem
of adjusting the artistic to the mechanical is well enough understood to have reached a working basis.
Musicians have for many generations progressively created
and advanced their art until fairly definite standards of perfection
have been arrived at. This advancement has been made by listening to themselves, and to others, and receiving advice on various
points from competent critics and instructors. .
Competent judges of a given performance might not express
their estimates in exactly the same terms, but they will agree
fairly well on what constitutes a satisfactory performance, and that
certain individual performers and groups have exceptional skill
and merit. The general public who are interested in this class of
entertainment are in fair accord with this general point of view, at
least they are willing to become audiences for these entertainments
and to pay the prices demanded.
We must accept these standards for mechanical reproductions,
and we must judge the relative merits of our work by methods that will
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give the same estimate of the result that would be given by a competent
critic.
Physicists, and more recently engineers, have devoted much
time and study to the determination of the quality of musical
sounds. Much of value has resulted from these studies. There is
no doubt that this work has a very firm foundation in fact, and that
a correct theoretical basis has been established, at least for the more
elementary things.
While these deductions are undoubtedly rigidly correct in
themselves we must be cautious in the way they are applied to
the testing of devices and combined apparatus.
What one hears when listening to an orchestral performance,
for example, is a very complicated combination of sounds, originating in the orchestra, and finding their way to our ears directly,
and through various indirect channels.
The sound of ensembles, and of individual performers, is very
greatly modified by the auditorium in which a concert is heard,
and by the audience that happens to be present. If you sit in one
part of the hall you undoubtedly hear quite a different combination
of sounds than you would hear in another position or in a different
auditorium.
Expressed in terms of a physical analysis of the sound, the relative intensity of the different frequencies is quite different, and
the relative preponderance of instrumental voices differs also.
In other words the frequency balance is much disturbed by reflection and absorption, and the balance of the instrumentation is disturbed bythe difference in relative distances to the various orchestral groups. Nevertheless, the undefinable thing that you bring
away gives an impression that you have in each case heard the
same thing, and that in each case you were satisfied with what you
heard.
The highest degree of perfection in anything is not easily attained, and it is the last little bit that is the most difficult, and it is
this last small difference that differentiates "excellent" from "mediocre" which we must be able to reproduce and to ultimately show
by our physical measurements.
I am very appreciative of the work that has been done along
the lines of theoretical analysis of sounds and the many useful
methods of measurement that have been developed in this field. I
do feel, however, that adequate standards of perfection cannot be
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set up on this basis alone until we have more experience in applying
the results already attained by measurements, etc.
We may be missing some essential element or we may overweight the value of some of the measurements that we are able to
make.
We certainly hear things in a satisfactory way that must be
the effect on our senses of combined sound effects departing widely
from what the physicist would consider to conform adequately to
his standards.
What then should we do?
I think that all of us engaged in any way in constructing apparatus for reproduction of sound, in recording sounds to be reproduced, or in exhibiting the reproductions to audiences, should do
all that we reasonably can to perfect ourselves along the line of
becoming competent, and appreciative listeners, according to
established standards in the existing musical art.
If we cannot in a given "recording" or "reproducing" have
the benefit of having heard the original, we can at least educate
ourselves to know what a good performance of the particular kind
sounds like. We should if possible be able to recognize the voices
of the individual instruments, and to know when they are properly
prominent in the rendering and we should, also, if possible, learn
to know what the proper tone quality of the respective instruments
is. It is surprising what substantial, and rapid, progress can be
made along this line by an intelligent person whose hearing is good
even if he starts with the statement that he "knows nothing about
music."
After attaining some degree of skill as a critic the reproductions may be listened to both as a whole, and with reference to the
component parts, and any shortcoming may be readily detected.
It would also be well to spend some of our spare time in listening
to high class concerts, and original musical presentations, to be
sure that our judgment does not become based on something that
is not really good.
Now what about the physical measurement side of the case?
We should not neglect this either, and I am sure we will not do so.
Much has already been done of great value, and of the highest order
of merit. Expansion in this field will continue.
In conclusion, the general procedure recommended is:
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(a) To recognize, for the present, that what sounds the best
according to present accepted standards is really best.
(b) As each piece of new apparatus is developed, and as each
new recording is accomplished, to subject the results to all the
physical measurements practically possible.
(c) Compare the results of these measurements with the results of intelligent listening tests.
Proceeding in this way we shall learn to interpret correctly
the physical measurements, both qualitatively and quantitatively,
until finally we shall be able to subject apparatus and equipment
as well as results obtained to physical tests alone, and be definitely
sure, as we can in older lines of work, that by the employment of
certain methods of measurement already firmly established, we
may gauge our accomplishment and be assured of satisfactory
performance to meet any specific service conditions that may arise.
DISCUSSION
Me. Crabtree: With regard to the volume of sound emanating from the screen, to me there seems to be a certain critical volume
necessary before the music becomes natural. The reason why
people object to volume is because the music is usually badly distorted. Another thing we must remember is that we are in the showmanship business, we are producing entertainment, and it seems
to me that the sound quality is now good enough so that it will be
accepted for quite a while. What is necessary now is the fusing of
the sound with the drama. To see a picture of an orchestra on the
screen accompanied by music is no better than radio entertainment
but to listen to a picture such as "The Singing Fool" is wonderful
entertainment.
Mr. Townsend: Mr. Robinson mentioned volume and that
operators had a tendency to carry it too high. I don't know if he
meant the actual projectionist. I have been displeased with talking pictures more by excess volume than anything else. At this
convention it is the first time I have ever heard motion picture sound
reproduction that I did not feel that there was too much volume.
I do not think it is the projectionists' fault as much as that of the
managers or listeners who drop in the back of a theatre where
people are walking around and there is considerable noise, and they
want to hear the sound above everything else and they 'phone up
to turn up the volume. I think many people are being driven away
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from sound pictures because of too much volume. I have tried it
in my home with the radio. I have experimented on my family to
see the effect. I have heard more complaints from audiences about
the volume being too great than any other one thing. I don't think
it is the fault of the producers; I think they know what it should be.
I like perhaps a little more volume than the average, but I think
the average listener is being hurt by volume. It is like a man with
a new automobile who wants to see how fast he can go.
Me. Robinson: I think the last speaker is about right. I was
a little timid to go that far. I did mean the people operating apparatus in the theatres, although they are not entirely to blame.
While the people who make the apparatus may know the proper
loudness to be used, at the same time they have pride in their
apparatus that sometimes makes them want to show what it can
do, and sometimes the result is very grotesque.
Mr. Briefer: A third element seems necessary in the combination ofmotion pictures and sound production and that is the
judgment of experts in music. Before setting any standards by
measurement, the first thing to establish is whether the sound reproduced has the correct pitch and gradation according to the opinion
of music experts; and when that is settled, the standards may be
adjusted accordingly and future reproductions measured that way.
I have listened to a number of reproductions on the screen, and the
volume, though loud, was not necessarily objectionable but other
sound pictures were unpleasant and the difference was in the
reproducing instrument, where the increased volume amounted to
distortion.
Dr. MacKenzie: On this matter of volume, I think measurements have been made which have not heretofore been discussed;
that is, measurements on the subject of appreciation of tones. It
is found by reason of the ear mechanism that if a certain level of
production from the source is agreeable, with further amplification
it is overbassed and then with less amplification it is thin. This
can be verified by meeting a band on the street. The bass instruments asit approaches begin to overpower the others. We could state
the principle generally that, provided the sound source is one you
cared to listen to if present in person, the reproduction should
be at the same level and any more volume will seem unpleasant.
Mr. Robinson: I think Dr. MacKenzie's statement is correct.
I should like to include the picture in the statement.
You want to
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have the sound of proper volume when you take into account the
illusion created by the picture. Perhaps this is a small distinction,
but there is some ting in it.
Dk. MacKenzie: I can assure Mr. Robinson that the effort
is made in calibrating a theatre to see that this is done. The compromise depends on those making it. We want to educate the judgment of those managing the theatre.
Mr. Edwards: Today, the properly equipped projection room
has all ports, projection and observation, glassed, and consequently
little or none of the sound in the theatre can be heard in the projection room and vice versa. If the projectionist wishes volume
he has only to turn up the monitor horn to get as much as he wants.
This will not affect the amount of volume in the theatre at all,
where the ports are so glassed. The volume at which the record is
to be run is marked on the record itself and at rehearsal the manager
makes such modifications as he considers suitable for the house*
In the event that during the performance he feels that it is too loud
or not loud enough he uses the observers or house phone and gives
directions as to raising or lowering the volume for that particular
record.
As far as "leaning on the fader" is concerned, it has been done
but the great majority of men are conscientious about their work
and the responsibility for excess volume should be placed upon the
head of the manager and not the projectionist.
With regard to the volume of sound and disagreeable effects
on the ear most of you will remember the demonstration given at
the meeting at Schenectady by the General Electric Company of a
loud speaker unit designed for park use. We heard it in a small
room and the volume was brought down to a very low value. It
was exceedingly pleasant. The volume was then brought up until
it almost crushed the ear and although the intensity of the sound
was terrific, the effect on the ear was not at all unpleasant, it remained perfectly clear. As Dr. MacKenzie has said, the blare of
horns in a band does not bother you if the tone is clear.
Mr. Crabtree: I think the public objects to loud volume
simply because it is usually distorted.
Voices: That's right.
Mr. Kellogg: In respect to loudness, I have for some time
suspected that the ear has some accommodation to the general
amount of sound entering it, similar to the light and dark accom-
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modation of the eye. It becomes more sensitive in a quiet place
than where there is a considerable background of noise. In a theatre
where we were trying a loud speaker, I thought the volume was
abundant when the house was empty. When the crowd was there —
and the people were decidedly well behaved — the volume seemed
very faint. Does anybody know by actual measurement whether
the ear has an accommodation of that kind?
Those of us brought up in a certain school of thought in regard
to sound apparatus are inclined to put our faith to the proposition
that you can study the individual pieces of apparatus from the
standpoint of frequency and volume distortions, and if they meet
the required conditions, they are ideal. I think it is wholesome advice to keep ourselves checked up by overall listening tests.
Mr. Maxfield: In connection with the distortion of loudness
I agree with the man who said it sounded pleasant when the
volume is run up loud. This is true for the reprodution of musical
ensembles where different conductors balance differently between
the basses and the higher instruments, so that we are in the habit
of calling "natural" a wide variation between the high and the low
notes. However, we are not used to that condition with the human
voice, which is more or less one kind of a thing. When you accentuate the bass, you get an effect never heard in nature, and the distortion stands out more markedly than with musical aggregation.
Mr. Robinson: I agree without comment.
Mr. Taylor: There is a grievous fault in following what the
physicist said was the essence of music. With the pitch and the
intensity and the quality, you have everything, but }^ou must
remember that the physicist speaks of the quality of a musical tone
differently from the musician. He refers to many more things
than the physicist does and as far as this particular action is concerned, the most important thing not brought in by the physicist
are the transients. How does the tone start and end? The difference
in instruments is in the point of attack and release of the tone. I do
not think any of the curves shown here have given consideration
to music of that, sort, which might be simulated by a church organ. \
If you measure the loud speaker where the cone is small, what is the
guarantee that the response will be the same if at the same time
you have a wide excursion of the cone at 60 and 100? I think there
is really need for physicial investigation of this sort, and I think
the failure to give these things due weight is the best explanation
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I can offer as to why even the best of the present performances,
while agreeable and capable of bringing the price of admission from
many people, will not be so satisfactory if you make the harsh
test of having the same people speak behind the screen and then in
front of it. That is the roughest kind of test you can make of this.
It is apt to be disappointing
The musicians will argue on the qualities of a silver and a
wooden flute, and the same people guess wrong. I think there
would be no guessing at the present time between the loud speaker
and the natural voice even with one of the desirable straight linp
responses.
Mr. Frederick: In all work of which I have any knowledge
it is common practice to check every step by the most careful
practical listening tests possible. It is, however, unfortunately
true that these tests seldom point the way to improvements. We
therefore have recourse to analytical tests. In these, attention is
centered on tests of "steady state" conditions. The criteria as
usually stated may appear to apply only to "steady state" conditions. There has, however, been no failure to appreciate fully the
importance of transients. If the requirements stated in my paper on
wax recording be met, then the necessary requirements for reproduction oftransients are also fully met.
Mr. Arnold: I think the discussion has gone into such general
grounds that I may say a few words about a subject wThich has
appeared to me to be of great importance in the future talking
picture style of production. In the production of the silent picture
any picture, regardless of the size of the scene, seems all right to
you, although you may be in a small room, and similarly any scene,
however intimate, seems satisfactory although you may be in a
large theatre, but in attempting to combine the sound and the
scene, the engineers and artists are confronted with a different
situation of the greatest difficulty. I think that if you will consider
for a moment what would happen to the English Singers in Roxy's
compared with what happens when listening to them in the Town
Hall you will realize this. In the Town Hall their songs are very
beautiful, but in the large theatre, particularly in the back of the
house, I am sure you would be terribly disappointed. The reason
is that the type of sound, although perfect in itself, is not suited
to the size of the auditorium. It seems to me that your art has a
great opportunity in that it can present to people reproductions of
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crowded into large auditoriums, and many of these events are
essentially unsuited for production in large auditoriums. In the
future there must be a large place for the development of talking
motion pictures specifically of small and intimate events, and I
think that we may find this difficulty that Mr. Robinson mentioned will be partly solved by listening to things that are large in
large places and to small things in small places. This may mean a
rather radical change in the type of presentations the talking
motion picture industry gives us.

SOME

PROBLEMS

IN THE PROJECTION
MOVIES

OF SOUND

H. Rubin*
THE introduction of sound pictures necessitated the redesigning
and reconstruction of projection rooms as the space allotted to
this department is inadequate even in many of the newest theatres.
It will be well for architects in future to be fully informed regarding
the requirements of a modern projection room. In many instances
it was necessary to demolish walls which conform to fire regulations
and construct new ones with similar restrictions. It is obvious
that this meant much work, expense, loss of time and interference
with the work of the projectionist.
The need for speed in the installation of sound equipment, and
in many instances new projection equipment, constituted a real
problem as no interruption or marring of the performance was
permitted. Another difficulty of a similar nature was training men
for entirely new equipment under rush conditions without interfering with their regular duties. It is doubtful whether any body of
men has been called upon other than in times of urgent necessity
to take up the operation of entirely new and delicate equipment
with so little preliminary training as the projectionist received in
connection with sound pictures. That he has done so well is a
real testimonial to his technical ability and intimate knowledge of
conditions in the theatrical field. The projectionist should have
ample opportunity to study new apparatus which he is expected
to handle. Proper instruction in the operation of new equipment
is hardly less an engineering problem than designing the equipment itself.
There is urgent need for the development of a screen which
will permit transmission of sound without sacrifice of reflecting
power. Much of the advance that has been made in recent years in
the manufacture of screens intended solely for visual projection
has been lost through the use of screens now used for sound pictures
to facilitate the transmission of sound. Even with the best screens
now in use for sound pictures there is a perceptible loss of light and
* Supervisor of Projection, Paramount Theatre, New York, N. Y.
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it is to be hoped that this condition will be corrected at the earliest
possible moment. The quality and quantity of the light is of the
utmost importance to the projectionist and the condition here
referred to is one of the most serious problems the projectionist
faces at the present time.
Sound volume is mechanically controlled from the projection
room and, therefore, the elimination of vibration and extraneous
sounds are naturally matters of real interest to the projectionist.
Such difficulties while not the direct responsibility of the projection department must still be included among the problems of
projection in connection with sound pictures.
Changing from regular film to the Movietone film necessitates
an alteration in the shape of the aperture and a new aperture mask
has been designed and manufactured for this purpose. The sound
track of Movietone reduces the width of the picture and to bring
this back to the normal shape the height has been reduced proportionately. Achange in the lens is also required to restore the
picture to its proper size on the screen and a shorter focal length
lens is used for this purpose.
It is not possible at this time to give complete details of the
methods we are using to solve the problems of sound pictures but
we know that eventually they will be solved with the help of the
manufacturers of equipment. The experience of the projection
department and the increased skill of the projectionist will, of course,
play an important part in solving these problems. Owing to the
urgency of the situation there has been some tendency to sacrifice
visual projection for sound projection but it is not our intention
to permit this condition to continue any longer than is necessary.
Eventually we shall be able to give the public the quality of visual
projection to which they have been accustomed and will devise
ways to achieve this. In this paper we deal with only one difficulty
that has arisen through the use of sound equipment and show how
this problem has been solved.
A New Method of Film Registration on the Screen
Improved methods of
gradually and quietly but
things which has given us
To eliminate defects which

making change-overs have come about
the smooth change-over is one of the
a higher quality of screen presentation.
cause interruption of thought is to assist
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in maintaining the illusion of realism which, of course, is the secret
of the success of motion pictures.
In many theatres the change-over is made by manually
stopping one projector and starting the other but the better
theatres now use mechanical change-overs. The change-over is
made on a fade-out or at the end of a scene and when properly done
is imperceptible to the audience. When projecting sound pictures
it has been found much better practice to make change-overs on
titles in order to avoid repeating or omitting any of the action.
The title provides a more direct cue and the change-over is made
from one projector to another on the same title. It requires about
five seconds for the motor of the projector to attain the proper speed
and the title change-over permits the projectionist to change at
the precise moment when this should be done. If the change-over
is made before the projector has attained the proper speed (a standard speed of ninety feet per minute having been fixed for sound
pictures) the speed of the sound producing element would be too
low also with a resultant loss of tonal value. This effect is similar
to that noticed through the failure to have a phonograph maintain
the correct speed.
Making changes on titles, however, has developed a defect
which was not noticeable when the change was made on scenes.
Formerly all that was required to set the several projectors was to
project the outlines of their respective apertures simultaneously on
the screen and lock the projectors in the positions where the
outlines of the apertures registered. This method is no longer
sufficiently accurate as the change-over is made from the end of
one reel to the next on the same title. Unless there is correct
registration there will be a noticeable jump as the change-over is
made.
To secure proper accuracy in registration we have had made
a test film with vertical and horizontal lines marked on it, as shown
in Fig. 1. The test film is threaded in frame in each projector with
framing carriage in a central position. One projector is then started
and moved vertically and laterally until the film image is properly
located on the screen. The second projector is then similarly lined
up using the image projected by the first projector as a guide. The
point at which the horizontal lines register is marked on the framing carriage but it would be desirable to have the projector provided
with a graduated scale as shown by the accompanying photograph,
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to provide a more accurate guide for resetting the framing lever at
the proper point.
The test film used for lining up the projectors also prevents
damage to the projection lens by absorbing the heat from the arc.
Such damage frequently occurs when the direct light from the arc
is allowed to strike the lens for an extended period.

Ft -."-//r//,"/g HfSNQLE \

Fig. 1. Drawing of test film and projector head fitted with framing indicator

DISCUSSION
Mr. Edwards: There is a condition which may seem very
ridiculous to trained laboratory workers that prevails in the projection field and for which you must of necessity make allowance.
For the last fifteen years, the changes which have been made in
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projection apparatus have come in so gradually that the average
man in the projection end of the business had no difficulty in
grasping it and putting it into operation. With the introduction of
synchronized pictures, an entirely new condition has come in.
You are all aware of the fact that a man who studies continually
is in a receptive condition and picks up quickly. When a man has
not been forced to study continually, it is natural that he is slower
in understanding new things. I speak of this merely to suggest
that in one of the papers read yesterday it was stated that the installing companies prefer to give instruction during installation of the
apparatus. We must remember that during the time the instruction
is going on, there is a mental strain on most of the men. At the
same time, the present show standard in the house must be maintained. Itis human nature that if a man is talking to you, you pay
more attention to him than to a projector which is apparently
running all right. I believe that something much in advance should
be done to impart this information. Allow them more time to get
it, because I think "mental indigestion" is as easy to get as physical
indigestion. There is no doubt that the presentation of synchronized pictures has not been a perfect one up to now, but considering
the circumstances under which presentations were given and the
handicaps the men were under, the thing has been miraculous in
that it has been as good as it has. Advance information put in
concrete form and sent well in advance will be digested before the
engineer gets there.
Mr. Miehlcng: I have traveled over the United States supervising sound installations. I have found that the projectionist was
in the condition which Mr. Edwards described, but if he were given
this short time in which to prepare himself, his mind would be
readily put in a receptive mood for what was to come later. I will
say that in the space of the next five or six months the majority of
the projectionists with a little help will be in a position to put
sound pictures on a plane where they belong, but without this the
sound pictures will have a hard road to travel.
Mr. Santee: I should like to mention that while the best
time for instruction is thought to be when the engineer is on the job,
it is not the intention of the Electrical Research Products to restrain from sending out information in advance. In the last few
weeks some three or four thousand pamphlets of operating instructions have been sent to projectionists who desired them.

THE

EFFECT

OF SOUND
SYNCHRONIZATION
PROJECTION

UPON

F. H. Richardson*
IT MAY, I think, be said without fear of successful contradiction
that the advent of sound in synchronization with motion and
the almost marvelous progress made in its application to motion
pictures, has had a highly beneficial effect upon motion picture projection. Moreover it has performed a very large and much needed
service for the industry in general by the shaking up it has administered topretty nearly every branch of it.
The motion picture industry has for a long while been altogether too well satisfied with itself. It has been too smug, with
the result that it has advanced but very slowly, if it has advanced
at all so far as concerns the finished product it sells to the public.
In fact there were those who made the assertion, not without
some reasonable grounds, that it was not advancing at all, so that
a shaking up could hardly fail to prove beneficial.
Be that as it may, sound in synchronization with motion and
its successful application to motion pictures certainly has 'provided
a "shaking up" unequaled by any other one thing in the history of
motion pictures.
It has even brought about a condition in which some heretofore very independent and in many cases very obviously thoroughly
self satisfied "public idols" of the screen are not now quite so
independent, or nearly so self satisfied. In fact not a few are now
wondering whether the new order of things will permit them to
remain upon their thrones, or will relegate them to the highly
undesirable and much dreaded shelf. Therefore they are just now
making frantic efforts to add to their repertoire of accomplishments,
which can scarcely fail to be for the good of all concerned.
The advent of sound has placed before the producer many new,
large, and very difficult problems. It has placed before the exhibitor
many added difficulties, some of which can never be entirely surmounted until auditoriums constructed without regard to sound
requirements are either entirely discarded or rebuilt.
* Technical Editor Exhibitors Herald and Moving Picture World.
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Sound synchronization had confronted thousands of musicians
with a very real menace in the form of the very probable elimination of the individual theatre orchestra for picture accompaniment.
In sound synchronization the legitimate actor of small ability
perhaps reads his or her doom. It seems not at all beyond the range
of possibility that in the not distant future, instead of a large
number of troupes of actors traveling over the country playing
cities and towns, we shall see all plays, save possibly in large
cities, placed before the public by way of the motion picture
threatre screen, the various parts portrayed by the very best
actors the world can produce, accompanied by the finest artists
of the musical world.
I might easily name many other interests affected by the new
order but it was not to discuss these phases of the matter that I
came before you. They are merely mentioned briefly in passing.
My real purpose is set forth in the title, namely, to consider the effect
of sound synchronization upon projection and the men engaged in
that work.
An effect was manifest immediately when it became evident
that sound in synchronization with motion pictures was a successfully accomplished fact, and that it not only might but
probably would very soon have its place in a large number of
motion picture theatres and other theatres using motion pictures
for a considerable portion of their programs.
There was an immediate and a universal awakening. Projectionists who up to that time had turned an absolutely deaf ear
to all pleadings that they study the technique of projection,
suddenly and rather violently bestirred themselves. They started
reading anything and everything they were able to lay hands upon
having any bearing upon sound reproduction and amplification.
In many cases their ill directed efforts in this direction did really
more harm than good in that they were led astray. However, it
was just a bit amusing to see how earnest they became so very
suddenly in the search for knowledge.
That was one and the first beneficial effect which sound in
synchronization with motion had upon thousands of motion picture
projectionists. It jarred them loose from their self satisfied
attitude toward their work. It caused them to take an interest in
study and to realize that however useless they may have regarded
technical knowledge before, projection now would demand some-
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thing more than mere ability to operate a machine. They realized
it was going to call for increasingly careful, accurate work and for
study on their part if they hoped to succeed in even a small way.
This, as I have said, was the first effect of sound upon the man
engaged in projection and I think you will agree that it was an
important one, because it seems impossible to set up a condition
which will induce men to study their work, without at the same
time benefiting the work itself.
Another and almost equally important effect of sound synchronized with motion pictures is that it has served to supply the projectionist with a much greater personal interest in his work. The
silent picture was, to the greater number of projectionists, a sort
of impersonal thing. He felt that so long as it was steady and well,
lighted his interest ceased. He felt that audiences regarded him
and his work as of little or no importance, and that he was merely
the necessary attendant or operator of a machine.
With sound added he feels different about it, as may be readily
understood. He feels himself to be very largely reponsible for the
general effect — for the putting on of the entire show — where sound
is used. To him the "fader" is literally the "throttle." Upon his
judgment, care and skill will almost entirely depend whether the
audience hears a screen figure speak or sing with perfect naturalness or not. He has the feeling that the now not infrequent applause isat least in some measure intended for him and in appreciation of his work. At least he well knows that if his work be poorly
done there certainly will be no applause.
In my capacity as editor of Movietone Bulletin I have had
occasion to interview many sound-motion projectionists. Invariably
they have expressed the feeling that with the advent of sound there
was a greatly added interest and pride in their work, and that
alone, I think you will agree, makes for better work and improved
results.
The projectionist now has charge of apparatus which is both
complicated and delicate. In the case of Movietone, for example,
the impulse, carried forward from the film to the photo-electric
cell in the form of variable light intensities is so extremely delicate
that what the photo-electric cell sends forward to the amplifiers
must be build up or strengthened approximately 100,000,000
times before it operates the loud speakers. No man can, I believe
you will agree with me, be placed in charge of apparatus able to
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accomplish such marvelous things without experiencing a desire
to understand its action and be able to handle it expertly.
It is plain to the observing one that in the future the projectionist isdestined to occupy what amounts to the position of
"Director of Sound Effects" in a very large proportion of our
theatres.
It is probably true that what we call de luxe theatres will have
a man whose sole duty will be to cue the fader for productions and
to act as a director of sound effects, but in the very nature of things
this will not be possible in any but the largest theatres. In all
those tens of thousands of smaller houses the logical man to perform this added and highly important duty is the projectionist.
And the task will be no light one. It will call for study of sound
effects, acoustics and the effect of various interior auditorium
designs upon sound. It will demand that the projectionist make
an intensive study of the rudiments of amplification and familiarize
himself with the underlying principles upon which it operates.
The projectionist of the future, if he is to work efficiently and
do justice to the equipment placed under his care and the productions he will place before audiences, must not only know that in
the ensemble there are amplifying tubes, rectifying tubes, loud
speakers, photo-electric cells et cetera, but also he must know
exactly what office each fills and in exactly what manner it fills it.
Through his intimate knowledge of the equipment and the
effects produced, the projectionist of the future should be able to
make many valuable recommendations and suggestions for improvements. Also there is a broad field of possibilities for new ideas
in presentation, many of which ought to and I think will be originated by projectionists.
I have said that a thorough understanding of the sound equipment and all its various elements will be necessary to competent
work in the theatre projection room of the future. This is true
because efficient work cannot possibly be done without such
knowledge. The mere projection of sound is but the beginning.
The task includes all those things necessary to cause the sound to
reach the ears of the audience, taken as a whole, in such a manner
as to produce the best possible effect; and the one who imagines that
to be an easy task, or a task demanding anything less than expert
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knowledge, much care, and painstaking skill has little conception
of the work.
As I have in days past repeatedly pointed out, unless the work
of projection be done well, it is inevitable that the work of all
those who have labored to put quality into the films must suffer.
If, for example, the work of projection be poorly done, then insofar
as concerns the audiences viewing the production in that theatre,
the work of the cinematographer also is poorly done. It is obvious
that projection cannot be unskillfully performed without detracting from the art of the actors, the work of the laboratory men and
every one else in any manner connected with the work of production.
This being true — and who would presume to question its correctness— it follows that whatever tends to the improvement of
projection by improving the knowledge of the projectionist and his
skill in his profession, must perforce be beneficial to the entire
motion picture industry by reason of the resultant improvement in
the display of its finished product before the ultimate buyer, the
public. It cannot possibly be otherwise, gentlemen, and the addition of sound most certainly is helping to do all that.
Another important factor which will cause improvement in
work is the fact that the addition of sound will inevitably cause
theatre audiences to be much more critical. Imperfections seen
only with the eye could be and were at least to a considerable
extent disregarded or overlooked. They did not seriously interrupt
the continuity of thought^-the story.
Imperfections in sound, especially in dialogue or song, are far
more annoying because another and rather critical sense has been
called into use and unless the dialogue or song enuciation is at least
sufficiently clear to be readily understood, then there will be instant dissatisfaction. That, too, is sufficiently obvious to require
no supporting argument.
There is still another phase of this matter which cannot be
overlooked. In the past one of the principal reasons why uniformly
high grade projection has not been the rule was that many theatre
managers have regarded it as of little importance; as being altogether too simple a thing to require men of any considerable ability,
or men possessed of any particular amount of specialized knowledge,
except to a certain extent perhaps in matters electrical. Projection
has been regarded as consisting chiefly, if not almost wholly of the
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operation of one or more machines. Naturally, exhibitors and almost every one else failed to see the need for high grade ability to
perform that function acceptably.
That this was a false assumption did not alter the fact that it
was general^ accepted as true and the result was in every way
bad. It has operated to bring into the business of projection — the
display of the entire product of the motion picture industry before
its buyer, the public — very many men of small ability, most of
whom were utterly lacking in pride of achievement. In fact if
projection consisted only in machine operation, then there was
little room for achievement, hence slight encouragement for men to
strive to excel.
The net result of this situation has been a huge and entirely
unnecessary abuse of projection equipment, a huge amount of
needless damage to films and often the literal ruin of productions
as shown to individual audiences.
As I have intimated before, the introduction of sound will go
far to remedy this state of affairs. I believe the future will see a
vast improvement in projection work in all its phases. Sound
centers attention and criticism upon the projectionist, makes him
a man of recognized importance in the theatre, and inevitably that
must and will work improvement.
In closing I might say that at the present time I have been
unable to find any books dealing directly with motion picture
sound amplification equipment from which reliable information
may be had; also it is unlikely there will be any for some while to
come, because of the rapid improvements in equipment. Anything
printed today is likely to be out of date and entirely wrong very
soon. Under such a condition it is manifestly impractical to put
reliable instructive matter into book form.
One producer, Movietone, issues a weekly bulletin available,
without cost, to all working projectionists upon written application. It contains much matter valuable to all sound projectionists,
Movietone or otherwise.
DISCUSSION
Mr. Edwards: There certainly is one thing that has been
lacking in the introduction of sound pictures to the projectionists.
The outfit comes into the theatre for installation accompanied by
an installing engineer. A crew of electricians, wiremen and often
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other mechanics are engaged in the necessary construction work
in quarters that were crowded even before the installation of the
new apparatus. The projectionist's problem is to keep the show
running properly and at the same time absorb a lot of very necessary
information about the new apparatus. This is something that should
have been supplied long in advance.
As Mr. Richardson says, it is impossible to get much information in book form, owing to the changes in apparatus, but I do think
that the people putting out sound synchronization devices might
with advantage follow the lead of the radio manufacturers and
supply more information than they have. Each component should
be described, its particular function explained and emergency repair methods given in detail. The expensive instruction books
supplied with the installation are complete but are entirely lacking
in this important information. They tell you to "keep you batteries
charged" and "keep your sound gate clean." It would be far more
practical to state what would happen if these parts were not looked
after properly. I think that this is the trouble from the point of
view of the projectionist today. He asks the engineer how this
works and he says: "Turn this switch, and it will do this," "that
is an amplifier," etc. There are men who do not know what the
filtering system is for. Why don't they? If they know what it is
for, they will know when it is working properly. I'm afraid that
there has been a disposition on the part of the manufacturers to
wrap an air of mystery around the whole thing. There is nothing
secret in this business, gentlemen. You may have a circuit you
wish to keep under cover for a while; you don't have to show it to
them, but it is very important to show them how to work it. How
many of you engineers have shown a projectionist how to bring
a motor up to speed when it would persist in running at 50 R.P.M.
below the fixed normal speed? It is a simple matter and requires
neither great technical knowledge or ability. The placing of fuses
inside a locked box is a real example of how not to do a thing, especially when it is necessary to get a blown fuse replaced quickly. I
know of a case where a show was held up for forty minutes due to
inability to locate the fuse at fault. A simple wiring diagram would
have shown it instantly. I think a series of short articles on these
subjects in our technical press are required. They will help the projectionist, the producers, and the manufacturers of sound synchronization apparatus.
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Mr. Miehling: In connection with Mr. Richardson's paper
and Mr. Edwards' remarks, I wish to state that I represent the
Publix Theatres Inc. We have anticipated the points mentioned
by Mr. Edwards and I am traveling throughout the country to give
the information to projectionists which they will need to keep the
show going under any conditions. I have found that on re-entering
the territory where information had been given projectionists, they
have not only been able to help themselves but have been able to
do justice to sound and projection as it was intended
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Blair, George A. (M).
Eastman Kodak
Co., 343 State
St., Rochester, N. Y.
Blake, E. E. (M).
European Cine Film Dept., Kodak
Ltd., Kingsway, W. C. 2, London, England.
Blakely, Walter (M).
81 The Drive Mansions, Fulham
Road, S. M. 6, London, England.
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Blaney, J. M. (M).
Box 54, Hanover, N. J.
Blythe, S. C. W. (A).
New Era Productions, Ltd., 26-27
D'Arblay
St., London,
W. 1,
England.
Boehm, Hans (A).
Tonbild Syndikat A. G. Jagerstr.
6, Berlin, Germany.
Bornmann, Carl (A).
Agfa-Ansco Corp., Johnson City,
N. Y.
BORTMAN,

I. M.

(M).

Spiro Film Corp., 161 Harris Ave.,
Long Island City, N. Y.
Bowen, Lester (A).
18 K>nmare
Road,
Larchmont,
N. Y.
Boyle, J. W. (M).
American
Society of Cinematographers
Inc.,
1219
Guaranty
Bldg., Hollywood, Calif.
Bradshaw, A. E. (A).
1301 Sixth Ave., Apt. B, Tacoma,
Wash.
Branpes, Werner (M).
British
International
Pictures,
Elstree, Herts, England.
Bridge, Willard E. (A).
1041 N. Formosa St., Hollywood,
Calif.
Briefer, Michael (M).
Atlantic
Gelatine
Co., , Woburn,
Mass.
Brindley, Wm. E. (A).
706 Lamas
Street, Wilkinsburg,
Pa.
Bristol, William H. (M).
Bristol Co., Waterbury, Conn.
Broeg, W. E. (A).
1927 W. Tiogo St.,
Philadelphia, Pa.
Brown, Freeman Lee (A).
Westinghouse Electric & Mfg. Co.,
East Pittsburgh, Pa.
Buckles, J. O. (A).
National Theatre Supply Co., 516
W. Grand Ave., Box 433, Oklahoma Citv, Okla.
Burchett, C. W. (A).
Theatre
Lighting
& Equipment
Co., 255 Golden Gate Ave., San
Francisco, Calif.
Burgkss, Francis J. (A)
Wm. Fox Studio, 1401 North Western Ave., Hollywood, Calif.
BURNAP,

ROBERI

S. (M).

Research
Lab.,
Edison
Works. Harrison, N. J.

Lamp

Burnett, H. D. (M).
Lighting Service Dept., Canadian
General Electric Co., Ltd., 212
King St., W., Toronto, Canada.
Burnett, J. C. (Af).
Burnett Timken Research Laboratory, Alpine, N. J.
Burns, S. R. (M). t
International Projector Corp., 90
Gold St., New York, N. Y.
Busch, Herman (A).
1327111. S. Wabash
Ave., Chicago,
BUTTOLPH,

L. J. (M).

Cooper-Hewitt Electric Co., 410
Eighth St., Hoboken, N. J.
Cameron, James R. (M).
Manhattan Beach, N. Y.
Capstaff, John G. (M).
Eastman Kodak Co., Kodak Park,
Rochester, N. Y.
Carpenter, A. W. (A).
c/o Fred W. Nellis, 165 Broadway,
New York, N. Y.
Carpenter, E. S. (A).
Escar
Motion
Picture
Service,
Inc.,
12804
Superior
Ave.,
Cleveland, Ohio.
Carson, W. H. (M).
Agfa-Ansco
Corp.,
Binghamton,
N. Y.
Caufield, Arthur E. (A).
247 East 92nd St., Los Angeles.
Calif.
Cavaliere, Nicholas (A).
38 Mechanic
St., New
Haven,
Conn.
Chapman, S. Cullom (A).
Paramount
Studio,
Long
Island
City, N. Y.
Chanier^ G. L. (M).
Pathe Exchange, 1 Congress St.,
Jersey City, N. J.
Chubb, Lewis W. (A).
Westinghouse Electric & Mfg. Co.,
East Pittsburg, Pa.
Cifre, J. S. (M).
National
Theatre
Supply
Co.,
211
Columbus
Ave.,
Boston,
Mass.
Clark, C. H. (M).
60 Grand St., New York, N. Y.
Clark, D. B. (M).
Wm.
Fox Studios,
4601 Sunset
Blvd., Hollywood, Calif.
Clark, John A. (A).
Weston
Electrical
Instrument.
Corp., Newark, N. J.

List of Members
Clark, Lauriston E. (ikf).
Pathe Studios,
Culver City, Calif.
Clark, Rex S. (M).
Clark
Cine
Service,. 2540
Park
Ave., Detroit, Mich.
Clark, Walter (M).
Kodak
Ltd., Wealdstone,
Middlesex, England.
Coffman, Joe W. (M).
Carpenter-Goldman Laboratories,
Inc., 161
Harris
Ave.,
Long
Island City, N. Y.
Cohen, Emanuel (ikf).
Paramount Famous Lasky Corp.,
1501
Broadway,
New
York,
N. Y.
Cohen, Joseph H. (Af).
Atlantic
Gelatine
Co., Hill St.,
Woburn, Mass.
Cook, Otto W. (M).
Eastman
Kodak
Co., 343 State
St., Rochester, N. Y.
Cook, Willard B. (M).
Kodascope Libraries, Inc., 35 W.
42nd
St., New
York,
N. Y.
Courcier, J. L. (A).
J. E. Brulatour, Inc., 6700
Santa
Monica
Blvd.,
Hollywood, Calif.
Cowling, Herford T. (M).
Eastman
Teaching
Films,
Inc.,
343 State St.. Rochester. N. Y.
Cox, J. J. (M).
British
International
Pictures,
Elstree, Herts, England.
Cozzens, Louis S. (M).
DuPont-Pathe
Film Mfg. Corp.,
Parlin, N. J.
Crabtree, John I. (M).
Research
Laboratory,
Eastman
Kodak
Co., Rochester,
N. Y.
Crandall, Roland D. (A)
Sound Beach, Conn.
Cuffe, Leslie E. (A).
318 N. Windsor
Blvd.,
Hollywood, Calif.
Cummings, John S. (A).
Cummings Labs., 23 W. 60th St.,
New York, N. Y.
Curle, Charles E. (A).
1902 E. Twelfth St.,
Chattanooga, Tenn.
Dalotel, Maurice (A).
111-113
Rue
St.
Maur,
Paris,
France.
Danashew, A. W. (A).
34 Cheestey
per N 6, Apt. 8,
Moscow. Russia.
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Dash, Cyrus C. (M).
Hertner
Electric
Co.,
1905
W.
114th
St.,
Cleveland,
Ohio.
Davee, Lawrence W. (M).
460 West 54th St., New York,
N. Y.
Davidge,
LeRoy
Clifford
(M).
Roy Davidge Film Laboratories,
Hollywood,
Calif.
Davidson, L. E. (A).
Visual Demonstration System, Inc.,
259
Delaware
Ave.,
Buffalo,
N. Y.
Davies, Harry (A)
Pathe of France Ltd., 5 Lisle St.,
London, W. C. 2, England.
DeBeaulieu, Leon (M).
6363 Santa Monica Blvd., Hollywood, Calif.
Debrie, Andre. (A).
Establissements
Andre
Debrie,
111-113 Rue St. Maur., Paris,
France.
DeForest, Lee (M).
DeForest Phonofilm, Inc., 318 E.
48th St., New
York,
N. Y.
DeFrenes, Joseph, (M).
DeFrenes
Co., 60 N. State St.,
Wilkes-Barre, Pa.
Deighton, William, (A).

Oliver, B. C.

Denison, E. J. (M).
United Artists Corp., 729 Seventh
Ave., New York, N. Y.
DePue, O. B. (A).
DePue & Vance, 7512 N. Ashland
Ave., Chicago, 111.
DeSart, A. W. (M).
Box 413, Hollywood Station,
Hollywood, Calif.
Devaud, Albert J. (M).
General Electric Co., Schenectady,
N. Y.
De Vault, Ralph P. (AT).
104
N.
Princeton
Ave.,
Villa
Park, 111.
DeVry, H. H. (M).
Devry
Corp.,
1111 Center
St.,
Chicago, 111.
DeWitt, H. N. (A)
36 Toronto St., Toronto, Canada.
Dickinson, Arthur S. (A).
Motion Picture Producers & Distributors, 469 Fifth Ave., New
York, N. Y.
Didiee, L. J. J. (A).
Societe
Kodak-Pathe,
39
Ave.
Montaigne,
Paris, France.

890

Transactions of S.M.P.E., Vol. XII, No. 36, 1928

Dill, Herbert S. (A).
National
Theatre
Supply
Co.,
211
Columbus
Ave.,
Boston,
IVlass.
Double, S. G. (A).
British International Pictures, Ltd.,
Elstree, Herts, England.
Downes, A. C. (M).
National
Carbon
Co., Box 400,
Cleveland, Ohio.
Dreher, Carl (M).
RCA Photophone Inc., 411 Fifth
Ave., New York, N. Y.
Dreyer, Harry W. (M).
RCA Photophone, Inc., 411 Fifth
Ave., New York, N. Y.
Dubray, J. A. (M).
Bell & Howell Co., 1801 Larchmont
Ave., Chicago, 111.
Dudiak, Frank (A).
Fairmont Theatre, Fairmont, W.
Va.
Dunbaugh,
George
J., Jr. (A).
Helios
Corp.,
7544
S. Chicago
Ave., Chicago, 111.
Dunning, Carroll H. (M).
Dunning Process Co., 1616 Chauenga
Ave., Hollywood,
Calif.
Dunning, C. Dodge (A).
Dunning Process Co., 1616 Chauenga
Ave., Hollywood,
Calif.
Eastman, George (Honorary).
Eastman
Kodak
Co., &43 State
St., Rochester, N. Y.
Edison,
Thomas
A
(Honorary).
West Orange, N. J.
Edouart,
A. F. (ilf).
Paramount Famous Lasky Corp.,
5451 Marathon Ave., Hollywood, Calif.
Edwards, George C. (.A).
American
Projectionist,
101-21
Seventy-Eighth St., Ozone Park,
L. I. N. Y.
Egeler, Carl E. (M).
Engineering Dept., National Lamp
Works,
Nela Park, Cleveland,
Ohio.
Egrot, Lucien G. (A).
6 Raleigh Gardens, Briseton Hill;
London,
S. W. .2, England.
Elms, J. D. (4).
Widescope Camera & Film Corp.
Box 182, Staten Island, N. Y.
Emmott,
B. W. G. (A).'
26-27 D'Arblay
St., New Era Productions, London, England.

Emslie, E. K. (A).
Buick
Motor
Co., Factory
17,
Flint, Mich.
Engel, Theodore J. (M).
Carpenter-Goldman Laboratories,
Inc.,
161 Harris
Ave.,
Long
Island City, N. Y.
Engelke, William (M).
Cinema Traders, Ltd., 26 Church
St., Charing
X Road,
W. 1,
London, England.
Engstrom, Elmer W. (M).
General Electric Co.,
Schenectady, N. Y.
Evans, Raymond (M).
U. S. Dept. of Motion Pictures,
Washington, D. C.
Eveleigh, Leslie G. H. (M).
British Filmcraft Production, Ltd.,
The Studio, 245 Wood St.,
Walthamstow, London, E. 17,
England.
Falge, Francis M. (A).
Publix Theatres Corp., Paramount
Bldg., New York, N. Y.
Farnham, R. E. (M).
Engineering Dept., National Lamp
Works,
Nela Park, Cleveland,
Ohio.
Faulkner, Trevor (A).
Famous
6th & Players
Pierce Lasky
Aves.,'' Corp.,
Long
Island City, N. Y.
FlTZPATRICK,

J. M. S. (A).

Cine Film Dept., Kodak Ltd., The
Works, Wealdstone, Middlesex,
England.J. T. (M).
Flanagan,
Tri-State
Motion
Picture
Co.,
208
Film
Bldg.,
Cleveland,
Ohio.
Fleischmann, Leon (M).
Loews, Inc., 1540 Broadway, New
York, N. Y.
Flickinger, Edward (A).
Ford Motor Co. of Canada, 204
Maple
St., Windsor,
Ontario,
Canada.
Flynn, Kirtland (M).
Celluloid
Co. of Newark,
290
Ferry St., Newark, N. J.
The President (Honorary).
Societe Francaise de Photographie
Rue de Clichy, 51, Paris, 9eme,
France.
Franklin , Harold B. (A).
Washington & Vermont Avenues,
Los Angeles, Calif.

List of Members
Freuler, John R. (M).
130 West 46th St., New
York,
N. Y.
Fritts, Edwin C. (M).
Eastman Kodak Co., 343 State St.
Rochester, N. Y.
Fulcher, E. J. (A).
157 Albert St. E., Sault Ste. Marie,
Ontario, Canada.
Fulton, C. H. (A).
E. E. Fulton Co., 1018 S. Wabash
Ave., Chicago, 111.
Gage, Henry P. (M).
Corning
Glass Works,
Corning,
N. Y.
Gage, Otis A. (A).
Corning
Glass Works,
Corning,
N. Y.
Garland, R. M. (A).
5711
Thirteenth
St.,
N.
W.,
Washington, D. C.
Gaumont, Leon (M).
Gaumont Co., 57 Rue Saint Roch,
Paris, France.
Geib, E. R. (M).
National
Carbon
Co., Box 400.
Cleveland, Ohio.
Gelman, J. N. (M).
3449 Jay St., Cincinnati,
Ohio.
German, W. J. (M).
J. E. Brulatour, Inc., 154 Crescent
St., Long Island City, N. Y.
Gerrard, William C. (A)
46 Jayson Ave., Great Neck, L. I.
Gillette, Clyde F. (M).
Trudeau, N. Y.
Gilmour, John G. T. (A).
Visual Instruction Section, General Electric Co., Schenectady,
N. Y.
Glunt, Omer M. (M).
Bell Telephone Laboratories, 463
West
St., New
York,
N. Y.
Goldman, F. Lyle (A).
Carpenter-Goldman
Labs.
Inc.,
161 Harris Ave., Long Island
City, N. Y.
Goldsmith, Alfred N. (M).
RCA Photophone Inc., 411 Fifth
Ave., New York, N. Y.
Gordon, Irl (A).
104 Bittman
St., Akron,
Ohio.
Gray, Arthur H. (M).
Lancaster Theatre,
Lancaster &
Causeway Sts., Boston,
Mass.
Gray, Eric (M).
Welsh Pearson Elder Films, 3
Rupert St., W. C, London,
England.
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Green, I. I. (A).
Fellsway Theatre, Medford, Mass.
Green, Newton B. (M).
Engineering Dept., Camera Works,
Eastman Kodak Co., Rochester,
N. Y.
Greene, Chauncey L. (A).
2722 Harriet Are., Minneapolis,
Minn.
Greene, Claude F. (Af).
British International Pictures, Elstree, Herts, England.
Gregory, Carl L. (M).
76 Echo
Ave.,
New
Rochelle,
N. Y.
Griffin, Herbert (M).
International
Projector
Corp.,
90 Gold St., New York, N. Y.
Griffith, Leigh M. (A).
Emsco
Aero
Engine
Co., 6417
West
Sixth St., Los Angeles,
Calif.
Griffiths, Peter H. (A).
Plaza Theatre, Liverpool, England.
Guerin, A. J. (M).
Bennett Film Laboratories,
6363
Santa
Monica
Blvd.,
Hollywood, Calif.
Guissart, Rene (M).
British International Pictures, Elstree, Herts, England.
Halbertsma, N. A. (A).
Philips' Glow Lamp Works, Ltd.,
Eindhoven, Holland.
Haley, Gerald A. (A).
British International Pictures, Elstree, Herts, England.
Halvorson, C. A. B. (M).
General Electric Co., West Lynn,
Mass.
Hammond, Albert C. (A).
British Internationa] Pictures, Elstree, Herts, England.
Handley, Charles W. (M).
383 S. Hewitt St., Los Angeles,
Calif.
Hanna, Clinton R. (A).
Research
Dept.,
Westinghouse
Electric & Mfg. Co., E. Pittsburgh, Pa,
Hansen, E. H. (M).
1835 N. Garfield Place. Apt. A.,
Hollywood, Calif.
Hardy, A. C. (A).
Massachusetts Institute df Technology, Cambridge, Mass.
Harley, John B. (A).
Bell Telephone Labs., 463 West
St., New York, N. Y.
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Harlow, John B. (A).
Electrical Research Products, Inc.
250 W. 57th St., New
York,

n. y.

Harrington, T. T. (M).
1629 La Vereda Road, Berkeley,
Calif.
Harris, Wm. M. (M).
Pathe Studios, Culver City, Calif.
Hayden, A. C. (M).
A. C. Hayden
Co., Box
496,
Brockton, Mass.
Hedwig, Wm. K. (M).
Hedwig Motion Picture Laboratories, Inc., Park
Place
&
Congress Ave., Flushing, Long
Island, N. Y.
Heisler, Charles L. (M).
1443 Glenwood
Blvd., Schenectady, N. Y.
Hennessy, Wm. W. (A).
Eastman Theatre, Rochester, N. Y.
Hibberd, Frank H. (M).
Duplex Motion Picture Industry,
Harris
Ave., & Sherman
St.,
Long Island City, N. Y.
Hickman,
Kenneth
(M).
Eastman Kodak Company, Kodak
Park, Rochester, N. Y.
Hill, Roger M. (M).
1403 New York Avenue, N. W.,
Washington, D. C.
Hill, Van Dyke (M).
12 East 44th St., New York, N. Y.
Hillier, Harry R. (A).
Metropolitan Motion Picture Co.,
2310 Cass Ave., Detroit, Mich.
Hitchcock,
Alfred
(M).
British
International
Pictures,
Ltd., Elstree, Herts, England.
Hodgson, J. S. (M).
155 Oxford St., W. 1, London,
England.
Hoefner, Fred (M).
5319 Santa
Monica
Blvd., Los
Angeles, Calif.
Holman, Arthur J. (M).
56
Cummings
Rd.,
Brookline,
Mass.
Hopkins, Philip S. (A).
201 Sun Bldg., Binghamton, N. Y.
Hornidge, Henry T. (A).
Kiddle & Margeson,
115 Broadway, New York, N. Y.
Hornstein, J. C. (A).
National Theatre Supply Co.,
1560 Broadwav, New York,
N. Y.

Howell, A. S. (M).
Bell & Howell Co., 1801 Larchmont Ave., Chicago, 111.
Howell, John F. (M).
Akeley Camera, Inc., 175 Varick
St., New
York,
N. Y.
Hoxie, Charles A. (M).
General
Electric
Co.,
Schenectady, N. Y.
Hubbard, Roscoe C. (M).
Consolidated Film Industries, Inc.,
1776
Broadway,
New
York,
N. Y.
Hubbard, Wm. C. (M).
Ill W. 5th St., Plainfield, N. J.
Humphrey, Glenn H (A).
The
Adcraft
Film
Service,
132
Genesee St., Utica, N. Y.
Hunt, Franklin L. (M).
Victor Talking Machine Co., Camden, N. J.
Huse, Emery
(M).
Eastman Kodak Co., 6700 Santa
Monica Blvd., Hollywood, Calif.
Isaac, Lester B. (M).
Loew's Inc., 1540 Broadway

York,

N.

Y.

New

Ives, F. E. (Honorary).
1753 N. 15th St., Philadelphia, Pa.
Ivins, Clinton F. (A).
Pathescope Co. of America, Inc.,
35 W. 42nd St., New York,
N. Y.
James, F. E. (M).
General Electric Co., 5201 Sante
Fe Ave., Los Angeles,
Calif.
Jamieson, Hugh V. (A).
180H
Commerce
St.,
Dallas,
Texas.
Jeffrey, Frederick A. (A).
9 Giles St., Toorak,
Adelaide,
South Australia.
Jenkins,
C. Francis
(Honorary).
5502 Sixteenth St., Washington,
D. C.
Jenkins, J. Elliott (A).
1500 N. Dearborn Parkway, Chicago, 111.
Jewell, Edward (M).
Pathe Studios, Culver City, Calif.
John, Robert (M).
West End Plaza & West End Ave.,
Long Branch, N. J.
Johnstone, W. W. (A).
Bausch & Lomb Optical Co.,
28 Geary St., San Francisco,
Calif.

List of Members
Jones, John G. (M).
Eastman Kodak Co., Kodak Park,
Rochester,
N. Y.
Jones, John M. Jr., (A).
433 Beaumont
Ave., Charlotte,
N. C.
Jones, L. A. (M).
Eastman Kodak Co., Kodak Park,
Rochester,
N. Y.
Joy, John M. (M).
Fox Film Corp., 850 Tenth Ave.,
New York, N. Y.
Kelley, Wm. V. D. (M).
2228
Holly
Drive,
Hollywood,
Calif.
Kelley, W. W. (M).
W. W. Kelley Film Laboratories,
829 Harrison St., Oakland, Calif.
Kershner, Glenn R. (A).
640 Jefferson Ave., Culver City,
Calif.
Kerst, W. D. (A).
Amateur Cinema League,
105
W. 40th St., New York, N. Y.
Keuffel, Carl W. (A).
Keuffel
& Esser Co., Third
&
Adams
St., Hoboken,
N. J.
Kilborn, Orson (A).
Peroff Pictures, Inc., 67 W. 44th
St., New York, N. Y.
Klenke, John Jr., (M).
Visual Instruction Section, General Electric Co., Schenectady,
N. Y.
Knowles, Bernard J. (M).
3 Rupert Street, London, W. 2.
England.
Kranz, Fred W. (A).
Riverbank Laboratories, Geneva,
111.
Kroesen, J. C. (M).
406 John St., Belleville, N. J.
KUNZMANN,

W.

C.

(M).

National Carbon Co., P. O. Box
400, Cleveland,
Ohio.
Kurlander, John H. (M).
Brenkert
Light
Projection
Co.,
7348 St. Aubin Ave., Detroit,
Mich.
Kyle, C. R. (A).
Philadelphia Quartz Co. of California, 3242 E. 26th St., Los
Angeles, Calif.
LaBar, Keith (A).
1419| N. CrescentlHeights Blvd.,
Los Angeles,
Calif.
Lacey, R. Merritt (M).
Duplex Motion Picture Industries,
Long Island City, N. Y.
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Lachman, Harry (M). .... .
British International Pictures, Elstree, Herts, England.
Lair, C. (M).
Kodak-Pathe,
30 Rue
des Vignerons, Vincennes, France.
Lane, George (M).
Carpenter-Goldman
Xabs.,
Inc.,
161 Harris Ave., Long Island

City, N. Y.

Lang, C. J. (M).
Lang Mfg. Works, Olean, N. Y.
LaRue, Mervin W. (A).
5255 N. Hoyne Ave., Chicago, 111.
Lawton, Francis, Jr. (A).
Fisk Bldg., 250
W.
57th
St.,
New York, N. Y.
Lauste, Emile L. (M).
Cine Dept., Kodak Ltd., Kings way, London, W. C. 2, England.
LaVoy, Merl (A). .
544 Cathedral Pkwy. & L10tn:St.
W., New York; N. Y.
Leisen, J. M. (M).
Metro-Goldwyn-Mayer
Studio,
Culver City, Calif.
Leshing, Michael S. (A).
Fox
Films,
Fox
West
Coast
Studio, Los Angeles, ^Calif.
Leventhal, J. F. (M).
c/o E. Schlegel
125 Er 23rd St., New York, N. Y.
Lewis, William W. (A).
543 a-Guerrera St., San Francisco,
Calif.
Little, W. F. (M).
Electrical Testing Lab., 80th St.
& East End Ave., New York,
N. Y.
Lloyd, A. (A).
Hal Roach Studios, Culver City,
Calif.
Loveland, Roger P^ (A).
Research
Laboratory,
Eastman
Kodak Co., Rochester, N. Y.
Lyng, John J.-.(M).
Electrical Research Products, Inc.,
250 West 57th St., New York,
N. Y,
MagKenzie, Donald (M).
Bell Telephone Laboratories, Inc.,
463 West St., New York, N. Y.
MacLeod, J. S. (M).
Metro-Goldwyn-Mayer
Pictures,
1540
Broadway,
New> York,
N. Y.
Maire, Henry J. (A).
2152 Center Ave., Fort Lee, N. J.
Malkames, Don (M).
292; College Ave., Kingston,
Pa.
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Malofp, Loury (A).
8 Church St., White Plains, N. Y.
Manheimer, J. R. (M).
E. J. Electrical Installation Co.,
155 E. 44th St., New York, N. Y.
Marette, Jacques (M).
Path6-Cinema, 117 Blvd. Haussman, Paris, 8eme, France.
Mariner, A. R. (M).
Visugraphic
Pictures,
Inc., 247
Park Ave., New York, N. Y.
Marley, John P. (M).
Metro-Goldwyn-Mayer Studios,
Culver City, Calif.
Marsh, Henry N. (A).
Technical Division, Hercules Powder Co., Wilmington, Del.
Marshall, J. G. (M).
1752
Atlantic
Ave.,
Brooklyn,
N. Y.Mather, George E. (M).
Electrical Research Products, Inc.,
250 W. 57th St., New York,
N. Y.
Matlack, Claude C. (A).
323
Twenty-Third
St., Miami
Beach,
Fla.
Matson, Robert (M).
Motion Picture Engineering Co.,
2332 Clifford St., Detroit, Mich.
Matthews,
James (A).
225 W. Seventh St., Long Beach,
Calif.
Maudslay, George C. (A).
National
Carbon
Co.,
383
S.
Hewitt St., Los Angeles, Calif.
Maxfield, J. P. (M).
307 E. Central Ave., Moorestown.
N. J.
Mayer, Max (M).
233 W. 42nd St., New York, N. Y.
McAuley, J. E. (M).
McAuley Mfg. Co., 552 W. Adams
St., Chicago, 111.
McClintock,
Norman
(A).
504 Amberson Ave., Pittsburgh, Pa.
McCullough, R. H. (M).
West Coast Theatres, Inc., Washington & Vermont Aves., Los
Angeles, Calif.
McGinnis, F. J. (A).
Box 2387, Palm Beach, Fla.
McGowan, R. A. (A).
Hal Roach Studios, Culver City,
Calif.
McGuire, Percival A. (A).
International
Projector
Corp.,
90 Gold St., New York, N. Y.

McNabb, J. H. (M).
Bell & Howell Co., 1801 Larchmont Ave., Chicago, 111.
McRae, Donald (A).
J. E. McAuley Mfg. Co., 552 W.
Adams St., Chicago, 111.
Mechau, Emil (A).
E. Leitz, Inc., Rastatt, Germany.
Mees, C. E. K. (ikf).
Eastman Kodak Co., Kodak Park,
Rochester, N. Y.
Miehling, Rudolph (M).
Room
606,
Paramount
Bldg.,
New York, N. Y.
Mistry, D. L. (M).
24 Nepean Road, Malabar Hill,
Bombay, 6, India.
Mistry, M. L. (M).
24 Nepean Road, Malabar Hill,
Bombay, 6, India.
Mitchell, George A. (M).
Mitchell Camera Co., 6025 Santa
Monica Blvd., Los Angeles, Calif.
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REPORT

OF STANDARDS AND
COMMITTEE

NOMENCLATURE

AT

THE Hollywood meeting, April, 1928, several dimensional
standards were presented to the Society by this committee
for preliminary approval. These items which have received this
required preliminary approval will therefore be considered again
at this time. Our constitution requires that any standard shall be
presented to the Society and receive favorable action, after which a
period of six months must elapse before this standard can be
finally adopted. These items are presented with numbers which
follow consecutively the staodards already adopted (see Transactions ofthe Society of Motion Picture Engineers, Volume XII
Number 34, page 247, 1928, and the booklet containing all of
the Society's standards and recommended practice).
8. 16 mm. Feed Sprockets
The dimensional standards relating to this element are shown
in Chart 8. It should be noted that dimensions are given
relating to sprockets having 5, 6, 7, and 8 teeth, and also
dimensions relating to these sprockets when designed for
2, 3, and 4 teeth in contact with the film.
9. 16 mm. Take Up (Hold Back) Sprockets.
The proposed dimensions are shown in Chart 9.
10 16 mm. Combination (Feed and Take Up) Sprockets.
The proposed dimensions are shown in Chart 10.
11. 16 mm. Camera and Projector Apertures.
The proposed dimensions are shown in Chart 11.
12. 16 mm.
Splices.
The proposed dimensions are shown in Chart 12. It will be
noted that two different styles of 16 mm. splices are shown.
One of these is the diagonal type and is that recommended
by the Bell and Howell Company for which they make and
have in the field splicing equipment. The other type (straight)
is that proposed by the Eastman Kodak Company and for
which they have splicing equipment in extensive use^ The
majority of this Committee feels that in view of the rather
extensive use of both forms of splice it would be wise to adopt
dimensional standards for each.
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16% FILM
STANDARDIZED SPROCKET SIZES
Feed Sprockets
050 R.
Number

Of Teeth In Contact With Film.

range
Range
Range
otomaA D
o To max.
OToMaxI
No.SmocmTetTH ///cHcslKHtsSimma. Inches imesSmma. inches iNcmSmmet

D

6
7

8

039 0
4714 .040 1.54% 4714 .034
0
034
0%
.0351.57'
030 1.52%
0401.54% 5669 10351.57%
5669-9M
031
0
039 0
.034
0
6624 0401.54% 6624 0351.57% 6624
1.52%
031
1
5669030
0
039 0 7573 034
7579m
7573 040
1.52%
0351.57%
1.54%
031

/Round Corners
Approx..005~Rao.

048-

Chart 8.

13. Width of Film Track in 16 mm. Cameras and Projectors.
It is recommended that a clearance of 0.005 inch (0.13 mm)
be adopted as a standard clearance to allow in the construction of the film track in cameras and projectors using 16 mm.
film. The standard cutting width already adopted, see Chart
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16% FILM
STANDARDIZED SPROCKET SIZES
Take up (HoloBa ck) Sprockets

NuMBEROrTezTH /nContactWith Film
RAme

D

RAN6E

Range

No.SpdochejTeeth /NcwslKHEsSum/tm. Inches irtcmssmiimtt. inches iNcmsSamec

.037 0
4643 038/50%
0
5584 037 1.50%
.038
0
6514 .037
038 1.50%
0
7464 038
037 1.50%

7
8

031
4643 .0321.50%
5584 031 0 5584 030 0
0321.50% \6524 031 1.50%
031
0
030 1.50%
6514 [032V.50%
030\
0
031
7464 031 1/50%
7464 032/50%
031

/Round Corners
* Approx..005~#ad.
048

1

r^

n

Chart 9.

4, is 16.0 mm (0.62992 inch) . This dimension is the upper limit.
If the clearance value of 0.005 inch is satisfactory this will
give
Width of film track=
16.13 mm (0.63492 inch).
The above items, Nos. 8 to 13 inclusive, represent all of the
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16% FILM
STANDARDIZED SPROCKET SIZES
Combination Sprockets
.050R.
NumberOfTeeth InContact With Film.
RAM6E

Range

Range

NaSPMCKETTCETH Inches iNCHCSSimmm. Inches lnaiEsZHmw Inches iNCHU^mma.

042

039
0401.52%
M& 039
5641 042 US35641
5641
0431.53%
0401.52%
039
042 0
6591 0431.53% 6591 0401.52%
6591
7541
0
.042
7541
039
7541 043 1.53%
0401.52%

4691 043

7
8

.036

0
1.52%

.036
.037
037/52%
036
0371.52%

/Round Corners
Approx. 005"Rad.

-*04fc-

r i
Chart 10.

dimensional standards which are placed before you at this time
for final adoption.
During the past six months an effort has been made to obtain
agreement on dimensional standards for "film used in the photographic reproduction of sound. Considerable correspondence has
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I6M/M APERTURES
PROJECTOR

CAMERA

0.380

0.41"

!S8

-©
€3

-e

4©
I

Z.79m/m

0./009"

10.41 mlm

©
0.41 "
Chart 11,
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16% FILM SPLICES
Diagonal

Splice

Straight

Splice

Chart 12.
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been carried on and some personal interviews had with the organizations vitally interested in this field. While it is generally agreed
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Fig. 1.

u u'u u p a

pun

Dimensional characteristics of Movietone (Fox Case Corporation)
positive sound film.

that standardization is desirable, it has not been possible to formulate any definite dimensional standards for presentation at this
meeting. We have, however, obtained from several sources blue
prints which show the dimensional characteristics of the sound
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film as it is now being made by the leaders in this field. These
include: drawings submitted by the Fox Case Corporation covering
the dimensional characteristics of the positive film produced by
them; drawings submitted by the Radio Corporation of America
covering the dimensional characteristics of the RCA Photophone
i/*/f0£>i;l/97-£-J>

^C/?cx &OSPJ&PS

. /07 y**V*

f/O

Z.043

/vis?
/vs? s/tsrs sums'

Fig.

2.

Dimensional characteristics of RCA Photophone positive sound
film, made with contact printer.

positives made with a contact printer and by means of an optical
reduction printer; drawings submitted by the Bell Telephone
Laboratories showing the dimensions of the positive sound prints
made by the light valve method as developed by that organization. Permission has been granted for the reproduction of these
dimensional drawings as a part of this report. They are shown
in Figs. 1, 2, 3, and 4.
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It should be emphasized that the dimension drawings shown
in Figs. 1, 2, 3, and 4 do not represent this Committee's proposals
of standards but are published merely to show present practice
in the field. We realize that this is not entirely satisfactory from
the standpoint of standardization but do feel it may be of some
F/NRL POSITIVE FILM DEVELOPED
WITH SHR/NKFQE FIGURED rBL\ACK
FROM BOro£#s
O TOa%
EMULS/ON
S/D£ Uf?
(/rt/*tOOULAT£0-

MODULAT£D£MULS/0/V

.066

-r.oce

f/MS*£0

POS/T/V£
FOR r/L/^tS MAO£
BY OPTICAL.
REDUC TtOtf PRINTU*

Fig. 3.

Dimensional characteristics of RCA Photophone
film, made by optical reduction
printer.

positive sound

assistance in crystallizing opinion and we hope in the near future
that some definite action tending towards standardization can be
taken. There seems to be little doubt that the greatest good of
the industry can be achieved by the adoption of standard dimensions in the field of photographic sound reproduction.
We hope,
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therefore, to bring this matter to a definite decision sometime within
the near future. We are convinced that such a procedure will
eliminate much economic loss and confusion which may occur in

STANDARD

35% POSITIVE FILM

.100" SOUND

TRACK

K243"

LIGHT BEAM WIDTH
.060"
THICKNESS .001"
PUNNING
. DIRECTION
(EMULSION UP)

CENTER
LINE OF
APERTURE, PLATE

096 TENSION

PAD

'Japerture: plate
Fig. 4.

Dimensional characteristics of positive sound film as produced by the
Bell Telephone Laboratories light valve method.

the future unless standardization is accomplished at the beginning of this new art.
The Committee is indebted to Dr. C. E. K. Mees for a report
of the resolutions with regard to cinematography passed by the
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Section of Cinematography of the International Congress. He
has summarized for us the action of the Congress as follows:
"The thickness of negative film shall not exceed 0.175 mm.
The perforations must not be out of line by more than 0.05 mm.
In future, negative films shall be perforated exclusively with the
Bell & Howell perforation, the positive films with the rectangular
Kodak
perforation.
"Light change notches on negative film: It is recommended
for negatives intended to be printed in Europe that the notch
should be used placed symmetrically to the junction of the two
negatives. This notch shall be of length equal to the height of
two images, 38 mm., and 1.4 mm. in depth on the right side of
the film when the film is held witL the images upside down and
emulsion facing the observer.
"It is recommended to term as 'substandard' films of width
smaller than 35 mm. These films should be manufactured only on
non-inflammable support. The national societies are requested
to formulate a definition of non-inflammable film and propose
a method of identifying it without unrolling it. (It is proposed,
for instance, that the edge of it should be colored). The Congress
asks manufacturers to communicate to M. Lobel, Permanent
Secretary of the Standards Committee, the dimensions of various
substandard
films.
"It is proposed to the national societies that negative raw
stock should be supplied to the makers wound on a ring 52 mm.
in external diameter, and they are supposed to study a method
of coupling these rings to the cores of the cameras. Film should
be supplied with its emulsion side out.
"The Congress states that it is not possible to project acetate
film as rapidly with the projectors now used as is possible for
nitrocellulose films.
"In view of the rapid development of talking films, the manufacturing firms are asked to take notice of the propositions made
by Mr. Kingston in his report to the Congress." (This was chiefly
a plea for standardization.)
It is evident that the Society of Motion Picture Engineers
should take some action relative to certain of the items which
have received the attention of the Seventh International Congress
of Photography. It seems desirable that we should take some
action relative to tolerances on thickness of negative film and should
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consider further the question of standardizing the notching for the
light changing operation. This latter problem has been considered
in the past by various Standard Committees without arriving
at any definite agreement on the procedure for this purpose. The
matter will, however, be taken up again in an effort to promote
uniformity of practice. The question of the core on which negative
raw stock should be supplied is also deserving of consideration.
A proposed core with a means of coupling this to the core in the
camera magazine has been submitted. Drawings will be made
showing the structure of this and the matter will be taken up in
detail with the manufacturers and consumers of film. The Committee will attempt to have a definite proposal for your discussion
and action at the next semi-annual meeting.
Respectfully submitted
Loyd A. Jones, Chairman
H. Griffin
E. I. Sponable

D. MacKenzie
L. T. Robinson
R. J. Pomeroy

J. H. McNabb
R. S. Burnap

DISCUSSION
President Cook: We will go back to the report
dards and Nomenclature Committee, which could
sented last evening, and which is the next order of
Mr. L. A. Jones: What is your desire on these
standards?

of the Stannot be prebusiness.
dimensional

Mr. Ross: I move that they be adopted and without discussion.
President Cook: That cannot be done. Do you wish to
move that the standards be adopted?
Mr. Ross: Yes.
{Motion wade and duly seconded)
Mr. Griffin: Do I understand these standards have not
yet reached the members of the Society through publication in
the Transactions?
Mr. Jones: That is correct.
Mr. Griffin : I think we. should not pass on them definitely
until they have been in the hands of our members, because a great
many have not even seen them before. I move that they be held
over for the present.
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President Cook: We must dispose of the motion before the
house.
Mr. DeVry: Have these standards been used by the manufacturers sufficiently long to know they are right?
Mr. Jones: They have been used by the Eastman Kodak
Company and Bell & Howell in the manufacture of apparatus for
16 mm. equipment. That applies to sprockets. In the case of camera
aperture sizes, I am not positive whether Bell & Howell use this. It
came to my attention only shortly before this meeting, and I
did not have time to get a statement from Bell & Howell as to the
aperture size they are using. The diagonal splice is advocated by
Bell & Howell and they supply equipment for it. The lower splice
is that provided by the Eastman Kodak Company.
Mr. Taylor: It strikes me that to ask the Society to take
formal action on the matter when they have not had it in their
hands is asking for confidence in the Committee. I have no objection to this, but I think it may be presented as a recommendation, but it is doubtful whether the Society should formally endorse
something they have not seen.
President Cook: Will Mr. Jones explain the previous procedure through which these have passed, so that the members
present will know they are not being sprung on the Society for
the first time?
Mr. Jones: The standards have been formulated by the Committee, the Committee being advised by those in the industry
competent to state the correctness of the dimensions. They were
prepared in the form you see them here and presented at the
Hollywood meeting. There was little discussion of the merits or
demerits. They received the approval of the meeting at that
time. Our constitution and by-laws require that they shall receive
initial approval and then stand for six months and then be considered, and if approved, be received as part of the official standards.
They have had the first approval.
Mr. Kroesen: May I ask Mr. DeVry through the Chair if
that is the standard he is using?
Mr. DeVry: I could not tell you because we get a good deal
of our data from the Eastman Kodak Company.
Mr. Ross: I don't agree with the way the standards are
handled, and I will speak of that in the Open Forum. Standards
can always be changed. In other societies they have been changed
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three or four times during the year. I doubt that these gentlemen
are mistaken, and if they are, a change can be made at another
meeting.
President Cook: The procedure for amending a standard
is very easy and much easier to go through than to get it approved
first by the National Standards Committee. The original standard
is prepared by the Commitee, which numbers on its membership
personnel of every known equipment on the market or, at least,
they are corresponded with to give their own views if in contradiction with the Committee.
Mr. Jones: When you say every known manufacturer of
equipment, it is only about seven members who are on the Standards Committee, and this doesn't include all manufacturers.
A committee containing a representative from every manufacturer would be an unwieldly body.
Dr. Mees: The matter of standards came up at the International Congress, where I had the honor of representing this
Society. The German manufacturers are extremely anxious to
have standards for 16 mm. equipment, for which they look to the
United States, since it originated here, and there was some criticism
of the slowness with which standards are adopted by this Society.
I think if we don't adopt any standards on 16 mm. for another six
months, there would be some justification of the criticism.
Mr. Briefer: I think it is normal for members to feel that
they should be fully informed first and have a chance to study
new standards, but I doubt if we can understand them as well as the
Committee. Nevertheless, in spite of all that, I believe this Society
can safely trust the Committee to prepare the standards, and we
can feel assured that few mistakes, if any will be made. Should any
changes be necessary, the Society is still able to make them. I don't
think we should delay the adoption of these proposals longer than
necessary.
Mr. Griffin: I withdraw my remarks with regard to the
situation.
Mr. Spence: These standards are merely to work on. They
are a basis on which we can figure, and if the time arises when we
find it necessary to change, we can do so.
Mr. DeVry: I am in favor of passing this proposition; at
the same time, I want to mention in response to Dr. Mees' remark
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that we have been criticized for being slow but when I was in
Germany they also criticized us for riding over them roughshod.
Dr. Mees: I did not understand that from the meeting in
London. I explained the matter to them, and that methods are
different in different countries. Our Society is not bound by the
decisions of the International Congress; neither is the Kinotechnische Gesellschaft bound by the Congress or our Society. It is for
us to make the standards we think necessary after consideration of
the proposals here and for such matters to be discussed at the
International Congress and for each society to do what they
think best in the end.
President Cook: Until we do establish a standard, chaos
exists, and there is no guide for any new manufacturer or the old
ones getting together on uniform changes, which is essential to
our progress.
Mr. Briefer: I move that the discussion be closed.
{Motion made and duly seconded giving final approval to the
Standards proposed).
Mr. Kroesen: May I ask Mr. Jones if there has been standardization ofthe sound track aperture for the printer?
Mr. Jones: We have just started work on this.
Dr. Mees : At the International Congress, it was recommended
that the positive perforation hitherto used by the Pathe Company
should be abandoned. Up to the present, we have had two types of
positive perforations; the second type is to vanish, so that only one
will be in use.
Mr. Jones: Is the perforation which the Pathe Co. are willing
to abandon, the one which we adopted in deference to them?
Dr. Mees: Yes. The manufacturers agreed to take it off
the market, so that it will disappear.
Summary of notion by the Society on dimensional standards
proposed for adoption by the committee.
The following items have been presented to the Society with
the recommendation that they be adopted as a part of the Society's
dimensional standards:
8. 16 mm. feed sprockets
9. 16 mm. take up (hold back) sprockets
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16 mm.
16 mm.
16 mm.
Width

combination (feed and take up) sprockets
camera and projector apertures
splices
of film track in 16 mm. cameras and projectors.

These have received:
Initial approval April, 1928, Hollywood
Final approval September, 1928, Lake Placid.

THE

TRANSMISSION

OF MOVIES

BY RADIO

C. Francis Jenkins*
THE Jenkins Laboratories, station W3XK, is broadcasting movies
by radio every Monday, Wednesday and Friday evening
at 8 o'clock, Eastern Standard Time, on 46.72 meters (6420 K.C.);
48 lines per picture, and 15 pictures per second.
We are simultaneously broadcasting on 186 meters for Washington and nearby radio receivers; for a 6420 kilocycle wave,
while very good for distance, is not so good for local reception
because of a too frequent recurrence of double images due to a
sky-reflected wave.
Our pictures are being regularly received in territories represented by Chicago, Akron, Bethlehem, Harrisburg, Boston, Bridgeport, Long Island, Philadelphia, Baltimore, Cincinnati, and like
distant places.
Silhouettes only are being sent out at present because the
narrow width of broadcast band legally permissible to use does
not compass the frequency involved in the transmission of theatre
film.
We have, however, recently received from the Federal Radio
Commission a 100 kilocycle band, lying between 4900 and 5000
K.C., which width does permit the use of regular motion picture
film. The broadcast transmitter for this new band is in course of
construction, and we hope to put it into service without undue
delay.
Our present pictures have been those comparable to early
film motion picture subjects, for example children at play; dancing girls; performing animals; sailing vessels; and a radio double
of the old Black Diamond Express of sainted memory.
We have only recently put our first story on the air for entertainment inthe home. Other stories are being written especially
for radio broadcast, the story technique reminding one of the
first film stories of thirty years ago..
With the frequency latitude permitted in our new, wide
radio band, we shall be broadcasting for fireside entertainment,
pictures selected from those now projected in the theatres.
* Washington D. C.
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Our present broadcast on 6420 kilocycles was principally
undertaken to enlist the co-operation of the amateur radio fans in
order to learn the possibilities and the limitations of this new
entertainer; to build up a radiomovies technique; and to create
a demand for radiovisors giving larger and brighter pictures,
which can be watched conveniently by the whole family, and
friends of the family circle.
To encourage such co-operation we are supplying a radiovisor kit at cost, $2.50, which includes everything required except the motor and a baseboard, namely; a 12-inch scanning disc
for 48 and for 24 line picture reception; a shaft and bushings for
mounting the disc; a neon lamp; a lamp holder; a driving disc;
and synchronizing screw.
This simple radiovisor will give pictures as large and as excellent as any other 12-inch disc scanner at any price. It is comparable to the crystal sets of maiden efforts in audio radio.
I am also syndicating a series of newspaper articles, well
illustrated, describing how to build and operate these receivers.
This is also bringing us into contact with other radio fans with
sets in the broadcast band. That is why I designed the scanning
disc with 24 apertures as well as 48 apertures therein.
I have already begun fitting broadcast stations with simple,
inexpensive movie transmitters, and shall supply them with picture service, with a tri-weekly change of picture.
At some of the radio shows we will run demonstrations of
this broadcast station equipment; and a number of booths will
display receivers getting pictures from this distant transmitter.
All of these activities will stimulate an already wide-spread
interest in movies by radio, and create a demand for radiovisors
which will amply justify preparations for a splendid Christmas
trade, with all the years to follow during which it will grow for a
new industry is in swaddling clothes.
To meet this demand I have designed a really very excellent
receiver which produces pictures about 6 by 6 inches square.
It is in a mahogany cabinet 8 by 9 by 16 inches, with connections
for radio set and house current.
Toggle switches are provided on the receiver for cutting out
the loudspeaker and cutting in the radiovisor, when the broadcast
station announcer has described the picture to follow and named
the stars in the cast; and also for again putting the loudspeaker
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back on the radio set when the picture displays the word "END".
And so with apparatus and technique well worked out, I
expect many thousands of home circles to be watching radiomovies
in the months to come, with fascination born of the mystery
of radio, combined with the interest of a movie story told in a
novel way.
To add to this interest, and feed additional stuff to these
radio visors, we expect to broadcast outdoor scenes this coming
summer, for example, games, parades, ceremonies, and what not,
with a transmitter involving a new principle, in which persistence
of elementary area cell activity is substituted for successive area
activity.
And so a new industry arrives, in swaddling clothes. In due
course it will toddle forward on uncertain feet, will have its struggles with toothache, measles, and growing pains, eventually to
arrive at man's estate and add to the comfort and enjoyment of
millions.
DISCUSSION
Mr. Crabtree: Have you tried silvered glass tubes or rods
instead of quartz rods?
Mr. Jenkins: We use silvered glass because there is not
enough quartz available for large manufacturing activities; we
took glass rods furnished us by a firm in New Jersey and had them
silver plated; and there is no detectable difference between the
pictures on the two machines on which the quartz and glass were
tried. That was proved while I was away recovering my health
in the South. The boys built a machine with the silvered glass
rod, and when I came home, they had this one and another with
quartz rods in a dark room. I couldn't tell the difference in the
results given by both machines.
Mr. Crabtree: Can you explain why this new band which
has been allocated to you will make half-tones possible?
Mr. Jenkins: That is a question which technically those
more informed about radio can tell you. Roughly, we know the
higher the frequency of change is, the greater the width of the
band. Why that is so, I don't know, but it is like code work; where
it goes very fast, it requires a greater transmission band width.
In silhouettes, we have relatively few changes, so that the frequencies involved when not more than two figures are in the pic-
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ture lie within the legal limits of the band. With half-tone frequencies the change in each line across the picture is greater so that
the frequencies are beyond the legal limit. I explained this to the
Radio Commission, and persuaded them to give me a hundred
kilocycle band.
Mr. Taylor: I am interested in a little matter of physics,
on the substitution of glass for quartz. If you use quartz, the transmission around the corner depends on the corner angle. Is the
rod silvered in the case of glass and not in the case of quartz?
I can see no reason for not silvering both.
Mr. Jenkins: These are rods, not tubes. Tubes do not work
so well. When you look at the end of a tube through which light
is passing, you see a ring around the air core of the tube. We do
not silver the quartz rod. I think it is the increased density of the
quartz which is giving us this conductivity.
Dr. Mees : It depends on the refractive index of glass only.
The reason quartz is recommended is that its absorption is lower.
Borosilicate crown glass in short distances has no appreciable
absorption. I agree with Mr. Taylor; I can't see the reason for
silvering glass, and not quartz. There is a certain amount of surface loss, but that applies to glass, quartz, and everything else.
It might be that quartz will stay clean more easily, it contains
no alkali and does hot absorb grease.
Mr. Benford: I went through that problem a number of
years ago and got surprising results at first. One of my colleagues
made a quartz rod with a bend in it and wanted this for dental
work to illuminate
at the bend, so he
as much light. We
If you have a bare

the patient's teeth. Much of the light escaped
silvered the quartz and got only about a third
measured it. The explanation is rather simple.
quartz rod that is clean, all light hitting within

40° of the normal is internally reflected 100 per cent. If you silver
the rod, the silver has a higher refractive index than the quartz,
and the light striking the surface passes out of the quartz and is
reflected by the silver, which does not reflect 100 per cent, so that
you might as well have a hollow silver tube. Also, there is a definite relation between the sharpness of the bend and the leakage.
The radius of the curvature kept up to a certain point does not
permit any leakage. It is not profitable to silver a quartz rod
except when it must be kept clean and dry.
Dr. Buttolph: Another minor point is that quartz applica-
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tors for medical work function in the same manner, and while
accurate measurements have not been made, there is a marked
difference in the surface of a quartz rod made by drawing the
quartz direct from a furnace as compared with the surface of any
glass rod. The quartz carries a ' 'fire-polished' ' surface which is
very different from any that can be obtained by polishing glass.
Mr. Jenkins: To confirm this: The company which furnished us our quartz rods insisted that we would get more light
if the ends were polished. So they sent us a dozen polished aod a
dozen cracked off. We put 12 rods in one of the four-turn helixes
of the drum and the other kind in the next, and I don't think all
of us were deceived when we believed that one was much brighter
than the other, showing that the cracked rods passed more light
than the polished ones. I am delighted to be told that we don't
need to silver the glass rods.
Dr. Mees: Try it; we may be wrong.
Mr. Jenkins: We have tried it, and don't believe it, but one
experiment is not conclusive.
Mr. Ross: What is the radius of the bend in the rods if any?
Mr. Jenkins: There is no bend; they are straight.
Mr. Lamson: In the drum type, is the picture you see on a
cylindrical surface?
Mr. Jenkins: I don't think there is any way you can tell.
You simply look down the rods at the lights which are pointing at
the glowing cathode, and the separation of the outer ends of the
two adjacent rods determines the size of the picture. The rods
put points of light on your eyes for part of the time, and at others
there is no light. The mental effect seems to be a flat surface.
There is no sense of a cylindrical surface.
Mr. Stoller: How is it that the use of the cylinder permits
such a large picture with a small apparatus?
Mr. Jenkins: In the disk, we have one turn to a picture; in
the drum we turn it four times and get the same size picture. There
fore, the trick is turning it several times. We built six-turn drums
but a 5400 r.p.m. motor is required, and this is not available in
synchronous types, so we have gone backward in our development
and accepted a four turn drum, or four spot drum if we are thinking
of the lamp itself. Under each turn of this 4-helical turn drum,
a cathode spot glows, one at a time. We get a larger picture by
turning the drum four tim^s instead of once. We have made all
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the synchronous motors by taking a 3450 stock motor and slotting the armature ourselves.
Mr. Mole: With regard to the limitations on the rotations
of the drum, what would be the objection to gearing up from the
motor?
Mr. Jenkins: There is really no objection except that it
makes too much noise. In the $2.50 disk scanner, we drive it with
a soft rubber friction drive. Several individuals improved on this
by taking out the soft rubber drive and substituting smooth metal
turned in a lathe but they didn't get synchronism. We take an
old automobile tire inner-tube and cut a 3-inch disk out of it and
clamp it on a hub between two disks. This gives § inch unsupported
radial rubber extension. The rubber touches the back of the disk
and drives it. The softness of the rubber compensates for differences in the speed of the motor and lag or accelerations in the
disk itself. That will give synchronism exceeding any obtained by
the expedient of simple adjustment of the resistance in field or
armature of the motor. The very softness of the rubber allows
you to find a position where the picture will practically stand
still. If you understand the whole problem well enough it is not
so terrifying a problem to make a thing that works.

CHARACTERISTICS

OF PHOTO-ELECTRIC

CELLS

Lewis R. Koller*
THE principles of photo electricity have been known to the
scientific world for nearly 40 years. Very few photo electric
cells, however, found their way out of the laboratory until the
recent development of television and talking moving pictures.
I am going to discuss briefly their history, some of their characteristics and their manufacture and construction.
Photo electric cell is the name given to a number of different
devices by means of which light is made to control an electric
current. The earliest of these was the selenium cell. The element
selenium was discovered by the Swedish chemist, Berzelius, in
1817. It occurs in several allotropic forms. One of these is a gray
crystalline metallic looking substance with a high electrical resistance and having the remarkable property of changing its
resistance according to the amount of light falling upon it. The
brighter the light the lower the resistance of the metal. This property was discovered by an Englishman, Willoughby Smith, in
1873. He attempted to use selenium for making high resistances
for use in trans-atlantic telegraph work. He found that these
resistances were not constant but changed in a very erratic manner.
He finally traced this behavior down to its true cause, namely
that the electrical resistance of selenium depends upon the brightness of the light falling upon its surface. He overcame his difficulties by enclosing his selenium resistances in a light tight box.
Following this discovery, selenium cells were constructed of
many different forms to make use of this interesting property.
They are subject to a number of serious disadvantages, however,
the most outstanding one being time lag, and have almost entirely
given way to a radically different type of cell.
This type originated with some observations of a new phenomenon made by a pioneer in the field of radio, Heinrich Hertz.
At the time he was conducting his famous experiments on electromagnetc waves and did not investigate the subject further.
His mention of it in one of his papers, however, aroused the curiosity of the physicist, Hallwachs, who studied it in detail.
* Research Laboratory, General Electric Co., Schenectady, N. Y.
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What Hallwachs found was this: a plate of metal charged to
a negative potential loses its change when exposed to ultraviolet
light. This is really the fundamental phenomenon of photoelectricity.
Fig. 1 shows the experimental arrangement used by Hallwachs. A polished disc of zinc 8 cm. in diameter was shielded
from an arc lamp by another large plate of zinc. This latter had
an opening or window in which could be placed filters or screens
of various materials. The zinc disc was connected to a gold leaf
electroscope by means of which the condition of the charge on it
could be observed.
When the plate was given a negative charge,

0

Fig. 1. Diagram of experimental arrangement used by Hallwachs for testing
photo-electric
effect.

the electroscope leaves diverged and it was sufficiently well insulated so that they remained standing out away from each other.
As soon as the light from the arc was allowed to shine through the
window upon the disc, the leaves gradually began to droop, showing
that the charge was gradually leaking off. As soon as the light
was shut off, the leakage stopped at once. The light had no effect
at all when the disc was charged positively. By working with
different kinds of filter Hallwachs found futhermore that it was
only the ultraviolet portion of the spectrum that caused this effect.
In the terminology of the present day, the light which is
absorbed by the photo sensitive surface causes the emission of
electrons (or negative charges). If the surface is originally at
a negative potential, these electrons are able to escape while, if
it is at a positive potential, they are unable to escape. In addition,
we have a quantitative relation first proposed by Einstein connecting the velocity with which these electrons escape with the
frequency of the incident light. I shall return to this later. These
few simple facts constitute the bulk of our knowledge of photoelectricity.
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Perhaps a few words about the electron and the constitution
of matter will not be out of place at this point. The earliest conception of the atom was simply the smallest particle of matter
that could exist. If one took a small piece of matter and cut it
in two; took one of the halves and cut that in two, and so on
eventually one would reach a very tiny piece of matter that could
not be any further subdivided. This was the atom. Now through
the work of Thomson, Rutherford, Bohr and many others, we have
a picture of a vastly different structure which has much evidence
to confirm it. Atoms are now believed to be small planetary
systems with a massive nucleus in the center like our sun, and
rotating about this center a number of electrons like the planets.
The nucleus, which carries the positive charge is made up of particles of hydrogen, or protons packed closely together. The electrons are nothing other than negative charges of electricity.
The force of attraction between the positive and negative charges
holds the system together, just as the gravitational forces hold
our solar system together. Thus the atoms of all substances are
made up of the same ultimate units, protons and electrons. The
differences between different kinds of matter are due to the different arrangements of these two kinds of building material.
This theory has met with great success in predicting the spectra
produced by the different elements. All matter then is made
up of atoms like these. Some kinds of matter, notably the metals,
have the power of readily conducting a current of electricity.
We believe that in material of this type, that is in conductors,
there are a large number of free electrons, that is, electrons in
addition to the rotating electrons which are attached to each
individual atom, which are free to wander through the metal in
accordance with the impressed electric forces. It is the actual
motion of these electrons that constitutes an electric current.
An electric current is nothing other than a flow of electrons.
To return to the photo electric cell. Fig. 2 represents it diagramatically in its simplest form. It consists of two electrodes
enclosed in an evacuated bulb. One of these, the cathode, is connected to the negative terminal of a battery. It is made of or
coated with some material which emits electrons under the influence oflight and is designed to have a large surface. The other
electrode or anode is a loop of wire or grid of some convenient
form and is connected to the positive terminal of the battery.
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When such a device is placed in the dark, no current can
pass across the evacuated space between the electrodes. If, however, light is allowed to fall upon the cathode, it emits electrons
which are drawn across the space to the anode and so an electric
current flows through the circuit. All metals have this property

<2>
Fig. 2. Diagrammatic representation of the elements of a photo-electric cell.

of emitting electrons to a greater or lesser degree, but the effect
is particularly marked in the case of the alkali metals.
In Fig. 3 is shown a rather common type of photo cell. It
consists of a glass bulb silvered on the inner wall. Contact is made
with the silver surface by means of a platinum flush seal which

Fig. 3.

Photo-electric Cell.

is brought out to the little cap. The silver merely serves as a conducting background which is coated with a thin layer of one of
the alkali metals, Li, Na, K, Rb, Cs, which are particularly photo
sensitive. This takes the place of the zinc plate of Hallwachs'
experiments. The anode in this case consists of a pair of wires,
the details of which I will return to later. A circular window at
one side serves for the admission of the light.

The details of con-
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struction may vary widely, but the essentials always remain the
same. In this cell the sensitive material used is caesium, of which
only a very small amount is used. In some types, the thickness
of the caesium layer is only one atom deep.
Incredible as this

Fig. 3a.

Photo-electric cell without base.

may seem, it is a fact quite easy to verify. In other types of cells,
such as sodium or potassium, no background of silver is used as
the sodium or potassium layer itself is made quite thick. In another type of cell, such as the one shown in Fig 4 the cathode is
a metal plate on which is deposited a thin layer of' the active ma-

Fig. 4. Photo-electric tube with metal plate cathode.

terial. The fundamental principles involved in all these different
types, however, are the same.
Those not familiar with high vacuum technique might be
interested in the method of preparation of a cell such as the first
one shown. Fig 5 shows the cell ready to be exhausted. It is sealed
on to the exhaust system by means of the tube, T. The exhaust
system consists of two pumps connected in series, a mercury vapor
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pump and a rotary oil pump which works into a rough vacuum
line. Between the cell and the pump is a trap which is cooled in
liquid air at a temperature of — 185°C in order to condense out
water and mercury vapor. An oven heated by electricity or gas
is pulled down over the cell in order to thoroughly heat the glass
walls and free them of water vapor and other adsorbed gases.
By this means, the vessel is pumped down to a vacuum of a few
hundredths of a micron, about a one hundred millionth of an atmosphere. AMcLeod gauge provides an easy and accurate means
for measuring pressures of this order of magnitude. The next step
is to silver the bulb. This is done by passing a current through

Fig. 5.

High vacuum bulb before exhausting.

the molybdenum spiral which carries at its tip a small bead of
silver. The heat causes the silver to evaporate and the silver
atoms condense on the relatively cool bulb wall, thus providing
the mirror like silver coating. Since the atoms travel in straight
lines, the little disc casts a circular shadow preventing the silver
from reaching that portion of the bulb wall and so forming the
cell window.
The active material is now distilled over into the bulb from
the side tube by gently warming it with a torch or else it is formed
by a chemical reaction within the bulb itself. There is considerable
variation in the procedure at this point depending upon the type
of cell being made.
This device, as we have said before, allows a current to flow
through it when light falls upon it. Its particular value lies in the
fact that the effect is instantaneous and that the current is pro-
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portional to the quantity of light falling upon it. For this reason
it can easily be used for measuring light intensity or changes in
intensity.
These photo currents are very small, even in the case of the
most photo sensitive materials and before they can be put to any
particular use they must be amplified. This is done by means of
vacuum tubes as in radio work.
A part of the amplification however can be done within
the photo cell itself. This makes use of the ionization of gases.
For this purpose, after the cell has been exhausted as already
described, a very low pressure of some inert gas is introduced.
This pressure ranges from 0.02 mm. of mercury in some of the larger
types of cells to 1 mm. in the very smallest cells, or in other terms
from a few millionths up to a little over a thousandth of an atmosphere. The gas used must not react chemically with the sensitive cell surface and it must not "clean up" during the life of the
tube. The gases which satisfy these requirements are the rare
gases of the atmosphere and of these argon, neon, and helium are
the most frequently used. The mechanism of this amplification
process is as follows: When light falls upon the sensitive cell
surface electrons are emitted and are drawn towards the anode
due to its positive potential. Some of these electrons naturally
will chance to collide with gas molecules. As a matter of fact,
at a pressure of 0.02 mm. there are 7.1014 gas molecules in each
cc. Calculations show that an electron travelliDg through a gas
at this pressure will make two collisions in each cm. of its path
on the average. It is the consequence of these collisions that is
of interest. The collision may be of the same type as when two
rubber balls come together. They will fly apart again perhaps
moving in different directions and at different speeds than before,
but otherwise unchanged. Such a collision is of no use in producing amplification. On the other hand, a collision may take
place with disastrous consequences to the gas molecule.
When a collision of this kind takes place the photo electron
actually knocks one of the electrons in the outermost orbit completely out of the gas molecule, or ionizes it. The result is now
that instead of the original electron and a neutral molecule we have
two electrons moving over to the positive electrode, and the remainder of the gas molecule which is now positively charged and
is called a positive ion and which moves towards the cathode.
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We have thus multiplied the original charge three fold. There
is still the possibility that these two electrons wiill collide with
other gas molecules before they reach the anode and produce
still more electrons. The result of this process is that for each
electron which the action of the light liberates at the surface of
the cathode we may have several arriving at the anode. Since
the current is merely a flow of electrons the gas has truly amplified
the current. The amount of amplification obtainable in this fashion
depends on the nature of the gas, the construction of the tube,
and the voltage applied to the tube. It is not usually practicable
to get more than a ten-fold amplification due to the gas in the tube.
Naturally if the gas pressure is very low, which means that
there are very few gas molecules present, the probability of an elec-

I
Fig. 6.

0

Diagram of circuits used in studying volt ampere characteristics of
photo-electric cells.

tron striking a gas molecule will be small. On the other hand, if
the pressure is too high, the electrons will collide with gas molecules
before they have acquired sufficient speed to ionize them. There
is consequently an optimum pressure which it is desirable to have.
The operation of the cell can best be understood by a study
of its volt-ampere characteristics. These can be obtained by means
of the set-up shown Fig. 6. The voltage is varied by means of the
potentiometer and the current through the cell is read on the galvanometer. Such curves can be obtained for different conditions
of illumination by moving the light nearer to or farther away
from the cell.
A family of such characteristics is shown in Fig. 7. As can
be seen from the curves, the current, which of course is proportional to the number of electrons passing across the space between
the two electrodes, is small at low voltages and gradually increases
as the voltage is raised. There is a limit however to the increase
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in current and eventually the curve becomes flat and horizontal
showing that no matter how much the voltage is increased there
is no further increase in current. This is the phenomenon of saturation and quite analogous to what takes place in hot cathode
tubes. The number of electrons set free at the cathode is quite
independent of the voltage and depends only upon the amount
of light falling on the cathode surface. The current however is
dependent upon the number of electrons which find their way over
to the anode. At low voltages this is only a very small fraction
of the total number. At higher voltages the proportion increases
and finally a voltage is reached which is high enough to draw over

A/toc/e

Vo/ts

Fig. 7. Volt ampere characteristics of vacuum

cell.

to the anode all the electrons which are liberated. This is called
the saturation voltage. A further increase in voltage does not
result in any further increase in current because there are no more
electrons to come.
If the illumination is now increased more electrons will be
given off at the cathode and in order to pull them all over to the
anode a higher saturation voltage will be required. In order that
the current may be a real measure of the light intensity the voltage
must always be above the saturation voltage.
In the case of gas-filled cells the curves are radically different
in form as can be seen in Fig. 8. As soon as a definite voltage,
called the ionization voltage, which is characteristic of the gas
used is reached some gas molecules become ionized by collisions
with electrons.
As the voltage is increased the electrons travel
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still faster and ionize still more gas molecules and so on. The process is a cumulative one and the number of electrons reaching the
anode and consequently the current increases exponentially with
the voltage and there is no saturation. Unfortunately there is a
limiting value beyond which the voltage cannot be raised. When
this value is exceeded the discharge breaks over into a glow and
becomes self-sustained and independent of the intensity of the
light falling upon the cathode.
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Fig. 8. Volt ampere characteristics of gas filled cell.

The photo-electric cell is quite analogous to the human eye
in that it is not equally sensitive to all wave lengths of light. As
is well known the human eye responds differently to different
colors. Fig. 9 shows the visual sensitivity curve, or in other words
the response of the eye to equal amounts of energy of light of
different colors. The average eye is most sensitive to the yellowgreen portion of the spectrum and much less sensitive towards the
red and the blue ends. Of course for a color blind person the
curve would be different.
If a photo-electric cell is now investigated in a similar fashion
by exposing it to equal amounts of light energy in different parts
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of the spectrum, we will obtain the curve shown in Fig. 10. This
curve like the visual sensitivity curve passes through a maximum,
but the maximum occurs near the ultraviolet part of the spectrum
instead of in the middle of the visible region. This means that a
photo-electric cell does not see colors in the same way that we do,
as it is more sensitive to blue and less sensitive to red light. The
shape of this curve, the wave length at which maximum sensitivity
occurs, and the extreme right hand limit differ for different substances. No two element see colors in just the same way. As
we pass down the series of the alkali metals Li, Na, K, Rb, Cs, we
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find that the point of maximum sensitivity shifts in the direction
of the red end of the spectrum and the limit of visibility likewise
shifts towards the red. Thus caesium photo cells can see further
into the red than any other of these metals and most nearly resemble the human eye. Lithium at the other end of the list is
quite blind to visible radiation and can only see ultraviolet light.
As already stated a large part of the value of the photoelectric cell lies in the fact that its response is proportional to
light intensity. Over a considerable range this relation is quite
accurately a linear one. In order to have this relation linear for
a vacuum cell the voltage must always be above the saturation.
In any practical application of the photo cell the current
delivered by the cell must be amplified. This is a problem for the
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radio engineer and I want to indicate only the most common method
used, namely, resistance coupled amplification. A high resistance
which may vary from 0.1 megohm to 20 megohms or more, depending upon conditions, is connected in series with the photo
cell and its supply voltage as shown in Fig. 11. One side of this
resistance is connected to the grid of an amplifier tube and the other
to the filament. Any change in the photo cell current results in a
change in the voltage drop across this resistance and, of course, in
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Wave length-sensitivity curve for a potassium photo-electric cell.

the voltage impressed between grid and filament of the amplifier
tube. Thus a change in photo cell current results in a much larger
variation in the output of the tube.
The applications of the photo cell are numerous and its field
of usefulness is continually widening. The two most spectacular
applications are, of course, television and talking moving pictures.
A few of the other applications are cigar sorting, sorting and
grading of beans or buttons; testing the quality of breakfast
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foods, control of street and sign lighting, railway signal control,
recording of daylight, control of elevators, testing the quality of

Fig. 11.

Circuits used for a-c. and d-c. amplification of photo-cell currents.

paper and paper pulp, testing of dyes, cleaning fluids or oils, smoke
detection, and so on. More applications will arise as rapidly as
engineers become familiar with the characteristics of this new member of the vacuum tube family.
DISCUSSION
Me. Ktjrlander: If the sensitivity of the photo-electric
cells is not constant how does the selenium compare with it in
this respect?
Mr. Roller: It is quite true that almost any type is more
constant than selenium, and if the photo-electric cell is carefully
treated, its sensitivity will be constant over a long period of time.
If exposed to large currents, its sensitivity will change.
Dr. Mackenzie: In the region where the proportionality
of light and current is exact what is the light?
Mr. Koller: Up to about one-tenth lumen the relation is
very nearly linear. As a matter of fact, it is deviating all along
the line up to about one lumen, but the deviation is small.
Dr. Mackenzie: If the cell is exposed for a period to too
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high light, the glow persists, its sensitivity is gone, and it is noisy.
What has happened?
Mr. Roller: If exposed to too high voltage, the surface is
destroyed by positive ion bombardment. With the best vacuum
it is possible to get, there is always an appreciable quantity of gas.
Dr. MacKenzie: Where does the surface go?
Mr. Roller: In the case of hydride cells, the potassium
hydride dissociates. In others, the surface is deposited somewhere else in the bulb. The sensitivity of cells depends upon the
thickness of the sensitive layer. A cell with a thin layer is more
sensitive than a thick one, so that by removing some of the layer,
the surface is completely destroyed in one place and built up in
another.
Mr. Zworykin: At what color is the maximum response
of the two small cells demonstrated?
Mr. Roller: I can't tell you where the maximum response
is, but it is different for the two kinds. The little dark one extends
further into the visible than the light one does.
Dr. MacRenzie: Is the limit of linearity of light and current
the same for both gas filled and vacuum?
Mr. Roller: Yes.
Mr. Sponable : Are the cells used commercially, hydride cells?
Mr. Roller: I think the commercial cells are almost entirely
potassium hydride or caesium. I happen to know that the General
Electric cells are caesium,, but I think most of the others on the
market are potassium hydride.
Mr. Sponable: Isn't a potassium cell in quartz more sensitive than any of the other alkali metals?
Mr. Roller: The peak for the potassium is midway between the others; it falls between lithium and caesium, so that
the sensitivity is over a wider range.
Mr. Sponable: What kind of a cell would you choose for
an investigation in the ultra-violet?
Mr. Roller: I should use lithium, because I should not have
to filter.
Mr. Zworykin: The maximum response of the pure caesium
is at about 5900 A.U.; is the color response of this kind of cell more
in the red, say at 6000 A.U.? Would it mean that the work function
of the photo emitting surface is less than that of the pure caesium?
Mr. Roller: I don't know the answer to that question.
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All I can say is that from the measurements on the photo-electric
effect, the long wave limit is further in the red for the dark cells,
but we have not made good measurements on the long wave limit.
Mr. Crabtree: With a constant intensity of light flux, is the
current proportional to the area of surface on which the light falls?
Mr. Koller: Double the light flux doubles the current provided the surface is uniformly sensitive. Some cells show spottiness
of the surface.
Mr. Crabtree: The object of large cells is therefore to get
more current?
Mr. Koller: It is to collect more light. For a small light
spot the same current is obtained from a large and a small cell.
If you want to measure daylight and have no optical system for
collecting a large amount, you use a cell with a large window.
Mr. Kurlander: Is the response of the cell instantaneous?
Mr. Koller: Measurements have just been made and published in the Physical Review by Beams and Lawrence, and they
found a time lag in the response not greater than 10-9 seconds.
Mr. Kurlander: Referring to the top diagram in Fig.
11, is a battery required across the filament to energize the cell?
Mr. Koller: Yes; it is conventional in drawing the diagrams
to leave out the battery filament because it complicates the drawing. As the current through the cell varies, and consequently the
current through the resistance varies, the drop across the resistance is the product of the current and the resistance IR. That
voltage drop is -impressed between the grid and the filament and
the current in the output varies accordingly.
Mr. Sponable: Is the photo-electric response of the commercial potassium cell independent of the temperature?
Mr. Koller: The response is independent of temperature up
to the point where the potassium has an appreciable vapor pressure.
Mr. Sponable : What is a safe temperature?
Mr. Koller: I don't remember exactly, but I think it is
about 50° or 60° Centigrade.
Mr. Sponable: My experience with potassium usd in sunlight is that the windows become cloudy, and when used in hot
projection booths this is likely to happen resulting in a loss of
sensitivity.
Mr. Koller: There is one application of cells that has required operating them at fairly high temperatures — the corn
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flake tester. The flakes come out of the oven on a conveyor belt,
and the beam is reflected on the flakes and back into the cell, and
if the flakes are overdone, they are dark, and less light is reflected,
and if they are underdone, they are white and the cell gets more
light, and it is connected with suitable relays to do the proper
thing. In this case hot material passes under the cell and artificial
cooling has to be provided by a jet of air; other applications would
probably require this also.
Mr. Zworykin: Answering Mr. Sponable about the temperature, Iwould like to mention that the new Westinghouse
photo cell stays constant at 150°C. I would like to come back to
the volt ampere characteristic curve, Fig. 8: is the glow point the
same for different intensities of illumination as it is shown on the
curve, and is this a peculiar characteristic of this kind of cell?
Mr. Koller: This seems to apply with caesium cells made
with very thin films. The glow point is independent of illumination until you get above one-tenth of a lumen. After that, it glows
at lower voltages, the higher the illumination. That is not the
case for caesium where the layer is thicker. There, the glow is
a function of illumination. There is no explanation of this that
I know.
Mr. Jenkins: If the light flux on a given area of cell surface
is spread over a larger surface, is there an increase in current?
Does greater intensity increase the current?
Mr. Koller.: In a good cell, it doesn't, but in some cells
a cathode surface is not uniform, and if the beam is spread out,
it may fall on a more sensitive spot.
Mr. Jenkins: If that is true, why can't all the light be put
in a small cell and get the same result?
Mr. Koller: In our case, it has been easier and cheaper
to make a comparatively large one, but we are getting down to
smaller and smaller cells.
Mr. Jenkins: With the small cell, do you use a light collector?
Mr. Koller: Yes, you have to.
Mr. Jenkins: Suppose we carefully adjust the voltage just
critically below the glow point with the cell in the dark, will light
falling on the cell make it glow?
Mr. Koller: Yes.
Mr. Jenkins: Will it go back again?
Mb. Koller: No, when the glow is started, it is independent
of the light and continues even when the light is shut off.
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Mr. Jenkins: With the voltage shut off, will it go dark?
Mr. Roller:
Yes.
Mr. Jenkins: How quickly can you apply a voltage again
without light?
Mr. Roller: A great deal faster than you can close the
switch.
Mr. Jenkins: That doesn't coincide with our experiments.
We cut off light and voltage at the same time on a glowing cell,
but it kept on glowing. I thought perhaps there was some lag,
because of heat in the cell. We put up a shutter rotating at high
speed and let the light and the voltage apply at the same time,
hoping to get the benefits of the glow current and yet get the speed
of change anything we wished, but it didn't work out; otherwise,
it was fine. What was the matter?
Mr. Roller: I don't know; I think the explanation of the
heating effect is plausible. Some alkali metal vapor was probably
left in the tube.
Mr. Jenkins: We had a perforated shutter admitting the
light, and a commutator on the same shaft, which put on the voltage again, and we thought we could control it with the light that
way, but it wouldn't work. Can you give an explanation of this?
Mr. Roller: I don't know the explanation.
Mr. Richardson: Do I understand that in the ordinary
commercial photo-electric cell in commercial work a portion
of the amplification takes place in the cell itself?
Mr. Roller: Yes.
Mr. Norling: Is the response characteristic of any of these
cells the same for polarized light as for non-polarized?
Mr. Roller: No, they are different.
That is a long story.
Mr. Rurlander: I noticed in one of the illustrations of the
cell the anode was in the form of a rectangular loop so that it
would not shade the cathode. When I worked with some photoelectric cells a time ago, the anode was in the form of a pair of
cross-hairs.
Is it necessary to prevent shading of the cathode?
Mr. Roller: That depends on the illumination to which
the cell is to be subjected. In the spherical one I showed the pair
of leads was in the center of the bulb. If the light is a small beam
and is introduced off-center, they will not cast a shadow. Tf you
have a grid of fine wires, they will not intercept any appreciable
amount of light. In the cell I showed, it would be undesirable
to use a beam swept back and forth.
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Mr. Edwards: With the cell under discussion is it possible
to paralyse the tube — render it inneffective — with constant use?
With Movietone equipment the light ray is intercepted by the
sound band. What would happen it the direct light of the ray,
or even da3dight, were permitted to enter the cell for a considerable
length of time?
Mr. Koller: If the cell breaks into a glow discharge under
such conditions, the cell has been either damaged or its sensitivity isgreatly changed, and it may or may not recover.
Mr. Norling: What are the more prominent characteristics of the potassium hydride cell when subjected to polarized
light?
Mr. Koller: The characteristic of the alkali metals under
such conditions is that for light polarized in one plane — the light
wave-length curve slopes from the red to the blue, but for light
polarized at right angles to this it shows the peak in the middle
of the visible region, and that is known as the "selective" effect,
and the height of the peak depends on the angle of incidence of
the polarized light.
Mr. Norling: Is the current flow in the cell itself greatly
reduced when subjected to polarized light?
Mr. Koller: If you take the same amount of energy of light
polarized in one plane — I don't recall which is which — in one case,
the current will be much higher than for light in the other plane.
That doesn't play any part in the application of the light.
Mr. Richardson: In the photo-electric cell used for projection work, what is the ratio?
Mr. Koller: The extreme limit practically is about 10,
but it is usually not as high as this, usually 6 or 7, depending on
the voltage applied to the cell. Increasing the voltage tends toward instability.
Mr. Ross: What becomes of the positively charged gas
molecules?
Mr. Koller: They are drawn over to the cathode and pick
up electrons at the anode and become neutral. The cycle is repeated over and over again.
Dr. Clark: Is it possible by selecting a suitable mixture of
the alkali metals to get a spectral sensitivity distribution which
extends throughout the whole visible region? The point of interest
is, what will happen in the case of sound pictures changing from
one tinted base to another?
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Mr. Koller: I don't know enough about the projection of
sound pictures to answer that very well, but, as far as the cell
goes, it is not so sensitive in the red as in the blues and greens, so
that in passing towards the red, there is a smaller response. The
combination of the alkali metals produces some rather unexpected
humps and dips in the sensitivity curve, but the combination
does not extend it.
Mr. Coffman: Measurements with the photo-electric cell
used in Western Electric sound-film projectors show that the sensitivity to light transmitted through lavender-tinted base is practically equivalent to that obtained when clear base is used. Other
tinted bases satisfactory for sound prints are blue, and rather
surprisingly, pink, which obviously transmits more of the shorter
wave-lengths than seems evident to the eye.
Mr. Koller: That is true; pink does transmit some of the
shorter wave-lengths, and lavender contains a large proportion of
the blue, and when I say it is not sensitive to red, I mean the spectral red.
Mr. Lamson: Does the sensitivity of a given tube and its
glow point become a function of the anode construction?
Mr. Koller: The sensitivity depends on the number of
electrons liberated from the cathode. The conditions under which
the cell can be made to glow depend on the structure of the anode,
and I am not prepared to tell just what the effects of the different
types of anode construction are.
Mr. Griffin: Is the distance at which the anode is placed
from the cathode an important factor in the travel of the electrons
from one pole to the other?
Mr. Koller: There is a certain distance that an electron
will travel before it collides with a gas molecule. This is called
the "mean free path." That is of the order of millimeters or centimeters. Ifthe anode is closer to the cathode than the mean free
path, it will get there before it collides with a gas molecule. As
you increase the spacing, the sensitivity passes through a maximum. It is not sharp or critical.

THE KODACOLOR PROCESS FOR AMATEUR COLOR
CINEMATOGRAPHY
J. G. Capstaff and M. W. Seymour*
COLOR processes are broadly divided into two classes: the subtractive and the additive. In subtractive processes the image
is actually composed of colored substances, usually dyes. The
Technicolor, for example, is a two-color subtractive process. All
subtractive processes worked out thus far require considerable
knowledge and skill in processing and are, therefore, unsuitable for
amateur photography.
In additive processes two, or more usually, three images are
taken through color filters and are viewed or projected through
similar filters, the color separation images recombining in the eye
or on the screen to produce the color picture. In additive methods
the images in the emulsion layer contain no coloring matter of any
kind, and the processing of the film presents no greater difficulties
than in black and white photography.
The additive method may in turn be divided into two classes.
In one class three separate photographs are made through a red
filter, a green filter, and a blue filter, each filter in turn completely
covering the taking lens during exposure. In the other class the
three filters are distributed as extremely small units immediately
under the panchromatic emulsion layer. The microscopic filters may
be in the form of lines, a regular mosaic pattern, or they may be
irregularly disposed. The Joly screen plate is an example of the
first, the Paget screen plate of the second, and the Autochrome of
the third.
Very beautiful results can be obtained by these processes.
The Eastman Kodak Company has experimented on color
photography for the last twenty-five years, and has examined
process after process.
About three years ago Keller-Dorian of Paris demonstrated
some color pictures on 35 mm. film which they had produced by the
Berthon additive process. These appeared so promising that the
Eastman Kodak Company arranged to purchase the Keller-Dorian
patents and the Research Laboratory started to work out the
process for the fine-Kodak.
* Kc .-< ,.n h Laboratory, Eastman

Kodak

940

Co., Rochester, N. Y.

The Kodacolor Process — Capstaff and Seymour

941

In this method all of the advantages of a fine three-color line
screen film apparently could be secured without actually ruling the
microscopic filter units on the film support. This is accomplished
simply by placing close to the front component of the taking lens,
color filters in the form of three vertical bands and embossing on
the entire surface of the film support microscopic cylindrical lenses
arranged longitudinally as shown in Fig. 1. The number of these
lenses actually used is 22 to the linear millimeter.
Fig. 2 is a schematic diagram showing the arrangement in a
Cine Kodak of the color filters, the taking lens and the embossed
Kodacolor film. When a picture is taken without the color filters
in position, the light coming from every point in the subject completely fills the front aperture of the lens with light of the color

Fig. 1. Cross section of embossed film. Section perpendicular
to axes of embossed cylindrical lenses.

reflected by each point. This light is, of course, brought to a focus
in the plane of the film and forms an image having the color of each
point in the subject. Since any portion of the lens will form of itself
a complete image, the image is not changed except in intensity when
the three banded filter is placed close to the front of the lens, provided the integrated transmission of the three filters is white.
With no filters in position, the eye, when placed at any point
in the plane of the image, sees the lens as a uniformly illuminated
circular area of a color corresponding to the color of the object being
imaged at that point. When the filters are in place the relative
brightness of the three filters when viewed from any point in the
film plane will depend upon the brightness and color of the particular
point of the subject being imaged there. If the point, for instance,
happens to be red, only the red filter will appear bright because only
the red filter can transmit red light. If the point should be a green
one, only the green filter would be bright, and so on.
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In the light of the foregoing explanation of the action of an
objective lens, the function of the small lenses embossed on the film
support can be readily understood. The focal length and magnification of the embossed lenses are such that they each sharply
image the three filters, as seen through the taking lens, onto the
emulsion layer. The images of the three filters as formed by each
embossed lens are of such a size as to just occupy the area behind
that small lens without intruding on the space belonging to its

Fig. 2. Diagram of the arrangement in a Cine Kodak of the color
filters, the taking lens, and the embossed Kodacolor film.

neighbor. If the camera lens is pointed at a large white sheet and
the embossed film, without its emulsion layer, is examined through
a microscope, one clearly sees the tiny filter images formed by the
embossed lenses as a beautifully arranged line screen composed of
red, green, and blue lines. If the camera is directed towards a
landscape and various portions of the image are viewed through the
microscope, the brightness of the small filter images will depend
upon the color and brightness of the particular portion of the scene
being examined. A deep blue sky, for instance, will be found to be
made up of bright blue filter images, less bright green images, and
very dark red images. A red flower will be seen as red filter images
only, and so on.
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The Kodacolor film, after being put through the reversal process
to produce a positive picture, is a black and white reproduction of
the subject split up into an immense number of tiny images of the
three-color filters (as shown in Fig. 3). The color niters and the
embossed lenses on the film have in effect analyzed the colors of
the objects photographed.
Now, it is a well known optical principle that any optical system is reversible, so if the developed film were replaced in the Kodacolor camera in exactly the position it occupied during exposure,

Fig. 3. Photomicrograph of Kodacolor image of a number of colored strips
arranged horizontally.
Note groups of three color component images.

and illuminated from behind, all of the tiny red filter images would
be projected through the red filter in the camera lens, all of the
green images through the green filter, and all of the blue images
through the blue filter. The camera lens would then focus the
various rays onto a screen and give a picture in the natural colors of
the original subject.
The camera is not ordinarily used as a projector, nor is the
camera type of lens used for projection. This complicates matters
slightly, mainly because projector lenses are of longer focal length
than those used in cameras. The Kodascope projector, for example,
has a two-inch lens, while the Cine Kodak has a one-inch. If the
regular Kodascope, equipped with filters, were used to project the
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Koda color film, the filter images projected by the film lenses would
fail to register on their respective filters and a faulty screen picture
would result. To overcome this optical fault, a compensating lens
of a suitable focal length is placed in front of and close to the embossed film so as to direct the various rays in the right direction.
In any process of color photography, it is necessary to obtain
equal exposures, through the red, green, and blue filters. Since
different coatings of emulsion may differ slightly in color sensitivity,
some adjustment is necessary. In Kodacolor this is made by means
of a small metal cap called a ratio diaphragm (Fig. 4) which is

Fig. 4. The ratio diaphragm.

placed over the filter bands and regulates their height in accordance
with the spectral sensitivity of the emulsion. The correct diaphragm
is attached to the leader on each roll of film so that it can be fitted
onto the filter by the user.
It is peculiar to the process that the exposure cannot be regulated by the usual iris diaphragm in the camera lens because the
embossed film must have an unobstructed view of the three filter
bands on the lens ; so the lens is used fully open and a suitable neutral
density filter of glass is placed in front of the lens when the subject
is being photographed in unusually bright light.
The curved gate of the Model B Cine Kodak serves a useful
purpose in Kodacolor. Flatness of the film from side to side in both
camera and projector, is essential to even color across the screen.
The curvature of the gate about a horizontal axis has no detrimental
effect, but, on the contrary, prevents curl in the opposite direction
and helps to make a picture of uniform color.
The development and reversal of Kodacolor film is carried out
on continuous machines by a process similar to the one used for
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black and white Cine Kodak film. A controlled second exposure
regulates the density of the final picture, and compensates for slight
variations in camera exposure.
For projection of Kodacolor film, either the Model A or the
Model B Kodascope may be used, when fitted with the proper
attachments. These consist of a tri-color filter and a compensating
lens. Although the taking and projection lenses are of the same F
value, the taking lens is of 25 mm. focus, and the projection lens,
of 50 mm. focus. Without a compensator, this difference would
cause the color to vary from side to side on the screen. In order that

Fig. 5. The lens with compensator as used in the Model A Kodascope.

all of the embossed lens elements may project their filter images
through the proper filter bands, the projection filter must appear of
the same size and at the same distance from the film as the camera
filter. The compensator, which is a plano-concave element fitting
against the front of the gate, accomplishes this by forming a reduced virtual image of the projection filters at the proper distance
from the film.
Aside from preserving the color balance on the screen, the only
apparent effect of the compensator is to give a very slightly smaller
picture than would be obtained at the same distance without it. It
needs to be cleaned occasionally, since dust particles on its surface
appear as colored spots on the screen.
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For the Model A Kodascope, the objective, filters, and compensator have been made as a unit, which is inserted in the Kodascope in place of the ordinary lens. This is shown in Fig. 5. For
insertion and removal, the compensator telescopes against the
projection lens. When in use, it is pushed back against the gate by
means of a lever.

Fig. 6. Filter mounted on the Model B Kodascope.

The filter for the Model B Kodascope is mounted in a cap
(Fig. 6) that slips on over the end of the lens barrel. When not in
use, it fits into a box with a screw top mounted on the base of the
projector. The compensator is carried in a telescoping mount that
screws into the rear end of the lens barrel. A spiral spring presses
the compensator against the gate.
In cleaning the compensator,
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the projection lens is swung upward to expose the rear surface. The
compensator may be left in place during the projection of black and
white film.
To secure correct and uniform color in all parts of the projected
picture, the screen must be nearly white and uniform with no film
in the gate. This necessitates correct adjustment of the illuminating
system. An improved lamp house has therefore been supplied for
the Model A Kodascope, that holds the lamp in a prefocussed base.
The condenser is stronger than formerly used and is rigidly mounted
in the correct position. A lateral adjustment of the lamp by means
of a screw is necessary only when a new lamp is inserted. The proper
position is determined by running the Kodascope without film, and
watching the color and uniformity of the screen as the screw is
turned. Perfect uniformity is not necessary, since the embossing
on the film helps to even up the illumination by diffusing the light
beam from the condenser.
The Model B Kodascope has not only the pre-focussed lamp
with lateral screw adjustment, but also a special relay condenser
that turns the image of the lamp filaments through 90°, after the
manner of Porro prisms. Since the filament images now run across
the filter bands, the screen is more easily made uniform in color.
The projection filters have been chosen to give as good a reproduction ofdaylight as possible.
On account of the light necessarily absorbed by the filters, a
smaller picture must be projected than with black and white film.
The Model A Kodascope screen, 22J"X30" can be used but a
special 16J"X22" screen is preferable and is sufficiently large for
home use.
Since, in Kodacolor, the three color records are taken simultaneously, no color fringes are formed on the images of moving
objects. Fringes, if present, indicate that objects were out of focus
in the camera, or that the projector is not focussed on the screen.
As a three color process, Kodacolor is capable of giving a good
reproduction of all the colors found in nature. Landscapes, marine
views, flowers, and persons in out of door settings are well rendered.
Kodacolor therefore excels in those subjects which amateurs wish to
photograph.

THE

THREE-ELECTRODE VACUUM TUBE AS APPLIED
THE TALKING MOTION PICTURE
Edward

TO

W. Kellogg*

THE Phonograph was invented in 1876 and was a household
device by 1888. The Motion Picture was invented in 1889
and became a recognized means of public entertainment by 1895.
The one is a record of what we hear and the other a record of
what we see.
Why is it only today, more than thirty years later, that the
combination of the two, the talking motion picture, appears to
be launched with prospect of commercial success? It is certainly
not because of any lack of imagination as to the possibilities,
nor to lack of thought on the part of inventors as to how it might
be done. In fact, Edison's first interest in the motion picture was
as an adjunct to his phonograph, and talking motion pictures of
the slot machine type were an accomplished fact in 1889.
Not only was the synchronous operation of the wax record
phonograph with the motion picture projector considered, but
numerous U. S. patents were granted covering photographic methods of sound recording and reproduction. In many of these the
optical requirements seem to have been very well appreciated.
But two essentials were lacking; the photoelectric cell and the
amplifier were not available. In most of the early optical systems
of sound reproduction the use of a seleniun cell was contemplated,
and the selenium cell has a sluggishness of response that
renders it unsuitable for high grade sound reproduction. In 1910
Mr. Edison demonstrated a talking motion picture, employing
a wax record phonograph. The shortcomings of the system as
demonstrated by Edison were probably for the most part due to
the limitations of the phonograph of that date. While certain
musical instruments could be reproduced with pleasing effect,
other music, and speech in particular was far from satisfactory.
Moreover, the volume of sound that could be obtained from any
phonograph was far from adequate for a theatre.
The advent of the three-electrode tube, bringing as it did
the possibility of a thousand or a million fold power amplification
with negligible distortion, made many things practicable which
had been out of the question before.
* Research Laboratory, General Electric Co., Schenectady, N. Y.
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It is difficult to imagine ourselves in the situation which confronted our predecessors ten or fifteen years ago in their attempts
to solve the problems of sound recording and reproduction. The
three-electrode vacuum tube, although used during the war, did
not become available to experimenters in general, owing to patents,
until 1921, when it began to be sold for radio reception. The only
electrical amplifier available for the amplification of voice currents
in telephony had for many years been a combination of telephone
receiver and carbon transmitter. This device gave only a small
increase in power and at the cost of considerable distortion. Considerable power could be obtained from a carbon transmitter
provided one shouted at it at close range, but such a procedure
was out of the question for a talking motion picture. There was
therefore little to be gained by use of electrical means for making
records. The early inventions showing methods of making photographic records of sound therefore contemplated the operation
of delicate shutters by attaching them directly to a diaphragm
actuated by the sound waves to be recorded. That such a system
of recording was capable of producing a high-grade record has been
more recently proven by the work of Mr. C. A. Hoxie, whose
"Pallophotophone" used this direct method of recording sound
on a film. But the photographic record of the sound could not be
put to any practical use without some means of amplification.
Using a selenium cell the sound might have been reproduced badly
distorted and audible in a pair of head phones. The photoelectric cell, on which all successful reproduction from photographic
sound records today depends, existed only in a few laboratories
until very recently.
The actual power obtainable from even the most sensitive
photo cells when given the benefit of modern high intensity illumination isscarely a millionth part of the power required for
a household electrical loud speaker. Such a gap could only be
bridged by a tool as nearly perfect as the three-electrode vacuum
tube.
Somewhat more hopeful was the possibility of providing a
talking motion picture using the wax record phonograph. By
using horns to collect the sound and placing the subject as close
as permissible to the horn, it had been possible to cut quite loud
records which could be reproduced directly or mechanically with
sufficient volume for household purposes. It is of interest to note
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in this connection that in making a record in soft wax, electroplating it,and casting from it a hard record and playing this with
a needle, an actual sound amplification was obtained. Not that
the phonograph made more noise than the person whose voice
was recorded, but its output in sound power was much greater than
the power actually delivered to the cutting stylus during the recording. This increased power is obtained from the motor which
rotates the record.
Although the wax record phonograph without the help of
amplifiers was more nearly a practical device than any sound reproducing system depending on a photographic record, the phonograph itself has been greatly helped with the aid of the threeelectrode tube. In recording it became no longer necessary to
sacrifice quality for the sake of getting sufficient loudness or amplitude ofthe cutting stylus. The recording horn, which had been
responsible for much sound distortion, could now be dispensed
with, and it was no longer necessary to mount the stylus on a
diaphragm whose resonance frequency came right in the middle
of the important audio frequency range. Instead, a sound pickup
in which everything has been sacrificed to quality could be used,
its output amplified, and abundant driving power applied magnetically to a cutting tool, which was so heavily damped that it
showed no appreciable resonance between 100 and 6000 cycles.
Moreover, the records 'could now be easily cut with such large
amplitudes that the imperfections of the surface of the record
material were small in comparison, and the "surface noise" or
"needle scratch/' which has been so common a characteristic of
photographic reproduction, fell largely into the background as
compared with the useful sound. When we come to reproduction
from the phonograph record, the vacuum tube again comes into
play. Direct or mechanical reproduction gave with good quality
(provided the recording was good) a volume sufficient for a small
room, but by doing the job electrically and employing vacuum tube
amplifiers we can produce a volume of sound abundant for a large
theatre auditorium, producing a worthy imitation of a band, orchestra, or organ. The production of a sufficient volume of sound
js important not only to relieve the listeners of the necessity of
straining their ears, but is necessary in order that the quality of
the sound may seem natural. Recent investigations have shown
thai the characteristics of the human ear are such that the balance
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between high pitch and low pitch sounds is preserved only when
the reproduced sound is of practically the same loudness as the original sound.
I referred a few minutes ago to the use of a sound pickup for
recording, in which all other factors were subordinated to quality.
I had in mind what is known as the condenser transmitter. In
this a metal diaphragm about 0.0001 inch thick and stretched
practically up to the elastic limit of its material is moved by the
sound waves so that it approaches and recedes from a stationary
electrode. A practically constant charge is maintained on the
condenser formed by the diaphragm and the stationary electrode.
The voltage across a condenser is equal to the charge divided by
the capacity. Hence the voltage changes with the distance between the diaphragm and the stationary electrode, and this variable voltage is impressed on the grid of an amplifier tube. The
power output obtainable directly from a condenser transmitter
is practically zero, but fortunately it requires zero power, under
suitable conditions, to produce voltage changes between the grid
and filament of an amplifier tube. Although the condenser transmitter is rated as very insensitive (as compared, for example,
with the ordinary carbon transmitter), it is of interest to note
that with the amplification which we customarily associate with
it, we obtain a usable signal from it when the diaphragm excursion
is only of the order of the diameter of a single atom, or about
one hundred millionth part of an inch.
Other factors essential to a successful talking motion picture
owe their existence largely to the vacuum tube amplifier. I have
in mind in particular high quality loud speakers. These owe their
existence to the amplifier tube; first, because without the ample
power and high quality voice currents for their operation which
amplifiers can furnish, the loud speaker development would have
been extremely difficult; and secondly, because the vacuum tube
is the foundation of popular radio reception, and without the
stimulus of this field of application loud speaker development
would not be near where it is today.
I have thought it worth while to dwell thus far on the part
played by vacuum tubes in the talking motion picture, for such
a survey is helpful to our perspective. The remainder of the paper
will be devoted to an outline of the conditions necessary for the
proper functioning of the amplifier tubes.
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Fig. 1 illustrates the manner in which a tube is connected
when it is used for amplification. It is customary to measure the
plate voltage and grid voltage, using the negative filament terminal
as the reference point. The hot filament gives off electrons which
are negative charges of electricity. These are repelled by the
grid which is negatively charged compared with the filament,
but they are attracted by the plate which is positively charged.
Owing to the proximity of the grid, the electrons surrounding the
filament are more strongly affected by the grid potential or voltage
than by that of the plate, or, in other words, a small change in
grid voltage has as much effect on the escape of the electrons as
a much larger change of plate voltage. Nevertheless, owing to
the holes through the grid the plate voltage does have an effect
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on the movement of the electrons within the space between filament and grid. All of the electrons which pass through the meshes
of the grid are carried to the plate, but the number which thus
escape to the plate depends jointly on the voltage of the grid and
that of the plate. In a tube of a given construction, a change of
one volt in grid potential has as much effect on the number of electrons reaching the plate as a considerably larger number of volts
change in plate potential. For example, referring to Fig. 1, if the
grid potential were changed from— 4.5 to— 5.5 volts, the plate current
would be reduced, but if the plate potential is now raised from
90 to 97 volts, the plate current will be brought back to its original
value. We should then say that 7 volts change of plate voltage
is equivalent to 1 volt change of grid voltage. This ratio is known
as the amplification factor for the tube and is designated by the
symbol \x. If the current is supplied to the plate through a very
high resistance, so that the voltage consumed in the resistance
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is large compared with the tube plate voltage, the plate current
can be held practically constant. Under these circumstances any
change of grid potential results automatically in the compensating
change in plate voltage. This change of plate potential is nearly
u times the change of grid potential, and the increased voltage
change can be applied to the grid of a second tube and the process
repeated until the desired total amplification of voltage is obtained.
Fig. 2 shows the connections of a resistance-capacity coupled
amplifier. In applying the change in plate voltage of the first tube
to the grid of the second tube it is customar}T to interpose a cappacity C. This makes it possible to connect all of the filaments

=-PLflTE
— BdTTERr.

Fig. 2.

Portion of resistance-capacity coupled amplifier.

to the same set of leads, but since the first plate is at a potential of
say +73 volts with respect to the negative filament and it is desired to have the grid of the second tube run at an average of
— 4.5 volts, it is necessary to interpose a device across which a constant voltage of 77.5 volts can be maintained. For certain special
purposes a 77.5 volt battery might be used in place of the condenser shown, but if the voltage of the plate of tube No. 1 goes
through a rapid change and returns to its original value, the size
of condenser C can be so chosen that its charge will not change
appreciably during this interval, and under these conditions it
accomplishes just what a battery would accomplish; that is to
say, it keeps the plate of tube No. 1 and the grid of tube No. 2
at a fixed voltage difference, thus transmitting all of the fluctuations while permitting grid No. 2 to vary above and below the
desired average of —4.5 volts. The grid leak resistance R2 serves to
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keep the grid at the desired average potential. This must be a
high resistance for two reasons. (1) If it is a low resistance, it
will constitute a useless load and reduce the amplification obtained,
and (2) a low resistance will permit too much change to take
place in the charge on the condenser C.
Fig. 3 shows schematically two tubes connected by means of
a transformer. When a voltage is supplied to one winding of a
transformer, a corresponding voltage is developed in the other
winding. This "secondary voltage" may be greater or less than
the supplied or primary voltage depending on whether the second
winding has more or less turns than the primary winding. The
transformer provides a very convenient method of connecting
tubes in cascade for amplification, and by providing more secondary
PLATE
SUPPLY

BIAS

Fig. 3.

Transformer coupling.

turns on the transformer than primary turns, or "stepping up"
the voltage through the transformer, a greater amplification per
stage is obtained than that corresponding to the amplification
factor or /x of the tube itself.
We have shown so far simply how the vacuum tube can amplify voltage. It is now in order to consider how this may be
done without causing distortion. The condition for distortionless
amplification is that the total amplification must be constant. This is
a brief statement which may need considerable explanation.
There are two factors on which the constancy of amplification
ordinarily depends.: (1) the magnitude of the voltage changes
which are to be amplified and (2) the rapidity of these changes.
Consider first the condition that the amplification shall be independent of the magnitude of the voltage change.
Let N des-
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ignate the total amplification from the grid of the first tube to
the plate of the last tube of the amplifier. Changing the input
voltage from — 5 to — 4 will result in a change of N volts at the
output, and changing the input voltage from —9 to zero must,
if the amplification is constant with respect to magnitude, produce a change of 9N volts at the output. Likewise, any one volt
change of grid potential at the first tube must produce a change
of N volts at the output terminals whether that change is from

Fig. 4.

Plate current and plate voltage as affected by grid voltage:
100 volt supply.

— 9 to —8, —5 to —4, or — 1 to zero. It is of course impossible
to make such a condition as this hold true except between certain
limits, and I am taking the limits, for purpose of illustration, as
— 9 and zero volts at the first grid. The amplifier fulfilling the
conditions just described will then be satisfactory provided at no
time does the input voltage cause the first grid to swing more than
4.5 volts above or below the mean potential of —4.5. Fig. 4 shows
the characteristics of a tube plotted in terms of plate current
against grid voltage. Curve I is for constant plate voltage. Curves
II and III show the plate current with two values of resistance in
the supply circuit. The plate voltage corresponding to any point
on one of these curves may be found by subtracting the voltage
drop (current times resistance) from the supply voltage.
It is
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evident that Curve 1 represents a condition under which the tube
cannot be a voltage amplifier, since the plate voltage is constant.
Referring to Curve III and finding the corresponding voltages
at the plate as shown by curve Ilia, we find that the tube is giving
a voltage amplification of about 5.5. The condition for constant
amplification (i.e. amplification independent of the input voltage)
is that the tube shall be used only over such a range of grid voltage
that the characteristic, Curve III, or Ilia, is practically straight.
Fortunately a slight distortion is permissible because the ear accepts some distortion of this kind without judging the quality of
reproduction to be impaired. It becomes a matter of judgment to
determine the exact maximum range to be used. Referring to
Curve III, Fig. 4, it will be noticed that the characteristic is
nearly straight for values of plate current above 0.1 milliampere
or —9 volts grid. Increasing the range of grid voltage to greater
negative values would only slightly increase the output of the
tube and would very rapidly increase the distortion. A conservative and a liberal estimate of permissible range would probably
not differ by more than 20%. In the actual design of an amplifier
it is usually found easy to provide ample margin in all the tubes,
except the last stage or perhaps two stages in which the voltage
swings become large. The smaller the swings the less is the distortion in a tube due to non-linearity of its characteristic; hence
distortion of this kind is usually confined to the final stages of
the amplifier.
In fixing the range of grid voltage, under which a tube is to
be worked, we practiaclly always specify that the grid shall never
become positive with respect to the negative end of the filament.
So long as the grid is always negative it receives no electrons and
absorbs no power from the preceding tube, but the moment its
potential becomes positive it constitutes a resistance load across
the circuit, and since this load is on during only a part of the cycle,
distortion results.
Putting the matter differently, the preceding tube tries to
push the grid positive, but the effect is in part neutralized by the
electrons or negative charges picked up by the grid. On the other
hand, no such opposing effect is encountered when the grid is
pushed in the negative direction. The effect on the output wave
shape is just as if Curve III in Fig. 4 bent sharply toward the
horizontal to the right of the zero grid volts axis. Since the range

957
The Three-Electrode Vacuum Tube — Kellogg
of grid voltage is always from zero to a certain maximum negative
value, means are always provided in properly designed amplifiers
to give the grid a mean potential of half of this maximum negative
voltage. The voltage to be amplified is then superimposed upon
this average or bias voltage, now adding to and now subtracting
from the bias voltage. In resistance coupled amplifiers this proper
bias is established by connecting the grid through a high resistance or grid leak to a point of suitable potential, usually a biasing
battery. When a transformer is used, its secondary winding constitutes the conducting path through which the grid is held at
the desired bias voltage.
If it is known that the tube has a per-

Fig.

5.

Characteristics of a small vacuum

tube.

missible range many times the actual voltage which it will have
to handle, as is often the case with the first stages of an amplifier,
it is only necessary to make sure that the bias is somewhat greater
than the extreme input voltage swings, so that the grid will never
become positive. This bias may be much less than half the extreme
negative value which the tube characteristics might permit. The
design of amplifiers is conducted with the help of curves such as
shown in Fig. 4 or Fig. 5, but testing is usually carried out by
impressing on the input circuit a sine wave alternating voltage
and studying the wave shape of the output voltage. If the tubes
have been used over only the straight parts of their characteristics, the output voltage will be a sine wave. If it departs materially
from the sine wave, the amplifier is responsible for distortion.
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The foregoing discussion concerns distortion as affected by
the magnitude of the voltage changes impressed on the grid of
the first tube. The second requirement for freedom from distortion isthat the ratio of amplification shall be independent of
the rapidity of the voltage changes applied to the first grid. This
factor is most readily studied both theoretically and experimentally by means of sine waves of voltage. The rapidity of changes
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Fig. 6. Examples of amplifier characteristics. I. Six stages resistance
coupled; II. Two stages transformer coupled, radio receiving set; III. Three
stage amplifier used in broadcasting studio.

is then expressed in terms of the frequency of the supplied voltage,
or number of cycles per second. From this standpoint the amplifier, ifit is to be free from distortion, must give the same amplification of a sine wave voltage whether the frequency be low or
high. Fortunately again the necessary range for practically perfect amplification as judged by the ear has limits and within these
limits absolute constancy is not vital. Amplifiers in general give
a maximum amplification throughout a certain range and for
frequencies higher or lower than this middle range the amplification tends to become less. We would regard as practically perfect an amplifier which gave 80% of its maximum amplification
at 30 cycles and at 8000 cycles, and such an amplifier is by no
means difficult to construct.
Many of the audio frequency am-
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lifiers used for broadcast reception would show less than half of
their maximum amplification at 100 cycles and at 4000 cycles.
Fig. 6 shows characteristics of several amplifiers. The resistance-capacity coupled amplifier is most readily analyzed. It
is also the type most easily designed to give high quality. The
characteristic of a condenser is that it permits high frequency
currents to flow readily, but offers a higher and higher impedance
to the flow of current as the frequency is lowered. The droop at
the low frequency end of a resistance-capacity coupled amplifier
is due to the high impedance of the capacity C for low frequency
currents. The total alternating voltage at the plate of tube No. 1
in Fig. 2 is impressed across a condenser and resistance in series.
For all frequencies above a certain value the condenser offers
a negligible impedance compared with the grid leak resistance R2
and the full voltage is impressed across R2 and therefore affects
the grid. A frequency so low that the impedance of the condenser
becomes equal to that of the resistance will only be amplified to
about 70% of the full ratio to which higher frequencies are amplified. Since the grid leak can ordinarily be of the order of 1 or
2 megohms (million ohms) a large condenser is not needed to
maintain practically full amplification down to 30 cycles. The
loss of amplification at the high frequency end of the scale is due
to the effect of capacities in the wiring and tubes themselves which
constitute a load. In other words, the capacity to filament and
ground of the wiring, of the grid of tube No. 2, and the capacity
between grid and plate of tube No. 2, constitute by-passes for the
high frequency current supplied from the plate of tube No. 1,
thus preventing full voltage from being developed between the
filament and grid of tube No. 2. One factor greatly augments this
effect, particularly where tubes of high amplification factor are
used. The change of plate potential is opposite to the change of
grid potential: For example, if we change the grid by one volt in
the positive direction the plate voltage of the same tube changes in
the negative direction, or to a lower plus voltage. A charging
current flows to the grid as a result of this change in plate potential, in addition to that resulting from the change of grid potential itself, and the effect is practically the same as if the plate
were held at constant potential, but the capacity between grid
and plate increased in about the ratio of amplification of the tube.
The effect of this fictitious capacity must be taken into account
in all calculations of amplification at high frequency.
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Transformer coupled amplifiers have as a class been greatly
inferior to resistance-capacity coupled amplifiers. In the transformer coupled amplifier the droop at the high frequency end of
the scale is due to the same causes as have been just mentioned,
but if the transformer works with a step-up voltage ratio, the
effect of capacities across the secondary is greatly increased.
For example, with a three to one step-up ratio a given capacity
constitutes nine times the load which it would if connected directly from the plate of the preceding tube to ground or filament.
Moreover, resonance often occurs owing to the inductance of the
transformer windings and this resonance causes a sharp peak in
the amplification characteristic, as illustrated in Fig. 6. The bulk
of the transformer also tends to add to the inevitable capacities
of the wiring system. At the low frequency end of the scale the
transformer causes loss of amplification because the output current which the preceding tube can supply is used up in establishing the necessary magnetic changes in the transformer core, or
in other words, the transformer magnetizing current loads down
the tube. The higher the frequency the smaller is the magnetizing
current required to produce a given secondary voltage. Hence
the transformer magnetizing current is a factor only at the low
frequency end of the scale. The requirement for amplification
independent of frequency is that the tube plate must work into
what is practically an' open circuit, or else into a pure resistance
load. So long as the capacity loads at high frequency are negligibly small and the transformer magnetizing current load is
small, the amplification will be nearly constant. In judging whether
these loads are sufficiently small to be harmless we must compare
them with the internal plate resistance of the tube. The impedance
of the capacity loads must be large compared with the tube plate
resistance. Likewise the impedance of the primary transformer
winding must be high compared with the tube plate resistance.
At such a low frequency that the transformer impedance becomes
equal to the tube plate resistance the amplification will be down
to 70% of maximum or less.
Recently new magnetic materials, alloys of nickel and iron,
have become available for transformer cores. One of these is
known as "permalloy." These can be magnetized with much
smaller current than required for the best transformer steels previously available. The use of this high permeability core material
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together with the practice of not attempting excessive step-up
ratios has made it possible to design transformers of such excellent
characteristics that they are being used in many places where
formerly only resistance capacity couplings could be considered.

-±- GROUND
CONNECTION.

Fig. 7.

Connection between two amplifiers by means of insulated
transmission line.

The transformer is especially useful when it is desired to
connect together amplifiers located in different places. This is
done as shown in Fig. 7. An insulated transmission line connected at
both ends to a transformer, serves to transmit the output of the
first amplifier to the input terminals of the second. Such a balanced
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insulated loop is far less subject to picking up induction than
circuit which would be required without the transformers;
example, merely providing a long wire between the plate of
tube and the grid of the next.
In order that electrostatic disturbances shall be minimized

it is essential in practically all amplifier work to completely in-
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close the amplifiers and many of their connecting leads in metal
containers; these containers or shields being in general connected
together and connected to one of the filament wires of the amplifiers. Where transformers or choke coils are used, it is further
necessary to make sure that they are not close to sources of magnetic disturbances such as electric motors.
A modification of the resistance-capacity coupled amplifier of
Fig. 2, is what is commonly called "impedance coupled." The
arrangement is the same, except that a choke coil is substituted
for the plate feed resistance Ri. The choke coil, like the transformer, must have a high impedance compared with the internal
+ PLATE

SUPPLV

OUTPUT
TRANSFORMER

Fig.

9.

Push-pull

stage

of

amplifier.

resistance of the tube down to the lowest important frequency to
be amplified. This requirement is easier to fulfill in the case of
the choke than in that of the transformer, since there are fewer
factors to be considered in the design of the choke, and a much
larger number of turns can be used without prejudicial results.
The advantage of the choke as compared with the resistance for
plate feed is that it does not throw away so much of the supplied
voltage; the choke having the characteristic of low resistance for
steady current, but high effective resistance or impedance to rapid
fluctuations of current. Its disadvantage is that it is in general
bulkier than a resistance, and that it may pick up magnetic induction. Itis not uncommon to have the earlier stages of an amplifier resistance coupled, and the final stage or stages impedance
or transformer coupled. This gives the final tubes the benefit of
the full voltage of the supply.
The earlier tubes which handle
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only small voltage swings do not need such high plate voltages.
It is sometimes found desirable to employ both a choke coil and a
transformer with a condenser between, as shown in Fig. 8. The
purpose of this is to eliminate the steady current from the transformer winding, which is especially important when a permalloy
core is used. Such a combination can be designed to maintain
full amplification down to a low frequency or even give a low frequency peak if desired, while below this frequency it cuts off
much more sharply than a simple resistance-capacity or transformer coupling.

Fig. 10.

Grid potentiometer for volume control.

It is in general not desirable to extend the range of an amplifier beyond the frequency range which is acoustically useful,
since such extension increases the likelihood of feedback and consequent parasitic oscillations, which, while generally curable are
often very troublesome.
Fig. 9 shows what is known as the push pull connection,
which is frequently used for the final stage of amplifiers. In this
arrangement some of the distortion resulting from curvature in
the characteristics of the tubes is neutralized.
Fig. 10. shows the usual method of controlling loudness.
The voltage applied to the grid is equal to that at the plate of
the preceding tube, multiplied by the fraction of the total resistance included between the sliding contact, and the steady potential end, which is shown connected to the biasing battery.
Tubes used with transformer coupled amplifiers usually have
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amplification factors of six to eight and plate resistances of 10,000
to 20,000 ohms. Tubes intended for resistance-capacity coupled
amplifiers have amplification factors of 20 to 30 and plate resistances of 50,000 to 100,000 ohms. Voltage application of 20 to
25 per stage over the audio range is common. Tubes intended for
the output stages, or "power tubes" generally have amplication
factors of only 3 or 4, and plate resistances ranging from 2,000 to
6,000 ohms. The more common power tubes range from a receiving set tube operating from a 135 volt battery, with a possible
undistorted output of 0.1 watt, to a tube whose plate circuit requires 0.1 ampere at 1,000 volts, and which can give an undistorted output of about 20 watts.
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DISCUSSION
Mr. Pieri: In view of the important part that vacuum tube
amplifiers play in recording and reproducing sound motion pictures,
would you mind tracing through the circuit and telling us in layman's language exactly what takes place and what happens when
overloading
occurs.
Mr. Kellogg: Suppose the grid in Fig. 1 is at a bias of 5
volts and the plate is at 100 volts. That combination of potentials results in a certain field between filament and grid, and a
current of say 3 milliamperes flows to the plate. Now if the grid
potential is changed suddenly from 5 to 4 an increase in plate
current results, and that in turn causes a decrease in plate voltage because with say 4 milliamperes flowing from the battery
to the plate instead of 3 there is a greater voltage drop through
the resistance. The plate voltage might change from 100 to perhaps 95 volts depending on the value of the resistance. This would
mean a voltage amplification of 5. Does that answer your question?
Mr. Pieri: I thought it might be wise to go into this. Also,
by turning up the gain too much, why is there this distortion?
Mr. Kellogg: Referring to Fig. 4, suppose curves III and
III-A represent the characteristics of a later stage of the amplifier,
not necessarily the output or power stage but a tube that must
swing twenty or thirty volts on the plate. Suppose that the tube
has been working with —4.5 volts bias on the grid. If the grid
voltage only swings 1.5 volts each way or between 3 and 6 volts
you are working over the straight part of this characteristic.
Now you turn up the gain and try to swing the grid say 5.5 volts
each way or between —10 and +1 volt. During a fraction of the
cycle, you are working along the steep part of curve III-A, the plate
voltage will be changing rapidly, and the amplification will be high.
Every time the grid voltage exceeds —9, further changes have
practically no effect on the plate voltage. The effect of this is to
cut off the positive peaks of the plate voltage waves. If an attempt is made to push the grid positive the preceding tube may
be doing its best, but the grid keeps collecting electrons or negative charges and is thus prevented from reaching the positive
potential which it would otherwise attain. The effect is to cut
the negative peaks off the plate voltage waves. If the bias is not
at the middle of the permissible grid voltage range you would
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cut off more quickly at one extreme than at the other and get an
unsymmetrical wave.
Mr. Frederick: The vacuum tube amplifier is without
doubt an extremely beautiful and useful tool in this work. Since its
development the art of transmission of intelligence has gone forward by leaps and bounds. There is naturally a tendency to consider the vacuum tube amplifier the cause, and all progress the
effect. This is not altogether correct and the vacuum tube amplifier might well be considered the twin brother of these other
developments. They have all resulted largely from a new concentration ofeffort along the lines of industrial research, particularly as applied to the art of communication of intelligence.
This effort gave us the vacuum tube amplifier and it has also given
many other things needed in solving our present-day communication problens. Had a vacuum tube amplifier never existed it
would be an exceedingly rash assertion that we would not have
had long distance communication or loud speaking systems such
as we now have. In fact there are many of us that can remember
using loud speakers before the first vacuum tube amplifiers were seen.
Mr. Crabtree: With the existing type of loud speaker, what
is the minimum output necessary in order to reproduce a low note of
a frequency of say 16 to 20, or frequencies of sound such as those
produced by a falling building.
Mr. Kellogg: I can only answer that by saying we have not
yet had an amplifier or loud speaker capable of reproducing such
sounds with any approach to their original loudness. You can,
perhaps, recall about how loud a sound you used to get from the
receiving sets of four years ago. The amplifiers in those had an
output of about l/100th of a watt. When we put out the Radiola
104 loud speaker we put into it an amplifier capable of giving an
undistorted output of one watt. The tubes most frequently used
for auditorium speakers have an output capacity of about 20
watts. Amplifiers using from one to four such tubes in the power
stage will reproduce the music of a small band with a fair approach
to the original volume, but with considerable loss of the lowest
frequency components. I think Mr. Maxfield may have some quantitative data on this subject.
Mr. Maxfield: We have no definite data. On the theatre
installations, intensities equal to one-half or one-quarter of that
of the original orchestra have been obtained.

DYE

TONING WITH SINGLE SOLUTIONS*
J. I. Crabtree and C. E. Ives

THE

idea of combining the mordanting and dye baths for obtaining dye toned images on motion picture positive film is
by no means new. Id 1912 Clement and Riviere recommended
a single solution bath containing a basic dye, potassium ferricyanide, potassium iodide, and sulphuric acid. In 1819 Shorrocks2
patented a combined bath containing rhodamine, uranyl ferricyanide, vanadium chloride, ferric ammonium citrate, sodium
citrate, ammonium chloride and hydrochloric acid, while FrieseGreene and Thompson3 were granted an English patent for a combination ofa uranium mordanting bath with a basic dye.
In 1921 F. E. Ives4 suggested the addition of small quantities
of a basic dye to a mordanting bath and in 1924 F. Kropff5 used
a solution containing copper sulfate, potassium bromide, acetic
acid, and a basic dye. Also in 1926 A. Gleichmar6 suggested the
addition of pyronin to the regular copper dye mordanting bath.
In spite of the existence of the above information, so far as
is known, dye toning with single solutions has not been practiced
in any of the existing commercial laboratories to date, due to the
fact that with all of the above formulas, the basic dye invariably
precipitates out of the solution on standing for a relatively short
time.
In view of the obvious advantages possessed by the single
solution method of toning, the following experiments were undertaken in order to devise a satisfactory single solution dye toning
bath, and to select a variety of dyes adapted to the purpose.
A Simplified Mordanting Bath for Dye Toning
So far as is known, A. P. H. Trivelli of this laboratory was
the first to suggest the use of a simple mixture of potassium ferricyanide with sulphuric acid as a mordanting bath for producing
dye toned silver images (April 15, 1920). In this solution the
silver image is converted to silver ferrocyanide which is a powerful mordant for basic dyes. Previous experimenters invariably
employed baths which on reacting with the silver image formed
ferrocyanides of the heavy metals such as vanadium,
copper,
* Communication

Xo.

372 from
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Research

Laboratories.
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uranium, or tin, but usually some silver ferrocyanide was formed
in situ, although it was not realized that this was responsible for
part of the mordanting action.
Further experiments by the authors indicated that a solution
containing practically any acid and potassium ferricyanide acted
as a powerful mordanting bath. Solutions containing the following
acidifiers were found satisfactory: sodium bisulfate, potassium
alum, aluminum nitrate, eerie ammonium sulfate, and the following acids: acetic, citric, tartaric, oxalic, sulfuric, and hydrochloric.
A practical objection to the use of acidified ferricyanide was
the fact that the resulting mordant, silver ferrocyanide, was
colorless, and if the acid ferricyanide was allowed to react with
the silver image for too long a period, the image had little or no
mordanting action. It was necessary therefore, to mordant for a
certain definite time in order to secure the best results.
It was found that by the addition of uranyl nitrate to the
acid solution of potassium ferricyanide, a brown image of uranyl
ferrocyanide was formed simultaneously with the image of silver
ferrocyanide, and the color of this uranium image therefore served
as a guide to indicate how much of the silver ferrocyanide image
had been formed. The maximum mordanting was secured in such a
bath when the silver image just commenced to turn brown. This
mordanting bath was devised in 1921 and was first published in
1922 in the booklet ''The Tinting and Toning of Eastman Motion
Picture Positive Film" published by the Eastman Kodak Company, Rochester, N. Y.
When a basic dye was added to this solution, the dye invariably precipitated on standing, but on omitting the uranyl
nitrate, the dye showed less tendency to precipitate. This was in
agreement with the experiments of Clark,7 who found that all
metallic ferro and ferricyanides have a strong mordanting power
for basic dyes, except those of the alkali metals which have a relatively low mordanting action.
A Simplified Single Solution Dye Toning Formula
At the outset it was considered that the most stable bath would
be one which did not contain ions of a heavy metal so that further
experiments were restricted to combinations of potassium ferricynide, a suitable acid, and a basic dye.
A number of basic dyes known to be suitable for dye toning
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were first tested and Victoria Green WB was selected as being
satisfactory for the preliminary experiments. Tests were then
made to determine the best concentration of each ingredient
with the following results.
1. It was found necessary that the solution should be neutral
or slightly acid. The presence of an excess of a strong acid or
potassium ferricyanide caused the bleaching action to proceed
faster than the mordanting of the dye, so that the image became
white and opaque. This could be avoided by reducing the concentration ofpotassium ferricyanide or the acidity. A low concentration ofpotassium ferricyanide, however, produced a bath
having a short life.
It was decided, therefore, to substitute a larger quantity of
a weak organic acid for the sulfuric acid. By the use of such an
acid, a low acidity could be maintained with a sufficieDt concentration of acid in reserve to neutralize any alkaline water carried into
the bath by the film. Acetic or citric acid gave the best results
in concentrations of 1.0 to 5.0 per cent.
2. The following formula was found fairly satisfactory and
served as a starting point for further work although the dye tended
to precipitate.
Potassium ferricyanide
Acetic acid
Dye
Water to make

1.0
5.0
0.4
1.0

gram
c.c.
gram
liter

Methods of Preventing Precipitation of Dye
Attention was next devoted to methods of preventing the
precipitation of the basic dye without lowering the concentration
of the ferricyanide to the point where the toning action would be
too slow and the life of the bath too short.
It was found that precipitation of the dye could be retarded
by adding either an organic solvent for the dye such as methyl
alcohol, ethyl alcohol, or acetone, or a protective colloid such as
gelatin, gum arabic, or dextrin. Of these materials, the organic
solvents in concentrations varying from 5 to 10 per cent gave
the' most satisfactory results. With higher concentrations there
was danger of the film base being attacked. Colloids like gelatin
had a tendency to be precipitated by the potassium ferricyanide,
while solutions containing gum arabic foamed with use.
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Of the organic solvents, acetone was slightly superior to methyl
alcohol and its vapors at low concentrations in air are harmless to
workers exposed to them (Dr. B. J. Slater of the Eastman Kodak
Co. after an extensive experience has found that men suffer no
evil effects after exposure to low concentrations of acetone in air
for long periods.) For these reasons acetone was used for further
experiments.
Dyes Suitable for Dye Toning with Single Solutions
To be useful for dye toning in a bath as described above, a
dye must have the following properties:
1. It must be mordanted by silver ferrocyanide.
2. It must be soluble in the toning bath to such an extent
that it will be mordanted at a rate comparable with that of the
bleaching of the silver image.
TABLE

I

Optimum Dye Concentration and Exhaustion Life

ill
Dye
Tanin Heliotrope
Safranine 6B
Safranine Base
Pink B
Chrysoidine Y Base
Chrysoidine 3R
Thioflavine T
Auramine
Victoria Green
Rhodamine B

Manufacturer
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.

A.
A.
A.
A.
A.
A.
A.
A.
A.
A.

&
&
&
&
&
&
&
&
&
&

C.
C
C.
C.
C.
C.
C.
C.
C.
C.

Co.*
Co.
Co.
Co.
Co.
Co.
Co.
Co.
Co.
Co.

© ©
0.02%
0.02
0.01
0.12
0.02
0.02
0.02
0.04
0.04
0.04

S *3
42
40
37
68
72
44
37
55
111
55

§ ©
161
152
141
274
258
168
141
208
420
208

18 min.

18
18
18
30
24
18

"
"
"
"
"
"
"

30 not
3. The dye must be stable in the toning bath and must
"
30
impart a general stain to the gelatin.
"
18
4. The color must not fade appreciably during the ordinary
projection life of the film.
At the outset only water soluble dyes and those which showed
a tendency to dye cellulose fibers (filter paper tests)were used in

* National Aniline & Chemical Company.
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compounding the toning baths. The filter paper test was made
by dipping the end of a strip of filter paper in a water solution of
the dye, and observing if the liquid rising by capillarity became
colorless due to precipitation of the dye on the fibers. Dye toning
with silver ferrocyanide as a mordant has been successful only with
basic dyes, and since all basic dyes gave a positive result with
the filter paper test, it was decided to set aside all such dyes for
further examination.
Nearly two hundred dyes were tried in the toning bath formula
and of these only twenty-five showed any promise of being useful.
This number was then reduced to ten which were really satisfactory. Table I indicates the dyes selected and the exhaustion life
of the bath when dyes were used at the concentration indicated.
Practical Recommendations
The following formula is recommended
toned images with a single solution.
Acetone
Dye*
Potassium
ferricyanide
Acetic acid (Glacial)
Water to make

X
100
1.0
5.0
1.0

for producing dye
grams
c.c.
gram
c.c.
liter

Method of Mixing
(a) Dissolve the dye completely in a small quantity of hot
water and stir this into the acetone which has been measured out.
It is important not to use a large volume of hot water as this is
apt to raise the temperature of the acetone mixture above the
boiling point and cause a considerable part of it to be distilled off.
(b) Dilute this acetone-dye mixture with cool water up to
about three-quarters of the final volume of the bath.
(c) Dissolve the potassium ferricyanide in a small quantity
of hot water and add this to the acetic acid.
(d) Add this mixture to the dye solution with stirring and
dilute the whole bath to volume with cold water.
The above method of mixing is applicable to all the dyes
mentioned in Table I except Chrysoidine Y Base, which is not
very soluble in water and should be dissolved directly in the
acetone.
* Suitable dyes and recommended concentrations are given in Table I.
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If the bath is compounded in the wrong order, the dye may be
precipitated as a gummy mass which is difficultly soluble. This
material will then float around in the bath and stain the film in
spots.
Concentration of Dye
The proportion of inert salts in most dyes varies considerably
from one batch to another, and since the correct dye concentration
in this toning bath is somewhat critical, it has been found necessary
to determine by actual tests with each dye the exact concentration to be used in the formula. If the dye concentration is too
low, the image will appear milky and lacking in color, while if
the concentration is too great, some dyes give excessive general
stain and others are precipitated in the solution. If the concentration of any of the other constituents is altered, inferior tones are
produced.
Temperature of Toning
In most cases a change in temperature from 60°F. to 75°F.
(15°C. to 24°C.) has merely the effect of changing the time of toning. It is advisable to maintain the temperature of the solution
between 65°F. and 70°F. (18°C. to 21°C).
Time of Toning
The nature of the tone produced varies with the time of toning
and eventually a point is reached beyond which it is unsafe to continue. If this point is passed, the dye continues to be deposited
but in such a way that gradation is lost. This degradation appears
first in the low densities of the image. The limiting point should
be determined by testing the bath before use by toning short
strips of motion picture positive film for varying times such as
3, 6, and 9 minutes, taking care to duplicate the degree of agitation used in the regular work. As the bath becomes exhausted it
is necessary to prolong the time of toninf.
Time of Washing
Film which is to be toned, should be washed thoroughly after
removal from the fixing bath. After toning, usually only a short
wash is necessary because of the low concentration of chemicals
in the toning bath. With some dyes, however, there is a tendency
to impart a general stain to the gelatin coating of the film especially
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if the dye concentration is too high or if toning is prolonged unnecessarily. Usually this stain is removed by washing for 1015 minutes.
Mixed Tones
By toning in two baths in succession it is possible to obtain
practically any shade of color, although, to date no dye has been
found which gives a satisfactory bright blue. A dark blue tone
can be produced by first toning in Victoria Green and then in one
of the baths which normally gives a reddish color such as rhodamine or tannin heliotrope.
It is more convenient to produce the intermediate shades by
using two dyes in the same toning bath, although certain mixtures form a sludge in the bath as a result of mutual precipitation.
Summary
Images on motion picture positive film can be successfully dye
toned in a single bath consisting of a mixture of potassium ferricyanide, acetic acid, a basic dye, and acetone which prevents
precipitation of the dye. A wide choice of suitable dyes is available.
Apart from the obvious saving of time effected by the use of
a single solution toning bath, it has been found that this bath does
not give the rack marks which are invariably produced by the twosolution dye toning and single solution inorganic formulas. Also
the baths recommended are less sensitive to precipitants such as
hypo, are cheaper, and usually have a useful life two or three times
as great as the usual uranium or iron inorganic toning baths.
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DISCUSSION

Dr. Clark: Do successive applications of dye toning baths
give absorption replacement? For instance, would there be absorption replacement of one dye by the rest in the lighter tones?
Mr. Crabtree: We haven't noticed that effect. If we toned
very deeply, we might get the effect. The process is most successful when only light tones are wanted.
Dr. Mackenzie: Is it possible by any technique to dissolve
from one dye to another and simulate sunrise or sunset?
Mr. Crabtree: It would be possible to do that manually; that
is, the end of the film would be lifted out of the solution with a positive or negative acceleration and placed in the other bath with
an opposite acceleration.
Dr. Clark: Would it not be possible instead of the second
bath actually washing out the dye which is replaced, that it replace the first dye by absorption replacement.
Mr. Crabtree: Yes, it would, but we have not dyes which
do that so far.
Mr. Leventhal: Has the Eastman research laboratory made
experiments on the effect of toning on the sound track of the sound
film?
Mr. Crabtree: To my knowledge, we have not.
Dr. Clark: Can you give us information on substances which
lower the surface tension of the bath and their effect on the mordanting ofthe image?
Mr. Crabtree: You refer to such substances as alcohol?
Dr. Clark: Sodium cholate, saponine, and so on.
Mr. Crabtree: We have tried only alcohols and acetone.
They retard the mordanting action somewhat.

COMPOSITE

PHOTOGRAPHY

C. Dodge Dunning*
COMPOSITE photography has received marked attention in
the motion picture industry. The ability to double-expose
actors, without phantom, into miniature action, or into distant
location shots, has proven an interesting technical adjunct to motion picture production.
For several years this line of endeavor has been almost entirely
confined to methods requiring a mat or silhouette which protected the space to be occupied by the actors in the image area of
the background scene. This mat protection was generally introduced during the printing or exposing of the background image and
later the negative of the actors who had been photographed in
front of a black or white background was printed into the unexposed space previously protected. Patents were issued to Frank
D. Williams for a specific method of producing mats, doubleprinting, etc., and he has done some very successful work for the
studios of Hollywood.
Max Handschiegl, now deceased, invented a method of producing a mat by placing a colored background behind his actors
and by the use of interposing filters, securing two color separation
negatives with contrasting backgrounds, which enabled him to
create a mat therefrom. Others have attempted varying means of
producing mats. The Schufftan process of German origin, being
limited to double exposing two or more pictures on separate sections of an image area, does not come within the scope of this article, which I wish to confine to the art of superimposing, without
phantom, by displacing one image for another in any given section
of the film area and permitting the free movement of the actors.
The Schufftan process as I understand it, confines the action to a
pre-determined section and exposes the surrounding background
soene into the remainder of the film area simultaneously by means
of mirrors or prisms.
Hans Goetz, of Munchen, Germany, secured a British patent
in 1921 for use of a colored background and securing simultaneously
two exposures through complimentary filters. This patent appears
* Dunning Process Co., Hollywood, Calif.
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rather basic in character for this particular method of mat making.
It was never patented in the United States.
A United States patent for composite photography was issued to Roy Pomeroy on June 12, 1928. The method apparently
describes the use of a colored single image transparency, such as
blue, made from a background scene which transparency is placed
forwardly of an unexposed negative on which is to be photographed
a foreground action. Behind the foreground action is a colored
wall. The actors are lighted the same color as the single image
transparency. The wall is lighted in a color complementary to the
transparency and complementary to the foreground action. He
makes provision for the uneven photographic density of his blue
transparency to blue light by using a separate negative transparency ofthe same scene, which is dyed in an intermediate color.
A United States patent was issued to me on January 2, 1927
for a process of composite photography which has entirely eliminated the use or need for a silhouette, or protecting mat. Having
spent several years prior to patent issuance in developing this
process, I am in a position to discuss it more comprehensively.
An original negative of a background scene is furnished us
by a motion picture producer. Whether it was made from a miniature, ahigh speed shot containing action, or a stock library shot,
is immaterial. From this a double image transparent print is made
containing a positive image of a certain color, say red, and a negative image of a neutral shade, say gray. By successive tests, we
ascertain the kind of double image print which when exposed forwardly of an unexposed panchromatic negative to an approximately
white light, will equally fog the negative. It is absolutely essential that this two-image print be of equal photographic density
to pan chromatic stock as will be seen shortly.
This double-image print is then loaded into an intermediate
magazine on the camera which is to photograph the foreground
action and is threaded across the aperture in front of and in contact with the unexposed panchromatic negative. Behind the actors or foreground set, is a blue background. Fig. 1 illustrates the
working of this process.
By lighting this foreground action with an approximately
white light or a light which is neutral to both colors of the transparent print, this double-image print becomes nothing more to
the action than an evenly balanced filter wedge and therefore does
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not present an uneven obstruction which would cause phantom.
Simultaneously with the photographing of the foreground action,
the unobstructed blue area back of the actors is acting as a printing light for those sections of the scene on the double-image print,
which are not occupied by the photographed action.
The result is a completed composite negative which is developed in the usual manner and exhibition prints made therefrom
along with the regular work in any commercial laboratory. In all
COMPOSITE
NEGATIVE

PLATE

SET

HIN
BAC
EG
BLU

ACT OR

Fig. 1.

Diagram illustrating the Dunning process.

cases the producer sees the finished results on the screen the next
morning, when he is reviewing the "rushes" of the previous day.
We have just finished double-exposing a series of battle scenes
where the plate or double-image transparency, was made from a
negative showing the enemy fleet in action, taken with a high
speed camera; the enemy fleet comprising an array of twentyseven miniature frigates on a four acre lake. Into this we double
exposed foreground action, life size, showing the deck, cannon
fire, etc., of the hero's flagship. Unfortunately we are not permitted to exhibit this work prior to the public release of this big
feature production.
This process of double exposure finds a very practical use in
connection with sound pictures.
In cases where the foreground
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action presents dialogue in a presumably remote or difficult location, the latter is previously "shot" in silence and doubled into
the action shot taken on the sound proof stage. In other cases,
such as a cabaret scene, the foreground dialogue is recorded on the
sound proof stage, while the music and chatter of the cabaret is
introduced synthetically only when the door is opened. Another
illustration is the "close-up" conversation of Douglas McLean and
the girl, doubled into a silent street, whose noises are afterwards
placed so as not to interfere with the conversation.
This shot, to be made in the regular way, would have required
an elaborate traveling sound recording equipment as well as expensive generator trucks and other moving illuminating paraphernalia. As shown in the demonstration it was "shot" on the
studio stage in a very small space and the previously taken street
panorama in motion was doubled in simultaneously.
Motion picture demonstration of examples of composite photography
DISCUSSION
Mr. Crabtree: Do you ever reverse the coloring, that is, use
an orange or red background instead of a blue one?
Mr. Dunning: We tried red but didn't find it satisfactory
because we couldn't get the contrast. The blue color plate didn't
cut the red and caused, fog all over the film.
Dr. Mees: It is better to use a blue background, because
red filters transmit red, whereas blue filters do not transmit all
the blue light.
Mr. Ross: Do you not have to use more illumination on the
actors than is ordinarily employed. Do you not use broadsides
and other known forms of studio lamps for your illumination of
the subjects? You only showed an over-head lamp on the slide.
Mr. Dunning: We used only overhead lighting. With the
present Hollywood lighting, however, you don't need any more.
Mr. Crabtree: How do you precisely control the density of
the dye images?
Mr. Dunning: That is done by a series of experimental tests
to determine what density is needed on the positive. The bluegreen negative back of the positive is always a little too dense.
We use Bell & Howell cameras and in place of the shutter we use
light blue gelatine instead of the cut-outs.
Before we shoot the
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actual scene, we fade out, so that the light is more and more blue.
In a definite number of frames we get a definite though slight
amount of blue light to bring the color plate into balauce and thus
eliminate a phantom.
Mr. Crabtree: Suppose there is action in the background
and the actors are alone in front of the blue background; how much
rehearsing is necessary to synchronize the actions?
Mr. Dunning: That depends on the director. Of course, if
the scene is not timed accurately, we shoot it over and over again.
This one you saw we shot 15 times.

VOLTAGE

REGULATORS
AND STUDIO

FOR LABORATORY
SERVICE

F. A. Byles*
THE motion picture art is an exacting one and with its ever
increasing problems comes that salient one, voltage regulation.
The purpose of this article, is to discuss this interesting subject in a simple, practical way for motion picture engineers and
others interested in modern laboratory and studio requirements.
Details of regulator construction are omitted to a large extent
in order to show more clearly the points which should be given
major consideration. The elementary diagrams and pictures of
regulators shown are not intended to cover the entire field but
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Fig. 1. Ampere and watt characteristics of Mazda lamps on varying voltage.

rather to bring before the engineer examples of the general types
of this class of apparatus and certain basic principles which may
be of practical assistance to him.
The use of artificial light in the studio, for film printing or
projector service, practically demands constant luminous intensity,
at the point where the light is being used.
It is perhaps a well known, but at times a too little considered
fact, that the luminous intensity, life, and efficiency of a given
* Regulator Engineering Department, General Electric Company,
Schenectady, N. Y.
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incandescent lamp varies by a far greater amount than in direct
proportion to a given voltage change. Many modern laboratory
instruments such as electrical indicating tank thermometers,
sensitometers, and spectrographs, also demand a very constant voltage for their accurate operation.
Results of Voltage Variation
In order to show clearly the results of varying voltage where
Mazda lamps are used, three charts are included in this article
which will be of special interest to those not familiar with these
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characteristics. Fig. 1 shows the ampere and watt characteristics. Note the sharply rising watt line above and below 100%
voltage. The lumen or candle power characteristic .shown by
Fig. 2 clearly shows the necessity for accurate voltage regulation
when these lamps are to be used.
It should be noted that a change in the lumen percentage
above or below normal is much greater than in. direct proportion
to a given change in voltage. One per cent change in voltage produces
approximately 3J per cent change in lumens of a tungsten filament
lamp. This percentage is considerably less than for a carbon filament lamp which is approximately 6 per cent. It will be seen
readily that it is far more difficult to obtain satisfactory illumination from the standpoint of regulation when carbon filament
3.
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lamps are used than it is when using Mazda lamps.
characteristic is shown by Fig. 3.

The efficiency

Local Requirements
Fortunate indeed is the laboratory which has a satisfactory
source of constant potential of the required current capacity
supplied by a local power company. Even under such an ideal condition, various power and lighting problems usually exist which
warrant the installation of a readily adjustable motor generator
set, feeder regulator or other light and power unit, and with it a
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"^
means of accurate voltage regulation. Frequently, speed and
current regulation is also necessary.
The question of whether direct or alternating current is to
be used, and if direct current is chosen, whether a storage battery
or regulated motor generator set will give the best results are
problems which necessitate very careful consideration of the
individual plant requirements.
Only too frequently, voltage regulation is considered as a
secondary matter only, and at times, after the entire plant has been
installed. Often, if the regulating requirements are considered
at the very beginning, a far more desirable installation will be
obtained, and frequently at less cost.

Power and Light Systems
In order to illustrate a number of the major power and light
systems used for studio and laboratory service, the chart shown
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in Fig. 4 has been included. This chart is largely self-explanatory. Systems D, E, L, and M are very little used for high grade
laboratory work except in cases where the voltage is held sufficiently constant by means of a regulator in the main power station.
In cases of this kind the feeders must be direct, and so installed,
that the load requiring constant voltage will not be disturbed by
the voltage drop due to other apparatus being turned on and off.
When the voltage change at the source is gradual, but of fairly
large percentage, systems F and G give very good results.
It is

Fig. 4.

Chart of power and light regulator

systems.

possible to build relays for operating automatic rheostats so that
the voltage at the point of load will be held within \ to \ per cent
of the desired value. Where sudden load and voltage changes take
place, these systems are far too slow in responding to a voltage
change to be of use for laboratory service.
Systems H, J, and K are those most satisfactory for laboratory
and studio service, when the source is alternating current. Those
shown by P, R, and S make very satisfactory arrangements when
direct current is used.

Laboratory requirements differ widely and individual requirements must always be the criterion when selecting the secondary system with its means of regulation.
When selecting a direct current generator for exacting laboratory requirements and with which a regulator is to be used, the
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percentage of generator capacity to active load should be given
careful consideration. When the load is to be thrown on and off
at frequent intervals, the fact must be kept in mind, that it takes
a generator field circuit an appreciable time to adapt itself to a
new load condition, even if a regulator is used. Money spent for
a motor generator set of considerable over-capacity is money well
spent, if the load is to be variable, in fairly large increments.
If the generator is small in proportion to the load changes it is
rarely ever possible to obtain the most desirable regulation.

Fig. 5.

Circuit diagrams of various voltage

regulators.

The question is asked frequently, what should be considered
good regulation? Individual requirements again must be considered.
What might be considered perfect regulation for a system supplying power to a number of motors requiring accurate speed control might prove entirely unsatisfactory for a laboratory, printing high grade films.
The charts shown in Fig. 7 illustrate very clearly a degree
of regulation which usually proves very satisfactory for laboratory service. The curve showing unregulated voltage was taken
on the incoming power side of a motor generator set. The wide
variation was due to general shop load such as machine tools and
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cranes. The regulated voltage curve was taken on the generator
side of the set when using a counter e.m.f. type of voltage regulator, similar to the one shown by Fig. 11, and represented by the
elementary connections shown in Fig. 5B.
Types of Regulators
Voltage regulators are of two general types, i. e., the vibrating
contact type and the rheostatic regulator.
The various elementary diagrams shown by Fig. 5 and Fig. 6
cover most of the basic systems of regulation used in this country

Fig. 6. Circuit diagrams of various voltage regulators.

at the present time and belong to one or the other of the above
mentioned general types. Each has many modifications.
The following descriptive symbols apply to the above mentioned diagrams.
AC — Alternating current magnet for disc operation.
C — Main control contacts.
CM — Control magnet or solenoid.
CP — Carbon pile
D — Disc for operating roller contacts.
E — Exciter
Fl, F2, F3, F4— Fields
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G, G2— Generator
L — Lamp load
LC — Voltage lowering contacts
M — Motor
R, Rl, R2, R3— Resistors
RC — Voltage raising contacts.
Rh, Rhl — Rheostats
RL — Roller contacts

No attempt has been made to show regulator details, but
rather, each diagram is shown in such simple form that the principle of operation can be easily grasped.
In each of these dia-

-r*

FiG. 7. Charts showing unregulated and regulated voltage conditions when a
counter e.m.f. type of voltage regulation is used.

grams the coil CM is to be considered the master control magnet,
which in all cases is shown connected across the bus bars through
an external resistance. This coil actuates the contacts or other
means of regulator operation. In the actual regulators it frequently
becomes necessary to interpose one or more relays between the
main contacts C and the point of application, as will be noticed
in a number of the photographs included in this article.
When in operation, the contacts C shown in Figures 5A, 5B,
5C, 6C, and 6D are in a continuous state of vibration, the period
of which changes from time to time, in order to effect the desired
regulation.
Anti-hunting windings are used in a number of the regulators,
in order to obtain more rapid contact action, which greatly im-
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Fig. 8. Vibrating contact regulator which operates by varying the generator
shunt
field current.
BUS Bars

fte/ay
"Contacts

Mam

contacts

?rt
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Generator
f/e/d
Rheostat^

T/?e/oj

Main
Contro/
Magnet

crjo^x>

Generator

Fig. 9.

Reversing
Switch

Circuit diagram of regulator shown in Fig. 8.
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proves

regulation,
ulation isdesired.

especially in cases where very accurate reg-

Vibrating Contact Voltage Regulator for Direct
Current Generators
The vibrating contact regulator shown by Fig. 5A is well
known throughout this country. It is very satisfactory for power
purposes but the slight flicker noticed in lamps when they are
used on a system with it, makes it objectionable for high grade
lighting service as required for film printing.

Fig. 10,

Vibrating contact regulator for large capacity generators.

Regulation is obtained by rapidly opening and closing a circuit across the rheostat in the shunt field circuit, which varies
the shunt field current as required. It should be noted that the
main control contacts open when the voltage rises and vice versa.
The slight flicker is caused by the choppy changes in field
current due to the action of the contacts across the generator
field rheostat; the inductance of the average field being insufficient
to smooth it out. •

Voltage Regulators — Byles
A front view of one of these regulators for small direct current
generators is shown by Fig. 8, and the internal and external connections by Fig. 9. A similar regulator for generators of larger
capacity is shown by Fig, 10.
Counter E. M. F. Voltage Regulator
Fig. 5B shows the elementary diagram for a counter e.m.f.
voltage regulator such as is being used very extensively for laboratory service. The contacts C vibrate rapidly when the regulator
is in operation, opening and closing a circuit across the shunt
field of a motor, the armature of which is connected in series with

Fig. 11.

Voltage regulation equipment employing counter e.m.f. principle.

the generator shunt field. The contact action which is determined
by the main control magnet CM, causes the motor M to set up
a counter voltage in the shunt field circuit Fl and varies this :% Jiiter
voltage as required to give constant voltage across the terminals
of generator G.
A front view of one of these regulators suitable for a direct
current generator having a shunt field current of between two
and six amperes inclusive is shown by Fig. 11. The internal and
external connections are shown by Fig. 12. An eddy current brake
is applied to the regulator motor, in order to keep its speed within
reasonable limits.
Fig. 13 shows a battery of these regulators used with a number
of small motor generator sets for lamp testing service.
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The regulator and control panel shown by Fig. 14 is being

used at present in the General Electric Company's laboratory
in connection with motion picture film printing.
ftTMrtTO

O, C. BVS 0**3

frfi-

rwortr y/frr*

Fig. 12.

Circuit diagram of regulator shown in Fig. 11.

Buck and Boost

Voltage Regulator

It is frequently found necessary to use a very constant voltage, from a system where the voltage is very unsteady, without
resorting to the installation of a large motor generator set.

Fig.

13.

Battery of counter e.m.f. type of regulators,
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Fig. 5C shows the elementary diagram for a buck and boost
regulator which usually gives satisfactory results for requirements
*)
of this kind.
The motor M drives a comparatively small buck and boost
generator, the armature of which is connected in series with the
load.

*

~

w
:>.-.■'( ,-'■' "•-'■ 'V •

Fig. 14. Regulator used for
controlling voltage in motion
picture printing.

; ;- -.*
;

Fig. 15. Control element of
buck-and-boost type of regulator.

The bucking field F3 gives maximum bucking effect when the
boosting field F4 is short circuited by the control contacts C.
When these contacts open, the boosting field overpowers the bucking field and gives the desired boosting effect. When in operation,
the contacts vibrate rapidly, causing the armature voltage to rise
and fall as required to hold constant voltage at the lighting load L.
Fig. 15 shows the control portion of one of these regulators.
The connections are shown by Fig. 16.
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Carbon Pile Regulator

Regulators using the carbon pile principle of operation were
among the first to be used for constant voltage regulation and
are being used today to a considerable extent, mainly for battery
charging service. The elementary diagram Fig. 5D shows the
scheme of connection. The generator shunt field current is controlled by means of a pile of carbon discs which are shown connected in series with the shunt field.
Pressure on the carbon pile is obtained by means of a control
magnet CM, which determines the regulation.
Increasing the

Fig. 16.

Wiring diagram of buck-and-boost regulator shown in Fig. 15.

pressure between the carbon discs increases the field current and
vice versa. By means of a system of springs and levers, a balance
is maintained between the magnetic action of the control magnet
CM and the pressure on the carbon pile.
The operating speed of regulators of this type is between the
quick acting vibrating contact regulators and those of the motor
operated rheostat type.
Automatic Rheostat

Type

Voltage Regulator

When very close voltage regulation is desired, on a system
where the load changes are gradual, and in small increments, the
rheostat type voltage regulator gives very satisfactory results.
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The elementary diagram for a regulator of this type is shown by
Fig. 6A.
The front view of a regulator of this type used extensively
for telephone service is shown by Fig. 17. The contacts LC and
RC, (Fig. 6A,) are held open by the control magnet CM when
the voltage is normal. When the voltage rises a predetermined
amount, the contacts LC close, which causes the motor M to rotate
the rheostat arm to the correct position and again establish normal
voltage.
Contacts RC causes the reverse action to take place when
the voltage falls.

Fig.

17.

Front

view

of automatic

rheostat

type

of regulator.

When the voltage remains steady for long periods of time
there is no contact action whatsoever, which is a strong point in
favor of a regulator of this kind, when the load conditions permit.
Commutator Type Voltage Regulator
A recent development of the automatic rheostat type of
voltage regulator is shown by Fig. 18. The elementary connections are shown by Fig. 6B. The operation is as follows:
The main control magnet CM operates a shading plate in the
air gap between the poles of an alternating current magnet AC.
In this same air gap the outer edge of a metal disc D is so located,
that it will be rotated in one direction or the other, depending
upon the deflection of the damping plate. This disc drives a set
of rollers RL over the surface of a commutator, the segments of
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which are connected to resistors in series with the generator shunt
field. The rollers are staggered across one of the commutator
segments.
As the rollers go from segment to segment, the resistance in
series with each roller acts so as to give a number of very fine steps
between the various commutator bars.
When the shading plate is in the mid position as determined
by the main control magnet CM, no movement of the disc and
rollers takes place.

Fig. 18.

Automatic rheostat voltage regulator, commutator type.

The average speed of operation is between that of the vibrating contact type and the motor driven rheostat regulator.
It has the outstanding advantage of being without vibrating contacts which in all installations require more or less attention.
A separate source of alternating current is required for operating
the disc D.
The elementary connections shown are for direct current
generators only. By means of another style of main control element, this type of regulator can be applied to alternating current
generators.
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Vibrating Contact Voltage Regulators for Alternating
Current Generators
Fig. 6C shows the elementary connections for a vibrating
contact voltage regulator for alternating current generators. The
front view of one of these regulators is shown by Fig. 19. This
type of regulator is also built with multiple relays for very large
generator capacities. Regulators of this design do not respond to

Fig. 19.

Vibrating contact voltage regulator for alternating current generator.

sudden load changes as quickly as direct current regulators of the
types shown by Figs. 5A, 5B, and 5C; however, they are used very
extensively for both power station and laboratory use, and excellent regulation can be obtained with them.
The operation is similar to that of the direct current regulator shown by the diagram 5A with the exception that an exciter is
used for exciting the shunt field of the alternating current generator. Astabilizing or anti-hunting magnet increases the contact
action,
element. and a dash pot prevents hunting of the alternating ^current
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A vibrating contact regulator of the counter e.m.f. type, for
alternating current generators, is shown by diagram Fig. 6D. A
regulator of this type is frequently used, when it is desired to operate an alternating current generator, without a separate exciter.
The operation is similar to that of the counter e.m.f. regulator
shown by the diagram Fig. 5B and previously explained.
Care of Regulators
Before closing, a few suggestions regarding the general care
of regulators may prove helpful.
1. Install in a location free from excessive vibration.
2. Inspect at regular periods in order to detect and forestall future
trouble.
3. When contacts are used, keep them clean and properly adjusted.
4. Oil pivot bearing once each month, with a high grade oil.
5. If a motor is used, keep the brushes and commutator clean.
6. Keep the entire regulator clean, and in proper adjustment.
7. If possible, one person only should be responsible for the care of a
given regulator.

Failure to observe these simple rules has been the cause of
a large proportion of voltage regulator troubles.
DISCUSSION
Mr. Stoller: Have you attempted to use regulated voltage
in connection with film recording? In connection with an experiment we made, we wanted to develop an outfit for a truck,
and it was desired to avoid the nuisance of a large storage battery
for the lamp in the recorder, so we tried high frequency for illuminating the filament, and even at 4000 cycles there was still sufficient
flicker to make it impossible for use in sound recording. I presume in
picture work you could probably stand for much more flicker than
is allowable in sound recording.
Mr. Byles: I am not prepared to say a great deal about this,
mainly for the reason that I am not very familiar with this line
of development. I know what we would recommend if we had to
tackle it today. We would not recommend a contact regulator
but one that would, tend to cut out all the noises you speak of.
Mr. Stoller: Such as that shown?
Mr. Byles: Yes, except possibly that of the disc, but each
case must be considered on its own merits.
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Mr. Kellogg : If I understood correctly, all the regulators
have an imperfection of either of two kinds: In one, the voltage
fluctuates a few times a second above or below the desired value,
and a sudden change of load doesn't pull down the voltage for more
than a fraction of a second. The other type has a mechanical
device and a greater time is required to compensate for a sudden
change in load, but the second has not the characteristic of a
small, rapid fluctuation. Can both effects be reduced by floating
a motor across the line — a synchronous motor for an AC system, or
a DC motor in the case of a DC system? The motor would have
to have a small exciter and a fly wheel and would act much like a
floating storage battery.
Mr. Byles: Your first explanation is correct with regard to
the operation of the regulator. The second can be done satisfactorily for a time but doesn't take into consideration any change
in frequency, which almost always takes place. This change is
serious in some cases, in other words, the "watch dog has left home,"
and some one should be there to hold the voltage where it ought
to be. The principle you mention is used a great deal today in
fly wheel generator practice and in some laboratories for smoothing out speed changes.

EFFECT

LIGHTING
J. H.

IN THEATERS

KlTRLANDER*

FOR the past seven or eight years motion picture exhibitors
have been endeavouring to provide a proper setting for the
motion picture which would not only lend atmosphere to the
program but would also possess entertainment value in itself.
Progress in this branch of theatre entertainment has been retarded for two principal reasons: First, a general lack of suitable
equipment wherewith to obtain the special adjustments required
for this kind of work and, second, lack of knowledge on the part
of the theatre staff as to exactly how to proceed in the creation of
appropriate effects.
Until recently, all of the equipment available for producing
special lighting effects was rather cumbersome and strictly limited
in its application. None of the so-called effect projectors had
been designed expressly for the purpose of creating lighting effects,
being more on the order of lantern slide projectors with a few wrinkles
added to permit the projection of a limited number of effects.
The arduous labor required for the manipulation of these
projectors coupled with the projectionist's lack of specific knowledge as to how to create effect settings was sufficient to keep this
art at a virtual standstill except in those isolated cases where the
projectionist was possessed of sufficient enterprise and perseverance to overcome the obstacles confronting him.
The work of continually creating effect lighting settings in
advance of the feature picture showing is sufficient to keep the
projection staff busily engaged without absorbing part of their
time and diverting their energies to the task of adjusting the projector.
The threatened displacement of orchestras and stage presentations as a result of the wide spread installation of talking
picture equipment makes it necessary for the theatre to consider
other means for providing an entertaining atmosphere to relieve
the straight picture show of the danger of monotony.
One method of accomplishing this is through the medium of
effect lighting and theatres are stressing this factor already in
order to arrive at a better balancing of the general program.
* Brenkert Light Projection Co., Detroit, Mich.
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The wide variety of subjects which lend themselves to exploitation and the consistent econonr^ with which they can be
obtained makes the consideration of effect settings of great importance to the theatre contemplating a straight sound picture
program.
A

Universal Effect Projector

This paper would not be complete without at least a brief
description of a projector which has made a new order of effect
lighting possible and has opened wide the doors to a wealth of

Fig. 1.

A Universal Effect Projector.

entertaining effect settings. The severe limitations presented by
the old machines have been removed to allow of complete flexibility as regards both the type of effects which can be projected
and the positioning of these effects in various parts of the theatres,
such as on the stage, side walls, and ceiling.
In order to facilitate a more extensive incorporation of effect
settings in the program, all adjustments of the new projector
(Fig. 1) are of the pre-set type. That is to say, the projectionist,
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when working out the effect schedule for the following week,
adjusts the several working parts of the machine to give the desired effect results on the stage, or wherever the effects are to be
shown. These adjustments are then either secured by locking
devices or else are noted on a cue sheet prepared for effect work.
The various shutters, framing devices, masks, effect holders,
etc. are locked into their proper adjustments and then are removed
from the projector for future use. Focusing indicators are provided for each of the four projection lenses used with each of the
two projecting systems. These lenses are mounted in a vertical
swivel assembly and are graded as to focal length as follows:
A short focal length lens (about 14 inches) is used for exactly covering the entire width of the stage opening; the second lens is used
for filling the picture screen when a slide with a standard matt

Fig. 2.

Lens turret.

opening is projected; the next lens is of somewhat longer focal
length so that it will also fill the picture screen when a special slide
with a non-standard, and larger, matt opening is projected; and
the fourth lens has a focal length between 30 and 40 inches for
special effect and spotlighting work. The entire lens assembly
and the method of supporting it are shown in Fig. 2. Focusing is
is accomplished by sliding the lamphouses back and forth by means
of a hand operated gear engaged in a rack.
A departure from old methods in the manner of controlling
the light beam is employed. The last element in each of the two
projecting systems is a set of three directional mirrors, one of which
is stationary and the remaining two movable, vertically, horizontally and crosswise, with respect to the projection axes. (See
Fig. 3) It is unnecessary to move the machine as the beams are
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directed at will by manipulating the mirrors. Each of the two
movable mirrors can be adjusted separately and locked into position so that it is possible to show two separate effects successively
with each projecting system. Two sets of double effects can be
shown by using the entire machine.
Flexibility in the projection of effects demand that the various
shutters, framing devices and effect holders be independent of one
another and so constructed that they can be locked into adjustment
and then removed from the projector until they are used. Devices
of this type are illustrated in Figs. 4 A and 4B.

Fig. 3.

Directional mirror assembly.

Screens Used for Imaging Effects
It is common practice in theatres to image effects upon a
special screen set aside for this work. For best results this practice
should be adopted.
This screen commonly takes the form of a scrim (an open
mesh cloth similar to mosquito netting) of either white cotton, or
metallic cloth (silver or gold) which is "flyed" to permit of its ready
removal. Metallic silver, or gold cloth scrims reveal the effects
in a beautiful manner but are not so serviceable as the plain white
type because they are likely to tarnish in time.
The scrim is made large enough to cover the entire stage
opening and the projection results are the same as obtained with
an ordinary opaque screen, although of lesser brightness.
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principal advantage of the scrim, aside from its low cost,
effects can be projected upon it from the front (house side)
same time that illuminated stage sets can be rendered
through it when the stage lights are brought up.

Fig. 4A.

If a
to 6 feet
upon the
effect is

Preset adjustable aperture mask.

pair of light colored draw curtains are closed about 3
behind the scrim, the effect scene will be projected partly
scrim and partly upon the draw curtains and the resultant
a scene which has a remarkable
appearance of depth.

Fig. 4B.

Preset iris.

An alternative to the scrim is a pair of light gray velvet, or
steel gray metallic cloth, draw curtains. Colored effect scenes
projected upon such curtains are very pretty indeed but inasmuch as these curtains are usually suspended in vertical folds the
projected scenes are obscured somewhat except from the balcony
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seats from which position the effect is revealed in better form.
If the curtain folds are too heavy and deep, the side seats and
those close up will be at a disadvantage due to the shadows cast
by the folds.
It is not at all uncommon for theatres to use both scrim and
draw curtains for effect work over the entire stage opening as
great flexibility is obtained thereby. Some effects, especially those
portraying woodland scenes, are better projected upon draw curtains because the convolutions of the curtain folds lend themselves, in this instance, to accentuating the suggestion of depth.
For projecting color effects, as a border around the motion
picture, the picture screen is mounted in a field of light gray velvet
drawn taut and of a size sufficient to cover the entire stage opening. Effect scenes and blending colors can also be projected onto
the picture screen to serve as a background for titles.
The Projection of Lighting Effects
The projection of lighting effects is not such a simple matter
that successful effects can be produced on the spur of the moment.
Careful planning is necessary and a complete rehearsal of the
entire program in which the effects are incorporated should be
conducted.
To facilitate smooth operation and to avoid mistakes, a suitable cue sheet should be devised on which are marked the projector adjustments, effects settings, starting and finishing cues,
etc. As a suggestion for the drafting of such a cue sheet we show
one below which was used by the projection staff of the United
Artists theatre in Detroit during the showing of the sound picture
"Tempest". Two effect projectors are used in this theatre because
the effect program is somewhat elaborate to compensate for the
lack of diversion created by the absence of stage presentations
and other features apart from the picture program.
Cue Sheet for Effect Lighting
UNITED ARTISTS THEATRE
Projection Department
H. S. Morton, Chief of Projection
Date: September3, 1928
Subject: Effect Lighting
Presentation: "Tempest"
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Overture

Projector Adjustments
Machine No. 1. — Directional Mirror No. 1; Projection lens 14"; Color
wheel in front holder; Design glass No. 3 in rear holder; Framing shutter
No. 1; Focusing indicator No. 4.
Machine No. 2. — Upper System-Directional Mirror No. 1; Projection
lens 14"; Color screen No. 24 in front holder; Boat slide in slide carrier;
Focusing indicator No. 4.
Machine No. 2. — Lower System-Directional Mirror No. 1; Projection
lens, 40"; Water Ripple effect in rear holder; Framing shutter No. 2; Focusing
indicator No. 1.
Operation
As orchestra begins to play, slowly dissolve blending colors effect on
Machine No. 1. over stage opening and allow to stand for 1 minute 30 seconds.
As monitor begins to sing "Old Man River" slowly dissolve Boat slide
onto draw curtains (Machine No. 2, Upper) and when full open slowly dissolve Water Ripple in lower system into Boat slide.
Close both upper and lower as song ends and immediately dissolve
blending colors onto screen and allow to stand as background for News
Pictorial titles. Remove before picture appears.
Prelude
Projector adjustments
Machine No. 1. — Upper-Directional Mirror No. 2.; Projection lens,
14"; Color screen No. 18 in front holder; Slide No. 1 in slide carrier; Focusing
indicator No. 4.
Machine No. 1. — Lower- Directional Mirror No. 2; Projection lens,
14;" Color screen No. 7 in front holder; Slide No. 2 in slide carrier; Focusing
indicator No. 4.
Operation
As Monitor horn begins to play very slowly dissolve upper scene onto
draw curtains and allow to stand for 1 minute; Slowly dissolve lower scene
in register with upper and allow both to stand for 1 minute; slowly close off
upper scene and when removed exchange color screen No. 18 for screen No.
14; after upper scene has remained off for 1 minute slowly dissolve it back
in register with lower scene and allow both to stand for 1 minute after which
close off both scenes to clear stage for picture "Tempest."
Important
After last effect has been shown and picture projectors have been attended to incident to starting feature picture restore both effect projectors
to their former condition in preparation for the succeeding show. This
work should be done immediately and before any other general work in the
Projection Room is attended to.

Effect Lighting embraces a multitude of opportunities for
working out original ideas and is therefore free from the monotony
which results from repetition.
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The three broad divisions of effect lighting are as follows:
1.
special
2.
driven
3.

Blending colors; projected by means of a revolving color wheel and
glass design slides.
Animated scenic effects; employing the standard drum type of motor
effect disc.
Effect scenes on slides and simple silhouettes.

The blending colors effect has long been used but theatres
seem never to tire of it as very pleasing results can be obtained if
the effect is properly presented. It has the advantage of being
quite inexpensive although the number of design glasses available
for this work has been limited.
Specially molded design glasses having patterns expressly
intended for effect work, have recently become available, however,
so that new impetus should be given to this branch of the work.
For best results, the pattern should consist of a series of convex
impressions so that the design stands in relief. Glasses in which
the design has been cut into the glass proved to be unsatisfactory because the resulting prism action despersed the light passing
through the design and caused it to be projected in silhouette
form.
Animated scenic effects can be used either alone or to provide
local action to some part of a stage scene projected from the projection room. Thus, during an orchestral rendition of the Overture of 1812, a flame effect is projected over the entire stage opening to assist in the interpretation of that part of the music which
portrays the burning of Moscow.
Simple lantern slides can be used to assist the action of a
moving effect, an example being the projection of a moving cloud
effect over the stage opening with a still picture of an airplane
shown in the center. The movement of the clouds toward the
airplane makes it appear as if the plane was really flying through
the clouds.
More elaborate curtain effects of this type can be produced
by projecting a still scene, colored by placing a gelatine filter in
the light beam, over the entire stage opening after which local
action is supplied by the animated effect. Such an effect was recently produced in a theatre to supplement the non-synchronized
rendition of selections from "The Show Boat''. As the selection
"Old Man River" was being played, a still scene of a Mississippi
River Steamboat, shown in relief against a large moon, was slowly
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dissolved onto the draw curtains. Then a moving river effect was
slowly dissolved on the moonlit river to supply the desired action.
Another effect of the same type was produced in a different
theatre which had as the current feature picture, "Hell Ship
Bronson". The prelude effect consisted of two still complementary scenes showing a light house on a rocky coast with waves
beating against the coast. The first scene showed only the lighthouse and the still waves. A second complementary scene was
slowly dissolved on top of this which showed a yellow beam of

Figs. 5 and 6.

Negative (A) and positive (B) slides.

light issuing from the tower to reveal a sailing ship heeled over in
a stiff breeze. The first scene was then dissolved off and an Ocean
Wave Effect was substituted in the projector for the lantern slide.
The necessary adjustments were quickly made and the moving
ocean waves were dissolved on the still ocean.
Without doubt the greatest and richest field of effect lighting is
to be found in the projection of still effect scenes so designed and
executed as to obtain trick effects that are at the same time
pleasing and mystifying.
These scenes are first carefully drawn to a large scale and
then made into the form of lantern slides. Depending upon the
manner of their use, either one or two slides are employed.
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Scene slides are of three general types :
1. Single slides, which are used for creating stage scenes by the projection method and for making a border for song slides.
2. Positive and negative slides which are capable of a large variety of
applications in obtaining beautiful color effects. (See Figs. 5 and 6).
3. Complementary slides, wherein a master slide is used to provide
the basis of the scene and a second slide completes the scene by providing
local action.

Single slide subjects can be used alone or in combination
with a moving effect as described earlier. When used alone the
common method is to project them onto a large white screen to
form a setting for song slides.
Double scenic slides can be used in a number of ways. Thus,
they can be employed interpretatively for Overtures, Preludes,
Feature Pictures, Curtain Designs, Organ Selections, etc.
A particularly pleasing phase of effect work is the projection
of curtain designs. These designs, which may be either in the nature of outdoor scenes or overall patterns, are imaged on the
draw curtains and projected, successively, in as many colors as
may be desired.
Color is imparted to the finished effect scene by the simple
expedient of placing suitable gelatin screens before the projection
lens. Where solid coloring of the scene is desired, a single color is
placed in the frame. For coloring local areas of the scene, colored
gelatines corresponding to the coloring of the local areas are
mounted in the frame to form a composite screen.
(Demonstration)
DISCUSSION
Me. Kellogg: I wonder what is the reaction of the audience's to little things not true to nature, wrhich jar a person who
is hypercritical. In the sunrise effect, there was a brilliant highlight on the man's figure while the sun's rays clearly came from
a point below the horizon. In the scene in which the light coming
from behind the observer lights the tree with brilliant amber,
there was at the same time a reflection on the water such as might
be expected if the sun or moon were directly in front of the observer but no object could be seen which might cause such a reflection. These little inconsistencies worry a man whose thoughts
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have been schooled along lines of geometry more than they probably would the average spectator, but I am interested to know
whether they are picked up by the average audience. I think
when you bring up the amber or red lights, which is a simulation
of direct sunlight, the blue should be brought up at the same
time; otherwise, it seems to fade out. In nature when the sun
rises, the sky brightens and still maintains its blue tint.
One other thing that jarred me; I realize that searchlight
beams are conventially shown like the picture that was just shown
namely a triangular path of light but of course, a real searchlight
beam appears very intense close to the source and fades out as
the beam widens. The departure from nature was so decided
that the picture hardly even suggested a searchlight to me.
Mr. Kurlander: I had the slide adjusted last night to bring
up the sunbeams first and then the highlights. That is possible
by adjustments of the arc. With regard to the highlight effect on
the first scene, I am not responsible for how the artist receives my
impressions. If he wants to put in conflicting highlights, I can
do nothing to prevent it.
As to the manner of how the effects are received by theatre
patrons, I think Mr. Morton can answer that better. The effects
were heartily applauded at the theatre where they were shown.
We do not strive to get too much precision of detail. The effects
shown here were at a great disadvantage ; they appear much better
in a regular theatrical atmosphere with the proper screen, and
so on.
Mr. Morton: The effects were very well received during the
first four weeks run of "Tempest". I think it holds great possibilities, especially if projected on a screen several feet in front of the
curtain as there is then created an illusion of depth.
Mr. Edwards: I think that Mr. Kellogg forgets that on this
screen he is practically looking at this through a high powered
microscope compared with the full stage opening. The effects
would be so softened that they will be more acceptable even to
the scientific mind.
Mr. Briefer: Speaking as a spectator, and without regard to
the art of composition or the science of color, I regard the effects
shown, very striking. Natural effects offer no surprises. In the
picture itself an effort is made to conform to natural laws with
respect to light and motion but as in music, the unexpected, or

Effect Lighting in Theaters — Kurlander

1009

surprise effects add a brilliance to the performance without which
it may become monotonus. I think this presentation very effective.
Mr. Ross: Looking at the presentation from the artistic
view, it may be said it is "futuristic" and futuristic painters
take liberties which would never have been permitted by the old
Masters. These "futuristic" painters have produced some startling results which have been commercially recognized. These
results can at least be said to be novel.
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neon arc is considered in this paper largely as a supplementary light to go with the mercury arc. There are points
of sharp contrast between these two arcs, and while not enough
data are available to give anything like a complete summary of the
neon arc, the known facts all indicate that it has great possibilities as a complementary unit to the mercury arc in the particular photographic applications in which this Society is interested.
The data here given cover briefly the fundamental characteristics
of the hot cathode and the general construction of the lamp, with
a brief description of its color, photometric characteristics, electrical characteristics, and of the engineering possibilities of a combination of the two arcs.
Hot Cathode
The distinguishing physical feature of the new neon arc as
compared with the mercury arc is the substitution of a heated
metallic cathode for the mercury pool. No mercury is used, the
tube being filled with neon gas at a certain optimum pressure.
Neon is a permanent gas and hence remains in the form of gas
whether the lamp is hot or cold, and no source of supply is needed
to maintain the pressure.
The most recent type of neon arc has been described by
Hull1 as well as by Found and Formey2 as a "Hot Cathode Neon
Arc" to distinguish it from the older neon arcs equipped with
relatively cool cathodes of large area. This hot cathode consists
of a nickel cylinder coated with various metallic oxides and heated
by radiation from a centrally placed filamentary heater to such
a temperature that electrons are freely emitted upon the application of relatively low voltages. This cathode is similar in some
respects to the old Wehnelt cathode of the Physical Laboratory,
* Research Laboratory, General Electric Co., Schenectady, N. Y.
** Cooper Hewitt Electric Co., Hoboken, N. J.
1 Gas Filled Thermionic Tubes, by A. W. Hull, Proc. A. I. E. E. (1928
Trans.
I. E. S. (1928).
2 Hot Cathode Neon Arc, by C. G. Found and J. D. Forney, Proc. A. I.
E. E. Trans. I. E. S. (1928).
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and in other respects to the oxide filament and to the a. c. radio
tubes of today. Its functioning is in marked contrast with that of
the large area cold cathodes of the Geissler type neon tubes in use
for sign lighting in which hundreds of volts are required to secure
any emission at all of electrons from the cathode. The practical
significance of this difference is that this minimum cathode waste
of energy permits the hot cathode arc to compete with the most
efficient of modern light sources as a source of colored light.
Physical Construction of Lamp
The neon arcs thus far used in motion picture work have been
of the same rectifier type as the standard a. c. mercury arc, and
A.C.UNE

rwmm^jmmm

Fig. 1.

Circuit diagram of neon lamp with

auxiliaries.

have, as a matter of fact, been operated in standard mercury arc
outfits in which the auxiliary transformers have been modified by
the addition of a winding to supply energy to the cathode heater.
A schematic cross section of a neon arc and its wiring diagram is
shown as Fig. 1. Except for the shorter length of the tube and reflector, the lamp is similar in both appearance and functioning
to the a. c. mercury arc previously described by Benford3.
This
3 Visible Radiation from the Low pressure Mercury Arc, by Frank Benford, Trans. S. M. P. E. No. 30, p. 365.
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coincidence is, however, an arbitrary matter of design, the arc
itself being adaptable to a great variety of physical shapes and
sizes and electrical ratings. Much larger and more efficient units
are being developed.
The usual starting mechanism of the mercury arc is used
for the functioning of the heating
with the necessary alterations
— .
It is obvious from the nature of the electrodes that
filament.
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the neon arc is also rectifying in nature and permits the passage
of current in only one direction. It may be used either on a. c. or
d. c, the only difference being that the tube of the lamp requires
two anodes in place of one on the d. c. lamp.
Energy in Visible Spectrum

The visible neon spectrum is unique in being restricted almost completely to yellow, orange and red, with merely a trace
of green and no measurable amounts of blue and violet. General
tests of color composition have yielded a number of points that
arc important from the photographic point of view. The distribution of energy in twenty-two of the strongest visible lines
(Fig. 2) has been measured at currents (in the same lamp) from
0.5 amperes to 6 amperes. In Fig. 3 the energy is plotted for the
six strongest lines. The choice of current abscissae was made so
i h.ii I he reading of the strong 0.6402 spectrum line fell on a straight
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line in the diagram as shown. The data of the other spectrum
lines also fell on straight lines, within the expected experimental
errors, and it is therefore to be concluded that all of the more
important spectrum lines change in the same proportion when
the current is changed in a given lamp. Some of the weaker lines
may change at different rates, but their total effect can hardly
have much influence on the total radiation. The°7 practical impor/
/
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Fig. 3.

AMPERES
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Curves showing the increase in intensity of the
lines with increase in lamp current.

tance of this is the uniform color of
here a rather unusual light source
gardless of the normal variations
The relative intensity radiated by
wave lengths is shown in Fig. 4.

various spectral

the emitted light for we have
that gives the same color rein voltage or power circuits.
this light source at different

Tube Brilliancy
The specific brilliancy of the neon arc is about double that of
the mercury arc, so that it is in the class of low brilliancy sources
that are fairly free from glare when viewed directly. An analysis
of the tube brilliancy at different angles of observation shows the
neon and mercury arcs to differ fundamentally. The mercury tube

1014

Transactions of S.M.P.E., Vol. XII, No. 36, 1928

has the same brilliancy
at all angles of observation except near
•V
grazing incidence where the reflecting action of the glass tube interferes seriously with the radiation. The neon arc, on the other
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distribution

of

hand, appears brighter as the line of sight comes toward the
direction of the tube itself. An analysis carried to 65° from the
normal shows an increase of 84 per cent in tube brightness. This
change in brightness leads to a difference in photometric
distribul_
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tion, as will be noted in more detail later. The relation between
tube brilliancy and viewing angle is shown in Fig. 5.
Depreciation
Although there has not been time as yet to secure depreciafcioD data on neon arcs operated under service conditions, depre-
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ciation observations on lamps operated under laboratory conditions indicate that the depreciation is somewhat less than that
of mercury arcs operated under similar conditions. We believe
that under practical conditions the depreciation will in any case
not exceed that of a mercury arc as indicated in Fig. 6. Under
these test conditions, hot cathode arcs have been operated satisfactorily for over 4,000 hours.
Photometric Characteristics
This lamp has not as yet been extensively explored for its
photometric characteristics. One bar to a complete understanding
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Curve of depreciation of neon lamp.

of its precise photometric value is, of course, the difficulty of properly evaluating a light occupying only one third of the visible
spectrum. Efficiencies of 12 to 15 lumens per watt have been obtained with various sized lamps, so that the neon lamp is about on
a par with the mercury arc in this respect. It should be kept in
mind that when used for photographic purposes, the visual efficiency isnot always a fair measure of studio efficiency, and in the
case of the use of the neon lamp with panchromatic film, the
above rating is believed to give a conservative idea of the photographic effect.
The photometric distribution of a bare tube differs rather
noticeably from that of the mercury curve, as illustrated by Fig.
7 where both photometric distributions are computed from the
brilliancy data previously given. As a result of the higher brilliancy
at 60° from the normal to the tube, the intensity of radiation is
70 per cent stronger than a mercury tube of equal normal intensity.
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The variation of intensity with line voltage for both mercury
and neon arcs of the a. c. type is shown in Fig. 8. The intensity is
expressed in terms of percentage variation from normal as the
absolute candle power or lumen rating of these units is still a matter
of measurement, and we may say of definition, as its spectrum is
as different in nature and color as is that of the mercury arc from
the accepted photometric standards.
Inasmuch as the neon arc

Fig. 7.

10 of t0neon arc and mercury arc.
o
Computed photometric todistribution

considered largely as a photographic light source in this paper a
candle power rating would be of little significance, and radiometric measurements are thought to be more to the point. The
principal thing to be noted in Fig. 8 is that the neon arc is much
less sensitive to line voltage variation than is the mercury arc,
although the mercury arc excels in this respect.
Electrical Characteristics
Like all arcs, the neon arc itself has a falling voltage characteristic for momentary changes in its current — the greater the
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current the less voltage on the arc — a condition which is corrected
by the addition of an external series resistance of such a value that
the sum of the voltage drop in it plus the arc drop always increases
with increasing current. This means practically that the arc current
is fixed at a definite value by the supply voltage, this relationship
between supply voltage and arc current being known as the regulation characteristics of the outfit.
The regulation curves of both mercury and neon arcs are
shown at the right in Fig. 9, while to the left are curves indicating
the equivalent voltage drop in the auxiliary for various arc currents.
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Fig. 8.

Curve of intensity with voltage variation.

In the center of Fig. 9 are shown the volt-ampere curves of neon
and mercury arcs. They emphasize the most noticeable differences
in the operating characteristics of these two arcs, the fact that over
its whole operating range the neon arc voltage drops with increasing current. The principal effect of this is the necessity of
using relatively more regulating series resistance than is required
in the case of the mercury arc as shown by the auxiliary voltage
curves of Fig. 9. The changing slope of these curves is due to the
use of a series resistance of iron or nickel wire whose ohmic resistance increases with the current it carries because of ,the high
temperature coefficient of resistance, the unit being operated at
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several hundred degrees above room temperature. This relative
insensibility of the neon arc to the current it carries is largely due
to the fact that the voltage of an enclosed arc is determined to a
large extent by the gas pressure. In a neon arc the pressure changes
only as the result of variations in temperature of the gas, while in
a mercury arc there is much greater pressure change resulting from
the vapor pressure of heated mercurj^.
Mercury and Neon
The requirements of an illuminant for a motion picture studio
have changed radically since panchromatic film has come into
general use.
Formerly the mercury arc and the high intensity

1/

^/ y
4

,
&

I
£ 3

%l

$y^

/ /

\^ \

s

/

/

,S

&>'

)

t0

e0

i

0

0

TUBE BNO LINE V0LTH6E

Fig.

9.

Volt-ampere

characteristics of mercury lamp,
auxiliaries.

neon

lamp,

and

arc had the desirable spectral distribution to go with the distribution of sensitivity of the photographic film. The present need is
for a light source limited to the visible spectrum, and, if prophecy
be permitted, the future net reaction of light, camera and film
will greatly resemble the reaction of the eye. As shown in the
spectrogram (Fig. 10) neon alone fills the spectrum from 0.580 to
0.700/z and it is thus supplementary to the mercury spectrum extending from 0.400/z to 0.579/x. The amount of overlapping between
the two sources is very slight, there being a small amount of energy
in the neon spectrum at 0.540/x, but this does not prevent the
two lights from being each in independent control of its part of the
visible region. It has been found to be rather a simple matter to
combine aeon and mercury tubes in such proportions that the re-
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sultant light gives surfaces the same appearance as under daylight, and, of course, other qualities of light are possible.
It is rather characteristic of dyes and pigments that the
coefficient of reflection does not vary greatly with small changes
of wave length. The net color of fabrics and paints is thus, to the
eye at least, not much influenced by small changes in the energ}^
distribution of the incident light. It is for this reason that the relatively large gap in the combined neon-mercury arc from 0.434/*
liiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

hUM

>

i

1 1 iiiiiiiTiiiiiiiiiTiiiiihiMirf

hi i

' llll 1

i ;
'llllllll
)

t70

11mV. HihiI.i <ifti mmihu^ur^*d^taid': 1 11 11 111iTilihlilililililililililililii
Fig. 10. Photograph of line spectra of mercmy

and neon lamps.

to 0.546/z is without visible influence in the case of ordinary
surfaces. The 0.434/* line is blue and the 0.546/i line is green, so
that no principal spectrum color is missing.
This combination of arcs has been used successfully for duplicating daylight colors in spectacular illumination and the same
duplication is possible in the motion picture studio.
DISCUSSION
Mr. Crabtree: In the case of the ordinary neon signs, are
they assembled from individual letters or are the terminals located
at the end of each word?
Mr. Bexford : Usually, it is one continuous tube which forms
the letters. The end of the letter ducks into the casing back of it
or is painted black. The article is custom-made.
Voice: Can the lamp be harmed by over-volting?
Mr. Bexford: The lamp has a very peculiar characteristic.
It has a very definite maximum and that tends to stabilize the
lamp. I don't think it would be possible by any ordinary overvoltage to harm it in the least. There is no danger of exploding.
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Mr. Leventhal: A combination of the mercury and neon
would seem to fit in with color photography in the studio.
Mr. Benford: Considerable work has been done along those
lines, and it is apparently a very successful combination.
Mr. Ross: Recently the American Cinemalographer has gone
extensively into the value of combining mercury arc and neon
lamps for studio illumination.
Mr. Crabtree: How is the gas manufactured, and what is its
purity and pressure?
Mr. Benford: I am afraid I shall have to confess my ignorance about the manufacturing and purity. I think it is high
because impurities often take the current and carry it instead of
the gas which you intended to carry it.
Mr. Buttolph: In the cold cathode type, the pressure is
about 6-7 mm; in the hot cathode types, about 4 or 5 mm.
Mr. Benford: In the present lamp, it is lower, isn't it?
Mr. Buttolph: Yes, usually 3 or 4 mm.
Mr. Benford: I believe the pressure was about 1.1 mm.
in the experimental lamp used.
Mr. Buttolph: Quite a range is possible.
Mr. Benford: I think it is true the lamp is not sensitive to
small changes in pressure.
Mr. Leventhal: I have seen a number of colors in the neon
signs that are not red; is.it due to the use of other gases?
Mr. Benford: That is where hydrogen or some other impurity ispresent. There seems to be a tendency for one gas to be
used at one end and another at the other end. With high temperature, there will be a blue and a red end.
Mr. Leventhal: You mean that is a defect?
Mr. Benford: Sometimes it is intentional.
Mr. Leventhal: I have seen pale green or even purple lamps,
but they seem to be designed for that purpose.
Mr. Benford: I think that is intended.
Mr. Crabtree: What Mr. Leventhal wants to know is what
are the gases? Are any of the rare gases other than neon used?
Mr. Benford : I believe the three favorite gases are mercury,
neon, and hydrogen and occasionally colored glass for additional
filtering. By filtering out the yellow line in mercury it looks decidedly green and, if carried still further, it can be made blue, so
that it is difficult to tell whether the effect is due to the glass or
the gas.
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Mr. Buttolph: With regard to the colored tubes, it is possible
to use a variety of gases, but actually in practice practically all
signs are limited to neon and mercury-neon; the blue ones contain
both neon and mercury and when first started and still cold the
spectrum results from the ionized neon but with increasing temperature the mercury carries the current and the color is blue.
This accounts for the fact that in cold weather you see the mercury color disappear, and what would ordinarily be a blue tube
appears red. Greens are obtained by using a fluorescent glass tube
such as uranium glass and a mercury-neon arc. That can be done
only with tubes of extremely low intensity. A fluorescent glass
tube with the ordinary Cooper-Hewitt lamp is of no value as the
intensity of blue is so great as to mask all the fluorescence.
Dr. Clark: Could Mr. Benford give us the result of his experience on neon for dark room illumination?
Mr. Benford: I have had no experience along that line; have
you, Mr. Buttolph?
Mr. Buttolfh: I believe the difficulty is that there is some
ultra-violet present. Furthermore, the intensities used in the
dark room work are so low it has never offered any industrial
temptation to us.
Dr. Clark: In the early days of the neon lamps, I tried them;
they were safe for positive materials, but the intensity was very
low.

SOME

PRELIMINARY

EXPERIMENTS

IN

MEDICAL PHOTOGRAPHY*
Clifton Tuttle and C. A. Morrison
AT

THE suggestion of Mr. Will Hays, President of the Motion
Picture Producers and Distributors of America, Inc., the
Eastman Kodak Company recently arranged to cooperate with the
American College of Surgeons in the production of a series of
educational motion pictures of medical and surgical subjects.
Certain branches of this work present quite new problems
for the cameraman, and improvements in the existing methods
of technic are much to be desired. At this early date, it is impossible to state any definite recommendations. Some factors of the
problem have, however, been given considerable attention and
it is the purpose of this paper to summarize our present knowledge of these factors.
The Problems of Surgical Photography in Motion Pictures
The most difficult branch of medical motion picture photography isundoubtedly the making of photographic records in the
operating room. Special difficulties arising in this work are as
follows: (1) The field to, be recorded is usually horizontal; (2)
The actual size of the field and of the detail which should be pictured is small; (3) The vertical view is obscured by the hands and
instruments of the surgeon; (4) The demands of asepsis prevent
the close proximity of the usual photographic equipment or the
camera operator; (5) The color of the light reflected from exposed
tissue is predominantly red — of a hue for which the sensitivity
of photographic film is somewhat lower than for other colors;
(6) The photographic contrast of this material and the surrounding white field cloths is very great; (7) Much of the important
detail is in the deep shadow of an incision unless special provision is made to direct light to these parts; (8) The time of
an operation is relatively long, and to secure a satisfactory
record requires frequent rethreading if short lengths of film are
used.
* Communication No. 375 from the Kodak Research Laboratories.
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Camera Equipment and Accessories
A consideration of these special difficulties suggests the following mode of procedure : The use of a long focus lens is indicated
in order that the photographic apparatus may be at a distance
from the sterile field, and that the image of the operative area
shall occupy a large portion of the film frame.
A 4J-inch focal

Fig.

1.

Operating room

support

for Bell and Howell camera.

length lens has been found successful with the standard motion
picture camera. With this lens used at a working distance of five
and one-half feet, the 35-mm. frame is filled by a field whose size
is 12 inches by 9 inches. This size is about right for the usual picture of operative technic. Such a picture must, of course, include the hands and instruments of the surgeon.
It has been found that in the majority of cases, abetter view is
secured from an angle of 30° to 20° from the vertical than is pos-

1024

Transactions of S.M.P.E., Vol. XII, No. 36, 1928

sible from directly overhead. The angle should correspond rather
closely to that of the surgeon's line of view. A special type of
camera stand is a desirable accessoiy. Such a piece of apparatus
has been designed and it is hoped that we shall be able to describe this in a future communication.
In our preliminary ex.

Fig. 2.

Operating room camera support.

periments a standard motion picture tripod with tilting head
was used. It proved almost impossible to maintain sufficient
rigidity at the required leg extension. A rigid mounting was obtained by attaching the tripod head to a special plate which can
be clamped to the iron railing of the operating room gallery
(Figs. 1 & 2). The gallery provides a position for the cameraman
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outside the sterile field. This method of mounting leaves much
to be desired in the matter of flexibility.
A Bell and Howell camera driven by the cine motor has been
used in most of this work. It is equipped with a 1000-ft. magazine to minimize the time lost in rethreading. Two retorts full —
2000 feet — will make a satisfactory record of most operations.
Illumination
It is desirable to have all the detail within the incision which
is visible from the camera illuminated to a sufficeintly high intensity to give proper exposures at normal taking speed.
Dense

Fig. 3.

Cross section view of medical spot

lamp.

shadows cast by the hands and instruments of the surgeon must
be avoided. If a large portion of illumination is incident upon
the field from the direction of the camera lens, there can of course
be no heavy shadows visible to the camera. Spot lamps to furnish
most of the light required for photography have a number of advantages. The lamps can be placed beside the camera and the
beam can be made nearly parallel to the axis of the camera lens.
The focussed spot can be confined to the required field, thus avoid-
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ing the fatiguing glare which accompanies the use of floodlighting
units.
Since the material to be photographed is predominantly
red, the use of a source rich in long visible wave-lengths is advisable. The quality of tungsten light is admirable for surgical photography. Incandescent lamps are clean to use in the operating
room and there is no explosion hazard as there is with open arcs
in the presence of ether and other inflammable gases.
Fig. 3 shows the optical system of an efficient spot lighting unit
which has been designed for this work. Light from a 500-watt, 115

Fig. 4. Medical spot lamp.

volt monoplane filament lamp backed by a concave mirror is collected
by a Bausch and Lomb aspherical condenser of 68 mm. focal length
and 60 mm. diameter. A plano-convex relay lens of about 200 mm.
focal length forms one side of a water cell, 25 mm. thick, on the
end of a telescoping tube. These parts are mounted in an aluminium housing, the outside contour of which (Fig 4) is free
from unnecessary corners and projections. The whole lamp house
is easily cleaned and, if the surgeon so demands, it may be sterilized. The optical parts are put in adjustment as follows: The
mirror forms a filament image in the filament plane, the condenser images the filament itself and the mirror-image of the
filment in the plane of the relay lens. The relay lens images the
uniformly illuminated condenser lens in the plane to be photo-
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graphed. It is possible with this system to obtain an illumination
of 500 visual foot-candles in a spot one foot in diameter without
overvolting the lamp.
Panchromatic film is almost a necessity in surgical photography. A filter is not absolutely required for good. quality but
somewhat better results are obtained when a K3 or G filter is
used. The improvement is especially noticeable on pictures which
include a considerable area of white field cloths. The glaring whiteness of these cloths is reduced, but since the absorption of the filter
for light reflected by the tissue is low, exposure is not greatly
changed. The use of gray tinted cloths instead of white is advisable both from the point of view of photography and for the
visual comfort of the surgeon.
Use of a wide aperture lens is impractical because of the required depth of field. At a distance of five and one-half feet with
a 4|-inch lens one cannot use an aperture much wider than //4.5.
At this stop, the depth of field is about nine inches.
With panchromatic film, lens at //4.5, shutter opening 170°,
and taking speed of 16 pictures per second, the range of illumination for proper exposure of red tissue is from 800 to 2,000 visual
foot-candles when tungsten lamps are used.
To obtain an illumination of such an intensity with flood
lighting units would require six or seven 1,000-watt bulbs at a
distance of four or five feet from the operating table. The heat
generated by these lamps working at such a distance would cause
severe discomfort to the physician and some hazard to the exposed tissues.
Two of the previously described spot lighting units consuming only 1,000 watts of electricity will supply enough illumination to a spot one foot in diameter, and the beam can be made
satisfactorily cool by the water cell containing only distilled
water.*
Pictures made by the directional lighting furnished by two
spots only, leave something to be desired in pictorial quality.
A relatively small amount of side lighting improves the modeling.
In the example of the abdominal operation to be shown, there was
used, in addition to two medical spots, two 500-watt Kirby lights
at a distance of five or six feet from the incision. The two lamps
* It is desirable to supply some heat to the body of the patient from
the light sources.
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were placed to the right and left of the patient's head, about three
feet above the table level. A rather strong back-lighting effect
is thus achieved.
Additional Light Sources Usually Found in the Operating Room
There is usually some general illumination present in the
operating room. Daylight from the skylight may amount to 50
or 100 foot-candles. Artificial operating room sources range from

*0O Sirroco Fan directJy
connected to moior

Fig. 5.

Reflector for 3000 watt lamp.

clear glass 100-watt bulbs without a reflector, used on a drop
cord and held by an attendant nurse, to complicated diffuse lighting units. "The Scialytique" operating lamp uses a 100-watt
squirrel cage filament lamp. The lamp is encased in a cylindrical
Fresnel lens, and a crown of mirrors inclined at about 45° directs
the light downward. This lamp is capable of illuminating a spot
10 inches in diameter to an intensity of approximately 500 footcandles. This high intensity makes it a valuable source for photography.
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Clinical Photography with the So mm. Motion Picture Camera
The motion picture camera can be used to considerable advantage in the study of neurological cases, in the recording of
progress of treatment, and in the preparation of material for presentation before an audience. Ultra-speed pictures of eye movements, of gaits, of muscular tremors, and muscular coordinations
have proved of considerable value in observing the mechanism of
actions which are too fast to be followed by the eye. Photography
of clinical subjects does not present the difficulties of photography
in the operating room. The lighting requirements are not so exacting and no very specialized equipment is required. Most of
the necessary equipment is to be found on the market.
A room set aside for the purpose with permanent installation of lights and background supports is desirable but not requisite. Aphotographic studio 18 feet by 40 feet and 12 feet high
is available at the Strong Memorial Hospital, Rochester, N. Y.,
where the work of this nature has been done. This room is fitted
with over-head tungsten lights in reflectors (Fig. 5) designed
by Loyd A. Jones1. Four 3,000-watt lamps are suspended from
an overhead track. The reflectors are provided with altitude and
azimuth adjustment, and each unit can be moved along the
track, thus permitting any desired grouping of the lamps. When
operated ot 110 volts, these lamps are capable of illuminating
the whole end of the room to an intensity of about 1,000 footcandles (measured at a level about four feet above the floor).
In addition there are four 500-watt portable Kirbylite units and
two 1,000-watt Johnson ventlites.
Most of the subjects dealt with thus far have been light in
color and of high reflecting power. White bedding, skin, nurses'
uniforms, bandages, etc., require only a relatively low incident
intensity for normal speed photography unless the lens must be
stopped down to give great depth of field. Below are given some
approximate data for a few typical subjects which may be taken as
a guide in making scenes of like nature.
1 Incandescent Tungsten Lamp Installation for Illuminating Color Motion
Picture Studio, by Loyd A. Jones, Trans. Soc. M. P. Eng., No. 22, p. 25
(1925).
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Lens used, filter,

Description of Scene

Lighting

film, and distance

1. Torso of patient in
bed showing manipulation of leg by attendant
physician. Taken at normal speed, 16/sec. Gray
background.
2. Bandaging of arm
showing only arm, bandages, and black cloth
background.
3. Ultra-speed picture
(128/sec.) of subject on
bed to show muscular
tremor.

50-mm. lens at//6. 3, distance 5feet. K3 filter.
Panchromatic film

4. Close-up picture of
eyes to show movements.

75-mm. lens at //3.5,
distance 3 feet. Superspeed negative film. No
filter.

Two overhead 3,000watt lamps, 5 ft. from
subject. 2 Kirbylite
lamps at 45°, 5 feet from
subject.

50-mm. lens at //6.3,
distance 3 feet. Panchromatic film,
50-mm. lens at //2.5,
distance 5 feet. K3 filter. Panchromatic film.

Two

Johnson

Ventlite

1,000-watt
at 45°
from
axis. lampsDistance
about 2 feet.
Same as No. 1

Two 500-watt Kirbylites at about 3 feet,
45° from axis.

DISCUSSION
Mr. Taylor: While there was mention of several ratings of
lamps, I am not sure of that with the water cell in front. I was
interested to know what the rating was and how long the water
cell would operate without becoming overheated.
Mr. Morrison: We use one 500-watt lamp. With regard
to the water cell, it will last at least an hour without evidence of
bubbling.
Mr. Kroesen: What procedure is followed in obtaining photographs ofdeep incisions of mastoids and filling of the teeth, molars,
and things of that sort? Also, I should like to know whether your
experiments have been only with cadavers and whether you have
had difficulty with arcs in keeping them along the line above the
point of etherization.
Mr. Morrison: The last picture was on the living subject
who was under local anesthetic and was breathing normally.
There is little evidence of abdominal breathing. With regard to
photography in a deep cavity, in the last picture there was some
evidence of depth. It was of about two or three inches, and was
well illuminated. The oral cavity is taken care of by directing the
lamps in a line closely along the lens axis. This gives sufficient
illumination to photograph at normal speed with two lights.
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Mr. Kroesen: I am thinking of the situation of the bowels
laid out and the location below the bowel.
Mr. Morrison: Probably 90 per cent of the intensity is
coming alongside the camera axis, so that if you see clearly into
the cavity, you have sufficient illumination for it. At times when
the surgeon's hand may overlap the cavity, a deep shadow is
formed, and that is why we added side lamps. We have not photographed any mastoid operations.
Voice: Have Cooper-Hewitts been tried in deep cavity
surgery?
Mr. Morrison: We have not tried them and I haven't read
of any attempts being made.
Mr. Buttolph: Some three or four years ago very extensive
films were made of the operating technic of some of the leading
surgeons of the country, the proposition being sponsored by private individuals and one of the film companies. The records were
destroyed at the time of the Fort Lee studio fire. That work was
done largely with the small, portable outfits using mercury vapor
lamps, I think, in conjunction with Mazdas.
Mr. Morrison: In connection with the operative work, one
of the very important factors is the co-operation of the surgeons.
In the last picture, the hands of she surgeon were most of the
time not intercepting the line of the camera nor did his head
come into view. We have taken pictures with surgeons other than
this one where most of the essential points were obscured because
his hands or head came into the field of view. It requires a surgeon
who has a full conception of what is necessary in a motion picture
of this type and who is able alongside his operating to have in mind
these points and so give a picture which is perfectly clear.
Mr. Kroesen: I might say that as long as one of the other
members has stated as to when pictures were taken that a picture
of this kind was taken about fifteen years ago by Drs. J. Bentley,
Squire, Levi, and Erdmann. Dr. Levi's pictures were on bone setting, Dr. Bentley's on the filling of teeth, particularly in the rear
of the mouth, and Dr. Erdmann's was on Caesarian operations.
I think we ought to get hold of those and study them as being
instructive from the point of view of what happened at that time
to compare them with the present work.
Mr. Cowling: Did you find the cine motor would "take up"
a thousand foot roll during the operation, and if it would be an
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advantage to design a larger magazine, so that it is not necessary
to stop for reloading?
Mr. Morrison: We did have some trouble with the cine
motor in early attempts, but a slight defect was found in it, so
that even with the four fundred foot magazine it was not able to
carry it, but that has been remedied entirely.
With regard to film for the entire operation, we have designed
a camera and stand which will carry two thousand feet of film at
one loading, which is sufficient for practically all operative pictures. For hernia and most abdominal operations about fifteen
hundred feet are required with proper co-operation between the
surgeon and camera man.
Mr. Porter: Modern practice in lighting of operation rooms
seems to go to a number of satisfactorily diffused units over the
operating table so as to make almost shadowless operations.
Some experiments have been conducted on taking motion pictures in interiors by using 64-volt, 100-watt train lighting lamps.
On a 110-volt lighting circuit they will last two or three hours
and burning so far over-voltage, the actinic value of the light is
increased enormously and good pictures have been obtained. I
think the same lamps could be used in operations over the table,
distributed all around, so that shadowless lighting of ample intensity to take pictures would result. I think this would be an
advantage over the use of spots, where you will certainly get
sharp shadows.
Mr. Tuttle: We have used in some cases in our spot lamp
a 100-volt lamp on the 110 or 115 volt line, and of course have
got much more intensity from it; about two or three times as
much. In the usual case, we found we are not troubled very much
by not getting sufficient illumination where we want it.
As regards the distribution of lights, this problem is different
in each operating room we might go into. In some of the newer
hospitals the "Scialytique" lamps, which give beautiful illumination
are used, but in many cases the operating rooms are not equipped —
even the modern ones — with any very intense diffuse lighting
units. The directional lighting in most cases has a considerable
advantage over the other for furnishing the majority of the light.
Mr. Kellogg: One gets the impression from the picture that
it would help a lot if we could have a little color. That may be
deceptive, but perhaps the author can give us an answer on this.
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It would not seem in view of the slow movements that it would
be very difficult.
Mr. Kroesen: I am inclined to believe that Mr. Tuttle is
correct with regard to spots. It is absolutely necessary to get
into deep incisions, because otherwise you get shadows, and the
student doesn't see what he should. My experience on operations
has been that the deep operations are the major ones. I think
the spot light could well be designed in such a way, although we
could not call it a spot, to get into the deep incisions.
Mr. Copfman: In justice to the authors of the paper, I should
like to project some of the pictures mentioned during the discussion that were made a number of years ago. We have a number of
the pictures from the Fort Lee fire arid compared to the quality
of the pictures you have seen here, there is no rating for the older
pictures. I think all people who have made any attempts to photograph operative technic will concur, and while the results appear
relatively simple, I think the gentlemen who have taken the pictures deserve congratulations for getting the results they have.
They are as beautiful examples of operative technic as I have seen
anywhere,
and I don't
think like
the tomethods
criticism.whether he
Dr. Clark:
I should
ask Mr.need
Morrison
has tried making sound films of operations? In England, in July,
I saw a number of these sound films. The advantage appears to
be two-fold: First, the surgeon can describe what he is doing,
which is a great advantage; and, secondly, the operation is often
accompanied by noises, and sometimes it is an advantage to be
able to hear these. I have in mind a bone-setting operation in
which the clicking of the bones into place and the creaking of the
muscles must have been a help to the people who were listening
to the film. They were made by the De Forest Phonofilm system.
Mr. Tuttle: The use of sound pictures in connection with
medical subjects is not at all confined to England. We have had
fine examples here. Dr. Goodhardt, Xew York City, has made
some very fine films. Mr. Bristol has helped him in recording a
lecture to go with the projection of the film. I have heard and seen
these films and think them very fine.
In answer to Mr. Kellogg, we are doing the simple things
first and later hope to add the charm of color and sound.

A PROJECTOR FOR STEREO, COLOR
STANDARD FILMS

AND

George Lane*
THE

purpose of this brief paper is that it may serve as a reminder of some features characteristic of a projection system
embodying two projection objectives, with a single source of light,
and having twin apertures so arranged that two adjacent frames are
projected simultaneously.

Fig. 1 . Diagram showing general operating principle of color and stereo projector .

There is here for demonstration a 16 mm. experimental machine with which the principles about to be described may be
illustrated. Fig. 1 illustrates the principle diagrammatically.

Fig. 2. Front view of projection lenses.

A single light source illuminates two apertures which are situated one immediately above the other. Two lenses are placed with
\.

V.

President, Carpenter-Goldman

Laboratories, Inc., Long Island City,
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their axes in alignment from the center of the respective apertures
to the common screen center. The edges of the two objectives are
cut away as shown in Fig. 2 to permit axial alignment. They superpose the two adjacent pictures from the film in exact register on
the same screen area.
The feed of this machine is standard — that is, the film is
moved down one frame at a time with the result that each picture
is shown twice. Fig. 3 shows the film threaded through the projector.

Fig. 3.

Side view with case open to show threading.

As a consequence of this arrangement a composite picture is
always shown — that is, two adjacent film frames are superposed
which makes possible the various results which will be discussed
below.
Two-Color Projection
Although the machine was first conceived as a stereoscopic
device, its application to color projection is apparent, For color
work a film is prepared having alternate pictures photographed
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through filters similar to those used in projecting. The color values
apparent to the eye are thus obtained through application of the
well known additive principle. That is the different-density values
in the alternate frames of the standard black and white film used
for projection control the relative amounts of light passing through
the respective color filters and thereby the composite color tones
projected onto the screen.

Fig. 4. Front view of projector with
casing removed.
Color filter wheel is
in operative position.

Fig. 5. Same as Fig. 4 except that
color wheel is lowered to non-operative position.

Inasmuch as each individual frame should always be projected
through the same value of color filter, and as each frame appears
at two different apertures in succession, some form of synchronous
alternating device for the filters must be provided. In the present
machine this takes the form of a color wheel rotating at half the
speed of the eclipsing shutter. This color wheel therefore makes
one-half revolution for each frame pulled down by the intermittent.
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In the shutter as shown in Fig. 4 two succeeding outer spaces have
the same color and the following two, the complementary color.
The inner spaces in each case carry the opposite color from the
outer spaces.
The similarity of this method to the older systems of alternate
projection of red and green pictures at a rate of 32 or more per
second is at once evident, but there is the important difference of
simultaneous projection of the complementary colors, as compared
with their alternate projection by the older methods and the consequent necessity for increased speed, to avoid objectionable color
flicker.
Since both color impressions are always on the screen when
using the system under discussion, color flicker does not appear,
and normal projection speed becomes perfectly feasible.
Stereoscopic Projection
The same projector may be used for stereoscopic projection
without alteration. For third dimensional effects the film carries
right and left eye views in the alternate frames. There are various
methods of producing this film, but they are beyond the scope of
this discussion. The third dimension effect is dependent, of course,
upon the two eyes of the observer getting slightly different views
of the scene presented; the right eye having a view from a point
situated a little to the right of the point occupied by the left eye.
In projecting the stereoscopic pictures, the color filters operate
mechanically just as before — that is, the same color follows an
individual picture in its two projections. Ordinarily, the right view
is projected through the red filter, and the left view through the
green, but this is wholly arbitrary and might be left to chance. The
observer views the screen through viewing filters and the relationship of the colors to the eyes must be the same as that of the projection filters to the pictures. The only function of the filters in
this case is to select the right and left pictures for the respective
eyes of the observer. The pictures are taken without filters and
appear in monotone to the observer who views them through color
glasses.
These pictures just described, being taken without color
filters, appear in monotone when viewed through the glasses because
the film densities of the various objects. balance. Thus a highlight
in one picture will consist of a strong green, and in the other of a
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strong red which superposed give the impression of white, or nearly
so. Similarly all the intermediate tones of the picture appear in
varying degrees of brightness but always balanced as to proportions ofred and green.
Color Stereo
If, however, the original right and left pictures of the stereo
pair are taken respectively through red and green filters on panchromatic film, this situation of color balance is disturbed. The
right and left pictures become color records as well as views from
laterally separated points. When such a print is projected and
viewed through the stereo filters, a mild color sensation combined
with the usual stereo effect is observed.
Apparently the color sensation varies somewhat with different
individuals dependent again upon the physiological conditions. The
sight sensation is carried from the eye through the optic nerve
toward the optic lobe on the opposite side of the brain. These nerves
cross at the optic chiasma from which point some of the nerves lead
back to the optic lobe on the same side. The percentage of nerves
returning to the side from which they started varies in different
individuals, the average being about 40%.
In the situation now under consideration, each eye is getting
its own picture as to location of viewpoint ; therefore the stereoscopic
effect. Each brain lobe is also getting a portion of each color sensation which gives the effect of third dimensional pictures in color, the
coloring being in the same proportion as that of the nerves leading
back from the chiasma to the same lobe of the brain.
It must be remembered, however, that in these color stereo
pictures, as well as in the plain stereo pictures, the effect is dependent upon the individual having perfect vision in both eyes and
the naturalness of the reaction to such pictures is dependent upon
that condition.
Regular Pictures
If regular black and white film is run through the projector
without alteration, the result approximates standard projection,
except that a color fringe is visible when motion is rapid. If the
color filters are removed, as shown in Fig. ,5, and either regular
film or color record film is projected, the results are similar to the
usual black and white projection, but in either case rapid cross

Projector for Stereo, Color and Films — Lane

1039

screen movements are somewhat blurred. If single lens projection
of the subject is preferred, one has only to block off one of the
apertures or one of the lenses. This blurring of such cross moving
objects is the natural outcome from superposing two images which
do
in
be
by

not register at all points. It causes the so-called "color fringe"
the case of sequentially taken color pictures, but is believed to
less pronounced in the simultaneous projection than when shown
the older single lens processes.
While fringing may be kept to a minimum by care in direction
to avoid excessively rapid cross field movement, it appears that
complete avoidance of this defect is possible only by projecting
simultaneously, color records that have been photographed simultaneously from the same point of view.
DISCUSSION
Me. Taylor: I was interested particularly in the stereoscopic
end of this device because for many years it has seemed to me that
there might be sufficient demand to go to the complications of
showing all motion pictures in stereo. The fundamental difficulty
is that there is no known way of presenting something to the left
eye which the right eye doesn't see unless the observer puts himself
in a receptive position with a suitable device of mirror or shutter
or spectacles, and while demonstrations like this are striking, nevertheless the gain is not sufficient to make the average audience put
up with the complications. Whether this will always hold, I don't
know, but I think that is the controlling factor in delaying the
development of more stereo projection devices and their acceptance
by studio owners. The time differentiation, that is, the synchronous
shutter, for each observer was the ultimate answer to the question,
because in this way full color values can be obtained. I was interested inthe suggestion that partial differentiation was obtained
by red and green, and I think the author does not claim the result
is very striking, so that this leaves the matter of real color value
to be taken care of by a selective device.

ILLUMINATION

IN MOTION PICTURE
Clifton Tuttle

PRINTING*

SO

FAR as the author has been able to ascertain there are no
published data which the designer or operator of motion picture
printers can use in the selection of a light source suited to his
particular needs. The choice of the lamp and the provision of means
for controlling its intensity are usually considered as individual
problems for each printer. In this paper quantitative data relative
to the printing intensity of several lamps will be presented and
several methods of intensity variation will be considered.
The Measurement of Exposure
Throughout this paper the term exposure will be defined as
the product of intensity incident upon the negative by the time
during which the negative is exposed in the printer gate. Intensity
will be measured in meter candles, and time in seconds. A measurement of intensity for photographic purposes requires a specification
of the quality of the light. In this paper all intensity values refer
to light of sunlight quality — approximately equivalent to radiation
from a black body at 5000° Kelvin.
Intensity measurements were made by the conventional
methods of photographic photometry. Positive film was exposed
in the printer gate through a step tablet of graded densities. The
film was developed with sensitometric strips exposed in a nonintermittent sensitometer. From the sensitometric data, the characteristic curve of the material was plotted. The densities printed
through the step tablet were measured and by interpolation on the
characteristic curve, determinations of intensity incident upon the
positive were made. These values when multiplied by the opacity
factors of the step tablet gave the intensity incident upon the
negative. Since there were nine steps on the negative step tablet,
nine different determinations of each intensity could be made.
The Range of Printing Exposure Required in Contact Printing
Introductory to the discussion of possible light sources and
methods of control, it will be well to establish certain limits for
the range of printing exposures which will be required of a contact
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printer. This range will, of course, depend upon the class of work
to be done. Where the product of experienced camera-men working
under controlled lighting conditions is to be processed, the actual
printing range which is used is short. Measurements of the exposure
required by a thousand representative negatives from the Hollywood studios showed a variation of only ten times in the amount
of exposure required to give the best print from the extreme negatives. In a laboratory which receives negatives from the semiprofessional trade and from news photographers, the printing range
may be much greater. If experience in our own processing laboratory may be taken as a criterion, a printer should be equipped for
a maximum exposure variation of ninety or a hundred to one.
Although ninety-nine per cent of all negatives received print within
a range of twenty-five to one, it is probably best to equip a printer
to accommodate the rare cases.
The required exposure limits in absolute terms may be established somewhat arbitrarily by the selection of the best exposure
for two extreme negatives. Two scenes selected for this purpose
represent a severe camera overexposure — so dense that less than
one per cent of the light incident upon a whole frame is transmitted
— and an underexposure having a whole frame transmission of about
seventy per cent.
A series of prints was made from these scenes on positive film.
The intensity of the aperture illumination was measured for the
condition which gave the best print of each negative. For the
densest negative the required intensity was 800 meter candles and
for the least dense it was 8.3 meter candles. Since these prints were
made on a contact printer operating at the rate of four frames per
second with a 180° shutter for the pull down period, the time of
exposure was 0.125 second and the highest and lowest exposure
values were 100 and 1.04 meter-candle-seconds, respectively. It
seems reasonable to conclude that a printer capable of a maximum
exposure of 100 meter-candle-seconds and a minimum of one metercandle-second will be adequate.
Methods of Intensity Variation
There are several methods by which the printing intensity may
be varied. The distance from the lamp to the aperture may be
changed. An optical wedge of variable absorption from end to end
may be mounted to slide in front of the lamp. If an optical system
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is used between the lamp and aperture, the change in intensity
may be effected with an iris diaphragm or series of stops in the lens.
Finally, the electrical input into the lamp may be varied — the
resistance step method.
The variation of lamp distance is not very practical in a printer
which must handle the entire range of negative density. The
minimum distance from the printing aperture at which a lamp
should be used is about four inches. If it .is used closer, the aperture
may not be illuminated with satisfactory uniformity. To decrease
the illumination in the ratio of 100 to 1 would necessitate moving
the lamp to a distance of 40 inches. The mechanism required for
such a movement and the time required to make the change render
this method impractical as an intensity control.
The optical wedge method is quite practical. Such a wedge
may either be made photographically on a glass plate or a neutral
gray gelatin wedge may be obtained. Of these two the photographic
wedge is preferred because of its permanency. To insure uniformity
of aperture illumination the wedge should be placed near the lamp
and at a distance of at least six inches from the film unless a compensating wedge of the same slope running in the opposite direction
is used. The density range to produce a change of 100 times in
printing exposure should be from 0 to 2.0 (a transmission range of
100 per cent to 1 per cent).
The optical diaphragm control necessitates a lens system.
Although the required variation in exposure corresponds to a rather
large change in effective aperture, it is entirely feasible to obtain
a corrected lens which will satisfy all requirements. The available
stops should range from//32 to about //3. 5.
The two possible objections to intensity control by variation
of voltage are time lag caused by the heat capacity of the filament,
and change in photographic quality as the color temperature of the
lamp is varied. With the 60-watt lamp E (Table 1) there is a time
lag amounting to about 0.25 second in going from the lowest to
the highest exposure step. In a printer operating at four frames
per second this lag results in uneven printing of only a single frame.
For the average change of a few printer steps, the period of this
lag is certainly negligible. With lamps of higher wattage the lag
period becomes greater. With the 500-watt lamp the time of change
is about four times as great.
There is some change in contrast as the color temperature of
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the lamp is varied. Scenes printed at low voltage will have slightly
higher contrast than scenes printed at higher voltage. This effect
is somewhat greater with duplicating film than with ordinary
positive but in neither case is it particularly serious.
The advantages of resistance controlled printing light are the
simplicity of the controlling mechanism and the adaptability to
automatic change actuated by previously timed and notched negatives. The resistance control method is probably the most widely
used of any of the alternatives and for this reason it seems worth
while to make a rather extensive study of the wattage-intensity
relation for various lamps.
Characteristic Data for Lamps to be Measured
Unfortunately the amount of data required to make a reliable
determination of the photographic intensity characteristics for any
lamp precludes the possibility of making a detailed study of a
number of lamps of each kind. The alternative chosen by the
author was to select one lamp to represent each of six various types
ordinarily used in motion picture printing, choosing in each case a
lamp representative of its class as to electrical characteristics
and color-temperature-wattage relation. It is believed that either
the voltage-current relation or the color temperature relation presented herewith will specify the particular lamp with sufficient
accuracy for all practical purposes. It is thought, moreover, that
the reader desiring to utilize any of these data in connection with
a particular lamp of the same type may be assured of results which
differ from those stated by less than ±10 per cent in intensity.
A difference of this magnitude may be caused by errors in the
positioning of the lamp filament with respect to the aperture.
A lamp which will be fitted by the intensity data to be presented
may be selected entirely upon the basis of an approximate fit of
the voltage-current relation. With a reliable ammeter and voltmeter these data can, of course, be immediately ascertained for
any lamp.*
The series of lamps to be studied is described in Table 1. The
visual color temperature-wattage relation is shown graphically
in Figs. 1 and la. The empirical constants of the current-voltage
relation for each lamp are given in Table 2. An exponential relation :
* It is suggested that the reader may plot the current-voltage^ data of
Table 4 to facilitate the comparison.
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V = aCb, where C is the current in amperes, V is the voltage, and
a and b are constants; is accurate for the voltage range which will
be used in printing.
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Fig. 1. Color temperature — wattage relation for six lamps.

4

Fig. la.
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Color temperature — wattage relation for lamps D and

F.

Variation of Intensity with Wattage
Photographic intensity measurements of these six lamps were
made under actual operating . conditions using the methods of
photographic photometry already described. The original data
for the sixty-watt lamp E are shown graphically in Fig. 2. For all
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the lamps a linear relation exists between logio of wattage and
logio of photographic intensity. The data indicate with a very
high degree of correlation an exponential relation of the form :
W=KIM
where I is the photographic intensity in meter-candles, W is the
wattage, and K and M are empirical constants. The constants for
the six lamps computed for a filament distance of 12 inches are
given in Table 3.
Table 4 which shows the current C, voltage V, wattage W,
and photographic intensity I at 12 inches is included for con-

13

Fig. 2.

1,4

IS

16

17

A typical set of data showing the relation between
intensity and wattage input. (For lamp C).

1.6

photographic

venience in application. Intensities in this table are arranged in
progressive order, each successive value being larger than the
preceding by a factor equal to the square root of two. Using this
table, one can determine the resistance steps* of a light change
board to divide the range into usable exposure steps.
The inverse square law will hold with practical accuracy for
all of these lamps at distances greater than six inches from the
aperture. Thus it is possible to choose the lamp, determine its
position, and set the electrical resistance steps to meet the requirements of operating speed.
* Voltage drop across the lamp 7 plus voltage drop across resistance
in series with lamp Vr equals line voltage Vl, (1) V+Vr = Vl (2) Vr = CR,
where R is the series resistance.
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Table

1

Lamps Tested for Intensity-wattage Relation
Designation

Rated
Wattage

Rated
Operating
Voltage

Manufacturer's
Description
of Filament

A

500

115

Proj. Monoplane
Filament C 13

B

250

120

Proj. Monoplane
Filament C 13

C

100

115

Proj. Monoplane
Filament C 13

D

72

6

Single Coil
Filament C 8

E

60

120

Cage Filament
S 1

F

32 c.p.

6

Description
Manufacturer's
of Bulb
T20
type C
T 14
TypeC
T81/2
type C
T 10
type C
S21
Clear type B
S 11

Mazda 1134 Auto
Headlight C 2

type C
Table

2

Empirical Constants from Which the Voltage Can
Calculated for Any Current
Lamp
7.88
25.1
115.0
0.0264
389.0
0.199
Table

1.77
1.85
1.75
2.23
1.63
2.34

3

Constants in the Photographic Intensity-wattage Relation of Six Lamps
Lamp
K
M
50.0
28.7
15.5
8.13
11.5
3.56

0.222
0.230
0.240
0.268
0.276
0.276
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Example of the Application of Wattage Intensity
Data to the Solution of a Particular Problem
As an example of the use of the wattage-intensity data in the
solution of a given problem let us suppose that we wish to install
a lamp in an intermittent printer which operates at twenty-four
feet per minute — 6.4 exposures per second with a 180° shutter for
the pull-down period. The time of exposure will be 0.0782 second.
If the entire range of negative exposures is to be handled {i.e., from
100 to 1.04 m.c.s,) the required intensity range for positive film
will be 100/0.0782 = 1280 meter-candles to 1.04/0.0782 = 13.3 metercandles.
If house lighting current of fairly constant voltage is available
it will probably be preferable to use a high voltage lamp rather
than one for 6 volts. For economy of operation, it is doubtless best
to use as low wattage as possible. Lamp E, the 60-watt, 120-volt
lamp, does not give high enough intensity at twelve inches as may
be seen from Table 4. It would have to be brought rather close to
the aperture before the intensity would be great enough at 110
volts. Rather than risk uniformity of illumination by decreasing
the distance and since it is undesirable to use a printer lamp at its
full rated wattage, the selection of a higher wattage lamp is recommended. The 100-watt lamp C satisfies the requirements even
at the twelve-inch distance and at a wattage considerably below
its rated value.
Use of Table 4 is a convenient means for obtaining a definite
series of intensity steps. If intermediate intensities are required,
computation may be either graphical or mathematical. If the
intensity data of Table 4 are plotted against current, voltage, or
wattage, the meter reading corresponding to any desired intensity
may be obtained by interpolation. The mathematical solution of
the problem is as follows:

(i)

log W - log K

w-^n —

for intensity as a function of wattage.
(2)

log I =

(6 + l)logC+loga-logK

as a function of current.
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(3)

i
■ 6(logF-logK)+logF-loga
logi=
bM

as a function of voltage.
Intensity Requirements for Printing with Duplicating Film
The foregoing discussion and the data concern printing on
regular positive film. An attempt was made to obtain similar data
for duplicating film. This problem is complicated by the rather
indefinite requirements of duplicating film printing, and by the
failure of the reciprocity law with duplicating emulsion which
renders the data of doubtful application at other than the specified
intensity level.
The quality requirements for a duplicate negative or a master
positive differ widely from those of a projection print. Moreover
the tolerance in the limits of exposure is greater. To make a duplicating film print of quality similar to that of a good positive projection print requires from four to five times the intensity. To
make a satisfactory master positive, perhaps from 10 to 30 times
the intensity should be used. When filters are interposed between
lamp and aperture to regulate contrast, the intensity required
because of absorption is about 2.5 times that of the unfiltered light.
This factor holds with fair accuracy for either one layer of Aero
No. 1 or for two layers of No. 39, or equivalent glass filter, which
are the filters generally used for duplicating film.
A printer which will make satisfactory master positives on
duplicating film for the large range of negative densities probably
should have an exposure range from 10 m.c.s. for the thinnest
negative printed without filter to about 2500 m.c.s. for the most
opaque negative printed with a filter. The extremes of this range
will of course seldom be used in practice but a lamp which will
accommodate the extremes might be advisable.
Variation of Photographic Intensity
with Wattage for Duplicating Film
It was found by repeating on duplicating film the work which
was done with positive film that the wattage-intensity relation
already quoted for positive film holds with sufficient practical
accuracy in the case of duplicating film for measurements made
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without filters. If an exposure range from 10 m.c.s. to 2500 m.c.s.
is desired in an intermittent printer operating at four frames per
second (exposure time 0.125 second), the requisite intensity range
will be 80 to 20,000 meter-candles.
In the foregoing discussion of intensity requirements for contact printing, no mention is made of the effect of optical systems
utilized to illuminate the negative, nor is the important question
of intensity required for projection printing touched upon. Both of
these matters are being investigated and it is hoped that the author
will be able to report on some typical optical systems in a future
communication.
DISCUSSION
Mr. Spexce: From that list, it appears that approximately
30 light changes would be recommended in the printing machine.
Has it been found by anybody in the laboratory end that this is
not sufficient for the average commercial product?
Mr. Tuttle: For a 100 to 1 variation of intensity by square
root of two steps, 15 would be sufficient.
Mr. Norlixg: It seems that in optical printers a wider variation in light intensities is required than in contact printers from
negatives of the same density.
Mr. Tuttle: I am under the impression that the range of intensity required might be somewhat greater for projection printing.
I hope to treat some optical systems for printers a little more fully
than I have at present in the near future and to tell you something
about the actual intensities we need. The range of required printing
exposure may be somewhat greater for projection printing because
of the difference between the diffuse and specular values of negative
transmission. May I refer you to my paper on diffuse and specular
densities published in the Journal of the Optical Society June
1926?
Mr. Kroesex: I notice that some of the lamps are of the
short life type.
Mr. Tuttle: Most of the lamps, particularly the higher
wattage ones, give more than sufficient intensity for normal printing
speeds and for a greater portion of the time in the printer they
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would be operated below the rated wattage with consequent increase inlife. A 500-watt lamp in the printer running at 4 frames a
second might be operated from 200-watts downward; that is a
guess but it would certainly be a very low wattage.
Me. Jones: In the last table you presented showing the
relation between meter-candles, voltage, etc., are these values of
meter-candles, photographic meter-candles or visual?
Mr. Tuttle: They are in photographic meter-candles corresponding to a source operated at approximately the quality of
sunlight; that is, 5000° Kelvin.
Mr. Kroesen: Have you ever made any observation of
standard 100-watt A-type lamps; for instance, the 100-volt A-23
with a filament cut for 130 volts?
Mr. Tuttle: With the filaments extended?
Mr. Kroesen: Yes. The filament diameter is changed at
various points by using the larger size wire and cutting for the
lower voltage. You get more useful life and even printing over
the useful life of the lamp. Have you observed such lamps?
Mr. Tuttle: The only 100-watt lamps I have measured are
rated for 100-volts and 120-volts. The same intensity law holds
for both of these lamps.
Mr. Ross: Is it your idea to reduce the light intensity of the
filament?
Mr. Kroesen: My idea is to maintain the rheostat at the
required load and utilize gas pressure in the lamp for quick change
and maintain more and longer useful life of the lamp in itself.
Mr. Tuttle:
It seems like an entirely practical thing to do.
Mr. Kroesen: I have tried that experiment with the 100-volt
lamps operating on 110-volt circuit and found very satisfactory
results.
Mr. Ross: A 130-volt lamp burning on a 110-volt circuit
would reduce the intensity of illumination and change the spectral
value of the light and the quality of the printing, would it not,
Mr. Jones?
Mr. Jones: I assume you refer to the change in the spectral
radiation emitted. If you make a lamp such as Mr. Kroesen suggests, itwould when placed on the line be operating at lower color
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temperature and be yellower than the normal lamp. There is a
variation in contrast of the print with temperature of the filament,
but the change is so little as to be of no importance in practice
unless the voltage is changed over an enormous range.
Mr. Tuttle: That data will be included in the paper. Printing on positive film, the actual change in gamma is about 0.1 for a
110-volt lamp operating at 110 volts or at 50 volts.
Mr. Jones: The effect is very small.
Mr. Tuttle: With duplicating film, it is somewhat greater
but in either case it is considered negligible.

A PHOTOMETER

FOR

THE

MEASUREMENT

OF LOW ILLUMINATIONS*
Loyd A. Jones and E. M. Lowky
IN THE manipulation of photographic materials the provision
of satisfactory darkroom illumination is of vital importance.
This illumination must be of such intensity and quality that a
negligible amount of fog is produced when these materials are
exposed to its action for the time required to perform the necessary
operations on the material. At the same time it is desirable that
the illumination be of sufficient intensity and quality so that the
operator may work with comfort and certainty. In the earlier
days of relatively low-speed materials sensitive only to the blue
and blue-green, the problem of illuminating the darkroom was a
relatively simple one. These materials could be manipulated under
relatively high levels of red illumination without danger of producing objectionable fog. Satisfactory seeing was obtainable with
illumination levels adjusted so that the time to produce a perceptible fogwas several times as long as that required for the manipulation of the materials. Under these conditions the precise measurement of darkroom illumination was not of great importance
since the allowable latitude in intensity was relatively great.
With the advent of the high-speed materials sensitive to all wavelengths of the visible spectrum, this problem of providing satisfactory illumination in the darkrooms has assumed greater importance and more and more difficulty has been met in obtaining
a darkroom illumination which is satisfactory from the standpoint
of both photographic safety and visual requirements. It is necessary to use the maximum allowable illumination which can be
tolerated without producing perceptible fog so that the operator
may see as much detail as possible. This means that the variation
in illumination which can be tolerated is very small and hence a
method of measuring these illumination levels with relatively
high precision is very desirable. Practically all of the portable
photometers and illuminometers on the market are designed specifically for measuring illuminations of relatively high value, such
as exist in offices and factories illuminated by natural and artificial means. While these instruments are very satisfactory for
* Communication

No.

373

from

the Kodak

1054

Research

Laboratories.

Measurement of Illuminations — Jones and Lowry

1055

this purpose, they do not, in general, function satisfactorily when
an attempt is made to use them in darkrooms illuminated for
the manipulation of modern high-speed panchromatic materials.
The instrument described in this paper was constructed specifically to meet these special requirements of dark room photometry and in its design careful consideration was given to those
fundamental visual characteristics which determine the precision
with which photometric readings can be made.
The measurement of illumination in general depends upon
the ability of the eye to judge the equality of the brightness of
two adjacent visual fields which may be presented to it either
simultaneously or alternately. Thus the accuracy of photometric
results depends upon the contrast sensibility of the retina. This
sensibility, that is, the least difference in brightness that can be
detected by the eye, is in turn dependent upon several factors;
namely, the intensity of the stimuli themselves, the time the eye
is adapted to the contrasting stimuli, the previous condition of the
adaptation of the eye, and the size of the visual field. The condition
of adaptation and the size of the visual field are of special importance at low illumination levels such as prevail in the photographic
darkroom. These facts have been brought out by a number of
observers, notably by Nutting,1 Blanchard,2 and Reeves.3 Furthermore, there exists a very marked difference between the contrast sensibility determined for monocular vision and that determined for binocular vision. This is also particularly true at low
levels. Data on this subject will be presented in another paper by
the authors of the present communication.
Since the sensibility of the eye to brightness differences,
particularly in the region of low intensity, decreases rapidly with
decreasing intensity, it is of primary importance that a photometer to be used for measuring low illumination levels does not
in any way reduce the intensity of the stimulus reaching the retina of the observer. In the great majority of portable photometers
and illuminometers an optical system is used which may contain
1 Effects of Brightness and Contrast in Vision by P. G. Xutting, Trans.
I. E.S. Vol. lip. 939(1916).
2 The Brightness Sensibility of the Retina by Julian Blanchard. Phys.
Rev. Vol. II p. 81 (1918).
3 The Effect of Size of Stimulus on the Contrast Sensibility of the Retina
by Prentice Reeves, J. Opt. Soc. Amer. & Rev. Sci. Instr Vol. I p. 448 (1917).
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a photometric cube, one or more lenses, and an artificial pupil.
Moreover they are usually designed for monocular observation.
This means that the intensity of retinal stimulation, when the observer looks at an illuminated area through the instrument, is
materially less than when the same area is observed directly.
This objectionable feature has been eliminated in the present
instrument. No optical system whatever is interposed between
the eyes of the observer and the illuminated area of which the
brightness is to be measured. Moreover, the surface is observed
by both eyes and this adds materially to the sensitivity at these

Fig. 1.

Cross sectional diagram of the elements of the photometric

field.

levels. The field size has also been so adjusted that when observed
at normal viewing distance the angular dimensions give the maximum of sensitivity.
The essential principle involved in the construction of this instrument isillustrated in Fig. 1 which is a cross section through
those elements which form the photometric field. A represents an
opaque reflecting element. The upper surface of this is matte
white and has a high reflecting power. In the center of this is cut
a circular hole, B, bevelled down to a very sharp edge as shown.
In contact with the lower surface of A the element C is mounted.
This consists of a piece of pot opal glass of which the upper surface, D, is fine ground and covered with a matte black lacquer.
The surface of the element C as viewed from above, therefore
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appears as a matte black surface of relatively low reflecting power.
However the coating of black lacquer is not entirely opaque and
some light from the source S is transmitted through the plate,
being, of course, completely diffused by the pot opal glass, C.
Now when illumination, as represented by the lines I, I, etc., is

Fig. 2. Side elevation of Low Brightness Photometer.

allowed to fall upon the surface formed by the elements C and A,
the observer sees a black spot in the center of a white field. If.
however, light from the source S is allowed to fall upon the element
C, as indicated in Fig. 1, the brightness of the central spot can be
increased, and by proper adjustment of the intensity of the light
from the source S the central spot can be made to match exactly
in brightness the surrounding area. The intensity of the light from
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the source S can be controlled in any desired manner, a graduated
scale being attached to the control mechanism. This photometric
field is viewed by the observer as indicated, the eye, E, being placed
in a position approximately as shown. It will be observed that this
arrangement provides a means of making a photometric reading
by binocular vision and without the interposition of any optical
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arrangement of parts.

showing

the

system between the illuminated surface and the eye of the observer.
The authors feel that this method provides the optimal conditions
for the measurement of low illumination.
The constructional details of the instrument built in this laboratory are shown in Figs. 2 and 3. Fig. 2 represents a side elevation,
and Fig. 3 a plan view. The photometric field is represented at A
and B, B representing the black spot within the surrounding white
field formed by the surface of A. Below B is placed a reflecting
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element M which serves to throw the light from the lamp V onto
the under surface of the opal glass B. The light source used is a
carefully seasoned automobile headlight lamp which of course must
be operated at a precisely controlled current value. Between the
light source V and the mirror M are placed several diaphragms,
D, D, D, which serve to eliminate stray light. In the path of the
light are placed a pair of photographic wedges, W, W. These serve
to control the intensity of illumination incident on the under surface
of the opal glass, B. The wedges are mounted in holders and so
arranged that a rack and pinion moves them in opposite directions.
The pinion is attached to the knurled head, K, which is the means
by which the operator adjusts the illumination incident on the
lower surface of the glass B. A pointer, P, attached to one of the
wedge holders moves along a scale S. A separate control box must
be provided for the operation of the lamp V, the current for which
may be supplied either from a storage battery or from the 110-volt
line through a transformer or resistance, as may be appropriate.
The instrument is calibrated previous to use by placing it on
a standard photometer bench equipped with a reliable candlepower standard. The test plate, A, is illuminated to various levels
by adjusting the distance between its surface and the standard
lamp. The scale reading corresponding to the various wedge settings
at the balance point for each illumination are noted and from these
a calibration curve of the instrument is plotted.
When making measurements with the photometer it is so placed
that the test plate is located in the plane on which the illumination
value is desired. Thus, in darkroom work, if it is desired to adjust
the illumination on the work table, the instrument is merely placed
on the table where the work is being done. The observer then stands
in such a position that he looks down upon the photometric surface
with his eyes at normal viewing distance (35 cm.) from the surface.
The rheostat is adjusted until the ammeter indicates that the
proper current is flowing through the standard lamp, V, and, the
wedges are then manipulated by means of the knurled head K,
to give equality of brightness between test plate A and the test
spot B. The scale reading which is purely arbitrary is then noted
and converted into the meter-candle value by reference to the
calibration curve or a conversion table computed therefrom. If
desired, the scale of the instrument may, of course, be calibrated
to read directly in either meter-candles or foot-candles.

A
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The rather extensive use of this instrument in the measurement
of darkroom illumination has led the authors to believe it has
many advantages, among which may be mentioned: Observations
are made with unobstructed binocular vision under the same conditions which exist when some task is being performed. The size
of the test plate and the test spot are such that the visual angle is
Table I
Illumination {in meter-candles) on Working Plane in Photographic Dark Room
No. of
Reading
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

E.M.L.
0.0041
.0044
.0044
.0044
.0037
.0036
.0037
.0044
.0037
.0037
.0037
.0044
.0044
.0041
.0037
.0044

Average
0.0041
7.3%
Average deviation
from the mean
Maximum deviation 9.7%
from the mean
1-8%
Probable error of
the mean

that giving maximum

Observer
N.S.
0.0044
.0039
.0041
.0044
.0045
.0041
.0041
.0041
.0041
.0037
.0037
.0041
.0041
.0039
.0041
.0039

as.
0.0037
.0047
.0039
.0042
.0045
.0039
.0041
.0047
.0039
.0039
.0045
.0044
.0044
.0039
.0037
.0042

0.0041
4.8%

7.3%
0.0042

9.7%

14.2%

1.2%

1.7%

contrast sensibility at low illuminations.

At a distance of 35 cm. the test plate subtends 23° to the eye, the
test spot a little more than 3°. The range of the instrument is about
1 to 1,000 (0.5 to 0.0005 meter-candles) without the addition of
multiplying filters. This range can be extended by the introduction
of calibrated neutral gray absorbing filters between the lamp V and
the mirror M. The. intensity adjustment is not accompanied by
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any change in color of the illumination as of necessity must occur
when intensity adjustment is made by control of the lamp current.
The type of results obtained by this instrument is illustrated
by the data in Tables I and II. In Table I are shown the results
obtained by three observers, each taking sixteen readings. These
values apply to a safelight installation suitable for the inspection
Table II
Illumination (in meter-candles) on Working Plane in Photographic Dark Room
No. of
Reading
1
2
3
4
5
6
7
8
9
10

E.M.L.

Observer
N.S.

14
15
16

0.0022
.0022
.0025
.0023
.0025
.0026
.0024
.0022
.0022
.0026
.0026
.0023
.0023
.0022
.0025
.0026

0.0022
.0023
.0022
.0024
.0021
.0022
.0021
.0022
.0020
.0022
.0022
.0023
.0024
.0021

Average

0.0024

0.0022
3.2%

11
12
13

Average deviation
from the mean

5.8%

Maximum deviation 8.3%
from the mean
Probable error of
the mean

1.4%

.0022
.0022

9.0%
0.7%

c.s.
0.0026
.0022
.0022
.0026
.0026
.0025
.0023
.0021
.0023
.0022
.0023
.0023
.0022
.0021
.0021
.0023
0.0023
5.6%

13.0%
1.4%

of high-speed panchromatic materials and represent a condition
where the safety time is approximately one minute, safety time
being defined as that exposure time which will give fog not exceeding 0.03 in density. Inspection of the data in Table I will show that
the three observers agree very well with each other and that the
probable error in the mean in no case exceeds 1.8 per cent. The
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maximum deviation of a single observation from any observer's
mean is on the average 11 per cent, which is remarkably low when
it is considered that the photometric sensibility as based on monocular data is at this illumination level 20 per cent.
The data in Table II were obtained at a somewhat lower level
than that applying to Table I. In Table II the illumination was
found to be 0.0024 meter-candles. Under these conditions a perceptible fog (0.03 density) is obtained with an exposure of approximately five minutes. The probable error in this case is on the
average 1.2 per cent, while the average maximum deviation from
the mean is about 10 per cent. The authors feel that these data
demonstrate conclusively the satisfactory performance of the instrument.
In concluding we wish to emphasize again the desirability in
work of this kind of using binocular vision and of avoiding completely an optical system between the test plane and the eyes of
the observer.
DISCUSSION
Mr. Ross: Is film more sensitive when not in motion than
during the time it is in motion during exposure? Recently in a
laboratory in Hollywood we thought the lighting for panchromatic
was abnormal, but the laboratory attendant stated they had found
that it was not so sensitive when in motion.
Mr. Jones: I have never heard this reported before. I believe
the density produced is entirely dependent upon the illumination
incident on the material and the exposure time. We know there
is a definite failure of the reciprocity law and hence the density produced is not directly proportional to the product of intensity by
exposure time. I feel very sure that the motion of film during
exposure has no effect. We have made no direct measurements
but it is common practice in sensitometric work to expose films
while in motion and I think if there had been anything of this kind
it would have been observed.

HEAT

ABSORBING

GLASS

H, P. Gage*
HEAT absorbing glass of a bluish green color has been employed in projection apparatus to remove the invisible heat
radiation to a greater extent than the visible. Some of its properties have already been described before this Society.1
Inasmuch as the protection afforded to the film, lantern slide
or other object was secured at the expense of heating the heat
absorbing glass, this protecting glass was itself liable to breakage
unless extreme precautions were taken to heat its entire surface
with great uniformity. Recent experiments with new glass compositions have demonstrated the possibility of making a heat absorbing glass of low thermal expansion capable of withstanding
considerable heat shock and therefore adapted for use in projection apparatus. This new heat resisting heat absorbing glass is
sold under the trademark AKLO.
When measurements were made of the heat and light transmission of samples of the new glass, it was gratifying to find that
for the same light transmission there was less heat transmitted than
with the older type of glass. The measurements of heat and light
transmission were made upon a series of glasses ground and polished
to different thicknesses from the same melt. Light transmission
measurements were made using Mazda B lamps operating
at normal voltage. The projection lamps operating at a somewhat higher temperature with a lesser proportion of red will in
practice have a better light transmission. Heat transmission measurements were made by inserting the glass between a thermopile
and a 500 watt, 110 volt, monoplane filament projection lamp.
The galvanometer deflections with and without the glass serve
to measure the energy transmission of the glass. This energy transmission ismade up partly of the radiation within the visible spectrum and partly of the invisible infra-red radiation. The heating
of the specimen or film is in proportion to the total radiation, its
illumination being proportional to the visible radiation. A series
of curves were then plotted for these transmission factors and it
* Corning Glass Works, Corning, N. Y.
1 Heat Protection of Motion Picture Film by E. D. Tillyer, Trans. S. M. P.
E. No. 16, p. 137, (1923).
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Fig. 1. Variation of light transmission with thickness,
(different melts of glass.)

is hoped that they will be useful in the design of projection apparatus.
Increase of thickness of the glass of a given melt or increase in
concentration of coloring material not only reduces the heat
transmission, and the light transmission, but changes the color of
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the transmitted light to a more noticeable bluish green tinge.
This change in hue with thickness is not easily shown in curve form.
Spectrophotometry measurements of this type of glass have been
made. Radiometric measurements of the older type of heat absorbing glass in the infra-red are available.2 It is not improbable
that the general characteristics of the infra-red transmission of the
heat resisting glass are much the same.

40

50
60
TO
60
LIGHT TRANSMISSION

Fig. 3. Heat transmission versus light transmission, typical melt of
heat absorbing glass of ordinary expansion; typical melt of heat resisting
heat absorbing glass, AKLO filter; and combination water and heat absorbing
glass.

Before the heat resisting heat absorbing glass was developed
a scheme was devised to secure maximum heat protection to microscopic specimens, etc. by using a water cell to remove radiation
of longer wave length than 1.5/* combined with heat absorbing
glass to remove radiation between the extreme visible red and 1.5^.
The heat absorbing glass was either inserted in the water
cell or made one of its faces. By so doing the water serves to
equalize the temperature over the entire surface of the glass and
prevents the reflection losses at the face of the glass which would
occur if the heat absorbing glass were separate.
* Coblentz— Bureau of Standards Scientific Paper No. 325, p. 664.
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The results with microscopic specimens were most
grati?,
'■*»
fying. The danger of spoiling the specimens can be nearly
^
eliminated when using the heat absorbing
glass combined with
the water cell.
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The need of a heat absorbing filter occurs in projection apparatus when the concentration of light upon the specimen needed
to render its image sufficiently bright is accompanied by so much
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energy that the specimen or film is injured thereby. Removal of
infra-red without disturbing the visible radiation is the purpose
aimed at. A layer of water 10 mm. or more thick removes infra-
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red of wave-length greater than 1.5/jl and as shown in Fig. 3 transmits practically all the light except that reflected from the glass
faces of the container (90%) but transmits only 19 per cent of the
total radiation. Water or any liquid cells have serious objections
in practical use. Heat absorbing glass absorbs some of the visible
as well as most of the invisible radiation; hence it is necessary to
use an optical system capable of increasing the light upon the
specimen to compensate for this loss. If the total energy were reduced only in the same proportion as the light as shown in the
straight line marked neutral in Fig. 3, the result of restoring the
light would be to restore the total energy also. With the greater
absorption of total energy than of light as shown in the three curves,
the restoration of the light intensity leaves much less total energy.
As an example; a motion picture projector having a 50 per cent
light transmission shutter is stopped with the shutter open, thereby
endangering the film. A piece of heat absorbing glass of 50 per
cent transmission is placed in front of the film leaving the same
screen brightness. Such a glass transmits 4 to 8 per cent of the total
radiation and will protect the film indefinitely with medium
sized apparatus.
The desired heat transmission or light transmission as the
case may be can be secured with a thin piece of a dense glass or
a thick piece of a dilute glass. The latter has in general a better
light transmission for a given heat transmission than does a thinner
piece of a denser glass. The curve marked Heat Absorbing 8-6-26
(Fig. 3) has the poorest light transmission so far noted, while the
curve marked "AKLO, light" represents the best so far obtained.
A number of our experimental melts when measured for heat and
light were found to give points on this curve.
Figs. 4 and 5 show characteristic curves of radiation against
wave length.

A NEW

OPTICAL

COMPENSATOR

J. F. Leventhal*
THE elimination of the intermittent motion of motion picture
film during projection is conceded by nearly everyone to be
a most desirable thing. Particularly is this true with the advent
of the new era we are entering — that of talking movies, color
movies, home movies and probably a combination of these three.
The two most important problems to be solved in a nonintermittent machine are: (1) the production of a perfectly stationary screen image, and (2) the production of a reasonably sharp screen
image. There are other secondary problems, but this paper and
demonstration will deal only with the two mentioned.
Obviously, if the film picture itself is not brought to rest,
then the image-forming light from the film-picture must be brought
to rest, and since we are dealing with light, the problem is an optical one. Futhermore, it is evident that the optical parts must
be moving parts. A good comparison would be a man walking on
a treadmill in the opposite direction to the motion of the treadmill,
If the man walks at exactly the same speed as the treadmill, he
will be standing still relative to a point in space. In this comparison,
the man represents the moving film and the treadmill the moving
optical compensator.
There are several features in the design of an optical compensator that seem to be highly desirable, if not absolutely essential. First, the mechanical motion of the compensator should
be one of pure rotation. Second, the compensator, although
perhaps consisting of several like elements, should be a single
wheel rotating about a single axis. Third, the amount of rotation
per picture cycle should be as great as possible. The greater the
degree of rotation, the fewer the elements required. Thus, if 90
degrees of rotation is needed per picture cycle, four elements in
a wheel will be required, whereas if only 10 degrees of rotation is
needed, then 36 elements would be required. Fourth, compensation should be accomplished before the light enters the objective
lens because the effect is then as if the film-picture were always
centered on the optical axis — the most desirable condition. Fifth,
* New York, N. Y.
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curved surfaces should be avoided due to the necessity for extreme
accuracy in setting, and because a slight amount of wear would
produce injurious results.
The design about to be demonstrated is based on refraction
by revolving piano-parallel plates. A schematic representation
is shown at Figs. 1A, IB and 1C. The angular position of the plate
must change in accurate synchronism with the linear movement
of the film.

m ia

F/O.13

M&/C
Fig. 1.

Diagram showing displacement of a ray of light from its path by
passage through a piano-parallel plate.

It must be borne in mind that the film-picture is moving at
a uniform rate of speed, that is, its linear movement is directly
proportional to the angular movement of the feed sprocket. Obviously, then, the compensating displacement produced by refraction must also be directly proportional to the angular movement about the axis of the compensator, assuming that the compensator has a motion of pure rotation. Unfortunately, the displacement produced by a piano-parallel plate rotating uniformly
as shown at Fig. 1A, IB, and 1C is not proportional to the angle
of rotation, but approximately to the tangent of the angle of rotation.
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Referring to Fig. 2, AB represents the straight line motion
■\
of the film, GH represents the desired opposing compensation,
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actually produced by the rotating plate mentioned heretofore
are shown at CD, and the resultant, instead of being a straight
2?

J763
^scr/avxxw
Fig. 3. Diagram of plate mounted on spindle.

line, is a curved line EF. Hence, the screen image, instead of being
stationary, would deviate by the maximum amounts JE and KF.
At first glance it would seem that any rotating motion of a
compensator
would produce
rates of displacement other than

B-
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the uniform one required, and while this is theoretically true,
I have found that it is possible to obtain, for as much as 150
rotation, a rate that does not deviate sufficiently from the desired
rate to be visible to the eye.
The method emplo}-ed involves the use of a piano-parallel
plate mounted at an angle to its axis of rotation. A stationary
beam of light passing through such a revolving plate will be displaced in two directions at right angles to each other. In Fig. 3,

fzt.4Fig.

4.

The optical compensator.

the angularh' mounted plate is shown in elevation and in crosssections X-X and Y-Y. As the plate rotates, the cross-sections
will disclose angularly changing positions A, B, C, and D in both
the planes at right angles to each other. These angular changes
produce the displacement shown at a, b, c, and d.
Since the film moves in only one direction, the displacement
must be in only one direction. Therefore it is necessary to nullify
the displacement in the undesired direction. This is accomplished
as shown at Fig. 4. Full plates are not used, but similar segments
A and B, mounted at equal angles to the axis X. The double-re-
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versing prism C causes the displacement produced by plate B to
be nullified by plate A and the ray M emerges without displacement in the horizontal plane shown. The displacement in the vertical plane, however, remains, and the total displacement in that
plane is the sum of the displacement of A and B.
As to the production of the vertical displacement of uniform
rate this is attained by the selection of proper values for the angles
P and R. When R is 45 degrees, P must be 27 degrees, 50 minutes
using glass of index 1.549. There is an infinite number of combinations ofvalues for P and R, but there is no rule for their determination other than trial and error. The intersection of the
vertical plane in which M lies, with the constantly- changing
plane of the plate B produces angles of incidence which in turn
determine the rate of displacements.
(This paper was accompanied by a practical demonstration of a projector
fitted with the optical compensator).

DISCUSSION
Mr. Zworykin: Due to the presence of double reflecting
prisms, a right-handed person will appear left-handed; could the
picture be reversed so as to correct that?
Mr. Leventhal: It can be arranged.
Mr. Kellogg: In your Fig. 4, you mention a certain combination ofangles as R and P. In order to get appreciable light,
the fact that the rays are criss-crossed involves latitude in the angle
with which the light enters the system. How closely does your
analysis hold for the rays of light which pass through the refracting system in different directions?
Mr.
Mr.
alter the
out only

Leventhal: I don't inderstand that question.
Kellogg: Does the fact that the light is not parallel
conclusions reached in your analysis, which was worked
for the axial ray?

Mr. Leventhal: On the theoretical side, what I have shown
is true only for the axial ray, but on the practical side the difference for angular rays is not noticeable. If the error shows on the
screen, I can't see it.
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Me. Crabtree: One claim made for projectors of this type
is that they are silent and suitable for sound movies. Can you reduce the amount of noise?
Mr. Leventhal: Yes; the noise can be eliminated because
there are no reciprocating or intermittently moving parts.
Mr. Ross: The noise that seems to be troubling sound engineering isthe whir of the shutter through the air, and experiments have been made with the use of different materials in
the shutter blades. Would such trouble occur with your projector?
Mr. Leventhal: I had not thought of this. This is new, and
we have wide latitude in the design, so that in making a change
we may depart from existing standards.
Dr. MacKenzie: I had the pleasure of seeing this machine
some time ago and can testify that the noise can be reduced. It
is of such a low level that no one would notice it.
Mr. Edwards: Why does a half picture appear above and
below the main picture on the screen?
Mr. Leventhal: That is characteristic of all non-intermittent projectors. A two-picture area must be illuminated because one picture is coming in as the other goes out, and on the
screen you get a picture in the center and a half picture above and
below. That must be eliminated on all systems. I have no method
of doing this on this unfinished machine and that is why I tried
to eliminate the undesired portions by the use of a masking card.
Ordinarily, I show the three pictures together and have a scheme
for framing so that two of them do not show.
Mr. Edwards: That is, three pictures would be visible without the mask?
Mr. Leventhal: Yes; I thought it would confuse you and
tried to eliminate all but the important picture.
Mr. Holman:
shutter?

How much of the cycle is cut off by the

Mr. Leventhal: There is a shutter effect. Mr. Holman has
aimed higher than I have in his continuous projector because he
wants his pictures to fade one into the other. I am satisfied to get
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an interruption which corresponds somewhat to the interruption
of a shutter in the intermittent machine.
Mr. Holman: Does it cut off the whole dissolve?
Mb. Leventhal: Yes. At the period of transition the pictures are not in register.
Mr. Crabtree: With what precision does the optical system
have to be constructed? Can this be made in quantity at a reasonable price?
Mr. Leventhal: As Mr. Holman said, mirrors and prisms
require great accuracy, and I agree with him, but this is neither
a prism nor a mirror scheme. These are piano-parallel plates.
Two brass holders were made for the glass, and the ring tightened
up; that is the only setting it has had. With more accurate setting, itmight be better. I am satisfied, however, and don't want
to spoil it. The glass has to be of the correct index of refraction for
the purpose and of the correct thickness. I don't know what the
tolerance is.
Mr. Crabtree: What is the maximum size of screen that you
can illuminate so that the picture will have sufficient brilliance?
Mr. Leventhal: I don't know how the picture looked from
the front. If satisfactory, that size is satisfactory, but I hold no
brief for the present illuminating system. A great deal of the loss
of light can be overcome.
Mr. Briefer: For long throws would it not be necessary to
have the plates set at the same angle in order that succeeding
images shall superpose?
Mr. Leventhal: There is no cumulative error in the pianoparallel plates. I have projected a large picture but the error was
no greater proportionally than it is in the small. The calculated
errors produced are very small. Starting from zero degree up to
45°, the maximum is never greater than a tenth of one per cent,
which is the criterion set by somebody and which is apparently
the correct tolerance.
Mr. Holman: What do you do about "shrunken" film?
Mr. Leventhal: I have no adjustment because I don't need
any. In a machine dissolving one image into the other, you must
consider the shrinkage of the film. With shrunken 16 mm. film
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the compensating system will never have 3/10-inch to compensate; itwill be less. Some manual adjustment is necessary although
not difficult. It is not required, however, in this machine because
there is one perforation to a picture and it takes up the entire
shrinkage per picture. When the transition period occurs, the
shutter effect hides a jump in the film on the sprocket wheel.

PLANT

LIFE THROUGH
A.

THE
C.

LENS

AND

MICROSCOPE

PlLLSBUKY*

IN MAKING a series of motion pictures of flowers growing
and opening one must have an enormous amount of patience, a
love of the subject, and a good outfit that can be handled quickly
and is absolutely rigid.
First of all, it is necessary to select buds that are good and
healthy and that give promise of fulfilling the requirements when
placed in front of the camera. A previous knowledge of the habits
of the flower is quite essential in order to know at what hour of
the day or night it starts to open, how long it is going to take, and
its approximate size when fully matured.
Almost any good motion picture camera can be used. Perhaps the most handy is one with a turret head so that the subject can be accurately focused, and the camera slid into its working
position. Experience has taught that the camera should be mounted
on a carriage, which can be slid back and forth on a track and
then fastened securely when the right location is decided upon.
The flower may be on a potted plant or it can be cut and placed
in water. The background should be of black velvet and should
be a foot or more behind the subject so that there are no shadows.
The lighting is accomplished with two to four 75 watt blue Mazda
lamps with reflectors that keep the light from shining into the lens
and which are so arranged that their position can be controlled
easily. Almost any lighting effect desired can thus be obtained.
In certain cases a spot light working from behind, giving back
lighting, is very effective. After everything is set up and focused,
the camera is started, being operated b> a motor gear that is
so arranged that pictures can be made at any interval necessary.
I use an ordinary one-eighth horsepower motor with worm gear and
cone pulleys. The 1-1 shaft of the camera is driven by a round belt
on a grooved pulley, so that it can be run at any speed desired, from
thirty pictures a second to two every hour. If a bud takes a week
to open, live its life story, and then gradually drop to pieces or die,
the exposures should be made at about fifteen minute intervals
day and night so as to expose about thirty-five feet of film. The
* Berkeley, Calif.
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movement on the screen is a slow and steady movement and can be
followed by the eye very readily.
Possibly the best way to tell the life story of a flower is by showing first, the plant in its natural habitat out of doors, then a closeup of the buds opening, then a single bud that will open and fill
the entire field, then possibly a very close shot at still higher magnification inwhich just a certain portion of the flower, like the
anthers, is shown, which when the bud opens are usually from
two to three times as long as when they are fully matured and the
pollen is ripe. Many other movements of the flower form dramatic
scenes in the picture. One may put a tiny clock in the lower corner
of the field to show at what hour of the day or night these movements take place. After one has worked with flowers as many
years as I have, he will be impressed .by the fact that their habits
are just as regular, or more so, than ours. They open and close at
certain hours which are so regular that one could build a clock out
of them, using a different flower for each hour of the day or night.
In my own laboratory I have two cameras that are running
constantly on flowers and subjects of that nature. Each camera
is fitted with extentions on the lenses so that I can work at any
distance up to lH inches from the subject. Each camera is mounted
on an 8 ft. machined steel bar of triangular section and on which
it slides back and forth very smoothly. The camera can be raised
or lowered and tilted up or down, and each one has its own motor
gear to run it. The laboratory is a block away from any street car
line where the vibrations might affect it. The cameras are mounted
on heavy plank benches, the legs of which are of cement and were
made at the same time the cement floor of the laboratory was
poured.
When one starts to picture the life cycle of various plants
he sees at once the necessity of many of the steps being done under
higher magnification than qan be obtained directly in the camera.
That necessity led me to develop a microscopic device that will
enable me to get magnifications up to 2000 in the camera. A magnification ofthat sort calls for a very great depth of focus. With
an ordinary high power or oil immersion lens looking at a round
object, like a grain of pollen perhaps from 1/100 to 1/500 of an
inch in diameter, the best focus that it is possible to get will show
the object (if the top of the grain has been focused on) with the
center and the bottom of the grain completely out of focus. After
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a great deal of experimental work I secured the best results by using
two microscopes in tandem in which a low power lens was used in
the primary microscope which was focused carefully on the object,
then the eye piece removed and the secondary one (which was
in perfect alignment with the primary microscope) picks up an
invisible image out of the air and throws it into the camera at
any magnification desired. The magnification depends largely
on the lens and eye piece of the microscope. In that way a very
much greater depth of focus is obtained, and, although experienced
microscopists will get out their lead pencils and prove that method
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entirely wrong, still the results justify the means. In a set-up of
this sort the camera, the two microscopes, the diaphragm, and the
light must be in absolute alignment, so that they can be slid back
and forth and will come back to the same perfect alignment. The
apparatus is shown in Fig. 1.
The bed must be made with the greatest care and an absolutely
rigid base is required to hold the apparatus. After everything is
set up and ready to run, the subject, if it is the pollen of a flower
one is trying to picture, is mounted on an ordinary 1"X3" slide in a
cell that has air and moisture. My method is this: first determine in
what solution the pollen grain will germinate. This is apt to require a great deal of experimental work. Some pollen will germinate in tap water, others require as high as 45% sugar. One
must try to reproduce the natural fluid that is found on the stigma
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where the pollen germinates as nature intended it to. I cement a
small ring on an ordinary glass slide, then put a little vaseline
over the edge of the ring and a drop of water at the base of it.
The pollen itself is mounted on the back of a cover glass in the drop
of sweetened water that has been thickened slightly with gelatine
enough to hold it in position. That is then put on the glycerine
face of the ring, and perhaps to make it doubly secure, a drop of
paraffin is cemented on two sides of it. The pollen is then in a
moist air chamber where it can live and grow if all the steps have
been followed as nearly as possible as nature does them. This slide
is placed under the lens of the primary microscope, the image is
focused and the camera started. The average microscopic picture
of this sort takes about five hours to live its story, so one must
figure out the time intervals required to give some thirty to fifty
feet of film, depending on how dramatic the growth is.
If the pollen starts germinating, as by previous experience
one can be reasonably sure it is going to, the first movement pictured
is what is called a "brownian" movement going on inside the
grain. This, of course, is not visible to the eye at the prism eyepiece between the secondary microscope and the camera. In about
twenty minutes the outer skin of the pollen grain splits and the
inner skin protrudes in the shape of a tube which will grow for a
few hours. The movement of the protoplasm, which is life, inside
the pollen grain and in the tube may be observed very clearly. In
the pollen of the Spider Lily (crinum americanum) the nucleus,
which is the germ of life, may be seen inside the pollen grain, and
then in about two hours time it comes out of the grain and can be
seen travelling down the tube. If in the set-up one has taken a very
tiny shaving off the end of the stigma of the flower and put it on
one side of the drop of sweetened water and sprinkled pollen grains
over the rest of the drop, the grains nearest the stigma in what might
be called the zone of attraction — possibly sex attraction, although
that is not definitely known — germinate first, and the tubes,
although they may start in the opposite direction, will make a great
curve and grow toward and enter the stigma on their way through
the pistil in to the ovary, where the beginning of life takes place.
The nucleus can be seen on its journey until it enters the more or less
opaque stigma.
Pollen is a comparatively easy subject on which to work,
the principal difficulty being to find the medium in which it will
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germinate. Many subjects that one may wish to photograph under
the microscope cannot live in the strong light that is necessary
to get the proper exposure. This I overcame to a great extent by
cooling down the light, passing it through a water cell, and also
by having a secondary shutter that is synchronized with the shutter
in the camera. This shutter is made to revolve between the slide
on the primary microscope and the light, so that it illuminates
the object only at the instant of exposure, which often was onry
about 3% of the time. During the remaining time it is in the dark
and under more natural conditions.
Every subject worked on requires different technic in handling, and it is useless to undertake the work
unless one is willing to
..
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The complete photomicrographic equipment.

give an average of a week's time studying the subject before starting to photograph it. The percentage of failures is very large because it is extremely difficult to keep microscopic cells living and
growing in this tiny drop of medium where they have to be supplied with food and the conditions made as nearly natural as
possible. In working on a living, growing subject that is changing its position almost all the time, the focus must be watched
continually. I have kept subjects under the microscope for four
days and kept the conditions such that the result was successful. Fig. 2 shows the entire set-up from the motor to the
camera. A unit which will do good work costs ^5000. 00 if you
know what to get and do not have to experiment first. There
is no use in trying to get good pictures without the very best lenses
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and an equipment that is rigid and perfect mechanically. When
one works with a unit of this sort and only produces an average
of eight or ten feet of film a day, counting the failures, it can be
seen that it is impossible to make it profitable from any commercial
standpoint. In the first place the public is not educated up to the
value of a picture of this sort, nor does it realize the time and
effort expended to produce it, The market for an educational
picture is too limited, and the price per foot of the result is not in
conformity with its cost,
Besides my two flower units, I have two microscopic cameras,
one of which can be tilted up in the air and worked vertically
on liquid subjects. I also have a comparison microscope which
photographs two objects at once on the same film. This has two
lenses about three inches apart, The image is reflected through
prisms to a single eye-piece. In that way I can photograph healthy
and diseased tissue side by side on the same film. I can puncture
a cell which may be only 1/500 of an inch in diameter with a very
fine hollow glass needle that I make, and inject a microscopic
drop of a drug in the cell while the camera is running. This will
enable me to show the action of drugs on diseased cells side by side
on the screen with cells under normal conditions.
I also have an X-ray unit which enables me to take pictures
showing what is going on inside a bud as it opens, a seed as it
germinates, a caterpillar as it turns into its pupa, an egg as the
embryo forms, or a fractured bone in knitting. This camera takes
eight hundred pictures, at any interval I wish, which are later reduced to fifty feet of motion picture film.
Possibly at a later date I will have the pleasure of showing
you the results and explaining them to you.
DISCUSSION

Mr. Joxes: We have with us a man who has had a good deal
of experience on biological and other minute forms of matter.
Does the tandem set-up of two microscopes in series give more
depth of focus or resolving power than one at the same magnification, Mr. Morrison?
Mr. Morrison: I doubt whether the resolving power will be
greater if any and as regards the depth of focus there may be some
possibility, but I really don't know. I have never really worked
with a condition similar to this. I have heard it discussed, but it
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is so long ago that the. principal points have slipped my mind, but
I think the arguments were not conclusive. It is a matter of personal opinion, and an element of technique is entering which is of
great account.
Mr. Jones: I think it is important in the case of these papers
supposedly presented to us to have comments on the validity of
such statements. I think it is very doubtful whether two microscopes used in tandem will produce any better results than can
be obtained by a single instrument operated under proper conditions giving the same magnification. It is entirely possible that the
author of this paper has achieved particular skill in working with
the tandem combination. It may be that his great familiarity
with this particular set-up enables him to get better results than he
can with a single microscope. I do not believe that such a combination will give higher resolution nor greater depth of focus than a
single microscope used under optimal conditions.
Mr. Pillsbury: (Communicated) I do not always use the
tandem device, depending entirely on the kind of subject I am working on. But with this device I have obtained a depth of focus of
1/64 of an inch looking into, for instance, growing mould. The filaments in the foreground were as sharp as those in the distance, almost like looking into a forest under the same conditions with a
still camera. The tandem device under certain conditions gives me
an opportunity of diaphragming down the lens in the primary camera so that the image at the eye piece is as sharp as the same image would be in a still camera where the lens would be stopped
down. As noted above, I do not always use this method, so I am
equally familiar with both.

UNDERSEA

MOTION

PICTURE

PHOTOGRAPHY

Floyd D. Crosby*
TWO years ago the Department of Tropical Research of the
New York Zoological Society planned and carried out a trip
to the Bay of Gonave in Haiti for the purpose of studying the
fishes of those waters and the life of the coral reefs. Mr. William
Beebe, the director of the Expedition, wished to have a permanent
record made of the life on the reefs in a form which could be presented to the public. He therefore decided to equip the expedition for taking undersea motion pictures. As the funds available
were limited it was necessary to use as simple and inexpensive
an outfit as could be devised. On the suggestion of the writer,
who accompanied the expedition as cinematographer, a watertight box was designed by Mr. Beebe and Mr. Tee-Tan to accommodate a spring-driven camera.
The box was constructed of one quarter-inch thick brass,
recessed on top and sides where practicable to lessen the weight
without weakening its frame. The outside dimensions were:
length 12 1/4 inches, height 7 7/8 inches, width 5 1/4 inches.
When loaded ready to go below, the camera and water-tight case
weighed 39 pounds. A plate glass port 2 1/16 inches in diameter
and 1/4 inch thick was inserted in front of the lens with space
left for the use of glass filters. The camera was inserted through
the rear end of the box, which was closed by a brass lid held in
place by ten butterfly nuts and made water-tight by a large rubber
gasket. During the months when the camera was used not a single
drop of water entered the box. As the surfaces of the camera
were not all fiat the box could not be made to fit it exactly. To
make the camera absolutely steady in the box it was necessary
to insert rubber strips on the sides and top. A small handle was
placed on the top of the box, by which the camera was carried and
lowered into the water.
The starting and stopping lever, which is on the right hand
side of the case, has been described by Mr. Tee-Van, its designer,
as follows:-' 'The outside lever is one long bar of an elongated U,
* New York, X. Y.
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which is pivoted in the side of the camera at the base of the U.
The other and inner long bar was forked at its distal end and
fitted about the starting button of the camera. To make this
possible, the starting button supplied with the camera was removed and one shaped like a flattened spool was fitted in its place
so that it would slide between the two tines of the fork. Thus
when the outer lever was pushed downward the starting button
moved down and the camera photographed, and when it was
pushed upward the camera stopped.

Fig. 1.

The undersea camera

case.

"Because the starting lever did not move more than 3/8
of an inch at its outer end, it was decided that all the motion could
be taken up by utilizing the stretching qualities of a large disk
of heavy rubber, and that it was unnecessary to make a stuffing
box to avoid leaks at the joint. This disk was held in place with
the aid of a brass ring, and firmly cemented to the case at its periphery. At its center, it was cemented between and held in place
by large flat washers, the lowermost part of which was part of the
bottom of the U. Thus when the starting lever moved downward
the rubber merely stretched a little around the circle. This joint,
as can be seen is simple and fool-proof, the only possibility of a
leak being through the rubber, and when two sheets are used the
likelihood of this happening is not very great."
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The box was made by M. J. Shrope, former machinist of the
American Museum of Natural History, and cost less than $150.00.
The DeVry camera used cost $150.00, so that the total cost of the
outfit was under S300.00.
An old view camera tripod was equipped with a flat metal
top with turned up edges on which the box was placed. The top
was loose enough so that the camera could be used to panoram but
it could not be tilted.
Due to the necessity of keeping down the cost of the outfit
no attempt was made to have outside controls for focusing and
setting the diaphragm. It was therefore necessary to descend in
the diving helmet and pick out the subject to be photographed.
In the case of corals, sea-fan or gorgonias an idea of the size of
the individual or group selected and the depth of the water was
all that was necessary. In the case of fish the distance to which
one could approach and the depth had to be ascertained. With
this knowledge the diver would return to the surface and set the
diaphragm according to the brilliance of the day and the depth
at which the picture was to be taken. On a bright sunny day,
between eleven and one o'clock, in nine feet of water the correct
exposure was found to be F 5.6 using Eastman panchromatic
film without a filter. This exposure was slightly under normal
but was found to be the most satisfactory as it allowed full development and gave contrast to under-water scenes which would otherwise have had a tendency to be flat. Any over-exposure increased
the water haze.
The lens was then focused at two-thirds the distance, at
which the picture was to be taken. This difference from the actual
distance took care of the greater refraction of the water. With
the diaphragm aDd focus set, the camera was wound and put
in the case. The diver then descended with the tripod and a sixfoot wire measuring rod marked off in feet. The distance was then
measured off from the subject to be photographed or in the case
of fish, from their expected location, and the tripod set up. Another trip to a point below the boat was necessary to get the camera
which was lowered on a rope. The camera was then set up and
if the subject were a still one, such as a group of corals, it could
be photographed immediately. When fish were to be taken it
was generally necessary to bait them into the picture. This was
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done by breaking open a sea-urchin, knocking off bits of coral,
or using a piece of fruit. Occasionally fish could be found among
the corals, which moved about very little and which could be
photographed without being disturbed. A method which sometimes proved successful was just to take pot-luck and set up and
wait for ten or fifteen minutes and see what would swim by. It
was in this way that a picture was obtained of a three-foot barracuda. Fifteen minutes was about as long as the writer could
stay down with comfort as although the water did not feel cold
it conducted the heat out of the body and soon had one shivering.
A two-inch Velostigmat which is standard equipment with
a DeVry camera was the only lens used. It proved satisfactory
for taking pictures of fish. Due to the refraction of water its field
was about the same as that of a three-inch lens above the surface.
This was too small a field for any scenic effect as the water in
Gonave Bay was not particularly clear and if the camera was
moved back enough to get a big field the subject was nearly lost
through the water haze. Also, in taking pictures of someone
working on the bottom in another helmet it was necessary to work
at such a distance that considerable detail was lost.
The writer plans to do some under-sea photography in the
Bahamas during October and November with Mr. Robert Ferguson. For this work we plan to use an outfit somewhat similar
to that already described but with several improvements. We
shall have 35 mm. and 50 mm. lenses. The rubber strips which
hold the camera in place will be part of the box and will not have
to be removed each time the camera is taken out. Two interchangeable open finders have been made so that they can be attached to the left side of the box and a sunshade will be screwed on
the front. Larger butterfly nuts will be put on the back of the
box as the ones used before proved hard to handle with fingers
numbed by the cold. The most important improvement incorporated in the new box is a device for focusing from the outside
while the camera is submerged. A metal rod will pass through a
packing box in the top of the case. The lower end of this will be
forked and bent at right angles. This will engage a pin on the focusing collar. The top of the rod will have a handle and a pointer which
will be calibrated with markings on top of the case. A metal
tripod with ball and socket loose head top has been made which
will be a great help in following action and setting up quickly.
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We plan to experiment with different niters to see if by getting good color correction we can give a more realistic impression
of submarine life and perhaps give to people who have never had
the opportunity of going underseas, some of the pleasure which
ma}r be derived from a trip into the nearest thing we have to a
new world.

AUTOMATIC

FOCUSING DEVICES FOR
CARTOON CAMERAS
J.

A.

TITLE AND

NOKLING*

IT IS indisputably of great advantage to have an automatic
focusing mechanism on title, cartoon and trick cameras.
Such a device would be generally appreciated in making certain
types of shots in the studio. An auto-focus mechanism relieves
the cameraman of the necessity for watching and adjusting the
focus of the lens whenever the field is changed. The results obtained in making approach shots are better where the focusing operation isperformed mechanically rather than manually. Focusing
adjustments are purely mechanical operations and there is no reason to suppose that they cannot be performed by a machine.
Experience with several different types of auto-focus devices have
proved their practicability.
There are several essential factors to consider in the design
of an auto-focus:
1.
2.
3.
4.

The device must be simple and sturdy.
It must be accurate.
It must not show appreciable wear over a considerable period of time.
The device must be effective throughout an extreme movement of
the lens.
5. It must be free from the necessity of making periodical adjustments.
6. The device must be adaptable to lenses of any focal length.

In designing an auto-focus mechanism the lens mount and the
front board of the camera (or the turret as the case may be) must
receive special attention. The ordinary lens mounts are entirely
too fragile to meet the requirements of rigidity and sturdiness.
It is absolutely necessary to provide a mount that has the latter
qualifications.
In the design of the focusing mechanism itself there are several
different methods which may be employed. Probably the simplest
arrangement would be to attach the focus mechanism to the focusing barrel of the lens in such a way as to move it in and out by
turning it automatically as the camera approaches or recedes from
the field. In most lens mounts the lens itself turns, revolving about
* Loucks & Norling; Inc., New York, N. Y.
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its optical axis, as the position of the lens is changed, there being
a screw thread on the lens barrel. The fact that the lens itself
turns is a great drawback and sufficiently serious to make this type
of mount useless for the purpose. When the lens is turned as the
focus is changed the picture will appear to oscillate as the camera
moves toward or away from the field. This effect is due to a slight
eccentricity in the mounting of the lens or in the lens itself. I do
not believe it is possible in commercial practice to mount a lens
so that it is perfectly concentric about its optical axis. It is theoretically possible to do so but as far as I know no lenses are mounted
thus accurately on any camera at present upon the market as it

Fig.

1.

Diagram

of automatic focusing device having
cylindrical external barrel.

focusing

can

in

is not really a practical requirement that lenses be mounted to
very strict specifications for ordinary use. It is only when the
effect of eccentricity of the mounting shows up that it becomes
serious and while this effect is not apparent in ordinary photographic work, in auto-focusing it shows up prominently. The requirements ofauto-focusing therefore demand a lens mounting in
which the focusing movement is performed by sliding the lens
in and out without imparting the slightest turning movement to
the lens.
I will describe two successful automatic focusing mechanisms,
employing two different principles of design. There are a few
others but it would be of small benefit to review all the, possible
mechanical arrangements which might be used for the purpose.
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The first system I will describe is illustrated in Fig. 1. The
mechanism consists of a rack A on the bed of the camera stand.
A gear B fastened on shaft C meshes with the rack. A worm D on
the same shaft meshes with a worm gear E which is integral
with a cylinder F. As the camera is moved toward or away from
the field a rotary motion is imparted to this cylinder. Note that the
lens cannot turn. Note the curved slots G,G in the geared cylinder

Fig. 2. Diagram of automatic focusing device having focusing cam mounted
along the camera track.

and the vertical striaight slot G' in the fixed lens mount cylinder
H. The lens is mounted in a cylinder or barrel J in which is fastened
two pins K, K. Each pin passes through the slots G, G, and G', G'.
As the geared cylinder is turned the pins travel up or down in
slots G', the relative rate of movement being governed by the
curve of slot G.
This device, although performing its function satisfactorily,
has some drawbacks. It needs occasional adjustment, is rather
complicated in construction and shows appreciable wear. To sum
up, it does not suit the rigid requirements of an auto-focus mechanism. Itserved a useful purpose, however, as the experience
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gained from it pointed the way to a design that is simple and
thoroughly dependable.
This device is shown in Fig. 2:
Lens A is mounted in a cylinder or barrel B which has two
heavy hardened steel pins C,C. This barrel slides without turning
in a cylinder D which has two straight vertical slots E,E. This
cylinder is mounted firmly on the front board of the camera.
The hardened steel focusing slide F contains two straight slanting
slots G, G. The pins C, C fit snugly in the slots E, E and the
slots G,G. When the focusing slide is moved the lens will be moved
in a direction at right angles to the movement of the slide. The
relative rate of this movement is controlled by the curve on the
focusing camH, fastened to the camera bed. A hardened steel
roller J engages with the focusing cam and is connected to the
focusing slide by the connecting barK. As the camera is moved
the cam imparts a varying movement to the focusing slide. The
shape of the cam provides for the varying movement required by
the lens for, let us say, a uniform movement of the camera. The
focusing slide is held in place by the retaining member M in which
it fits snugly with just enough clearance to allow the slide to move
nicely. The roller is held in contact against the cam by the spring
L which is of sufficient strength to assure absolute engagement.
The whole mechanism is of hardened tool steel and shows no signs
of wear after being in use for a considerable time, nor does it ever
need adjusting to correct the focus.
This design can be adapted to either vertically or horizontally mounted cameras. It is also possible to use this device for
approach shots on large studio sets. Certain modifications now
being worked out would be required in this field of use.
DISCUSSION
Mr. Cowling: Which type of equipment do you prefer, the
vertical or the horizontal? What are the advantages of each?
Mr. Norling: I use the vertical because it is easier from an
operating standpoint, but the system can be applied just as easily
to horizontally mounted stands and would be better where a large
field is needed.
Mr. Cowling: For animation work; what focal length of lens
is best to cover a ten foot approach?
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Mr. Norling: That depends on the size of field covered by
the lens at a distance of ten feet. With this length of approach the
maximum field would be about 3 feet 4 inches in width using a
3-inch lens and 5 feet with a 2-inch lens. I am using a 3-inch lens,
and the total field variation is from 3 to 15 inches with a camera
travel of 36 inches.

A HORIZONTAL TRAY TYPE OF CONTINUOUS
PROCESSING MACHINE
H. J. Jamieson*

rpHE horizontal tray type of continuous processing machine
A for motion picture film has been accepted as offering very
great advantages in accessibility and ease of inspection. The machine described in this paper is novel in having tanks of triangular
plan (Fig. 1), and in that the film travels with its surface in a
vertical plane.

Fig. 1.

Plan of developing tray.

The film travels over a succession of rollers which revolve on
vertical axes at the apexes of a series of nested triangles. Of the
three rollers forming each triangle, one, that in the more acute
angle, is driven and the others are idle, none being sprockets.
The rollers are made of hard rubber and are mounted on monel
metal shafts which extend above and below into formica strips
which latter form a framework and give a bearing surface for the
revolution of the shafts. The shafts of the driving rollers extend beyond the formica strip where a bevel gear is mounted on
each. These gears are engaged with a series of gears on a power
* Jamieson Film Co., Dallas, Texas.
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shaft which passes all of the film drive roller shafts. (See Figs.
2 and 3.)
The driving rollers, about 28 in number, are one inch in
diameter and stand in a row which extends inward from the apex
down the middle of the tray to a point about halfway to the opposite end.
The idle rollers are one-half inch diameter and are mounted
similarly to the others and extend in two series, one from each
y^5r^2«£

Figs. 2 and 3.

Detail of driving mechanism.

base corner of the tray toward the center. These series terminate
two inches apart and four inches from the end of the series of
driven rollers.
Referring to Fig. 1, the film enters the tray at the center
over a suitably adjusted guide roller and then passes over the
first of the driven rollers. From there it passes over one roller
of each of the series of idle rollers, thence to the second of the
driven rollers, and so on around in spiral progression until it has
passed over all of the rollers and to the outer edge of the tray.
From the first tray the film is guided by a series of rollers through
a rinse bath and on into the second tray. The succeeding trays
are like the first.
Between adjacent film paths in the tank are placed, seven
inches apart, solid pieces of formica rod which serve as spacers
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and supports for the upper and lower long frame members of flat
formica. These pieces also serve as the termini of partitions which
extend through the tray as follows : The first partition starts with
the solid piece between the sixth and seventh rollers in the upper
series of idle rollers (Fig. 1) and extends to the solid piece which
comes between the rollers standing sixth and seventh in the lower
series of idle rollers, thence to the solid piece between rollers six
and seven in the series of driven rollers and thence back to the first
series of idle rollers but terminating at a solid piece between rollers
seven and eight.
The film passes from the center compartment thus formed
into the second compartment over roller seven, the only outlet
for solution from compartment one (center) to compartment
two being the space between the solid pieces on either side of roller
seven. The second compartment, as well as the third and fourth,
is formed in a similar manner except by beginning at the partition
next to roller thirteen of the series of driven rollers and ending
next to roller fourteen, thus putting the outlet for compartment
two at the opposite end of the tray from that of compartment one.
Thus the developer added continuously to compartment one passes
through each of the four compartments successively insuring its
full use before it is removed by the overflow in compartment four.
Any slack in the film, which may be caused by the expansion
of the film in the solution, will release the contact with the drive
rollers and thus stop the movement of the film until such slack
has disappeared.
The trays hold 180 feet of film and thus with a three-minute
development the machine will process at the rate of 60 feet per
minute. Only four gallons of solution are required in each tray
to cover the film.
At the end of the washing the excess moisture is removed by
the usual compressed air squeegee. Temperature and humidity
control is no different than with any other system of handling
film.

THE

FOGGING PROPERTIES OF DEVELOPERS* f
Merle L. Dundon and J. I. Crabtree
I. Introduction

DEVELOPER fog on a plate or 'film consists of a veil of silver
deposited especially on those portions which received little
or no exposure and which adds more or less to the total" density
of the developed image. The appearance of this fog acts as a
limiting factor in the time of development, and often interferes
with shadow detail. In spite of its importance in practical photography, very little really definite information on the subject
exists in the literature.
Mees and Piper1, in an article on "The Fogging Powers of
Developers" considered that fog was largely the result of a developer having such a high reduction potential that both exposed
and unexposed silver halide was reduced, and that the ease of
reduction varied with the solubility of the silver salt in the developing solution. They found that with a caustic hydroquinone
developer the fog remained constant with increasing alkali, decreased with increasing hydroquinone, and was increased by
the addition of sulphite to a maximum. It was shown that sulphite fog was a result of the solubility of the silver halide in the
sodium sulphite in the developer. In connection with sulphite
fog it should be noted that a certain quantity of sulphite is required in practical developing formulae to act as a preservative and
prevent stain. They observed aerial oxidation fog with hydroquinone, and stated that the oxidation products of pyro and rodinal
also caused fog.
Crabtree2 has outlined the factors which affect chemical
fog from the practical standpoint, and pointed out that certain
impurities, such as the salts of copper and tin and metallic sulphides, cause fog. He has also stated that the oxidation products
of developing agents produced by improper methods of mixing
may cause development fog. This fact has not been generally
confirmed in the present work.
* Communication No. 222 from the Research Laboratory of the Eastman Kodak Company
f This article was .originally published in American Photography Dec.
1924, pp. 742-748.
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From the study of a large number of developing agents
used without bromide, Nietz3 came to the conclusion that fog
does not vary with the reduction potential or other common
properties of the developer; that a fogging agent may be considered as rendering developable and reducing the grains which
the developing agent cannot affect, and that the developing agent
may have a similar power of nucleation so that poor reducing
agents of low reduction potential may produce much fog. He
also found that fog is practically absent from high densities,
but increases as the image densities decrease, and this fact was
definitely related to the concentration of alkali bromide produced
by the reduction of the silver bromide in the higher densities.
It was shown that while bromide in low concentrations retards
fog, in high concentrations other factors enter and fog may increase. With pyro especially, a distinct fogging action occurs
with high bromide concentrations.
Liippo-Cramer has referred to the problem of fog in numerous
contributions on the theory and practice of photography and in
his book on the Safranine Process4. He has also described5 methods
for removing emulsion fog by bathing fogged plates in suitable
solutions of p-phenylenediamine and in chromic acid.
A recent article by Fuchs6 on aerial fog has generally confirmed
the results of this investigation. He found that the oxidation of
hydroquinone developers by the air in contact with plate or film
emulsions produced a latent fog which developed like a light image.
Oxidation products in the developer tended to decrease rather than increase the fog. This aerial fog was increased by addition of alkali, decreased with increasing sulphite concentration to a minimum at four
moles of sulphite for each mole of hydroquinone, and was repressed
by bromide only to the same extent as a light image. He found
that ordinarily aerial fog occurs only with hydroquinone and
ferrous oxalate developers, but copper ions act catalytically to
cause aerial fog with metol, p-aminophenol and glycin. Traces
of copper caused pyro to give aerial fog only in the case of panchromatic emulsions. Fuchs has explained these phenomena
by assuming that aerial fog is the result of chemi-luminescence
produced by the oxidation of the developing substances by the
air. In harmony with this view, he also found that aerial fog
was prevented by treatment of the plate or film with desensitizing dyes before development.

1098

Transactions of S.M.P.E., Vol. XII, No. 36, 1928

A summary of the literature on fog, therefore, indicates
that it is generally believed that the oxidation products of the
developing agents may cause fog, but on the other hand, experience
has shown the value of conditioning developers in order to diminish
fog. It is common practice to add some old developer to a fresh
solution with this idea in mind. It has also been found in this
laboratory that when developing negative motion picture film
on a reel the fog is greatly diminished after a few hundred feet
of film have been developed7 Different emulsions vary considerably
in their tendency to fog, fast emulsions usually giving the most
trouble. Motion picture positive emulsion, although normally
clean working, is very susceptible to aerial fog when developed
on a reel.
II. Object of this Work
The object of this investigation was to make a careful study
of the nature of fog and the factors affecting its production under
practical development conditions.
III. Nature

of Fog

The total fog on the developed emulsion may consist of one
or more of the following kinds of fog:
i. Emulsion Fog.
Emulsion fog is a result of the presence of developable grains
in the unexposed emulsion. It may be produced in various ways,
such as during the ripening process, by deterioration with age,
by the presence of fogging impurities, etc. The extent of the
inherent emulsion fog varies greatly with different emulsions and
the fog image probably behaves on development similarly to a
small light exposure. Whether or not a developing agent can
develop a latent light image without developing latent fog is uncertain. Possibly a part of what is usually considered as inherent
emulsion fog in the fast emulsions may be only an increased susceptibility to chemical development fog. .
2.

Aerial Fog.

Aerial fog, according to a theory proposed by Fuchs,6 is probably caused by chemi-luminescence occurring during the oxidation
of certain reducing agents by the air. It is, therefore, really a latent
light image and develops as such.
It occurs chiefly with hydro-
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quinone and with certain reducing agents in the presence of traces
of oxidizing catalysts, such as copper ions. Aerial fog is most serious
when developing motion picture film on a reel, but is of importance
in all cases where film wet with developer is exposed to air for an
appreciable length of time. Such conditions occur with some modern
motion picture developing machines, in the development of roll film
in a tray, and in all cases where the partially developed film is
removed from the developer for inspection.
3. Chemical Development Fog.
This may occur in different ways. The exact mechanism
by which a pure developing agent is able to reduce unexposed
silver halide under practical development conditions is still an
open question. It may be merely a non-selective reduction, such
as occurs with silver halides without the presence of gelatine.
On the other hand, reduction may be preceded by a nucleation
effect which is the result of a chemical property of the developer
unrelated to its reduction potential. In this connection LiippoCramer4 has observed that methylene blue, in concentrations
less than one part in a hundred thousand, is a strong fogging agent
and at the same time a powerful desensitizer against light action.
Fogging action during development may also result from the presence of traces of impurities, such as metallic sulphides or tin salts.
Under certain conditions sulphide is formed by bacteria which
may live in a developer and reduce the sulphite to sulphide.16
4. Solvent Fog.
Solvent fog is the result of physical development by silver
dissolved in the developer due to the presence of a silver solvent,
such as sulphite or ammonia. Dichroic fog,8-9 produced duriug
development, is of this type.
5. Fog from Vapors or Gases.
Exposure to vapors of certain substances, notably turpentine
and resins, renders the grains of silver halide developable.10-11
This effect has been ascribed to the decomposition of such substances with the formation of hydrogen peroxide, which is known
to sensitize the grains to development.
6. Light Fog.

Light fog is caused by accidental exposure to white Jight or
by the use of an unsafe light when handling emulsions.
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IV. Methods of Measuring the Fogging
Properties of Developers

With reference to any particular emulsion, the fogging tendency of a developer may be expressed either as (1) the fog density
obtained when the developer has performed a certain amount
of useful work, that is, when it has developed a given exposure to
a given density or has developed the emulsion to a given degree of
contrast (gamma) or (2) the time required to produce a just visible
fog density.
With positive emulsions such as Motion Picture Positive
emulsion, visible fog does not usually appear until a fairly high
contrast is reached, but once the fog has appeared the fog density
grows comparatively rapidly, whereas, with negative emulsions,
fog usually begins to grow at a uniform rate at an early stage of
development, but the rate of growth is usually much slower than
in the case of positive emulsions.
With negative emulsions a fog density up to 0.2 is not objectionable, but with positive emulsions even the least trace of
fog is not permissible. The absolute fog density for any given
degree of development is, therefore, the best measure of the fogging
tendency of a developer with respect to negative emulsions, but
with positive emulsions the fogging tendency should be measured by
the time required to produce a just visible fog density.
1. Emulsions Tested.
For comparing the fog produced by different developers,
Eastman NC and Motion Picture Positive films were generally
used, although in a few cases tests were also made with Motion
Picture Par-speed Negative and Motion Picture Super-speed
Negative film.
2. Developing Agents Used.
The work described was carried out with elon-hydroquinone
developers made up according to various MQ formulae. These
were selected for study because of their very general use and
application.
3. Methods of Development.
A.

Tank Development

a. Time-Density and Time-Fog Curves

Most of the tests for chemical development fog or tank fog
were made as follows: strips of film one inch by eight inches were
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given a uniform exposure along one edge over a width of onequarter inch. This exposure was so adjusted that it fell well up
on the straight line portion of the H. and D. curve, so that with
NC film, for example, on normal development, a density of about
1.3 was obtained. These strips were lowered into the developer
about an inch at a time at various time intervals. It was so arranged that several strips could be lowered simultaneously into
different samples of developers. For such tests, tubes holding
250 cc. of solution were used. From the strips so obtained both
fog and image density for various times of development could be
measured. Under such conditions a constant density for a given
time of development denotes a constant gamma or degree of development, and slight density changes are roughly proportionate
to changes in gamma.
b. Time-Gamma and Time-Fog Curves

In case more exact time-gamma curves were desired, a sheet
of film was exposed through a step tablet and cut into strips which
were developed for different lengths of time in a tank or tray.
From these strips actual H. and D. curves were plotted and thus
time-gamma curves obtained.
B.

Reel Development

A small silver plated reel and trough were used, by means of
which a strip of Motion Picture film about thirty inches long could
be developed. This apparatus was used in testing Motion Picture
film for aerial fog. In some cases tests for aerial fog were made
by suspending a strip of film so that only part was immersed in
the developer in a tube, and then moving the strip up and down
regularly for a definite time so that a definite area was exposed
to the air at frequent intervals. The whole strip was then totally
immersed for a short time to allow the latent aerial fog to be fully
developed.
J+.

Density Measurements.

Densities were measured on a "Capstaff-Green" Motion
Picture Densitometer.12 Time density curves were plotted and in
most cases were extended considerably beyond ordinary development times so that the significance of any small variations in fog
for normal development could be definitely established. For instance, adifference in fog density of 0.02-0.03 after a normal
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development of five minutes might be considered as a possible experimental error, but if on continuing development, the difference
regularly increased to 0.10 or 0.20 in twenty minutes, the fact that
the previous measurements had real significance was confirmed.
V. Attempts to Prepare Fogging Developers
An extended series of tests were carried out in order to find
under what conditions a developing solution would give abnormal
fog. The factors considered were as follows:
1.

Composition of Developing Solutions.

A series of developing solutions were made up using various
proportions of elon and hydroquinone as shown by the following
formulae*:14 MQi00; MQ80; MQ25; MQ0. Distilled water was used
in making up all solutions. It was found that no measurable difference in tank fog (as distinct from aerial fog) could be detected for a
normal degree of development with any of the first three formulae.
With MQo, which is a pure hydroquinone developer, a distinctly
greater fog occurred for an equal degree of development. This is
not a satisfactory practical developing formula, however, since
hydroquinone alone requires more alkali to make it sufficiently
active. The result was confirmed with two different batches of NC
emulsion at different times and also with Motion Picture Positive
emulsion. Within practical limits, variations in carbonate and sulphite appear to have little influence on tank fog, although this
point has not been tested exhaustively.
Aerial fog, under ordinary conditions, is produced only by
hydroquinone** and tends to increase as the percentage of hydroquinone in the mixture increases. High sulphite prevents this action and if the sulphite in the above formula for MQ25 is reduced
to twenty-five grams per liter, the tendency for aerial fog to form
becomes very great. For the effect of dilution on aerial fog see
paper on "Chemical Fog."2
* The general formula for the series is R-5, A-25, S-75, B-1.5. The
numbers express quantities per liter in the order, reducing agent, alkali,
sulphite, bromide. The suffix (e.g. 25 in MQ25) indicates the percentage of
total developing agent which is elon.
** Other developing agents may give aerial fog in presence of certain
oxidizing catalysts. See section on aerial fog.
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Methods of Preparation.
A.

The Temperature of Mixing

It has been previously stated that the temperature of mixing
may affect the formation of fogging oxidation products.2 A careful
comparison was made between solutions made up with water at
the boiling temperature and at 70°F. Two different developing
formulae were used, MQ25 and a concentrated caustic elon-hydroquinone developer recommended for underexposure.13 The hot
solutions were cooled to 70°F. before testing. In both cases no
difference in fogging tendency, as a result of the temperature of
mixing, could be detected.
B.

Order of Mixing

The usual order of mixing a developing solution is to add to
the water a little sulphite, then the elon, the remainder of the sulphite, the hydroquinone, carbonate and bromide in the order
given. The whole series of MQ developers was made up by dissolving all the developing agents before adding sulphite, using
water at 70°F. and also with water at 212°F. A series of solutions
prepared according the MQ25 formula was also made up by mixing the chemicals in the following order: —
1. Normal order.
2. Carbonate, developing agent, sulphite, bromide.
3. Developing agent, carbonate, sulphite, bromide.
In the cases where the carbonate and developing agent were
mixed before adding the sulphite, the solutions appeared much
darker, but careful tests showed that in all of the above cases
no increase in fogging tendency was produced. With formula
16X7 (E. 0.5, Hq. 10, A 100, S 100, B 3.75)14 mixed hot in the order
carbonate, developing agent, sulphite, bromide, a slight increase
in tank fog was produced but it was not sufficient to be of much
practical importance.
8.

Ageing.

The MQ formulae mentioned under V-l were further tested
and compared as follows:
1. Original solution
2. Boiled 5 to 15 minutes
3. Bubbled air through the solution from 2 to 3 hours.
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4.
5.
6.
7.

Kept
Kept
Kept
Kept

one
one
one
one

day in a closed bottle
day in an open bottle.
week in a closed bottle.
week in an open bottle.

A comparison of the above solutions was very carefully made,
by developing at 70°F. ±0.5°, the temperature being kept constant
by means of a thermostat. In all cases, except after one week in
an open bottle, no significant difference in fogging tendency between the several developers could be detected. At least for normal
development up to a gamma of unity, the fog density did not
vary more than 0.02 — 0.03. In the case of the solution which
stood one week in an open bottle, the developing power was considerably weaker and there appeared to be slightly less fog for
the same degree of development.
Jf.

The Addition of Oxidized Developers.

Solutions of elon and hydroquinone, made up with both sulphite and carbonate and with carbonate alone, were oxidized in
open trays. These solutions were used in preparing developers
and were also wadded to fresh developers. Other than an intense
stain produced by solutions oxidized in the absence of sulphite,
no significant increase in fog could be detected; at least, no
fogging tendency appeared until the stain became serious.
5.

The Addition of Various Substances.

A large number of substances were added to MQ25 and those
which were insoluble were allowed to come in contact with the
film at the surface of the solution. Strips of film dipped into the
developer were moved up and down so that the surface effect
was spread out over about one inch of the strip. The following
substances, as is generally known, were found to produce fog:
1.
2.
3.
4.
5.
6.

Turpentine
Benzaldehyde
Acetaldehyde
Formaldehyde
Sodium Sulphide
Stannous Salts

7. Copper Salts
8. Thiourea
9. Methylene Blue
10. Hydrogen Peroxide (for a few seconds only).
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In the case of substances such as turpentine and benzaldehyde,
which are insoluble in water, the fogging action occurred, of course,
only at the surface of the developer. With acetaldehyde and formaldehyde some streaky fog was formed in the developer in addition
to a strong surface action. With copper salts, only an aerial or
surface fog was evident. The tendency of hydrogen peroxide to
produce fog lasts less than one minute after being added to the
developer. These tests show clearly the necessity of distinguishing between aerial fog and tank fog.
6.

Summary of Attempts to Produce Fogging Developers.
In all the work described above there was no indication that
variations in the methods of mixing the developing solutions within
the limits mentioned had any appreciable effect on the production
of fog. Futher, if we distinguish between the oxidation products
and the oxidation process there was no evidence to show that
the oxidation products themselves produce fog. While investigaing these points a total of several hundred strips of film were developed and examined, and for the particular emulsions, chemicals
and developing formulae used this conclusion was thoroughly
established. On the other hand, during some experiments on the
destruction of the latent image by oxidized developers it was noticed
that when a partially exposed strip of Motion Picture Positive
film was dipped into an oxidized elon solution containing potassium
bromide the latent image was largely destroyed, and at the same
time, a distinct fogging action was apparent on the unexposed
portion. Therefore, under certain conditions oxidation products
may cause fog, but these conditions are apparently not present
when the practical developing formulae listed above are employed.
VI. Attempts to Prevent Fog
It is evident from a consideration of the facts previously mentioned, that it is necessary to distinguish clearly between different
types of fog, especially aerial fog and tank fog. By tank fog is
meant the total fog produced when a film is kept immersed during
the whole time of development so that little or no aerial effect takes
place. It consists of chemical development fog together with any
inherent emulsion fog which may be present, and possibly a trace
of aerial fog. The possible effect of dissolved air in the developer
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could perhaps be removed by developing in a vacuum but this
has not as yet been tried.
1.

Oxidized Developers as Anti-fogging Agents.
It was noticed that the addition of 0.1% of pyro to an MQ
developer greatly diminished aerial fog and that the same effect
was produced by the addition of a partially oxidized pyro solution. The oxidation products of twelve other developing agents
were therefore tested for this effect as follows:
A 0.1% solution of the developing agent containing also
0.5% carbonate and 0.1% sulphite was allowed to stand in an
open tray for four days. Tubes of developer to which 10 % of
these various oxidized solutions had been added were tested with
Motion Picture Positive film by moving the strips up and down
through the surface of the developer as previously described.
The developer used for these tests was made according to the
MQ25 formula, except that only twenty-five grams per liter of
sulphite were used. Such a developer alone gave very bad aerial
fog. This fog was almost entirely eliminated by the first three
substances listed in Table I, their effectiveness ranging in the
order given.
Table I
Anti-fogging
Developing Agent (oxidized)
Aminosalicylic acid
Amino-m-cresol
Pyro
Diaminophenol hydrochloride (amidol)
Aminophenol hydrochloride
Monochlorhydroquinone
m-Phenylenediamine
Monomethyl-p-aminophenol sulphate (elon)
Metoquinone
Dimethyl-p-aminophenol oxalate
Dichlorhydroquinone
Methyl-o-aminophenol+hydroquinone
(ortol)

Action
good
good
good
fair
fair
fair
fair
poor
poor
poor
poor
none

Stain
slight
slight
medium
intense
intense
slight
none
medium
slight
none
none
none

It should be noted, however, that the composition of an oxidized developing solution varies greatly with the degree of oxidation. The results given are not, therefore, a measure of the intrinsic
anti-fogging action of the various substances, nor of their exact
order of effectiveness, because of their variable degree of oxidation.
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2. The Desensitizing Action of Oxidized Developing Agents.
In his earlier studies on desensitizing, Luppo-Cramer found
that the oxidized solutions of many developing agents, notably
amidol, desensitized strongly against light action. In accordance
with this fact, the authors found that the desensitizing action of
the solutions given in Table I occurred in approximately the same
order as their effectiveness in preventing aerial fog. As many of
these solutions stained the film badly, some of them were treated
with animal charcoal to see if the staining substances could be
removed. It was found, however, that by this treatment the desensitizing action was greatly diminished while the stain was unaffected. The practical value of oxidized developing agents as
desensitizers in a developer is not great, for in most cases such
action is destroyed by the sulphite present in the solution.
3. Pinakryptol Green as an Anti-fogging Agent.
In view of the fact that oxidized developing agents both desensitized against light action and prevented aerial fog, it was
decided to try the anti-fogging effect of Pinakryptol Green. An
aerial fog reaching a density of 0.8 produced by an MQ0 developer
with low sulphite was entirely prevented when one part in a hundred thousand of Pinakryptol Green was added to the developer
and one part in a million diminished the fog very appreciably.
Under certain conditions a precipitate is formed by Pinakryptol
Green in a hydroquinone developer which limits the concentration that can be used. This will be considered more fully in a later
paragraph. The question then arose as to what types of fog could
be prevented by such a desensitizer. In order to determine this
point, strips of NC and Motion Picture Positive film were giverj
a preliminary desensitizing treatment and then exposed to the
action of various fogging agents according to the following procedure. One end of each strip was bathed for one minute in a solution containing one part in thirty thousand of the desensitizer,
the whole strip was then rinsed for one minute, exposed to the
fogging agent and developed in MQ80- It was found that with
a 0.3% hydrogen peroxide solution, by bathing NC film for one
minute or Motion Picture Positive film for five minutes, an intense
fog was produced on the developed strip. However, the part which
had been treated with the desensitizing solution was perfectly
clean, and the same result was obtained with a 0.1% solution of

1108

Transactions of S.M.P.E., Vol XII, No. 36, 1928

formaldehyde in place of hydrogen peroxide. Similar strips were
then developed in solutions containing as fogging agents, copper
sulphate, stannous tartrate, sodium sulphide and thiourea. An
intense aerial fog caused by copper sulphate was entirely eliminated
by the desensitizing treatment. In the case of the other three
substances which fogged uniformly over the whole strip, no protective action was evident.
Further tests were then carried out by developing Motion
Picture Positive and Negative film with the reel and trough. These
tests confirmed the fact that aerial fog, whether caused by the
aerial oxidation of a hydroquinone developer deficient in sulphite,
by the catalytic effect of copper in the developer, or by the presence of formaldehyde or related substances, can be entirely
prevented by the use of a desensitizer such as Pinakryptol Green.
Ordinary tank fog, however, is apparently not affected by this
treatment.
4.

Other Desensitizer s as Anti-fogging Agents.
The same anti-fogging action as described above can also
be obtained by the use of Phenosafranin. This desensitizer, however, has the disadvantage of staining the films very badly and
giving the same precipitation troubles as Pinakryptol Green.
Aurantia is a desensitizer which is very much less effective than
Pinakryptol Green or Phenosafranin, and when used at an effective concentration very, bad stain is produced. Aurantia, however
does not precipitate with hydroquinone in a developer as do both
the other substances mentioned.
VII Factoks Affecting the Use of Desensitizing
Dyes as Anti-fogging Agents
1. Methods of Use.
Desensitizing dyes may be used to prevent aerial fog in the
same manner as when used to prevent light action, except that
lower concentrations are required. The simplest way is to add the
dye directly to the developer unless other factors make this procedure undesirable. In cases where a precipitate is formed, or as
a matter of economy, the film can be bathed for about a minute
in a solution of the dye before development.
2. Precipitation in Developing Solutions.
The concentration of Pinakryptol Green or Phenosafranin
that can be used in developers containing hydroquinone is limited
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by the fact that a brownish precipitate is sometimes formed which
removes the dye from solution. In the worst cases this tendency
is so great that a precipitation occurs in the emulsion when the
film is taken from a preliminary desensitizing bath and placed in
the developer. Aurantia does not form a precipitate even in concentrations ofone part in five hundred parts of developer but
in effective concentration the stain which it produces is undesirable. In the case of Pinakryptol Green, to which the most attention
has been given, the precipitate does not form with hydroquinone
alone, but only in the presence of sulphite, carbonate, or hydroxide. In appearance it is quite similar to quinhydrone, but with
chlorhydroquinone the precipitate is green instead of brown.
With caustic hydroquinone developers, the addition of one part
of the dye in one hundred thousand parts of developer causes
immediate precipitation. The precipitate dissolves when the solution is boiled and reappears slowly on cooling. After boiling a developer containing this precipitate with a small quantity of formalin
no further precipitation occurs, but the effectiveness of the dye as
a desensitizer has been destroyed. The dye does not precipitate
with oxidized developing solutions and a precipitate re-dissolves
when a developer containing it is thoroughly oxidized. Both the dye
and precipitate are generally soluble in alcohol or acetone, so that
the addition or these solvents to a developer tends to retard the
reaction; however, concentrations of alcohol or acetone which it is
practical to add to developers have little effect. A large number of
other addition agents were tried in an attempt to prevent this
precipitation reaction but without success.

3. Influence of Pinakryptol Green on Development Characteristics.
Pinakryptol Green in common with certain other dyes possesses the property of shortening the induction period of a hydroquinone developer and causes this developing agent to act much
more rapidly than usual. With an elon-hydroquinone developer
there is no change in the rate of development. Data on this point
are given by Crowther.15 In any case the latent image is not affected and careful tests have also shown that it has no effect on
the keeping properties of an MQ developer.
4. The Concentration Required.
The concentration of a desensitizer needed in developers
depends on the intensity of the fogging action to be prevented,
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while the precipitation of the dye in some developers limits the
amount that can be added. However, it is probable that one
part in five hundred thousand parts of developer would prevent
aerial fog under any ordinary conditions, and in most. cases one part
in a million would furnish sufficient protection. Such a small concentration should not give any trouble from precipitation. Following is an example of data on which the above estimate is based:
Motion Picture Positive film was developed on a reel in D-16*
developer for five minutes. When the temperature of both developer
and surrounding air
0.60. The addition
akryptol Green or
The addition of one
developer produced

was about 85°F. the aerial fog density reached
of one part in five hundred thousand of PinPhenosafranin entirely prevented this fog.
part in ten thousand of copper sulphate to a
an aerial fog density of 0.80 at a temperature

of 70°F. ; and a concentration of one part in a million of Pinakryptol Green in the developer reduced this to 0.15, and one part
in five hundred thousand prevented the formation of any visible
fog. This same fog was entirely prevented by a preliminary bath
for one-half minute before development in a water solution of the
dye containing one part in twenty-five thousand. In another case
Motion Picture Negative film was developed for seven minutes
on a reel in an MQ developer containing one part in ten thousand
of copper sulphate. The fog density was 1.0 which was reduced
to 0.12 by the use of one part in a million, and to 0.06 by one part
in five hundred thousand of Pinakryptol Green. In the same way
the dye prevented the formation of aerial fog when using other
MQ formulae at 85°F. It seems improbable that any greater fogging tendency than is illustrated by the above cases would ordinarily occur. Even in such small concentrations as indicated
above Pinakryptol Green very greatly decreases the light sensitivity of the film and thus lessens the danger of fogging from
ordinary safelights.
VIII Pyro as an Anti-Fogging Agent in MQ
Developers
1.

Effect on Aerial Fog.
Pyro does not give aerial fog under ordinary conditions,
but with one part in one thousand of copper sulphate on pro* Manufacturer's recommended
Positive film.

formula for Eastman

Motion Picture
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longed development fog is produced. Under such conditions as
great an effect was obtained with Motion Picture Positive as with
Commercial Panchromatic film in complete darkness. Fuchs6
obtained aerial fog with pyro only with a Panchromatic emulsion,
which he considered to be due to the fact that the chemi-luminescence of oxidizing pyro lies in the green-red end of the spectrum. Moreover, if pyro is added to an MQ developer which gives
aerial fog, due either to low sulphite or to the presence of copper
ions, such fog is greatly reduced. For instance, with Motion Picture Positive film developed five minutes on a reel in D-16 developer containing one part in ten thousand of copper sulphate,
the aerial fog density was 0.80. The addition of 0.5 grams per
liter of pyro reduced this to 0.05. Under these conditions, therefore, as an anti-fogging agent 0.5 grams per liter of pyro is about
equivalent to one part in a million of Pinakryptol Green. However, the pyro does not protect fully until slightly oxidized. This
same degree of effectiveness was also found by using Motion
Picture Negative film. A partially oxidized pyro solution had the
same effect, but the addition of a solution which had lost all its
developing power by standing several days in a tray had no influence on fog. If the chemi-luminescence theory is correct, this
anti-fogging action of pyro, might be due to a shifting of the
luminescence from the spectrum of hydroquinone to that of pyro,
as well as to a desensitizing action of pyro oxidation products.
2. Effect of Pyro on Tank Development.
While comparing several types of developing formulae, it
was noticed that pyro gave slightly less fog than did the MQ
developers tested. However, when pyro was added to an MQ
developer no decrease in tank fog occurred with NC film, while
with Motion Picture Positive film the fogging tendency slightly
but definitely increased.

3. The Effect of Pyro on the Developer Life.
It is a well-known fact that pyro developers oxidize rapidly
in the air. Moreover, it was noticed that MQ developers containing pyro seem to have a very short life and the following tests
thoroughly established this fact. An MQ developer was made up
and divided into two parts, to one of which one gram of pyro
per liter was added, and 500 cc. of. each solution was allowed to
stand in a 5X7 open tray. The same procedure was used with
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MQso, MQ25 and D-16 developers. After three days, exposed strips
of film were develoged for the same time in each. The solutions without pyro developed almost as well as when fresh; the
MQ8o containing pyro had lost almost all its developing power
and gave only a barely perceptible image; and in the case of MQ25
and D-16 the loss of developing power was very great but not
quite so complete as with MQ8o- An MQ tank developer when
exhausted with a reel showed a much shorter life when 0.5 gm.
per liter of pyro was added. The pyro apparently acts as an oxygen carrier and so accelerates aerial oxidation of the other developing agents. This is rather strange in view of the fact that pyro
retards the oxidation of sulphite solutions in the same way as does
hydroquinone.
A practical ageing test was then carried out with a series of
developers in two-liter tanks. MQ100, MQ25, and MQ0 formulae
were used with and without pyro. The amount of pyro added was
0.5 grams per liter. At the end of two weeks twenty-five 8"xl0"
sheets of flashed Portrait film had been developed in each tank.
The pyro had not caused a noticeable decrease in developing power
with MQ100 and MQ25 and only a slight decrease with MQ0.
Although pyro greatly accelerates aerial oxidation of MQ developers
this effect does not seem to be serious with tank development.
It appears, therefore that although the addition of pyro to MQ
developers does diminish aerial fog, in view of its effect on the life
and characteristics of the developer, it is less desirable for this
specific purpose than a desensitizing dye.
IX Conditioning Developers

to Diminish Tank Fog

The desensitizing effect of oxidized developing agents and
their effect in preventing aerial fog have already been discussed.
In addition to this, however, it has been established both by
general experience and by careful tests that tank fog is also diminished by conditioning a developer either by use or contact with
air. This fact is commonly recognized in the custom of adding some
old developer to each new batch. Careful tests have shown that
it is impossible to duplicate this effect by increasing the bromide
concentration. Comparisons have been made by adding bromide
to fresh developer, by diluting fresh developer, keeping the alkali
and bromide constant until the velocity of development was the
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same as that of the used developer, and by adding more reducing
agent to a used developer. In every case a decreased fogging action as a result of the presence of the oxidation products of the
developer has been indicated. The only alternative explanations
of these facts seem to be a gradual destruction of a definite fogging
agent, or a general destruction of both latent fog and latent image
in old developers. At present, the first of these hypotheses seems to
be most nearly in accordance with the facts.
The general problem of tank fog in relation to different emulsions, different developing formulae, and the effect of conditioning
developers is being investigated more fully. More specific data
on this point are reserved for a future communication.
X Summary

and Practical Applications

1. The total fog on a developed film is the complex result
of many factors which must be considered separately. Different
types of fog are emulsion fog, aerial fog, chemical development
fog, solvent fog, fog from vapors and gases, and light fog.
2. The oxidation products of elon and hydroquinone in a
practical developer do not cause fog and the recommended method
of mixing elon-hydroquinone developers in a definite order at a
low temperature is of less importance than was previously supposed.
The fog previously observed from such causes must have been
due to substances which do not exist in present day American
photographic chemicals.
3. Aerial fog, produced with certain developers when a film
wet with the developing solution is exposed to air, is similar in
its effect to light fog, is probably caused by chemi-luminescence,
and can readily be prevented by the use of desensitizers, either
in the developer or as a preliminary bath.
4. Pinakryptol Green is the most satisfactory desensitizer
for eliminating aerial fog with elon-hydroquinone developers,
and is effective in a concentration of one part in five hundred thousand parts of developer. Phenosafranin is also satisfactory, while
oxidized developers also tend to diminish aerial fog.
5. Pyro added to an elon-hydroquinone developer
effective in preventing aerial fog, but shortens its life by
ing aerial oxidation and is therefore, less desirable for this
than a desensitizing dye. The characteristic absence of fog

is quite
increaspurpose
on pyro
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developed negatives is undoubtedly a result of the anti-aerial
fogging action of pyro.
6. The fact that developers conditioned by use give less tank
fog than fresh ones has been confirmed and is being investigated
further.
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FUTURE

DEVELOPMENTS IN THE
MILLIMETER FIELD
Herbert

SIXTEEN

C. McKay*

P\ESIGNED as a super-toy, the sixteen millimeter or amateur
-*-^ standard motion picture has become a force with which we
must reckon in more serious fields. There can be but little doubt
that the educational film, whose advent is inevitable, will be in
this size. Experience has already shown that this film is the logical
one for commercial, industrial and publicity purposes. More recently, students and scientists have^ turned toward this film only
to be discouraged by the lack of refinement which is noticeable
in the equipment at present available. This lack is one which
is quite natural; in fact, the available equipment is of far better
quality than might be expected in view of the fact that this width
has been in use for only a few years.
The present and prospective users of the sixteen millimeter
film may be divided roughly into three classes. These are: (a)
The amateur for whom the present apparatus has been designed,
the home "record"maker. This group is the most important numerically and the least important technically of the three. It is an
established fact that as a class these amateurs are not interested
in the work of development, and technicalities are avoided by them.
Such an amateur merely makes an occasional shot of a few feet. He
does not do enough work to profit by his experience. Eventually
he becomes disgusted, the camera is laid away and he turns to
checkers or backgammon.
A few amateurs become more deeply interested in the art
of motion picture making. They develop a liking for the motion
picture as such. This interest leads almost directly into the second
group, (b) This group may be called the amateur motion picture
producers. The majority of these amateurs are actually interested
in producing amateur photo-dramas. It is quite natural that they
should want to reproduce the many intricate camera effects shown
upon the professional screen. Five years close touch with the amateurs of this country have shown the writer that the progressive
amateur spirit is predominantly dramatic. For one active amateur
* Dean, New York Institute of Photography, New York, N. Y.
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interested in the photographic technique of the motion picture,
there are nine whose interest lies in the dramatic field.
The third class consists of those who wish to make a more
practical use of the motion picture camera. These include students,
scientists, professional people, business and industrial officers.
At the present time the type of work in which these individuals
are interested is largely done with standard (35 millimeter) cameras
and the required sixteen millimeter positives are made by reduction printing. It is essential that any camera used for this
type of work be provided with accessories and adjustments making
possible any known camera manipulation.
The interests of the last two classes, the interests of the entire amateur world which is supporting the inventor, the manufacturer, and the retailer of amateur equipment and supplies, lie
in seeing the development of the sixteen millimeter camera to that
point where it will, within reason, duplicate the professional
camera. There can be no doubt that the spring drive is too valuable
to be discarded, in fact, there are few if any camera features
which can be discarded, but there are many which can be added
to the great benefit of everyone concerned.
Among the refinements in camera design for which there is
a very real and urgent demand are: some method for reversing
the film within the camera to facilitate lap dissolves and double
exposures. These maybe tricks, held in scorn by serious minded
investigators, but it must be remembered that many of the most
beautiful effects possible are produced through the agency of
these two forms of manipulation.
The next addition is some form of dissolving shutter. This
demand has been anticipated in the form of an attachable dissolving screen. The desire for a device of this kind is shown by the fact
that well over five hundred orders were received for such a device before the first samples had been delivered from the factory.
The wide use of the dissolve in professional work is sufficient
evidence of its value to the amateurs who are doing their best,
in the face of mechanical difficulties, to duplicate these familiar
professional effects.
A means of visual focus is highly desirable, although not as
important as the refinements just mentioned. In this instance,
we also have an existing demand met by an accessory. This is the
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reflecting focusing device. Many experimenters and serious amateurs have found this device to be invaluable.
Finally we should have an optional hand crank and a positive
"one to one" or "trick" crank. We have hand cranked cameras
and we have automatic cameras with optional hand crank, but
we lack the positive "one to one" movement.
These are details for the individual designer. All sixteen
millimeter domestic camera manufacturers appear to have agreed
to use the Eastman standard sixteen millimeter film, with space
for the one hundred foot spools. There is one point in which standardization should be carried further. This is in the matter of
lens mount. There should be a standardized lens mount thread
so that all lenses could be adapted for sixteen millimeter use and
all sixteen millimeter cameras used with these lenses. The motion
photographer, amateur or professional, who has only one lens is
working under a most serious handicap. No camera should be considered to be complete without at least three lenses.
There is every indication that camera development will be
toward greater complexity. If this is not recognized by our own
manufacturers, those in foreign countries will supply the demand
and secure the sales.
Objections may be made that only by simplification can the
market be extended. Personal experience will show any one that
motion picture photography with the most elaborate sixteen
millimeter equipment is more simple and easier to perform than
an equivalent type of still photography. Simplification is not
the answer. Elaboration will reach the serious amateur. The
serious amateur is the one whose amateur club will buy film in lots
of a dozen or so spools and repeat the purchase at frequent intervals. Another serious amateur will buy his film in units of one
thousand feet for making laboratory records. The commercial
photographer will multiply this by ten— but these film sales
will be made only when a camera is available which will duplicate
in every way the work of the Bell & Howell, the Debrie and the
Mitchell in the 35 millimeter field. Are these supporters to be
irritated and denied by consistent catering to the camera user
who buys two spools of film per year?
Yet this proposed elaboration should be a simple elaboration.
The mechanical design which will provide these effects, while retaining the attractively simple operation of the present day camera,
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places before motion picture engineers a fascinating series of
problems.
This design will be made to meet the demands of a group
of camera users who are at the present time frankly acknowledged
to be numerically in the minority, but it will lead to the creation
of a greater group of users, a group which, individually, will not
balk at paying thousands of dollars instead of hundreds, for the
equipment desired.
I f For the other great class, the occasional film buyer, the record maker who is not interested in anything beyond a collection
of untitled, unedited haphazard snapshots in motion, an entirely
different type of camera will be evolved. This will have a maximum capacity of fifty or even of forty feet, with an outside overall size to correspond. This type of camera user wants a small,
light, easily carried camera, one which can be dropped into a
convenient pocket until ready to be used. These amateurs now
purchase a full spool of film because it is cheaper than the fifty
foot size. They then make two or three planned shots, using perhaps thirty feet of film. The remaining seventy is "shot-up"
upon anything, the photographer lacking the patience to wait for
good subjects. He receives thirty feet of film and seventy feet
of trash and becomes disgusted. A small camera with forty or fifty
foot film spools sold at the footage price of one hundred foot
spools would result in increased camera sales and increased film
footage sales.
On the contrary, projector design of the future will beyond
doubt lie in the direction of simplification. The most insistent
demand at the present is that the projector become an article of
furniture. In this we see a duplication of the recent history of
radio. This might, at first, appear to be of slight interest to engineers, but before the projector can become truly an article of
furniture, it must be redesigned. The projector will become so
simplified that it need not be removed from its cabinet for operation. This necessitates first of all, simplification of threading.
There is at least one projector now available which is self threading, but a projector will be produced which is so simple that the
film containers need only be placed upon the shafts and the starting switch turned on.
No doubt the future projector will be provided with duplex
shafts which will enable one reel to be rewound at the time that
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another is being projected. It is not beyond bounds of probability
that the projector will be provided with a duplex projection device which will permit optional projection of sixteen millimeter
motion film or stills upon thirty-five millimeter film. These stills
are becoming more and more popular.
The projector needs to be silenced, it needs more illumination,
not so much for an increased screen size as to provide illumination
which will make possible clear and distinct projection through any
desired color filter or combination of filters. The color filter apparently will continue to be favored over the tinted base film
due to the fact that the filter does not make the color decision
unalterable.
There is no doubt that the interest in sound synchronization
will be proportionately greater in the home field than in the theatrical. We are accustomed to the perfect performances of symphony
orchestras in the theatre and the synchronized sound does not
satisfy. While the synchronization of sound and motion is undoubtedly a scientific marvel, it has not the quality of reproduction to recommend it to theatre patrons of discriminating
taste.
On the contrary we are accustomed to mechanically and electrically reproduced music in our homes by means of phonograph
and radio. This renders the home field a promising one for such
developments. Motion picture technicians have long realized
that no motion picture performance is complete without music. It
is obvious that such music should be appropriate to the film shown.
Few amateur users are in a position to provide such accompaniment,
yet the synchronized record will provide the amateur with a library of films, each bearing its own orchestral record.
The cost and complexity of the electrical systems of sound
reproduction makes them impractical to a certain degree for
home use. Because of this fact, the synchronization will be secured
through some mechanical means. When the projector is built into
the cabinet there will no doubt be a mechanical sound reproducer
designed upon conventional phonograph lines, included. In such
a method the separate record must be eliminated. The record must
be incorporated upon the film, for only in this manner can synchronization be made permanent. In this manner the amateur will be
free to make any necessary repairs during the life of ^ the film
without destroying the synchronization. Certainly such repairs will
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interrupt the continuity of the musical score but this is preferable
to a complete destruction of synchronization.
A searching inquiry into the needs and desires of the amateur
who is also an experimenter, of the professional and business man
and of the scientist will amply repay both engineers and manufacturers. Sixteen millimeter is no longer a toy, it is a medium
for the popular dissemination of knowledge, which must be
recognized.

APPLICABILITY

OF STEREOSCOPY

TO MOTION

PICTURES

Lewis W. Physioc*
THE progress being made in some of the color processes and
the revival of interest in the talking pictures, have elicited
the statement from many sources that "the next step forward
is stereoscopic motion pictures", which will complete the system
of reproducing artificially, all of the elements of dramatic art,
i. e., speech, action, form, color and solidity.
This discussion is not intended as an exposition of the theory
of stereoscopy because the subject is familiar to most of the scientific staff of the picture business. It has been suggested, however,
that this society might well go on record in establishing a few
facts for the benefit of those who might hold too lightly a serious
problem, or who still cherish the idea of some system for producing stereoscopic motion pictures that might be acceptable
to the public. Nor is it our wish to deny the possibility of what
we call a practical solution of the problem.
The study of stereoscopy antedates, by many years, even
the art of photography. Leonardo da Vinci selected from the
common observation of this phenomenon two well defined elements
in the art of picture making; those of stereoscopy and perspective. Theretofore, these two subjects were merely matters of
curious interest to the more observant minds, but da Vinci made
a deep study of them and deduced the laws governing them.
Also important was his observation of the effect of pseudo
stereoscopy, i. e., in viewing a picture with one eye, placing the
eye in as nearly as possible the actual point of sight. This discovery was so important that at the present day, artists delight
in viewing well rounded pictures or photographs from this "point
of sight". Errors of draughtsmanship, camera location and the
choice of focal length of lenses are often traceable to a lack of
appreciation of this simple but important expedient for testing
perspectives.
The word Stereoscopy is derived from the Greek, Stereos,
meaning solidity and relief, but the following classification of the
numerous elements associated with the phenomenon suggests
its inadequacy:
* Tec Art Studios, Hollywood, Calif.
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1. Perspective. The apparent diminishing of the size of ob-

jects, the converging of parallel lines to the so-called "vanishing
point". This branch of art has furnished such a beautiful application ofmathematics that infallible calculations may be made
of the distance of objects from the point of sight, their relative
distance from each other and their dimensions.
2. Common experience: dating from the conscious period
of babyhood, and by which we measure distances by judging the
juxtaposition of objects and the overlapping of each other in the
field of vision. This is one of the earliest provisions of nature for
self preservation.
3. The physiological construction of the eye.
4. The mental reaction to this physiological stimulus.
These various elements combine to produce the phenomenon
stereoscopy, which in turn is divided into several degrees:
A. Complete stereoscopy: the full effects of binocular vision
among individuals possessed of a high degree of development of
the physiological requirements and a perfect mental reaction.
B. Pseudo Stereoscopy: the limits of monocular vision, or
even individual efficiency in binocular \ision, and various effects
produced
in monolens
pictures.
C. Direct Stereoscopy: by which we measure the dimensions
of a single object, its form, etc., independent of its surroundings.
D. Indirect Stereoscopy: by which we determine the dimensions, forms and relative distances by comparison with their
surroundings. This is due to the unconscious appreciation of
associated objects outside of the so called "yellow spot" when
focusing on a given field. Indeed it is questionable whether
there should be such a classification as direct stereoscopy, for
the oscillation of the orb is such an involuntary, independent
agency, and the scope of the yellow spot is so great that in viewing
even a tiny spot against an absolutely neutral background it is
difficult to maintain a fixed point of sight. This directness is
supposed to be maintained in proportion as we limit the field of
vision, but the gaze is very obstinate when an effort is made to
keep it on so small a point as a pencil dot. Even when studying a
sphere against a black background, the supposedly ideal example of
direct vision, the gaze shifts from one area of the surface to another
and keeps up a continual process of comparison by indirection.
A review of this very limited consideration of the elements
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of the subject, will demonstrate the problem confronting the
experimenter in this branch of motion pictures.
Some may seek to discount our pessimism by reciting the fact
that they have witnessed demonstrations of stereoscopic motion
pictures. This is true, and in reviewing the various methods by
which those pictures were made we consider the obvious mechanical
and mathematical propositions upon which experimenters have
agreed for years. We refer to the necessity of the picture corresponding to the vision of the right eye being neutralized while
the left functions, by means of shutters or spectacles, each eye
being furnished with mediums of complementary colors; both
expedients depending upon the persistence of visioD in associating
the two images in the brain, and in lieu of the prisms or reflectors
of long established methods.
These pictures have been interesting but costly experiments
and of no commercial value, for several reasons. First, because
they depended upon the co-operation of the audience, and the
public is a cruel, impatient patron or partner when it is expected
to share the difficulties of an enterprise. Secondly, they represent
a very poor patent protection. Most of the patents granted on
devices for making stereoscopic motion pictures show very little
originality and nearly all embody the first principles of the early
days, even of the times when drawings were viewed in simple
instruments like Elliot's stereoscope. The only unique device
shown is one based on the oscillation of the eye and produces
only pseudo stereoscopy.
Many other experiments have been suggested by these pseudo
effects, such as the oscillation of the eye in monocular vision or
the rapid and even change of parallax, observed in pictures taken
from an aeroplane circling over tall buildings or from a boat moving along a winding stream, or from da Vinci's effect of viewing
a picture from the proper point of sight. These effects have been
attempted in motion pictures by placing the camera on a platform moving in an arc, the radius extending some where back of
the set, by which means the foreground objects are continually
measured against those in the background.
Other experiments provided queer lenses placed in front
of the main objective or means for reflecting the image into the
camera, special screens that insist on one person in the audience
sitting in the proper place, all of which are worthless propositions.
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Through ignorance of the subject, there have been misrepresentations which resulted in the spending of millions of dollars
in perfecting a system of stereoscopic motion pictures, and it is
due those concerned in that project to state that we do not believe
there has been any claim of true stereoscopy in a wide range picture taken with a single lens or without the aid of optical devices
for the observer.
The name "natural vision" has probably been erroneously
used in designating a monolens picture covering an angle more
nearly equal to the range of the human eye than that of the standard motion picture. Even this system comes within the realms
of artistic judgement as to how much of a subject should be presented, to furnish excellent composition, for there is no pictorial
value in scattering our vision over a tremendous area.
It is interesting to observe that the difficulty lies not in the
taking of stereoscopic motion pictures, but that the real problem
is in projecting them, which brings us. to a consideration of the
much disputed points suggested in sections 3 and 4, i. e., the psychophysiological elements.
Outside of the body, and even as far as the two retinae, we
have a satisfactory explanation of the phenomenon of stereoscopy, arrived at by deductive reasoning aided by many branches
of mechanics and mathematics; but when we leave the retina
we are to suppose a sort of psycho-physiological stereoscope set
up in the brain, which at present is conveniently explained by
assuming that the optic nerve transfers the retinal stimulus to
the brain. We are confronted with the proposition of two flat
images, similar to those on the ground glass of an ordinary camera,
falling upon the retinae and associated in some manner in the
optic thalami, then transmitted through the optic radiation to the
visual centers and other parts directly connected with the perception of this effect, particularly the memory chambers. (It
has been shown that people not endowed with a well developed
perception of stereoscopy have faulty memory.)
Up to the present time the functions of the rods and cones
and the Muller fibres of the eye and the optic tract and the neurons
connecting the retina to the brain, have been imperfectly understood. Delmar A. Whitson advances a theory that insinuates
the subject into the ever broadening realm of radio, by observing,
in the construction and association of the rods and cones, a system
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that suggests an electronic relation to form a sort of receiving
set. According to physical laws, any instrument capable of receiving awave, also has the power of emmission. Curiously enough,
this theory appears to be substantiated by a series of experiments
conducted by Dr. Charles Russ, by which he caused a delicately
balanced electrical instrument to respond, actively, to the direct
glance of the eye. Whitson's theory provides the assumption that
the effect of vision is the result of a heterodyne action produced
by the waves of the eye challenging those directed towards the
eye. It has been established that in both sound and radio waves
the heterodyne sets up a long beat note and that this beat wave
may be responsible for the effect of vision. This does not seem to
conflict with the accepted theory of light for we know that the
eye is not constructed to receive the full rays of the spectrum.
This theory might suggest that stereoscopy is the result of a very
complex system of radiation from near and remote planes, limited
in monocular vision and multiplied in binocular vision, and in
fact the more complex the radiation the more pronounced the effect of stereoscopy. It might also agree with the observation
that perception of stereoscopy varies in individuals, due to the
individual pathological condition and arrangement of the rods
and cones. And further, the idea of the eye emitting a wave agrees
with the simplest explanation of the operation of the brain "which
is in its highest activity, the organ of consciousness or mind,
and its general function is that of furnishing the most complex
and extensive outgoing stimulation of muscles and other active
tissues as a response, more or less immediate, to the most complex
and extensive incoming sensory stimulation."
The psycho-physiological consideration has so engrossed
some stereo enthusiasts that it has been hinted that some progress has been made in attacking the problem from this angle.
But, unfortunately, we have been furnished no details by which
we may judge the merits of such a conception.
However, the more conservative students reflect the attitude
of the afore mentioned Dr. Russ: "supremely skeptical of any
matters that do not lie within the scope of material proof, to be

shown by touch, sight and measurement/ '
This present consideration revolves around the so-called
pseudo effect, which has puzzled so many observers, and we revert
to it as a concluding idea. As to the da Vinci effect, of viewing
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a picture with one eye, we believe that this is merely a matter
of pyschosis in finding a perfect adjustment of the perspective
point of sight; but we contend that there is no such effect as
pseudo stereoscopy as regards vision, and that even in monocular
vision, the effect is complete but is limited to the degree of parallax
which the single eye is capable of producing; and that the effect
is enhanced or multiplied, in the use of both eyes by obtusing
the triangulation. In viewing with one eye, a group of small objects at very close range, we experience a perfect sense of third
dimensional displacement, and the effect is reduced as we remove
the group from the eye. Likewise, in viewing objects at a great
distance with both eyes, the field flattens in proportion to the distance of the objects to the eye. In single eye vision, at very close
range, if we consider that every point of a lens is an individual
lens, with the iris providing a minute inter-pupilary distance a
very complex system of triangulation is set up. However, this
is only noticeable at an extremely short focus and it is probably
for this reason that it has been overlooked as an important factor
in the study of stereoscopy.
In the present subject, the field of physics is so greatly influenced by the physiological consideration that it is almost impossible to deduce it to principles or rules, and that an attempt
to do so merely becomes a further elaboration. As briefly as possible, therefore, we define stereoscopy as the optical realization
of the third dimension determined by photo-triangulation registered in the brain through the medium of the optic nerves.
The spread of the image . on the retina forming the base of the
triangle and the diameter of the iris forming the numerous points
of parallax and the degree of the effect varying with the focal
length and the distance of the objects. It is supposed that the rods
and cones of the eyes funtion dextrally and sinistrally and that
the simultaneous registration of their activity produces the highest
degree of stereoscopy, but it is also believed that the optic nerve
system is so complicated and sympathetic that even in a one eye
exposure a certain number of the rods and cones effect a cross
nerve stimulus to the opposite set of centres especially near the
periphery of the retina, which permits of a considerable degree of
photo-triangulation in the single eye. This cross nerve effect is
feeble and limited in individuals to the degree of this peripheral
stimulus.
It must be understood that this effect is observed at
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very close range and with the aid of an auxiliary lens to help
adjust the focus, for although the eye contains an adjustable
lens it has its limits, even in extremely myopic vision.
In conclusion we can only center our hopes in the fact that
nature generously provides many means to an end, that necessity
frequently solves her problems. Public demand prodding a bright
research mind, with unlimited laboratory facilities and generously endowed may solve the problem.
We assume that a satisfactory solution of this problem excludes the use of optical devices by the audience.

OPEN

FORUM

MR.

TAYLOR: Some one intimated to me the other day that
I did not give the impression I intended in being critical
of loud speaker quality. I have nothing but admiration for the
accomplishments of the loud speaker since the time of radio broadcasting, but the difference is great between what we have now
and the time of the original train announcing loud speakers.
You may recall how unintelligible many of those were; you must
admit that great advances have been made.
Following Mr. Robinson's presentation, there is a question
in the minds of many whether the present line of approach to
bring the perfection from 90 to 99, even to another figure near
perfection, is the correct one and whether it might be well to
view the problem in another way. Instead of starting out with the
engineering and physical assumption that all the links in the chain
are right, start with the other assumption that loud speaker demonstrations are not all that may be desired and have the same
man tell us in what respect they fall short of perfection. I think
that is a different point of view and should not be taken up to the
exclusion of the present method; if it can be pushed with a psychological slant on it, we might go a little faster to the ultimate
goal. Several elements of the problem are passed over too quickly
by the technical workers. Granted that this straight line characteristic isthe best quantitative criterion at present, do we give
even that a fair show? As I understand it, most of the characteristic curves have been offered to the meeting by the different
authors on the basis that there is fade to the loud speaker, a sound
of single frequency from 20 to 10,000 or more, and it is assumed
that the straight line in this range will give natural music and
speech. That begs many questions and does not take care of the
simultaneous production of sounds, which is the essence of music,
or take care of the rapidly varying starting and stopping and
continual variation of speech. Many other things may be vital
to the proposition. In the case of speech, the sound comes from
a small source. In the loud speaker it may vary from a disk larger
than anyone's mouth up to horn openings measured by feet rather
than inches, so that there is an opportunity for a great difference
in the impression even though the analysis may be on the straight
1128
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line. In the case of the orchestra, the condition is reversed, and
in general the sound is from more widely separated sections than
the horn loud speaker or several loud speakers around the screen.
I merely want to indicate my thought that there are many factors
which have not received even superficial and qualitative discussion
here as distinct from the quantitative data presented to us; and to
make a plea for at least a reasonabble amount of this rough qualitative work to make sure- that something quite vital is not being
overlooked by the carefully trained physical workers.
Dr. Clark: There are two small poiDts related to sound pictures which have struck me. One of these concerns the intensity
of the sound and the other the source of the sound as you perceive
it.
With regard to the intensity of the sound, in changing to a
close-up, you don't change the intensity of
experience here and in other places. That
natural. The idea of a close-up is to give
man is speaking to you personally, and I

the sound, that is my
seems to be quite unthe impression that a
think there would be

some change in the intensity or intonation of the man's voice in
such a case. Secondly, in the case of an ordinary theatre, there
is no mistaking the part of the stage from which the voice is proceeding, even though the speaker cannot be seen. With most
talking films I get the impression that the whole screen is talking
to me and not one individual on the screen. Would it be possible
and practical to have a battery of loud speakers behind the screen
and a selector operated by an observer or automatically so as to
locate the source of sound in the neighborhood of the person
speaking?
Is that practicable or not necessary?
Mr. Crabtree: You are bringing up again the question of
orthosonic reproduction, which I mentioned earlier in the discussion, which would get over the difficulty.
With regard to volume, when a person is some distance away,
he automatically raises the level of his voice, and when close to
you, he lowers it, so that a voice appears almost as loud to me at
a distance as it does when close to me; I think the psychological
effect on the screen is not so bad as you paint it.
Dr. Clark: If I talk at the top of my voice and then come
up to you and say something, I modulate my voice. In the case of a
close-up, a similar effect should be brought about by a change
of intensity,
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Mr. Benford: I feel as perhaps many of you do. At the
beginning of the performance last night I was conscious that it
did not come from the picture but after I got interested in the
picture, it was Al Jolson and not something else, and I think if the
picture holds your interest, that is true.
Mr. Coffman: Many of those objecting to the unnaturalness
of close-ups have apparently overlooked the present method of
recording and cutting sound pictures. Most of the scenes are photographed with two or more cameras) one for long shots and the others
for close-ups. Ordinarily, when a close-up is to be cut in, a section
of the long shot is taken out and an equal number of frames of the
close-up inserted. The sound continues without change so that
there is no alteration in pitch or volume level. It has been brought
out that the voice normally rises in pitch when the speaker addresses auditors some distance away. Obviously, if perfect illusions are to be secured, close-ups should be separately photographed and recorded, and the alterations in pitch and volume
levels carefully considered. Most of the faults being mentioned
are not in the paints and brush and canvas — they are in the hands
which paint the pictures. And onfy time can give those hands
proficiency.
Mr. Norling: Among the many methods of making sound
records for voice tests, I understand a certain producer is using
the telegraphone. It would seem to be deficient in the higher frequencies. Isit possible to record by means of the telegraphone
a wide enough band of sound frequencies to give. high quality?
Can you tell us whether the telegraphone wire would lose its record
after a period of time or whether the retention of the record would
depend on how it is wound up on the spool or container or whether
in shipping such records, (if the telegraphone record were employed),
rough handling would have any effect, such as erasing or distorting
the record? Perhaps Dr. MacKenzie can straighten me out on this.
Dr. MacKenzie: It is not possible to record the sound on
the telegraphone with a wide frequency band.
With regard to mechanical jars, I don't know quantitatively
what this is, and as far as I know, no one has seriously tried to
make records for preservation.
Mr. Kellogg: I should like to ask Dr. MacKenzie if he means
the telegraphone as built by the Telegraphone Company and not
modified.
With higher wire speeds, we might record higher fre-
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quencies; and as far as retention goes, I remember an old spool of
wire which had been stored about four years still gave some sound,
and there was no transfer of record from one wire to an adjacent one.
Mr. Taylor: It strikes me with regard to the telegraphone
that it is one of the easy methods of allowing a person to hear his
own voice as recorded, contrary to the others. Without doing
anything but rewinding, you can hear it yourself. The psychology
of hearing your own voice is very interesting. I think this telegraphone has a very useful although limited field at the present
stage of the art. Some people speak more falteringly than they
realize, and other defects become known to the person speaking
and he is able to correct them. Also, while not adapted to high
frequencies, these tricks of speech are well shown up without going
to the limit on quality. Whereas casting directors cannot form
an opinion of a person's abilities in making sound records for the
picture business now, they might say it is worth while or out of
the question for. anyone to come out to Hollywood instead of
asking a person to travel 5000 miles on a temporary contract; any
telegraphone would do it. The dictation phonograph is fairly
well worked out in that direction, but the nuisance of cutting
the wax and shaving is one of the points of advantage of the telegraphone.
Mr. Tuttle: At an earlier session, the matter of synchronization at the back and the center of the house was brought up, and
it created considerable comment. Last evening, we had a demonstration of the portable Movietone, and a group of us went as far
as the entrance of the hotel, about three hundred feet from the
screen. We agreed there was no failure of synchronization present
at that distance. I think in cases of failure of synchronization,
the causes should be looked for elsewhere.
Mr. Porter: I think possibly that is due to the fact that
they were using a very small picture. You don't get it unless
you can get the details of lip action. A simple mathematical
calculation of the time required for sound to travel shows that
there must be a lag at some distance. Personally, as I said before,
I have been unable to see this unless large heads show the detailed
action of the lips. I think that is the explanation of not seeing
it in the outdoor Movietone demonstration last evening.
Mr. Tuttle: We based our conclusion on the picture of
Gov. Smith, which filled the screen. I admit that physically there
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is an easily measurable difference. I am questioning the magnitude of the effect as perceived by the senses.
Mr. Crabtree: In order to clarify the discussion, will some
one explain the telegraphone. Also, does anyone know about the
method of recording which cousists in cutting a groove in the
film base instead of in a wax record?
Mr. Taylor :The telegraphone as invented was the work of
Polsen, a Danish engineer. Hardened steel wire of piano quality is
used on a spool about this size (indicating), perhaps under 5 or
10 thousandths in diameter. The wire must be hard enough to
be magnetized and retain the magnetization. The apparatus
is a motor mechanism for winding it at uniform speed although
not necessarily so, but at any given instant the speed must be
uniform and the magnets must be brought to a uniform magnetic
state before recording, and then, an instant later, the wire passes
between pole pieces which have the current in them, so that the
wire takes the state of a permanent magnet varying in intensity
to work up the usual sound curve comparable with any type of
phonograph. The wire passes under the poles and by means of
the current, with or without amplifiers, the magnetic state is impressed on the wire. The wire must be rewound, and run again under either the same or similar pole pieces, this time the demagnetizing member being left out, and as the state of magnetization of
the wire changes, it sets up a flux in the pole pieces, from which
it can go to a head telephone direct, which is common to the
radio art.
The question of possible frequency of registration is similar
to the limits of the disk phonograph and speed of the film with
the beam of light, and it comes down to the velocity of the wire and
nature of the pole pieces. If quality is of more importance, you
can speed up the wire and can record the higher frequencies.
My own impression is that when the telegraphone came out
about fifteen or twenty-five years ago, the quality of speech when I
heard it was better than any I had heard on any phonograph,
but I am not prepared to make such a comparison today, because
many men have been at work on improving the quality of phonographs.
Mr.Norling: Would the speed of the wire be the controlling
factor in securing high frequencies or would molecular inertia in
the material of the wire itself be a limiting factor?
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Mr. Taylor : I am afraid I am being brought into the position
of rooting for the telegraphone, which I am not prepared to do.
Magnets wipe out high frequencies, but that is true also for phonograph disk systems. By proper design induction may be made
insignificant, although it requires lavish use of current.
Dr. Clark: Do I understand that you get opposite magnetic
poles on each side of the wire? Is there any way of insuring that
the wire always travels between the poles with the small magnets
correctly oriented in relation to the field?
Mr. Taylor: That question I raised myself when I heard
it, and I don't know what the answer is. The shape of the pole
pieces allows considerable latitude, and, even more important is
the fact that the manner of reeling and unreeling the steel wire
doesn't give this. Very likely, experimental work would indicate
some defect — how serious, I don't know. I have never heard of
any trouble due to the twisting of the wire. It is not completely
demagnetized; you must have a mean from which to work.
Mr. Kellogg: Supplementing this, we had occasion several
years ago to play with a telegraphone, as constructed by the
Telegraphone Company, who had done good work on it. But the
machine was too complicated to be a commercial success. They had
two slim magnetic pole pieces which slid along the wire with a
separation of about 1/16 of an inch between them. If placed
closer than that, the intensity went down. That gives some idea
of the frequency limitations; l/16th of an inch should not be
more than half a wave-length, so that the wire must go pretty
fast to reproduce any reasonably high frequencies.
Mr. Buttolph: To return to the effect of viewing distance
on synchronization, I suggest that unless my arithmetic is wrong,
a viewing distance of fifty feet corresponds to a displacement of
one frame at a sixty feet per second projection rate, and at a seventy
feet distance there is a displacement of one frame at the present
ninety feet rate. The lack of synchronization would not exceed
four or five frames at the most.
Mr. Kellogg: In the paper on re-vocalized films, it was
suggested that the author had in mind putting in a spoken part
after a picture had been made, using different voices and enabling
a certain amount of control over microphone conditions, which
is not possible when you have to get the sound directly from the
original actors. Obviously, the actors must say their parts just
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as if recorded and other people must later say the same thing in
synchronization with the picture, but some people are extremely
skillful in saying things in unison with other people and could
also do so with a projected picture. I don't think there is any doubt
that good results might be obtained in this way. I should like to
know what others here think of this.
I have been impressed by the erratic results. There are times
when the speech is very good and other times when it is far from
satisfactory. The one factor most difficult to deal with is failure
to get the right space relations between the speaker and the microphone. This system would permit the speakers to say their
parts directly into the microphone, and they would not have to
speak with their backs to the microphone. That factor plus the
selection of voices, not because the actors have such bad voices,
but because in view of the. fact that we have not worked out the
technic for making the sound come from the part of the screen
where the figure appears, makes it seem that it would be helpful to
select voices different enough to identify them with the characters
playing the parts. Is there any serious difficulty in this?
Mr. Crabtree: The author in question synchronizes the
re-vocalized voices with the film by clipping out frames here and
there and mentions the scheme already proposed where the record
is made on a laminated cylinder, and by removal of laminations
the voice is speeded up or retarded.
Mr. Ross: Re-vocalization has been accomplished in "The
Jazz Singer." In the scene where the father enters and calls "stop"
to his son, the microphone could not be located conveniently
on the set and an off-stage actor called out the word just as the
father moved his lips as he silently called "stop." Also, Al Jolson
cannot play the piano and the music the audience heard as Jolson's
fingers wandered over the dummy keyboard was also produced
off-stage.
Mr. Byles: Isn't this going to bring about the requirements
of a school of dramatic art of speaking for the pictures, and won't
it bring up the question of our requiring a device which will follow
the picture and synchronize the voice with it afterward automatically? Possibly a photo-electric cell or some other method would
do this. It seems that the voice, can be so perfectly developed that
the proper persons can be chosen for speaking.
Mr. Spence: It is unfortunate that we didn't have this dis-
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cussion earlier, because Mr. Sponable of the Fox-Case Company is
an authority on re-vocalizing and has done it extensively for a
considerable number of firms. It offers no difficulty with the
musical accompaniment to synchronize properly. I think it undoubtedly will work out to the point where it can be done on the
record by boosting tone quality and removing objectionable
noises ar statements in it.
Mr. Crabtree: I should like to mention that the producers
in Hollywood and the Hays Organization are anxious that information such as would be contained in an article on re-vocalization
should not appear in the public press, the experience having been
that when all the tricks of inserting backgrounds have been revealed in the popular press, the entertainment value of the picture
is much less. They are now afraid that if the public realizes that
it is not Al Jolson playing or singing, the entertainment value
of the picture will be lost. I agree with this and urge that we
do not give any unnecessary newspaper publicity to such technical
tricks.
Mr. Ross: On Broadway, at the present time, they are demonstrating all these tricks of Hollywood. They have the apparatus
there and charge admission for its demonstration.
Mr. Crabtree : Of course, the public already is aware of the
tricks of the silent picture. We must not inform the public of
the secrets of the sound picture.
My question was not answered with regard to recording on
the film base instead of wax. I understand the "Madaltone"
records in that way.
Mr. Norling: I saw film recorded in that manner but didn't
hear it. Later I looked at a sample of it through the microscope,
and it was very rough. This leads me to think that the ground
noise would seriously affect the quality of the record. That difficulty might be eliminated in time.
Mr. Ross: Some companies are recording action and sound
on a single film and some on separated films. In reproducing the action and sound it is possible to print a combined separately recorded
action and sound on a single film, or onto separated films for
exhibition purposes. Obviously we have not mentioned the actoin
film and wax sound record. Last spring when talking with Mr.
Pomeroy who is technical advisor to Mr. Laskey, he told me he
had visited the leading manufacturer of sound and action recording
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and reproducing apparatus with a view of standardizing the action and sound tracks, as well as interchangeability of projection
apparatus whereby film of various producers might be projected
by the same apparatus. He also stated he had met with very littlesuccess in this direction. Can anyone here state if any further attempts have been made at arriving at these standards?
Mr. Spence: I might state that in the building of projectors
they are now taking considerable pains to make the projector
play both the disk and the sound record film. They are very successful with either the Fox-Case or the Bell Telephone methods.
They are also incorporating in the projector a device for the varying
area type of picture, so that the projector will be able to run for
all the better known methods of reproducing on the film.
Mr. Ross: You mean a single film in the projector?
Mr. Spence: Yes.
Mr. Ross: Has any aggreement been reached on the use of
separated films for action and sound projection?
Mr. Spence: It has been the custom after a single sound
record has been made to print it with the photograph on the same
film.
Mr. Ross: Is there any agreement on recording on one or
both?
Mr. Spence: It is optional.
Mr. Taylor: This carries an implication that a different
piece of reproducing apparatus is required for a variable density
record than that for the variable width record. Nothing in the
nature of things requires any change; it should be possible to
splice them together. It may be in the working out that different
widths or locations of sound track have been used and that an
optical system suitable for one is not suitable for the other. In
the same way, you have different problems on the question of
limitations at the edge, but I think it could not be disputed that
you can say definitely that one and the same system should
give reproduction for a variable density and a variable width
record requiring no different manipulation on the part of the
operator provided proper standarization has been agreed to and
adequate
precision in construction
achieved.
Mr. Spence: In answer to that, the only reason they don't
have a single unit to play all present types of varying area and
varying density pictures is that in the former I believe they re-
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quire a different aperture. I think it can be standardized, but
I am not an authority and do not know definitely.
Mr. Ross: Mr. Pomeroy also stated that they were in hopes
of having the various manufacturers develop interchangeable
light cell units for projection whereby both films of the variable
density and variable area type could be exhibited in the same
projector. He also stated that tremendous advantages were obtained by recording action and sound on separated films, as by
doing this you could handle the action and sound records as desired during development and thereafter combine these records
onto a single film, or onto separated films as desired during printing.
Mr. Norlixg: Can anyone give us information as to the
reduction in quality when the sound track is duplicated in the
case of variable density records.
Mr. Bexford: Apparently, no one knows.
Dr. MacKenzie: With regard to the agreements to make
it possible to play on the same machine both variable density
and variable width records, the Standards Committee has been
furnished by Mr. Robinson and by me sketches showing the
location of the sound track on RCA films and Western Electric
films and the reproducing line of light in the Western Electric
sound projector. The slight change in location of the sound track
of RCA films which would make it possible to play those on the
Western Electric projector was shown Mr. Robinson and he expressed himself as willing to make this change. There is no reason
why you should not pla}r variable density and variable width
records on the same machine.
Dr. Clark: Can anyone give us the results of experience
on the color talking motion picture? What will be the situation
with a film, say, of the Technicolor type when you want to adapt
it for sound?
Will it be necessary to run the sound record separately?
Variation in color in the sound record will obviously affect the reproduction.
Mr. Crabtree: I think that was brought up at one of the
previous sessions. If the color process is capable of reproducing
black objects, there is no difficulty whatever. With the present
scheme of the Technicolor Corp., they imbibe the dye images
onto a single coated gelatin film. One way out of the difficulty
would be to first print the record on ordinary positive motion
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picture film and then fix it and you have the record and a clear
gelatin coated film for the reception of the imbibed images. I
might say that I don't see why Warner Bros, could not supply
us with a Technicolor picture and a wax record. I tried very hard
to get such films for this convention but did not have any luck.
Me. Ross: Isn't the solution of this the imbibition printing
process?
Mr. Crabtree: That isn't quite clear.
Mr. Ross: I refer to the Handschiegl process, in which coloring is produced by printing, which will not run over onto the
sound track.
Mr. Crabtree: He doesn't get a natural color picture. He
doesn't claim that his pictures resemble in any way a naturally
colored object.
Mr. Ross: My statement was more with regard to the possibility of obtaining colored action and sound on the same film
without staining the sound track.
Mr. Crabtree: You could hand tint it. I don't think anybody would be satisfied with such film for very long. The public
is already supercritical with regard to color films and sound movies.
Mr. Leventhal: Answering Dr. Clark, I have a friend connected with the Prizma Co. who have made a test for the Fox
people with color films and found that it was perfectly satisfactory.
The sound was in blue only; with red and green the registration
would not have been accurate enough. This has always been the
difficulty with two-color processes. In the additive process, where
the film is black and white, there would be no difficulty, and there
would be the added advantage of greater surface speed.
Mr. Taylor: I think a word more on that is in order. A
question in the minds of many of us is does the color set up distortion? Many people think it does — that a piece of colored glass
in the path of the beam reaching the photo-electric cell will distort the sound. It makes only a change in intensity, and this can
be compensated, so that the possibility of putting a sound record
on color film brings up the question of the uniformity of the processes. If they are carefully worked out, there will merely be a
prevailing tint in the. sound record, making only a change in intensity, but there is no fundamental difficulty in putting a sound
record on any film made by a legitimate process of natural color
photography.

Open Forum

1139

Dr. Clark: Won't there be a lag in adjusting the intensity
of the output each time the color changes?
Mr. Taylor: If you desire me to answer, I should say that
the question is one of techric in original recording or actual operation, and I think that is apart from the technical aspects of the
case. Your question assumes you will have alternations of the
bl ack and white and colored film and there would be a change
in intensity to be taken up, but ordinarily this is not done. There
is nothing in any process which means that because the color
of the picture changes, the tone at the side will change. The
sound track is not close to the light of the picture. There is
no reason why it should change. With a hundred feet of black
and white and then blue and then Technicolor there would be
jumps. Whether you allow for this in the original printing or
whether you take care of it by a cue sheet is, of course, pertinent,
but the questions are different.
Mr. Crabtree: A member suggested to me that it might
be desirable to form a Sound Motion Picture Section of the Society
which could meet at more frequent intervals in New York for the
discussion of sound synchronization. We won't meet again for
six months, and I think it is possible for this Society to bring
together the various factions in the sound synchronizing business.
It could produce results which could not be obtained in any other
way. There are the matters of the standardization of the sound
track; standardization of apparatus, and so on, and I think the
Society is the means for getting these people together and talking
over their different problems.
Mr. Kroesen: That is a point for the Board of Governors
to discuss, and they have the interest of the organization at heart.
It is all right to make that suggestion, but I think it should be
referred to the Board at the next meeting.
Mr. Joxes: May I point out that the Open Forum is a means
of bringing things to the attention of the Board of Governors.
There is no intention to take any action at the present time.
Mr. Ross: I suggest that a section on sound be started in
the East to meet in New York, I am very much in favor of it and
should be willing to give some time to it.
I would like to propose a change in the method of handling
our standards and to refresh your memory would like to call
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your attention to what happened in this regard yesterday.
Briefly, as I understand it our present method is to print the proposed standard in our Transactions prior to a subsequent meeting
at which the standards are to be finally presented for adoption.
This procedure not only consumes a great deal of time for standards
adoption, especially if sessions are to be twelve months apart
as has been suggested, but in addition and due to the lapse of
time between issuing the Transactions and the subsequent meeting,
members will have forgotten that standards are to be voted upon.
Therefore, all papers or notes which may have been made upon
receiving the Transactions are left at the home office and discussion at the meeting must be directed from memory. This
practice I believe is wrong. I suggest adopting the method now
employed by the Society of Automotive Engineers, which is as
follows: The standards committee prepares and prints each
standard, or group of standards on an 8J^ by 11 sheet, also
prints the ballot to be voted on the reverse side thereof. These
ballot standard sheets are then mailed to each member of the
Society who is requested to vote and return within 30 days. If
the standard is carried it is printed on regular 8J^ by 11 standard
forms and thereafter is mailed to each member in good standing.
By adopting this new proposed form of handling our standards,
the question of standards adoption is removed from the meetings
and is one manner, therefore, of shortening the meetings.
Me. Crabtree: Of course, it is unfortunate that the standards did not appear in No. 33, but I did not have the report for
insertion at that time. The Board has under serious consideration
the matter of issuing a monthly journal instead of the Transactions. In that case, we could place the standards before the
membership in ample time previous to the meetings. Incidentally,
we could circulate a ballot with a particular standard if we wished
to have a decision quickly.
Mr. Ross: I strongly suggest we adopt the ballot form for
general use because if members receive the ballot where they have
their engineering records, they can refer to the Transactions,
or journal, for more complete information and for their voting
intelligently. Whereas, if they have no personal records and have
to depend upon memory at the meetings, as well as pass on the
standards in a short space of time, they cannot give full justice
to the matter and the Society may not receive a full benefit of
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their knowledge. I suggest that our proposal be laid before the
Board of Governors for consideration.
Mr. Crabtree: The question has arisen as to whether we
should continue to publish a glossary of terms in the motion picture industry. I discussed this with the Chairman of the Standards
Committee. He pointed out that a large number of the terms
used in Hollywood are colloquial and slang, and there is some
question as to how far we should publish these in the Transactions.
Mr. Ross: If it comes to the point of employing slang that
is not printable, it may be deleted, however, the more appropriate term might be printed first and in brackets the slang expression employed, as for example: RAW
FILM,
("tape").
Mr. Jones: I might say that Mr: Crabtree suggested I prepare alist of such terms for submission as a part of the Standards
Committee report. I am perfectly willing to include in the report
of the Standards and Nomenclature Committee definitions of
words and terms which have a broadly recognized meaning.
There are many words used in highly specialized senses in the
motion picture industry and I think it is perfectly legitimate for
us to define these specialized meanings. I do, however, object
strongly to incorporating in our nomenclature definition of terms
which are obviously slang and highly colloquial in nature. In
case it is considered desirable by the Society to have published
in the Transactions a list of such colloquial and slang terms with
definitions I do not believe it should be included under the Standards and Nomenclature Committee report, but perhaps published under the caption "Glossary of Motion Picture Terms."

REPORT

OF THE

SECRETARY

September, 1928
THE past year has been a notable one in the history of our
Society. Of the several things which have taken place, perhaps the most outstanding one was the Spring Convention in
Hollywood.
The formation of the Pacific Coast Section was another step
in advance. That Section has had several successful meetings,
with the attendance running around 30. There is every indication
that the Pacific Coast Section will become a most valuable and
powerful factor in the Society.
Several revisions in our constitution and by-laws have been
approved by the Board of Governors. Among these it is notable
that the first year's dues of new members are to be prorated on
a quarterly basis.
Honorary Membership has been given to:
Frederic Eugene Ives
George Eastman
Thomas Alva Edison
The Presidency of the French Photographic Society.
We have presented bound volumes of our Transactions to date
to the Library of Congress, Washington, D.C., and the Academy
of Motion Picture Arts and Sciences, Hollywood, Calif., and unbound sets to the Science Museum, London, England, and the
French Photographic Society, Paris, France.
New membership cards have been adopted, specifying the
grade of membership and the expiration date.
We have increased the price of our Transactions from SI. 25
to $2.50 per copy. This will enable us to make a small margin
of profit; whereas, we were previously selling them slightly below
cost.
Since the last meeting, we have sold 447 copies of our Transactions. During the first half of the fiscal year, we sold 348 copies,
making a total for the year of 795 copies.
Advertising in the Transactions is falling off. It is urged that
as many members as possible get their concerns to back up the
Society by running an advertisement in the Transactions.
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Our membership has taken quite a spurt during the past
year, due largely to the activities of our Membership Committee,
to the formation of the Pacific Coast Section, and to the "Talkies."
The rapid growth of the sound picture is bringing in a new class
of engineers. On September 29th, we had a total of 321 members,
182 Active, including the Honorary Members, and 139 Associate
Members. Some 20 applications have been received since then.*
Since the Spring meeting, we have dropped 14 members for nonpayment of dues, and have had one resignation and one death.
Under the careful administration of our Treasurer, Mr. W.
C. Hubbard, our finances are in good shape.
If we had a larger income, the scope and activities of the
Society could be broadened considerably. The time is rapidly
approaching when it will be necessary to have at least a paid assistant secretary-treasurer with an office. Society work has taken
by actual record, 26% of the personal time of your present Secretary, and 75% or more of his secretary's time. In fact it is only
due to my very efficient assistant who attends to practically all
of the many details that I have been able to carry on.
The Chairman of the Papers Committee also has been performing aherculean task. He and his assistants have been devoting probably as much time to that phase of the Society's work
as has the Secretary.
Much of the detail work of both of these offices, as well as
some of the Membership Committee's work could, to advantage,
be carried out by a paid assistant secretary-treasurer.
At present, the firms employing the above mentioned officers,
allow them to contribute freely of their time, material and facilities, to carry on the Society's work. How long this good-natured
indulgence will continue is problematical.
It is, therefore, my recommendation that very serious consideration begiven to the employment of a permanent paid assistant secretary-treasurer, and to ways and means of financing such
an office.
The Board of Governors have given freely of their time and
effort on behalf of the Society. They have held all-day sessions
in New York on May 22, June 12, and July 31st, and three-hour
sessions here at the convention on September 23rd and 25th.
These meetings have been devoted to special action on ' the So-
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ciety's affairs. The following matters have been under consideration at the above meetings:
Delinquent and new
Membership
cards

members

Revision
of booklet
"Aims
and Accomplishments."
Exchange
of Transactions
with
other
organizations.
Presentation of sets of Transactions to:
The Library of Congress, Washington, D. C.
Academy of M. P. Arts and Sciences,
British Museum,
London,
England.
French Photographic Society, Paris, France.
Honory Membership
Revision of constitution and by-laws
Naming geographical limits for the Pacific Coast Section; and
ways and means of financing said Section.
Nomination of officers
Sale of reprints
Stationery
Fall meeting place
Papers
Allocation
of convention stenographic
costs
Membership trend
Paid Assistant Secretary-Treasurer
Publication of a monthly journal
Collection of old S. M. P. E. films, etc.,

The Pacific Coast Section held meetings on May 3rd, June
14th, and July 14th. Also one on September 18th. These meetings
were preceded by dinners. There was an average attendance of
23 men at the meetings, at which interesting papers were delivered
and full discussions followed.
In conclusion, I wish to express my great appreciation of
the cooperation which I have received from our entire membership, and particularly from the various officers with whom I
have worked during the past three years. Their patience, support,
and constructive suggestions have made the work a real pleasure.
L.

C.

Porter
Secretary
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ANNUAL

REPORT

OF THE

1145

TREASURER

September 21, 1927— September 20, 1928
Dr
Balance on Hand, September 21, 1927
Membership Dues:
Active..
$3,089.13
Associate
1,276.66
Transfers.
90.00
Sales:
Transactions
Reprints
Advertisements
Certificate

828.00
1,277.65
667 . 60
1.00

Entrance Fees
.
Balance — Registration Fee :
Lake Placid Meeting
Hollywood Meeting ........

$4,305.86

$4,455.79

2,774.25
2,970.00

22.84
104 . 68

Interest on Bank Balances

127 . 52
183.62

10,511.18
$14,817.04

Cr

Printing:
Stationery, Bulletins, Etc
. . .$ 518.79
Distribution and Printing of
Transactions, Reprints, Etc
4,798.09
General Expense:
Insurance, Postage, Storage
385 . 60
Convention Expense:
Reports, Programs, 100 Lapel Buttons. . 1,532.58
Check Returned by Bank (No Funds) ......
30.00
To Balance on hand, September 20, 1928

7,256.06
7,560.98

$14,817.04
William C. Hubbard, Treasurer
This account has been audited and certified by Robert G. Sparrow
New York City, Accountants & Auditors,
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NEW

BUSINESS

MR.

PORTER: At the Board of Governors' meeting of May
22, 1928, Mr. Louis Lumiere was recommended for honorary membership in the Society. Many of you are familiar with
his work on photography and color photography, since he is a
man of international fame. Recommendation for honorary membership must be ratified by the Society. I therefore propose this
to you.
Mr. Crabtree: I move that Mr. Lumiere be appointed
an honorary member.
{Motion seconded and passed)
Mr. Porter: The next item concerns some revisions in the
by-laws of the Society. This has been under consideration for
some time and was brought to ahead at a Board of Governors'
meeting on May 22. To revise our by-laws requires a vote at a
regular meeting of two-thirds of the active members present at
the meeting. You will recall that on August 13, I sent a letter
to our active membership in which we gave the exact wording of
the revisions proposed. Most of these were of minor importance
and I won't take the time of the meeting to read them in detail.
Those of particular interest are the following: (reading of bylaws)
Having had no objection presented so far, we assume there
are no objections.
Mr. Ross: I move that the recommendations of the Board
be adopted.
(Motion duly seconded and carried)
Mr. Porter: We should like an expression of opinion on
holding five-day sessions rather than four-day sessions. The
industry is advancing so rapidly, and there is so much material
to be covered, that the Chairman of the Papers Committee in
writing to get papers has to write to a considerably larger number
of people than he anticipates will accept, and more acceptances
were received than anticipated which is probably responsible
for the five-day session. What is the opinion of the membership?
Mr. Crabtree: I don't think it is advisable to fix the length
of our conventions. I knew that at this convention in order to
get the big people in sound interested I must put on a good show.
When you are going to the theatre, you look at the bill and if
it appears sufficiently interesting, you go to the show. That is
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true of a Society meeting. The industry is very large and we must
appeal to all branches. I devoted the first three days to sound,
but I didn't think it was fair to neglect the other branches of
the industry.
Mr. Ross: I heartily agree with Mr. Crabtree, and I think
the length of the program should be determined by the Chairman
of the Papers Committee.
Mr. Richardson: I think that it is a mistake to hold longer
sessions for while it may be desirable from the view point of the
Society, it may not be desirable for men who must leave their work
and who may have a limited expense allowance.
Mr. Spence: In reply to Mr. Richardson, I might say that
the people know ahead of time how long the convention will last
and can plan accordingly.
Dr. Gage: It seems to me that we are up against more or
less of an emergency. There. is a sudden change in the industry
because of the injection into it of sound pictures. While we do
not want a five-day program, if we are to keep abreast of the new
developments we must buckle down to work, find out what is
going on and not get left behind because we hesitate to spend
an extra day.
Mr. Kroesen: I think it is wrong to change the standard
length of meetings, especially in view of the fact that the previous practice has been four days. I believe we should standardize
on a specific length of time and carry that out.
Mr. Crabtree: With regard to the matter of leaving it up
to the Board of Governors, the Board members are separated
so widely geographically, that it is difficult to get quick decisions.
I usually don't know more than two or three weeks in advance
how many papers there will be, so that I don't see how the Board
can decide the matter. Perhaps you have some suggestions.
Mr. Richardson: I believe Mr. Crabtree is right but I
don't believe it should be left to the Chairman of the Committee,
however able he may be. Perhaps the more practical thing would
be to leave it to the combined judgment of the Chairman, the
President, and the Secretary.
Mr. Crabtree: I should not think of prolonging the session
without the consent of the President. This case is an exception.
Mr. Richardson: I desire to amend the motion that the
matter be left in charge of the Chairman of the Papers Committee,
Secretary, and the President.
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{Motion duly seconded and carried)
Dr. Mees: I think the meetings should be shorter than they
are. The length of the meetings and the two a year are a terrible
burden on people like ourselves, who have many people wanting
to come to the meetings. A meeting like this will cost the Kodak
Company several thousand dollars, and to repeat that twice a
year is out of the question. It becomes even more serious when
the meeting involves an entire week. I think it is not for the good
of the Society that the meetings become an intolerable burden
on the most active members of the Society. I should like the
Board to take into consideration one meeting a year.
Mr. Devry: There is nothing in this motion to prevent a
three-day meeting. It is up to the Chairman of the Papers Committee, the President and the Secretary.
Mr. Ross: Inasmuch as the program is mailed two weeks
in advance, it is possible for anyone to take in papers they are
interested in.
President Cook: It is quite possible that almost any member
would find papers on the first and last days equally interesting,
and in practice it would not work out that way.
Dr. Mees: No, it doesn't; men interested in the whole field
cannot be sure to hear the papers they want. Members of our
staff are interested in standards, and they are left until the lastdays, as they would be generally.
REPORT

OF ADVERTISING

COMMITTEE

THE securing of advertisements for the Transactions is getting
more and more difficultr Conditions in the industry have changed
considerably due to mergers, etc. If our members will make a
personal appeal to concerns in the industry it will assist us greatly.
L. S. Cozzens,
Chairman
P. A. McGuire
J. C. Kroesen
J.

H.

KURLANDER

DISCUSSION
Mr. Crabtree: I am disappointed with the few advertisements which have been secured by the Advertising Committee
for insertion in Numbers 33 and 34. I think if we went after the
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advertisers we could double the number of advertisements in our
Transactions, especially since we allow a number of manufacturers to exhibit their wares gratis at our meetings.
Mr. Coffman: For the benefit of the members who might
be able to make such suggestions may I ask that the advertising
rates be made public?
President Cook: They are S80.00 a year per page for four
insertions.
Mr. Edwards: From the Treasurer's report, it seems to me
that the amount received from advertising is ridiculously small
compared with the expenditure for getting out the Transactions.
People I have approached on advertising seem to regard it as
though they were doing the Society a great favor. That might
have been tolerated when the Society had a small membership,
but now it might be a suggestion to cut out the advertising entirely and raise the cost of the Transactions. It would be more
dignified, I think.
Mr. McGuire: It is not a matter of advertising but a matter
of revenue. If we can get it, I think it would be better not to
advertise.
Mr. Richardson: I agree with Mr. Edwards. I think selling
advertising in the Transactions is thoroughly bad. I believe it
is practical if people were properly approached not to take an
advertisement but to advance the Society a reasonable sum in
support of its work and let their name be placed on a page of the
proceedings. I think several thousand dollars could be raised in
this way.
Dr. Mees: It seems to me that the Society should not ask
for advertising if what it wants is charity, but if it believes that
advertising in the Transactions is a paying proposition for the
advertiser, then it should continue to seek advertising. My own
belief is that advertising in our Transactions does pay those companies which have things to sell which should be made known
of the Transactions. I am aware that most adverreaders
the
to
tising managers look to quantity of circulation primarily in considering advertising space, but it seems to me that a small circulation ofhigh quality is as valuable as large circulation of low
quality, and if you have something technical to sell to the readers
of our Transactions, our circulation is of the highest quality that
can be obtained. I believe that to a great many advertisers a page
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of advertising in the Transactions

is worth

while at

$80.00 a

year.

Mr. Kurlander: The value of the advertising depends on
what you have to sell. We have nothing to sell the readers of the
Transactions and for years I have been making an excuse to my

company about this advertising. I don't think it is worth a nickel
to us. I think it depends upon how badly the Society needs the
money from advertising. If our finances are in healthy condition,
I don't see why we should be pressing advertising.
REPORT

OF THE

MEMBERSHIP

COMMITTEE

THE membership committee takes pleasure in reporting the
greatest expansion of the society yet accomplished in a single
year. During the past year, including this meeting, 130 new members have been accepted and added to the society. In addition
12 applications are pending. This makes over a 50% increase in
the membership of the society.
Sound picture engineering has enlarged the scope of the society, and about 20 of the 130 new members are sound picture
engineers, while about 35 are cinematographers.
The aim of the membership committee is for 1000 members
by 1930, and each member is urged to send us the names of those
known to be eligible. The membership committee will extend
them a cordial invitation to join the society.
K. C. D. Hickman, Chairman
H. T. Cowling
E. C. SCHMITZ
J. W. COFFMAN
M. L. MlSTRY
W.

VlNTEN

B. G. Tamlin
REPORT

OF PAPERS

AND

PUBLICATIONS

COMMITTEES

DURING the past six months the Papers and publications
Committees have continued to function as a unit. Your Chairman regrets, however, that owing to other demands on his time he
will not be in a position to continue with the work, but wishes to
express his appreciation for the assistance rendered by the various
committee members, and especially to Mr. C. E. Ives and Mr. G.
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E. Matthews of the Eastman Research Laboratories for their
untiring efforts in the preparation of abstracts of papers, the
organization of manuscripts, and the correction of proof matter.
In the hope that some of the experience gained by your Chairman during the past three years may be of assistance to his successors, some notes on the preparation of the papers program and
the procedure for publication of the Transactions are appended
to this report.
PAPERS
The procedure for securing papers still consists in going after
them. Only three papers on the present program were submitted
without solicitation, although the length of the present program
is greater than normal. The precise length of the program is difficult to determine in advance because people usually do not reply to invitations to present a paper until the last minute. When
promises come in slowly, your Chairman then makes a wider appeal and then acceptances usually arrive with a rush. He is then
faced with the alternative of prolonging the program or refusing
to put on record valuable information. In view of the interests
involved, a reasonably long program is necessary to cover the
various technical branches of the industry, and advances are
being made so rapidly that it will undoubtedly be necessary either
to hold group sessions simultaneously or to present a proportion
of the papers by title.
Your Committee recommends for consideration by the Board
of Governors that the Society publish a journal at intervals so
as to provide means of publishing in English a number of valuable
technical articles which appear from time to time in the foreign
press and which at present do not receive the attention which they
deserve.

In view of the present importance of sound recording in conjunction with motion pictures, the first three days of this session
have been devoted to a symposium on this subject. The various
branches of studio production, laboratory procedure, and projection, however, have not been ignored, but this has made it necessary to prolong the sessions to five days.
The problem of securing complete manuscripts in advance
is still a difficult one. Fortunately, those which usually are most
tardy are those which can be depended upon to be written in good
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style and free from objectionable advertising material. However, abstracts of all papers have been prepared and were submitted to the Chairman of the Publicity Committee in advance
of this meeting. Your Chairman is indebted to Mr. C. E. Ives for
untiring effort in the preparation of these abstracts.
In accordance with a recommendation of the Board of Governors, duplicate manuscripts and lantern slides will be forwarded
to the secretary of the West Coast Section for presentation before
the forthcoming sessions of that body.
The experiment of including a session devoted to announcements of new apparatus, processes, or products, by manufacturers, first tried last fall, will be repeated at this session. However, very few of the manufacturers who were invited to participate have taken advantage of the opportunity thus afforded for
securing a free advertisement. Most manufacturers were apparently under the impression that it was necessary to actually
exhibit their apparatus in order to secure a position on the program. Although desirable, this is not essential.
A few manufacturers merely submitted a printed sales pamphlet describing their wares, apparently expecting your Chairman
to prepare the written announcement for them.
An advance program was submitted to all members two weeks
previous to the convention.
PUBLICATIONS
No. 33 of the Transactions was issued on August 1st and
No. 34 is now on the press and will be mailed' about October 1st.
The delay in publication has been largely a result of the loss of
time involved in submitting discussions to Hollywood and to the
fact that the issue is about twice the normal size. So long as the
work of publication continues to be a labor of love, such delays
will be unavoidable.
No. 34 will contain a color insert, the cost of which was borne
by one of the authors. Our Board of Governors has ruled that
color cuts will be inserted only providing the authors bear the
expense involved, which is around seventy dollars per cut.
The cost of publication of No. 33 was $900.00, or $1.50 per
copy, or $3.00 per issue circulated. The cost of No. 34 will be greatly
in excess of this.
Your Committee has submitted to the Board of Governors
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the recommendation that they discuss ways and means of insuring
that the cost of Transactions issued to Associate members will
not exceed the cost of yearly membership dues.
NOTES

ON THE

DUTIES

OF THE

PAPERS

COMMITEE

In addition to the various suggestions given in a previous
report of the Papers and Publications Committees (No. 26, p. 152)
it is hoped that the following notes may be of value to future
Chairmen of the Papers Committee.
Time for Preparation of Program. Preparation of the program
should begin at least three months previous to the date of the meeting. A mimeographed copy of notes on the preparation of papers
should be forwarded to each author. The following notes may serve
as a guide.
Notes on the Preparation of Papers for the Society of
Motion Picture Engineers
A. Title — The title of a paper should be as short as possible, but should
be indicative of the nature of the text.
B. Author s Name — The author should give his full name.
C. Author's Affiliation — Company
on the first page.

affiliation should appear as a footnote

D. Manuscript — Manuscript must be double spaced so as to permit
of corrections.
E. Illustrations or Drawings — Illustrations or drawing should be used
only when required to elucidate the text. Lantern slides should be prepared
of all drawings and illustrations.
F. Captions — A number and a caption or explanation should be given
for each picture, diagram, and table. This is important.
G. Formulas — Equations, formulas, etc. should be given in the exact
form desired by the author. Where abbreviations are used they should be
consistent throughout.
H. Pagination — Each page should be numbered consecutively.
I. References — References should preferably be placed at the end of
the article.

J. Length of Paper — Papers should be as concise as possible with a very
short introduction. It is usually unnecessary to review the entire history of the
subject in the introduction.

K. Number of Copies — About six copies of manuscript should be prepared. Two copies must be forwarded to the Chairman of the Papers Committee on or before (date) . The remainder may be requested later for
advance publication in the trade papers.
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L. Abstracts — A 200-word abstract should be forwarded as early as
possible to the Chairman of the Papers Committee for publicity purposes.
This is important.
M. Presentation of Papers — Usually from 30 to 40 minutes are allowed
for presentation, and free discussion follows. It is desirable whenever possible
to abridge the paper and a presentation is usually more interesting if the
author talks in an informal manner. This is preferable to reading the paper
verbatim. Lantern slides should be used whenever possible. A blackboard,
stereopticon, and standard motion picture projector will be at the disposal
of authors in the lecture room.

Manuscript should be in the hands of the Chairman not later
than two weeks in advance of the meeting. It is necessary for the
Chairman to read all manuscripts before presentation in order
to insure that no objectionable advertising matter is presented.
A 300-word abstract of all papers should be secured from
authors not later than one week in advance of the meeting. These
abstracts should be submitted to the Chairman of the Publicity
Committee several days in advance of the meeting. These abstracts are usually published verbatim by the various trade papers.
In many cases it is necessary for the Chairman of the Papers
Committee to abstract the papers personally.
Two additional copies of manuscript and lantern slides should
be secured; one set to be forwarded to the West Coast Section,
and the other set to the London Section of the Society. The
Board of Governors has expressed a desire that the various papers
be presented both in Hollywood aod in London as early as possible after presentation before the parent body.
Authors should be advised to prepare several copies of manuscript because many requests are usually received for copies of
papers for publication in advance of publication of the Transactions.
Manufacturers1 Announcements. Your Chairman initiated this
session two years ago with several objects in view. Primarily
such sessions are a means of keeping the members advised on new
apparatus, and it was also hoped that the sessions would enable
the Advertising Committee to secure more advertisements for
the Transactions. There is no doubt whatever that an active
Advertising Committee could secure paid advertisements from
most manufacturers exhibiting apparatus at the conventions.
Your Committee considers that it is highly desirable to continue
this session. Also, many papers which savour of an advertising na-
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ture can be assigned to this session rather than to the papers
session proper. Your Chairman has found it difficult on many
occasions to decide whether. a paper submitted as a paper proper
should not be presented as a manufacturers' announcement,
During the past two years the following rules have been forwarded to manufacturers wishing to exhibit apparatus.
Rules for Manufacturers Presenting New Apparatus, Process, or
Product Before the Society of Motion Picture Engineers
1. A maximum time limit of 10 minutes will be allotted for each announcement. Inspecial cases this time limit may be extended.
2. The announcement must be read from a manuscript of about 1000
words. The manuscript must be in condition for reprinting in our Transactions. The Chairman of the Papers Committee has complete authority
to reject or modify any manuscript.
3. The manuscript may be accompanied by not more than 6 illustrations.
If illustrations are used, lantern slides of these must be prepared for presentation ofthe paper at the convention. The actual apparatus or product
may be exhibited during the session providing the total time of presentation
of the paper and description of the apparatus shall not exceed 10 minutes.
4. You are invited to bring along any apparatus, a description of which
need not necessarily be included on the papers program. Such apparatus
may be put on display in or near the room used for the technical sessions.
No demonstration will be allowed during the technical papers sessions other
than at the session set aside for the purpose.
5. A copy of the manuscript with illustrations must be forwarded to:
, on or before
(date)
. This is positively the last date of acceptance.
If it is proposed to exhibit apparatus without describing this in a manuscript, permission to exhibit this must be secured from the Chairman of the
Papers Committee on or before the above date.
6. In order to insure acceptance, manuscript must consist of a technical
description of the apparatus, process or product. A mere sales talk or sales
description is taboo.

The Advance Program. This should be circulated at least
two weeks in advance of the meeting. An up-to-date mailing list
should have been secured in the mean time from the secretary
and to this should be added any persons whom the Chairman considers would be interested in attending the sessions. Since it usually
requires one week to assemble and print the program, the closing
date for papers should be three weeks in advance of the meeting.
An advance program should be forwarded by registered mail
authors with a request for a confirmatory reply regarding
all
to
their position on the program so that continuity of the sessions
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as indicated by the program can be insured. It is highly desirable that all program sessions should run as per schedule and this
can only be insured by constant correspondence with the authors in
advance of the meeting.
The Final Program. Some modifications of the advance arrangements are invariably necessary. The final program should
be printed on paper having a color different from that of the advance program so that members arriving at the meeting will be
sure to secure a copy of the final program.
Length of Program Sessions. The Board of Governors recently ruled that the sessions should be limited to four days.
The desirability of holding several sessions simultaneously is still
open to question.
Publication of Manuscripts in Trade Papers. Usually the
the Chairman of the Papers Committee is deluged with requests
for papers immediately following the meeting. In order to insure
that papers printed in advance of the Transactions shall contain
no objectionable matter, permission to publish manuscript should
in all cases be secured from the Papers Committee Chairman.
When forwarding manuscript to trade papers it is desirable to
attach a note to each manuscript pointing out that acknowledgment must be given on publication to the Society of Motion Picture Engineers. Many editors, in spite of such reminders, neglect to make acknowledgment to the Society and it is the duty
of the Chairman of the Papers Committee to draw the attention
of the editors to such negligent omissions.
Copies of Transactions to Authors. It has been customary to
forward a copy of the Transactions in which their papers appear
to authors who are not members of the Society.
In addition to details previously outlined (No. 26, p. 152)
it is hoped that the following notes will be of assistance to future
Chairmen of the Publications Committee.
NOTES ON THE DUTIES OF THE
PUBLICATIONS COMMITTEE
Correction of Manuscript and Proof. It is usually not necessary to read galley in detail providing this has been corrected
by the author. However, it should be checked for general arrangement . Page proof must be carefully checked against the galley
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and read word for word by the Chairman in order to insure a minimum of errors. No printer can be trusted on such matters.
Cuts. In order to save expense, the size of the cuts should
be maintained as small as possible, having, of course, due regard
to their intelligibility. Whenever possible cuts should be grouped
together so as to save space.
Many drawings and photographs as submitted by authors
are unsatisfactory for publication purposes. New drawings or photographs should be requested although in many cases it may be necessary for the Chairman to have the illustrations redrawn under
his personal supervision.
Tables. Tabulated matter or charts require careful annotation before forwarding to the printer. The size of type of the
various headlines should be carefully indicated and the exact
spacing and symmetry required should be noted. It is preferable
to set all tables in eight-point type.
References. A standard method of recording references should
be adopted. Your Chairman has invariably inserted the letter
p. (referring to page number).
Mailing of Manuscript. Manuscript should preferably be
forwarded ensemble and in a canvas-lined envelope by registered
mail.
Advertisements. The Chairman of the Publications Committee
is indirectly responsible for any shortcomings of the Advertising
Committee and must take it upon himself by frequent correspondence to insure that the advertisements, together with cuts, electros, etc. will be in the hands of the printer by the time that the
galley is forwarded for page proofing.
Membership List. In view of the rapid membership growth,
it is becoming necessary to reprint a membership list every two
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NEW

MOTION

PICTURE

APPARATUS

THE
following apparatus was described during the session
devoted to announcements of new apparatus by manufacturers.
THE

DEVELOPMENT

OF THE

AKELEY

"GYRO'

TRIPOD

J. L. Spence*
The Akeley Gryo Tripod is a lineal descendant of an idea conceived in
1913, and the logical offspring resulting from fifteen years in the study and
manufacture of tripods and motion picture apparatus.
Mr. Carl E. Akeley, realizing on his many African expeditions the
impracticability and limitations of the ordinary type of tripod in his attempts
to obtain pictures, began a series of experiments, one of which resulted in
a mechanism attached to the side of the camera as shown in Fig. 1 which

Fig. 1. Early Akeley Gyro tripod.

could be operated with one hand to select and vary the speed of panning, or
tilting, in any direction at the will of the operator, by means of the ring
and two levers protruding from the top of the mechanism. It was, however, limited to the control of one motion (panning, or tilting) at a time. In
other words, the oblique or diagonal follow shot could not be accomplished.
* Akeley Camera Co., New York, N. Y.
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A second tripod was constructed shortly thereafter which contained two
of the fly wheel controlled mechanisms shown at A in Fig. 2, one for panning

Fig. 2.

Fly wheel motion control mechanisms.

and one for tilting. This rather crude apparatus developed in 1917 into a more
perfect mechanically and fully ball bearinged unit, shown at B in Fig. 2.
Meanwhile, side excursions were projected into other fields in search of
a possible means of tripod control. Friction methods were investigated with

#*#,"

tj§

Fig. 3.

Examples of tripod design showing various feet and locking devices.

decidedly limited success.
Other parts led to experimentations which embodied afluid controlled mechanism consisting of a paddle wheel to drive a
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liquid through a spring or hand actuated valve. Loss
of fluid due to heat
together with the effect on various fluids of tempera
ture changes, made
this unit unreliable.

Fig. 4.

The present model of the Akeley gyro tripod.

The legs ot the tripod also underwent a change as the Industry progressed. The tripod points varied (Fig. 3) from a ten-penny nail in the end

Fig. 5.

Mechanism

of the present tripod governor.

of a stick to a wasp waisted point which was followed by a more solid one
which in turn suddenly sprouted great length with a rebound toHhe obtuse
socket and point in 1920. The present point and socket combines the ad-
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vantages of the long tapered unit together with those of the more obtuse
socket of the twenties.
The method of adjusting the leg underwent a transition from the numerous thumbscrews existent on all tripods in the younger days of motion pictures
until now the partial turn of a single handle or knob on each leg instantly
locks it into position and at the same time functions as a rigid brace between
the two leg members.

Fig. 6.

Close view of present Akeley

tripod

head.

The matter of leveling a camera rapidly, was obtained in the first Akeley
by permitting it to swing in the manner of a pendulum from an overhead
support which would automatically allow it to swing into position by its
own weight and thereby become securely locked (Fig. 1). A ball and socket
was also built in the same year which could be adapted to any camera, and
this design is easily discernible in the tripod of the standard Akeley Camera
today.
All these steps bring us logically to a conclusion in the present Akeley
Gyro Tripod (Fig. 4). It contains the quick adjustable legs and a leveling
device in the tripod head itself, together with a greatly refined control
mechanism whose basic principles were embodied in the earlier Akeley Tripod
of fourteen years ago. The design has incorporated many new features, such
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as, four adjustments obtainable in the pan mechanism by the engaging or
disengaging of two different sizes of fly wheels. Also an adjustable tension
may be applied on the tilt mechanism by adjusting screw Fig. 5. The entire
mechanism is easily accessible for adjustment or inspection through the removal of a single thumb screw. The elimination of back-lash or lost motion
in gearing, which would be ruinous to the smooth operation of a camera, is
assured through the use of springs or at the points of greater stress by a
wedge which automatically advances the loose half of the gear (every gear
is made in two sections, one of which is loose on the gear shaft) until it is in
proper
contact
with the teeth of its mating
pinion.
Means of cranking the tripod if the. occasion should arise are provided,
the cranks being inserted through doors in the tripod head and on to shafts.
D B and D T (Fig. 5). The pan and tilt may be locked in any position and
adjustable stops may be set to limit the movements of the tripod in any
direction if the operator so desires. See B and T (Fig. 6).
The tendency of a camera, due to its unbalanced weight in tilting, to
continue its downward or upward movement has been compensated for by
springs contained in the tilt head. This tendency is extremely prevalent in
cameras of the talking-movie variety where weight is of very little consequence. The standard type of camera is held to the tilt table by a screw
actuated by spinning a knob S (Fig. 6) until it no longer can be freely rotated
by the thumb and forefinger. The lever D (Fig. 6) automatically draws the
screw tightly into position exercising a leverage of four inches, insuring
rigidity of the camera on the tripod.
A tripod with legs of the studio length, which is approximately ten
inches longer than those commonly used for outdoor, or News photography,
weighs thirty pounds (Fig. 4). When equipped with the short, light legs,
it weighs twenty-four pounds.
AN

IMPROVED

HIGH

INTENSITY

PROJECTION
C.

S.

MOTION

PICTURE

LAMP

ASHCKAFT*

The motion picture projection arc has, in recent years, progressed to
a high degree of perfection. For many years prior to 1918 the standard
source of illumination for motion picture screens was the ordinary vertical
carbon arc operated at a current of from 30 to 80 amperes. As time went
on, more light was required. This was accomplished by raising the current
to 100 and 120 amperes, with a corresponding sputtering of the arc and
flickering of the picture.
The High Intensity Arc
At this point, the high intensity arc, previously used mainly for searchlight work, was adapted to motion picture projection, by making the crater
condensers, and with excellent results. Even up to the present time
the
face
it is the chief source of illumination in all the larger theatres of the United
States and Europe.
* Ashcraft Automatic Arc Co., Los Angeles. Calif.
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The only objection
than the De Luxe houses
for the 120 ampere arcs
classes, viz: carbon cost,

to the high intensity arc for use in theatres other
is the cost of installation of high powered generators
and the operating cost which is divided into three
current consumption and repair parts. The carbons

Fig. 1. The high intensity lamp in the lamp house.
for use in these lamps are necessarily costly on account of the materials
and the care necessary in manufacturing. Nevertheless, for brilliancy of
illumination the high intensity arc has proven itself incomparable. Fig. 1
illustrates a 120 ampere high intensity lamp in the lamphouse, but with

Fig. 2. The high intensity arc lamp.
doors removed. Fig. 2 shows the high intensity burner apart from the housing.
Both positive and negative electrodes are fed by the same motor which also
rotates the positive electrode. The feeding is accomplished by gearing the
carbon feeds to approximate the carbon consumption.
Regulation of the
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positive carbon movement is by means of the adjustable screw located on
the arc control. This screw interrupts the feeding of the carbon at regular
intervals.

The Carbon Arc Reflecting Lamp
For the smaller theatres requiring more brilliancy than is obtained by
the ordinary carbon arc, the so called "low intensity reflector arc" proved
itself the most efficient means of projection. This type of arc uses an average
of 18 amperes. The positive crater of this arc faces an elliptical reflector
which collects the major portion of the light and projects it upon the aperture
of the projection machine without the aid of condensers or lenses.
Fig. 3

Fig. 3.

The reflector arc lamp.

is an interior view of the reflecting arc lamp for currents of from 10 to 30
amperes. The distance of the positive crater to the reflector is three and 5/16
inches which allows the collection of practically all of the light emitted by the
crater. It may be seen that controls are provided for adjusting the reflector
both vertically and laterally. Controls are also provided for adjusting the
tip of the negative carbon relative to the positive crater. It is most desirable
to maintain the crater face as straight as possible, in other words, at right
angles to the sides of the carbon.
This lamp is very efficient and provides excellent screen illumination
for the smaller theatres where formerly a current of 30 to 80 amperes was
used on the vertical carbon arc. One of the chief beneficial characteristics
of the low intensity reflector arc is that of producing a clear field upon the
screen, exceptionally free from spots and discoloration such as was encountered in the older types of lamp.
The High Intensity Reflector Arc
From the foregoing description of the characteristics of the high intensity lamp and the carbon arc reflector lamp, it is obvious that ihe ideal
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lamp would be a combination of high intensity brilliancy and low intensity
efficiency. To accomplish the apparently simple combination it was necessary
to overcome several obstacles which presented themselves during continued
operation. It was found necessary to find means for preventing the flame
from coming in contact with the reflector, and for proper control of the
feeding and rotation of electrodes for long periods without manual operation
or adjustment. Pitting of the reflector has been overcome and reflectors
which resist the high temperature have been found. An interior view of the
high intensity reflector arc lamp is shown in Fig. 4. A description of the component parts and method of operation will now be given. The positive
electrode A (9 millimeters in diameter and 20 inches in length) is positioned
horizontally. The negative electrode G faces the positive and is at an angle
of approximately 15 degrees from the horizontal. The reflector I, twelve
inches in diameter, faces the positive crater K and collects practically all of

Fig. 4. The high intensity reflector arc lamp.
the crater light and projects it forward through the lamp house cone R
upon the projection machine aperture. Reflector I constitutes the complete optical system of the lamp.
Positive Electrode Rotation and Feeding. The positive electrode A passes
through the spindle B and is gripped by the feed rollers or gears D, one on
each side, which are held firmly in contact with the carbon by the spring S.
These same feed gears D are also in mesh with the scroll C which is journaled
on the spindle. The spindle B is constantly rotated by a motor located on
the lamphouse front, but the scroll is held stationary, therefore the feed
rollers rotating around the scroll impart a continuous forward motion to the
electrode A which is approximately the same as the burning rate. Knob F
operates a rheostat which varies the rotating motor speed for different current
consumptions. The positive electrode passes through the contact shoes E
which carry the arc current to the rotating carbon. It has been found that a
uniform speed of rotation is absolutely essential for maintaining a straight
crater, therefore the rotating motor has no other duties. The speed of positive
carbon rotation is approximately 1.9 R.P.M.
Positive Carbon Burning Rate. In actual operation it has been determined that the average 9 m. m. carbon is consumed at the rate of ten inches
per hour when the arc is operated at 65 amperes. A current of sixty-five
amperes has been found to be ideal for operating the arc as maximum ef-
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ficiency is reached at this point, At sixty five amperes the light compares
very favorably with the light projected by the 120 ampere type high intensity
lamp in which the carbon consumption is approximately the same using a
13.6 m. m. electrode. The relative costs of these two carbons are in the ratio
of 2.6 to 3.4, showing a saving in the new type arc which, at the same time,
consumes but little over 50% of the current of the 120 ampere lamp.
Negative Electrode Control. The negative electrode G projects through the
reflector I and is fed forward by the screw J which is operated by a small
motor H located on the mirror door. This motor is capable of rotation in
both directions and is controlled by a current relay located on the lamphouse
front and adjusted by knob Q. The high intensity arc being very sensitive
to current variation, every precaution is taken to maintain the current at
the predetermined value. In case of a line voltage drop, the motor rotates

Fig. 5. View of the outside of the high intensity

reflector arc lamphouse.

to feed the electrodes together. An increase in voltage will rotate the motor
in the opposite direction. As the negative carbon is consumed, a corresponding decrease in current closes the relay and operates the motor to feed the
carbons together.
An Automatic Striking Device draws the negative carbon away from the
positive at the moment of electrical contact between the electrodes. This
striker is operated by means of magnets located at L which are in series
with the arc and pass all of the arc current.
Optical Adjustment. Focusing of the spot on the aperture is accomplished by moving crater K toward or away from the reflector I by means of
the crank M. The mechanism in this lamp, unlike others, does not move.
Only the crater position is changed for focus adjustment. Lateral and vertical
adjustment of the aperture spot is accomplished by tilting the reflector up
and down and sideways. The reflector is mounted in a ring and is capable
of motion in two directions. Knobs located on the rear of the lamphouse
control these motions. On the right lamphouse door is located a small mirror
which projects an image of the arc upon a gauge located at P. The proper
position of the crater is determined by throwing the projected light upon the
screen, adjusting the crater position relative to the reflector so as to produce
the best light upon the screen. When the arc has been adjusted the crater
image is marked upon the gauge. The motor speed is then regulated by means
of the rheostat to maintain the crater position at this point.
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Characteristics of the High Intensity Reflector Lamp. In operation, this
arc burns with an exceptionally steady arc the flame of which projects backward away from the reflector once the crater has formed. The light projected compares favorably at sixty five amperes with the ordinary high
intensity arc at 120 amperes. The screen is free from discoloration and presents a sharp brilliant picture. With the advent of the Transvox screen, this
additional illumination is very desirable as part of the light is lost by passing
through the screen.
To the average person, upon first inspection of the lamp, it would seem
that the 33^ inch hole in the center of the reflector would cast a shadow
upon the screen. This is not the case, as in practice any obstruction to the
reflecting surface of the mirror disappears approximately six feet beyond
the shutter of the projection machine. Naturally a small loss of light is
unavoidable on account of the obstruction of the positive carbon rotating,
and feeding assembly. This loss is about 9% of the total light reflection which
is practically the minimum obstruction possible for this type of lamp, as
sturdiness of construction is one of the main factors in determining dependability.
Fig. 5 is an illustration of the lamphouse exterior showing the reflector
door closed and giving a view of the negative controlling motor and reflector
adjusting knobs.
Also the gauge reflector is seen on the door panel.
THE DEBRIE "G.V." (HIGH SPEED) CAMERA*
The Debrie high speed camera (Fig. 1) is made to expose 35 mm. motion
picture film at any rate between 16 and 240 images per second and has crank
spindles for low or high speed. A motor drive can be used.

Fig. 1.

The

Debrie high speed camera with high

speed crank

attached.

The pull down is effected by the use of double claws and the film is
positioned by double registration pins shown in Fig. 2.
* Andre Debrie, Paris.
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Three easily replaceable shutters are supplied to allow a choice of
openings of 43°, 86°, or 135°. (Fig. 3.)

Fig. 2. The pull-down claws and registration pins.

Fig. 3.

View of inside of camera showing gate and

shutter mounting.

The magazine holds 400 feet of film.
Focusing can be done by scale or on a ground glass by the use of a
prism.
Regular equipment includes a footage meter and a speed indicator.
THE

"PARVO"

DEBRIE

PROFESSIONAL

AND NEWS

CAMERA*

The "Parvo" 35 mm. motion picture camera has been designed especially
for news work but is constructed in such a way as to answer every requirement of a professional camera for studio work. The magazine holds 400 feet
of film. As equipped for news work the camera has the dimensions, 10 3/4
* Andre Debrie, Paris.
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inches by 5 3/4 inches by 7 3/4 inches in height, and weighs 24 2/3 pounds
and appears as shown in Fig. 1.
The film is positioned in the gate by pull down claws and registration
pins. The registration pins are shaped so that on one side of the film track
the pin fits the width of the film perforation and on the other, the height.
The gate pressure is released during the pull down period.
The most novel feature of this model is the equipment for focusing.
It is possible to focus in any one of three ways as follows:

Fig.

1.

The

Debrie

"Parvo"

camera.

1. By scale.
2. By using a ground glass which is moved into position by turning a
button which operation moves the film aperture with the film in it to one
side where it is protected from light so that no film is spoiled during focusing.
If this adjustment is made while the camera is stopped with the shutter
closed, as in a dissolve, the shutter is automatically kept open while the
ground glass is in position for focusing. When the button is returned to its
original position the film gate takes its position again and the camera is
ready for use.
3. Focusing can be done by examining the film in the gate. It is possible
to watch the image on the film while the picture is being made. This is made
possible by the design of the eyepiece.
When the camera is to be used for studio work, an electrical drive can
be attached and the iris, vignettes, etc. can be mounted.
An f/1.5 lens can be used on this model.
MACHINERY

FOR

MAKING

DUPLICATE

NEGATIVES

Oscar B. Depue*
The purpose of this paper is to describe a printer designed by Depue &
Vance for the making of duplicate negatives. It is an improvement on our
optical printer described at one of the previous meetings of this societyi
* Depue & Vance, Chicago, 111. ■
1 A Daylight Optical Reduction Printer by O. B. Depue.
P. Eng. X. No. 28 (1927) p. 242.

Trans. Soc. M.
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whereby it becomes a printer suitable for three additional operations. (See
Fig. 1). In addition to printing by reduction to 16 mm. film, by enlargement
from 16 mm. size to 35 mm., and by contact from 16 mm. to 16 mm., the
machine now will do ordinary contact printing of 35 mm. size and it is
suitable for printing master positives and duplicate negatives. It becomes
almost a complete printing equipment for the small laboratory and all of

Fig.

1.

and duplicate
Complete machine for optical printing
making.
Reduction printing equipment in place.

negative

these operations are performed automatically and at the same rate of speed.
The capacity of the machine is 2000 feet of 35 mm. negative per hour.
We have been assisted greatly in the development of this machinery
suggestions given us by the Eastman Kodak Company^ Revaluable
by
search Laboratory. This machine is especially adapted to the making of
master positives at a high rate of speed.
In arranging our machine for this standard size work we have so designed
that it will take curved apertures (Fig. 2) for positive and for negagate
the
tive, and also flat apertures (Fig. 3) for regular contact printing. The Wratten
filters are mounted in such a way as to permit easy and quick insertion or
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removal and in a position where overheating is avoided. The filters are far
enough from the negative so that dust on the filters will not throw shadows
on the film. The filter is now placed midway between the illuminating source
and the negative.
We have carried out numerous experiments to accomplish perfect
contact but only by the curved aperture have satisfactory results been obtained. At first we tried air pressure on the negative to hold it flat against the
positive which in turn was backed up by the usual method of support, a

Fig. 2. Thirty five mm. film track with curved aperture plate.
center bar and two side bars, but the result was disastrous in many cases.
Not only was there reflection from this support but static developed and the
result on the screen was a series of imperfect exposures with blotches, or
flashes, or trepidating of the titles. Incidently, the title is the try square of
the whole process of printing. If a perfect title can be printed then pictures
can be printed satisfactorily.
We have found that a single thickness of the new glass Wratten filter
No. 39 usually is sufficient in making the master positive. The only change
that appears to be necessary in using ordinary timing strips for this master
positive printing is that titles must be stepped up some 5 or 8 points in light.
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This seems to be necessary to overcome the softening effect of the filter but
it is a simple process with our automatic light control board (Fig. 1) to slide
the little bars numbered from one to twenty-two or one to eighteen along
to the proper light on the titles as they appear in sequence. We have been
able to secure all the light necessary for high speed printing without changing
the capacity of our board or the lamp wattage, which is 250 watts. The
compact construction of our optical printer allows the lamp house and
condensers to be placed fairly close to the negative aperture and this illumination isample for printing at a normal rate of speed.

Fig. 3.

Thirty five mm. gate showing flat aperture with slot for printing
footage numbers.
Note opal glass protruding from filter slide.

To make ordinary 35 mm. prints on this machine we have found that
by placing a double thickness of opal glass in the aperture furnished for the
Wratten filter that illumination is cut down sufficiently to print on ordinary
stock and ordinary timing without any other change. The curved apertures
and the gate with the curved pressure pads are removed by simply sliding
them out of the groove furnished for that purpose and inserting the flat
aperture. (Fig. 4). This aperture has a slight cut-away portion on the left
which allows the printing of the footage numbers on the positives.
It will be seen that any size or shape of aperture can be adapted to this
machine by merely sliding it into the groove furnished. It is possible that
this will be useful in sound recording where a portion of the film could be
blocked off for exposure through another aperture. There is no limit to the
shapes of the apertures that can be easily used on this machine.
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To assure proper contact in ordinary printing we have provided a little
cross bar arrangement shown in Fig. 4 that slips into the aperture. This
frame holds the positive in contact with the negative. This gate can be re-

Fig. 4. Interchangeable flat and curved aperture parts.
placed easily by one without the crosspieces for optical printing where the
whole aperture must be open.
The lamp house for this duplicating machine is provided with a rotary
shutter and when the machine is thrown out of gear the shutter remains
in a closed position.
Taking advantage of this fact we have added a very

Fig. 5. Printer arranged for printing 35 mm. film by contact.
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tiny opening covered with a ruby film which admits just enough light to
the printing aperture for observation in placing the negative and positive
in the frame. This lamp house is attached as shown in Fig. 5 by sliding on
to the two bars that are furnished for the 16 mm. optical printing head and
it is but a moment's work to slide off or fit either of these attachments to the
main printer. We have endeavored to have this machine accomplish every
operation in the handling of 35 and 16 mm. film as far as the printing is
concerned and we think this will be greatly desired by the small laboratories
and we are sure that the larger laboratories will find duplicate film printing
necessary.
The machine is so arranged, by a prism placed in front of the negative
aperture, that the operator can sit facing the machine instead of out in front.
This adds greatly to the convenience in handling of the film in threading
and printing which is much more convenient than reaching around the
machine to get at the negative and positive.
The automatic light control is of such a large capacity (152 scene changes)
that the average 1000 foot reel can be printed without changing the timing
strip and where machine developing is employed there appears to be no
reason for printing shorter lengths than full reels.
THE

EASTMAN

BUSINESS

KODASCOPE*

The Eastman Business Kodascope is a motion picture projector, with
self-contained, translucent screen, intended primarily for the use of salesmen
in demonstrating at their propsects' desks. Sixteen millimeter amateur
standard (safety) film is used, and owing to its small size, sufficient film for
a program lasting more than 35 minutes is carried, together with the complete projection apparatus, in a case as small as the average sample case.

Fig. 1. The Eastman Business Kodascope in position for projection.

Several features of this unique projector deserve attention. Its exceptional compactness is no more important than the unusual speed with
which the demonstration may begin. In less than half a minute after entering
the office, the salesman has his picture in motion.
* Eastman

Kodak Company,

Rochester N. Y.
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It is not necessary to hang a separate screen; no shades need to be drawn;
focusing at each performance is eliminated as the screen is always at the
same distance from the lens when the projector is fully extended. Aside
from these obvious advantages, the feature that speeds up the preliminaries
more than anything else is the fact that a hundred-foot reel is carried,
threaded in the projector ready to run as soon as the outfit is opened. (Fig. 1)
Every effort has been made to eliminate that awkward interval while
the salesman makes a hasty survey of his surroundings in the hope that
everything necessary for his demonstration is present. The salesman equipped with this Kodascope only needs one thing, an electric outlet and every

Fig. 2.

Translucent screen as used in Business Kodascope.

office has at least a lamp socket. However, when power is not available,
there is a model which may be secured which is hand cranked and illuminated
by the power of an ordinary six-volt battery.
The light source is a 100-watt coiled-coil lamp of the pre-focus base
type. Projecting through the case to the back of the translucent screen
(Fig. 2) assures good illumination for the picture, even in a fully lighted room.
Many modern offices with their glass partitions offer a real problem when an
attempt is made to use a reflecting screen in the daytime.
Several translucent screen materials have been tried but sand-blasted
cellulose acetate has been found to be most satisfactory. Although the screen
is relatively small, 5 1/2X7 inches, it is quite large enough considering the
close range at which it is viewed. A full page illustration in the average-size
book at reading distance is about this size.
For audiences of more than three or four people, direct projection on a
larger reflecting screen is possible simply by removing the slide holding the
translucent screen, and substituting a two-inch lens for the one-inch lens used
with the small screen. Good illumination of a 30X40 inch area at 18 feet is
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secured.
Therefore, the Kodascope is equally effective before a one-man
audience or a group.
It should be pointed out that the film is run reversed from left to right
when thrown on the back of the translucent screen. Whenever a change
to direct projection is necessary, this half turn in the film must, of course,
be removed.
This is easily accomplished when the film is being rewound.

DISCUSSION
Mr. Edwards: Is the projector self -rewinding or must the film be taken
out and rewound after showing?
Mr. Cowling: It can be rewound by the motor or by hand. It takes
100, 200, or 400 foot lengths.
The screen can be removed, and by putting on another lens, you can
use the Kodascope to throw pictures on the wall, so that the projector can
be used for a larger audience in the ordinary way.
Mr. Ross: Has it a self-contained power supply or must it be connected
to the commercial circuit?
Mr. Cowling: It must be connected.
Mr. Norlixg: Don't you get a reversed picture?
Mr. Cowling: If you observe the picture on the translucent screen,
you must reverse it, but on the wall, it is shown as ordinarily seen.
MOVIETONE

FIELD

PROJECTION

OUTFIT

E. I. Sponable*
A year ago a portable Movitone projection outfit was used to give a
demonstration before this Society. This unit consisted of a one-ton truck in
which the apparatus could be transported and which provided for its ready
removal when it was desired to make a set-up in a hall or place for showing.
This equipment was dependent upon a power supply to furnish current for
the projection light.
This year another development in sound picture projection is shown.
This outfit is arranged for the purpose of exhibiting sound pictures directly
from the truck. It is entirely self-contained, carries all of its own power

supply, and might be termed a "theatre on wheels."
A number of novel problems came up in the construction of this outfit.
These included projection at a short throw, the elevation of the loud speaker
and screen, and the selection and arrangement of apparatus for rapid field
operation. The equipment as used gives a quality of sound in reproduction
equal to that obtained in the best theatre installations.
The apparatus is installed in a two-ton covered truck. The roof of the
truck may be thrown back to allow the loud speaker, a folded 12-foot horn,
to be raised with the screen as shown in Fig. 1.
behind
In order to create a perfect illusion the horn must be directly
the
within
normally
carried
is
horn
The
screen.
the
of
center
and in the
* Fox Case Corp., New York N. Y.
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truck body, hence must be raised into position before the screen is set up.
This is accomplished by means of a worm gear train operated by a crank at
the side of the truck. The screen itself is carried on a folding aluminum
frame. Its lower edge is placed in two hinged slots on the horn support and
pulled up into position by two heavy cords. Both screen and horn are above
and at the rear of the truck when in operating position, as shown in Fig. 2.

Fig*. 1.

Field projection truck with horn and

screen erected.

The projector is placed permanently on the floor of the truck and through
the use of a special lens gives a good picture six feet by seven feet at a throw
of ten feet.
A low intensity reflector type fifteen ampere arc lamp is used as the
projector light source. The power for this arc as well as that required by
the projector motor and sound amplifier is supplied by storage batteries
selected to give about three hours continuous service without recharging.
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The storage batteries are bolted to the truck flooring and are protected
by a readily removable substantial covering which itself serves as a flooring.
Battery chargers are carried. It is only necessary to connect them to a 110volt D. C. or a 25-60 cycle A. C. line, throw a switch, and charging proceeds.
The sound amplifier frame is mounted upon rubber supports. The tubes
are not removed in transit and after 900 miles of travel, over almost every

Fig. 2.

Close up of horn and screen in operating position.

possible variety of road, no tube trouble has developed. The general arrangement ofthe amplifier rack and projector is shown in Fig. 3.
In addition to all this paraphernalia contained in a small truck, space
was found for a complete set of spare parts as well as a collapsible rewind
and repair bench, a 5-compartment steel film cabinet and a carbon microphone for public address work.
To make a set-up, the tarpaulin truck cover is unfastened and thrown
back. The horn is then cranked into position, the screen raised and the
lamphouse and flywheel installed upon the projector, the entire operation
requiring about ten minutes.
When giving a show in different places on the same evening', everything
except the screen and horn may be left in position while moving from one
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position to the next. In moving from one section of a city to another, everything isleft in place, provided there is no overhead interference.
The uses of this device are quite obvious.
At every test showing it
demands and holds attention. It undoubtedly will prove useful in location

Fig. 3.

Projector and amplifier rack.

work for viewing film rushes. It has already found use in the political,
commercial and advertising fields. Later it may be helpful for educational
and entertainment purposes, especially in the smaller communities where
regular theatres are not practical.
IMPROVED

REFLECTORS FOR MOTION
PICTURE
CARBON ARC LAMPS

STUDIO

SIDE

E. R. Geib*
In our investigation of conditions surrounding the lighting of motion
picture studios on the W-est Coast, we have been very forcibly impressed
* National Carbon Co., Cleveland, Ohio.
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by the lack of utilization of the light, particularly in the side arcs which are
of the twin arc type burning two arcs in series on an approximately 110
volt line. Our findings have been corroborated by Loyd A. Jones in a paper
on studio light sources.1
In our studies looking toward the improvement of various units used
in lighting studios it was found that a very considerable part of the poor
utilization of the light from these side arcs was due to the kind and design of
reflectors used. It seems that the really useful light from a side arc should
Candlct Poyv eg, D iSmi b ution Cujay E.r
fOBASlDE
ACCLAMP
Ove©GO° AN€4-e ofSpbcao
In Horizontal
Plane-.

^v^^H

Chromium
Old

PlateoReflectoi?,

P2irP,L.e"CTOf2.

i Cm. ^5,000 Candle

Poweb

Fig. 1.

be within a solid angle of 60°, Mr. Farnham in his paper on "The Effective
Application of Incandescent Lamps for Motion Picture Photography,"2
also presented before the Hollywood Convention, found that the light most
useful is in a solid angle of about 60°. The reflectors which have been developed by our laboratory are designed upon the same premise.
A number of reflecting surfaces were considered. A good glass mirror
the
would, of course, be the best material for directional reflection. Due, to
were
mirrors
glass
studios,
the
in
equipment
desirability of having rugged
sureliminated from our consideration. This limited us to polished metal
is
light,
incident
the
of
92%
reflects
which
faces. Of these, polished silver,

by
i Photographic Characteristics of Motion Picture Studio Light Sources
p. 427
L. A. Jones and M. E. Russell, Trans. Soc. M..P. Eng. Vol. XII No. 34,
(1928).
Picture
2 The Effective Application of Incandescent Lamps for Motion
No. 84,
Photography, by R. E. Farnham, Trans. Soc M. P. Eng., VoUXII,
p. 464 (1928).
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the most efficient, but silver tarnishes quickly. Of the other polished metals,
chromium, aluminum, nickel, tin, and steel, all directly reflect approximately 55 to 65 per cent of the incident light. From a consideration of the
Top and Back Reflector
Lamp No.i

Design

noTE- one . _..
niCKEL #. OrtE
COAT cr-'Korriurt
TOP BEFLECTOB
K ai COPPEB - I BEG.

pabt n« xw 7io-i

coat cHeortiun ft.
BACH
BErLECTOB
?o°i coppEe - ibeq
p/ier rif XYV 7/0-3

Fig. 2.

fact that such a reflector would be exposed to high temperatures and hard
usage, it was decided to use chromium surfaces which are the least subject
to tarnishing. They are very pleasing in appearance and incidentally give
the highest percentages of direct reflection of visible light (65%) of any of
the metals mentioned except silver. In addition, they are very easily cleaned
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and can be cleaned with any kind of cleaning material. Also it is well known
that chromium surfaces are extremely hard and difficult to injure and thus
are a very desirable surface for use where such qualities are required. Sheet
copper nickel-plated and then chromium-plated was used.

Bottom, and Side Reflector Design
Lamp No. 1
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DISCUSSION

Mr. Russell: What is the relative cost between the chromium surface
and the nickel surface?
Mr. Geib: We have no figures on this. It is immaterial to us whether
the owner of a side arc lamp makes his own reflectors or has them made
by someone else. We supply the complete set for each lamp at $12.00 per
set. We are supplying them merely for the convenience of the trade.
Mr. Crabtree: What is the distance of the reflectors from the arc
crater? How soon do the surfaces lose their high efficiencies due to sublimation of products of combustion?
Mr. Downes: We have had two of the lamps burning for a considerable
period of time with the chromium reflectors and have found no deterioration
of the chromium surfaces. When plated directly on copper, the chromium
shows a tendency to deteriorate but with nickel first plated on the copper
there has been no deterioration in three and a half weeks or so.
Mr.
Crabtree: How
far away
is it from
the crater?
Mr. Downes: The reflector slides into the lamp and is the same as
the old reflector except for the difference in curvature. The carbons are
from two to two and one quarter inches from the back reflector.
Mr. Crabtree: Is there no deposit from the carbon?
Mr. Downes: We recommend that when the reflectors are installed,
the holes for the carbons in the tops of the lamps be enlarged slightly. Some
are all right as they are; others have had asbestos inserts placed in them
and they should be taken out. The deposit does not stick to the chromium,
doesn't injure the surface and can be wiped off easily.
Mr. Edwards: Is there a difference in the actinic value of the light
owing to the chromium plating as compared with silver plating?
Mr. Downes: I don't remember what the reflection factor is for silver
at the shorter wave-lengths, but chromium reflects about 28 to 35 per cent.
How it increases up to a reflection of 65 per cent in the visible I can't tell you.
Mr. Farnham: Is the reflector smooth or rippled, and have you had
trouble
with striations?
Mr. Downes: Apparently the chromium surfaces are smooth and
there are diffusing screens in the fronts of the lamps anyway. I might add
that the copper sheet can be purchased from the copper rolling mill with
the nickel plated on the copper. From later work along other lines, we think
the chromium could be plated on steel and give longer life and freedom from
deterioration than on copper and nickel, but we have not checked this.
Mr. Farnham: I think I can answer with regard to the reflection of
chromium. Within the visible, the spectrum from 400 to 700ra/i is very
nearly constant. There is a little variation in the ultraviolet, but it is uniform
in the visible.
A NON-INTERMITTENT

OPTICAL

PROJECTOR

Arthur J. Holman*
Many attempts have been made and much time and money have been
spent in trying to perfect, projection apparatus for showing motion pictures
* Electrical Engineer, Brookline Mass.
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from a continuously moving film strip. The optical systems of these socalldd continuous projectors are many and varied, but practically all of them
that have been at all within the range of mechanical possibility have had
reflection as the principle of operation. Mirror systems have been most
popular, but some have employed prisms. The mirror system necessitates
a very complicated cam movement and presents the old problem of maintaining a perfect reflecting surface, while the prisms are difficult to manufacture with sufficient accuracy and are most difficult to mount with the
required precision on the movable optical system.

Fig. 1. View of front of projector
showing lens wheel.

Fig. 2. Rear view of projector head
showing two lens wheels.

In the continuous projector which we have developed, there are no
reflecting means whatsoever, the variable amount of bending of the light
rays required to produce a stationary screen image from a continuously
moving film strip being secured through variable refraction. The optical
system is relatively simple and the mechanism is less complicated and easier
to manufacture than is the mechanism of intermittent projectors. The
objective used in our projector consists of a stationary front component
having its optical center on the optical axis of the projector and movable
rear components which are carried on the peripheries of two overlapping
revolving lens wheels. The lens wheels are alike in construction: the periphery of each consists of a plurality of identical simple positive lenses. The
lens wheels rotate in synchronism at a uniform angular velocity and constitute the only moving parts of the optical system. It is to be noted that
variable refraction results from the movement of the optical centers of the
rear components of the objective toward and away from the optical axis of
the projector as the lens wheels rotate.
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Images which should be stationary on the screen undergo a slight
periodic displacement.
These displacements can be resolved into two components. The first
one affects the whole screen image uniformly, i.e., the displacement is independent ofthe position of the image on the screen. This error is inversely
proportional to the square of the number of lenses per lens wheel and in
the present machine amounts to 0.1%. This error produces a vertical displacement only, which amounts to 0.1875 inches on a screen 24 ft. by 18 ft.
The second component results from the passage of the lenses carried by the revolving lens wheels across the axis of the fixed element of the objective, and
is a periodic variation in the equivalent focal length of the objective system.
This produces a periodic variation in the size of the screen image and the

Fig. 3. Close up of projector head
showing gate mechanism.

Fig. 4. General view of projector.
(Lamp house removed.)

displacement of any stationary part of the image is proportional to its
distance from the center of the screen. This variable is a function of the
number of lenses per lens wheel, the radius of the circle on which the optical
centers of the revolving lenses are fixed, and the height of the section of the
light beam where it passes through the revolving lenses. In the present
machine this error amounts to 0.3% which represents, on a 24 ft. by 18 ft.
screen, a maximum displacement of 0.54 inches in the extreme corner and a
maximum displacement of 0.32 inches at the top and bottom edges of the
screen on the vertical center line. Fortunately the two components producing
the periodic variation do not reach a maximum at the same time and as a
result the maximum displacement of a "stationary" subject is 0.54 inches for
the extreme corners of the screen (24 ft. by 18 ft.) and 0.1875 inches for
the center of the screen.
The optical system is exceptionally free from all
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forms of distortion and consequently very excellent definition is secured over
the entire screen area, the above periodic variations not being of sufficient
magnitude to interfere with definition.
The lens wheels, as constructed for standard theatre projectors, consist of a solid flange supported by spokes from a hub which is set screwed
to a lens wheel shaft. The solid flange has a surface to which the axis of the
lens wheel shaft is perpendicular and against which are clamped, by individual flange sections, the identical plano-convex lenses forming the periphery of the lens wheel. These lenses must be positioned very accurately;
their plane sides must lie in one plane and their optical centers must lie on
a common circle about the axis of the lens wheel shaft and must be equally
spaced. The lenses are correct!}'- "set" on the lens wheels by means of a
precision optical instrument which insures correct positioning with a minimum expenditure of time. The lens wheels are each made up as a unit and
are ready for service as soon as they are placed in a mechanism.
Other optical features of this projector include a curved aperture plate
having an opening approximately two and three-quarter frames high, a
gate lens positioned just behind the film at the aperture plate, and a spherocjdindrical element in the condenser system. When using a reflector arc of
the type employing no condenser a special reflector is required in place of
the parabolic mirror. The special condenser element or the special reflector,
the gate lens, and the elongated aperture are required to increase the efficiency
of light transmission and to produce the proper convergence of the light rays
into the objective system.
The transition from frame to frame on the film strip takes place by means
of an automatic dissolving action resulting from the passage through the
beam of light of the lenses on the revolving lens wheels. The lenses are so
proportioned that the dissolving action occupies a major portion of the
picture cycle and consequently the images of two frames are superimposed
on the screen during the greater part of the time of projection. This condition
is peculiar to our type of continuous projector and gives to our projected
screen image a quality which is unique. Moreover, the dissolving action
supplies a steady and uniform flow of light to the screen during the entire
picture cycle, hence the characteristic of the eye known as persistence of
vision is not called into play in viewing the screen. The screen image is no
longer an optical illusion. The dissolving action presents to the eye a condition on the screen so nearly like that which the eye sees normally in viewing
natural movements that the brain receives the impression of natural motion.
The gaps between positions of moving objects in successive frames appear
to be filled in, due to the smoothness of the dissolve, even when projection
is slowed down to three or four frames per second.
Another condition exists during the dissolving period of the picture
cycle which deserves attention, namely, that the two images which are being
superimposed on the screen are coming from two separate film frames at
the aperture and are being projected through two separate rear components
of the objective. This probably is the explanation for the appearance of
roundness or depth in our screen image which is sufficiently marked to be
Other characteristics of our screen image are,
noted by most observers.
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improved rendering of the tone values in the film, no appearance of graininess, and smooth natural movements of subjects. Taken altogether the
screen presentation looks really natural and is easy to look at, as eye strain
is eliminated.
The film operating means within the mechanism consist of three sprockets, the upper sprocket supplying film to the upper loop, the lower sprocket
maintaining the lower loop, and the middle sprocket providing constant
uniform movement of the film across the aperture plate. A new take-up
control provides a practically uniform pull on the film for all winding diameters of the take-up reel. The mechanical strain on the film is very slight
and a print may be run several thousand times without showing damage
to the perforations. Moreover, the print remains clean and free from oil
and scratches. The curved aperture plate prevents film buckling.
DISCUSSION
Mr. Briefer: What is the explanation for the reduction of graininess
in the system? Is it the overlapping of the images?
Mr. Holm an: The chief reason is that the graininess has no definite
pattern and due to the double transmission during the cycle, there is a
meshing of the two picture frames.
Mr. DeVry: Are both picture frames focused on one aperture?
Mr. Holman: Yes.
Mr. Edwards: Is the framing accomplished by a floating carriage?
Mr. Holman: It is accomplished by rotation of the middle sprocket
about its own axis. The aperture sprocket gear train is arranged in stirrup
formation.
Mr. Edwards: Does that disturb anything in the optical system?
Mr. Holman: No.
,
Mr. Leventhal: I think perhaps Mr. DeVry's question related to
whether the three images appeared on the screen in a vertical row; that is,
how do you accomplish the masking of the undesired images?
Mr. Holman: I understood Mr. DeVry to ask whether during the
dissolve period two pictures were superimposed on the screen area. They
are superimposed during the period of the dissolve. Mr. Leventhal's question
refers to preventing flicker images above and below the screen. This is
taken care of by a shoot projecting from the front of the booth and supporting
a mask a little ahead of the booth wall. Three or four feet in front, a mask
will take care of flicker images above and below the screen.
Dr. Mees: That makes a fuzzy mask.
Mr. Holman: It is a fuzzy mask, but most screens have velvet frames
which absorb the light that does not fall on the screen, and these frames
thus provide a sharp border line.
Mr. Ross: Are the moving parts of considerable weight whereby they
produce much inertia?. When projecting news reels it is often necessary to
change the speed of the projector quickly from scene to scene and therefore
considerable inertia would be objectionable.
Mr. Holman: There is no difficulty in quickly changing projection
speed; the lens wheels, which have the greatest inertia, rotate once per foot

Symposium on New Motion Picture Apparatus

1189

of film projected, and, because of this slow speed, have very little momentum.
The projector has a light brake but it is only for the purpose of preventing
back lash in the gear train.
Mr. DeVry: Have you definitely calculated the gain or loss in illumination over a standard Geneva movement machine?
Mr. Holman: I think it is about equal to that of the standard intermittent projectors according to recent tests.
Mr. Ross: Do you experience any difficulty in obtaining perfect registration ofthe super-imposed images when projecting at comparatively long
throws under varying conditions of temperature? The varying coefficients
of expansion of the lens supporting members, due to varying changes of
temperature, will effect a relative change of locating of the lenses. It may
also mis-align their axes. We are given to understand that this is one of the
difficult problems to solve in the lens wheel type of continuous projector.
Mr. Holman: There was never any trouble of this kind. We have had
difficulty in getting gears to produce uniform movement of the optical system
and film operating mechanism. The film must move at a uniform linear
velocity, and the two revolving lens wheels must move in synchronism.
Temperature changes are of no importance.
Mr. Norling: How do you compensate for shrinkage of the film?
Mr. Holman: I am going to make a little diagram of the optical elements of the optical system (drawing). If the center of one film picture is
here, and the center of the one ahead of it there, we have a certain angle
subtended at the equivalent center of the objective between centers of the
two pictures. If we have a variation in shrinkage, we simply change the hand
wheel adjustment, which advances or moves backwards the position of the
aperture plate, so that the required angle is obtained. At the same time, in
addition to moving the aperture back and forth, there is a related motion
of the front objective with respect to the revolving lens wheels. The necessity
for this is seen when we consider that a certain screen area and height have
to be covered. If the picture is small, the given objective will produce an
image which does not fill the screen, so that in addition to moving the aperture plate ahead to get the correct angle, we must also change the equivalent
focus of the lens, so that the image will fill the screen.
Mr. Norling: What is the effect of shrunken film as regards the image
on the screen?
Mr. Holman: You see lack of registration if the adjustment is incorrect.
When the adjustment is correct, there is no motion of the images. The
adjustment is correct when horizontal lines on the screen are of minimum
width.
Mr. Griffin: I haven't yet seen anything which has changed my
position set forth in my paper some years ago. Mr. Holman states that
with the reflector arc lamp, the screen has an illumination about the same
as that of the standard projector. Have you made measurements which
tend to prove this contention?
Mr. Holman: I haven't made measurements since we put on the
reflector arc but I think that it is as bright as those with other types of intermittent machines.
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Mr. Briefer: I suggest that measurements be made giving the comparative ratios of light transmissions.
Mr. Holman: That could be done but it would take a good while to
do it.
A NEW 125 AMPERE SPOTLIGHT*
A new spotlight, floodlight, and effect projector of greatly improved
design with more convenient controls, greater flexibility of operation, and
higher lighting efficiency embodying an entirely new departure in spotflood control wherein the arc lamp remains stationary and the lens is made
to travel for focusing the light beam, has recently been announced by KJiegl
Bros.
It is a 125 ampere, long-distance projector, complete in every respect,
providing in a single unit everything required of a projector, spot, flood,
and color-lighting, framing shutters, effects, etc.
The design is compact, can be accommodated in a comparatively small
space, and the hood is lower at the front than at the rear so that the operators'
line of vision is unobstructed.
Higher Lighting Efficiency
It projects the light any distance up to 150 feet and gives anything
required from a 4 foot perfectly round spot to a 50 foot spread with uniform
intensity; providing an intense white light having all the qualities of strong
sunlight. Finer adjustments of the arc afford a greater amount of light
projection for a given current consumption, and a shield in front of the arc
prevents light from the flame entering the optical system thus eliminating
ghosts and false light.
All controls, including- arc, focusing, shutters, color screens, and directional controls, are centralized at the rear of the spotlight, in full view of the
operator, and within arms' length of the operating position thus affording
the greatest convenience, speed, and ease of operation.
The arc lamp remains in a fixed position and all focusing is done by
moving the lens, causing no disturbance in the adjustment of the arc. Arc
control handles are fixed in position and do not protrude more than a few
inches beyond the lamp housing.
The arc carbons may be adjusted in every conceivable way, angularly,
vertically, and horizontally, and the lower carbon holder may be moved
independently of the upper carbon, in any lateral direction. Six different
controls are provided so that the arc can be quickly and easily centered,
irrespective of any condition that may arise, and the arc length and crater
adjusted to obtain maximum effective light. Fibre grips insulate the arc
control handles from the heat of the arc and protect the operator against
burnt fingers.
The condenser lens travels on a movable carriage and focuses the light
without disturbing the arc lamp. The lens is made to move by simply turning
a handle on the side of the spotlight.
It travels quickly, smoothly, and
* Kliegl Bros, New York; N. Y.
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freely and stays-put in any set position without being clamped, and is always
ready for instantaneous change of focus.
One lens takes care of the full range from a 4 foot spot to a 50 foot flood.
The simple movement of the lens, backward or forward, along the optical
axis by means of the control handle, is all that is required. A pointer on the
focusing control handle travels over a numbered dial on either side of the
spotlight and in plain view of the operator. It indicates the position of the
lens and permits setting the lens quickly to any desired focus.

Fig. 1.

The Kliegl 125 Ampere Spotlight.

The lens carriage slides on two parallel rods, and is attached to a chain,
at
which passes over two sprocket wheels, one at the front and the other
to
the rear. The shaft of the rear sprocket extends outside the housing and
it is attached the control handle.
which also
To the underside of the chain a counterweight is attached
to that
opposite
direction
a
in
moves
always
but
rods,
slides on two parallel
the middle
of the lens thereby maintaining the center of gravity and at
keeping the cpotlight in perfect balance at all times.
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The frame in which the lens is mounted, is hinged so that the lens can
easily be removed for cleaning or replacement, and is also so designed as to
allow unrestricted expansion.
A color box or boomerang on the front of the spotlight provides means
for changing the color of the light beam. It contains four color frames for
gelatin mediums, controlled by levers at the rear of the spotlight and ready
for operation at all times. There is a separate lever for each color frame and
each lever is keyed to correspond with the color it controls. The position of
the handle indicates the position of the color screen and a quarter turn throws
the screen in or out of position. The color screen is free from all mechanical
connections and may be readily removed by simply raising the cover of the
color box and lifting the screen out of its slide grooves; or, if it is to be inserted,
by simply dropping it into its proper place. Gradual or quick changes of
color can be produced and one color blended with another as may be desired.
A curtain shutter and iris shutter set in the lamp housing, are independently controlled from the rear. The curtain permits the light to be
framed to flood the stage or orchestra pit, and the iris makes it possible to
fade the light on or off at will. They are quick acting in operation and a
quarter turn of the handle is sufficient to operate the shutters from fullopening to black-out, or vice versa. Guide marks on the back of the housing
indicate the position of the shutters and facilitate speedy operation.
All parts and adjustments are easy of access and large -self-closing spring
doors on either side of the lamp housing permit access to the arc lamp for
changing carbons and making adjustments. A hinged cover over the lens
compartment gives free and easy access to the lens for cleaning or replacing.
A hinged cover over the color box permits access to color frames, and all
external adjustments, clamp screws, etc., are within easy reach.
Double wall construction, baffles, ducts, and numerous vents insure a
free circulation of air, ample ventilation, and comparatively cool operation.
Exceptionally large peep-holes in the door, fitted with ruby glass, and provided with a self-closing shutter, permit inspection of the arc in operation.
Every precaution has been taken to eliminate light leakage that may be
disconcerting to the operator.
The spotlight is perfectly balanced in every way. It moves freely and
easily in any direction and remains set in any position. It "follows" with
remarkable ease. A well designed base and heavy pedestal provide a rigid
and substantial support for the spotlight and by preventing vibration insure
steadiness in operation. The Weight of the spotlight rests on ball bearings
and in effect all friction between heavy moving parts is eliminated. Practically no effort is required on the part of the operator directing the light beam.
The spotlight can be directed at any desired angle within practical
requirements, and quickly and easily fixed in position by the turn of a hand
screw. It swings through a vertical angle of 67° — 45° below the horizontal
and 22° above, and turns completely around in the horizontal plane about
its central axis. The base is telescopic and permits adjustments in height.
The customary slide grooves are provided on the front of the color box
and permit the use of all standard effects, color wheels, extra color frames,
and special spotlight apparatus.
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PROJECTOR*

The most recent model of the Mechau projector, Model 4,
shown in
Fig. 1, is hardly distinguishable in external appearance from earlier machines
but actually it embodies remarkable improvements. The whole reflecting
mechanism inside the large reflecting drum is greatly improved.
It is evident
that the continuous projector must make the same progress as the intermittent machines, on account of the present customary high speed of projection.

Fig. 1. General view of Mechau projector.

(Lamp house removed.)

The feeding device, that is, the mechanical arrangement for gearing
the reflecting mechanism to the governing roll, located under the gate, has
been entirely redesigned in order to improve the steadiness of the picture on
the screen. For this purpose the governing roll has a diameter half as large
as previously. The diameter of the gears accordingly has been made as large
as possible, so that unavoidable error in the motion of the gears, in spite
of the high precision of the feeding device, can only very slightly affect the
motion of the fi,lm on the track. Tempered helical gears are used on the
feeding device to assure quietness. Bronze is no longer used for the balance
wheel.
* E. Leitz, Inc., Rastatt, Germany.

1194

Transactions of S.M.P.E., Vol. XII, No. 36, 1928

It has been shown that in a continuous projector, the distance between
the governing roll and the gate should not be larger than with intermittent
machines, if the projected picture is to be steady. The governing roll was,
therefore, put nearer the gate. In the old models this distance was 110 mm.
(4 1/3 inches), with the new models it is only 45 mm. (1 3/4 inches), as can
be seen in Fig. 2. The results are astonishing: the picture is now absolutely
steady, while previously, slight movement occurred. The cause lay in defective perforations. In addition, by increasing the height of the governing
roll, slightly more room for the lower film loop is obtained. Oiling of the
whole mechanism may be done from one place with an oil can, as in other
projectors.

Fig. 2.

Close view of projector showing gate.

The improvement of the fire protection device is especially valuable.
While in the old machines in running it was possible to ignite the illuminated
film by turning the light on before the machine reached a safe speed, today
a so-called stop-finger removes this risk. This safety shutter is operated by a
small mercury pump located above the film track and is adjusted to give
light to the projector only at a speed of 12 or more images per second. Regulation of the speed of the pictures is by a mechanical driving gear, which is
somewhat similar to that of the Simplex machine. It has no slippage and
does not heat up. The machine with this driving gear maintains a constant
speed.
The film loops are completely encased, as in American machines
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The film drums have kept their horizontal position. The machine is made
for use with any reflector arc lamp or high intensity lamp.
Advantageous changes were made in the optical arrangement. Thus the
strongly light absorbing prisms close to the film have been replaced by a threepart optical system and the lenses next to the film have been made easily
exchangeable for an objective of any focal length. The machine is now driven
with a durable flat belt iu stead of a round belt. An oil pump takes care of
the returned oil running through the reflecting system.
The improvements are so arranged that they can be attached to the old
machines at a moderate cost.
It should be mentioned that the Mechau projector is especially suitable
for sound films because only with a machine in which the film moves continuously are the best results attainable.

ELECTRIC

FIRE-CONTROL

OF FLARES

John G. Marshall*
In order that the cinematographer may have absolute control over
the time of ignition of flares, an electrically fired flare has been devised which
develops its full brilliancy the instant the circuit is closed.
This marks one more step in the progress of the motion picture industry
and eliminates the uncertain manual operation of lighting the flares with
matches.
The cinematographer is now not required to wait until he sees that all the
flares are going before the camera starts turning, but simply presses the button
and knows that he can start turning at once, and that he can count on obtaining the full rated time from his flares. There will be no "duds" because
of assistants failing to light all flares or of lighting some of them too late.
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Sectional drawing of a flare.

The electrically fired flares (Fig. 1) cannot be held in the hand because
they start with a small shower of hot sparks, but there is no particular reason
for holding them in the hand when they can be ignited from a distance.
The equipment required is very light and compact because 11/2 volts
per flare is sufficient and the current is very small. One flare can be ignited
by a single cell from a vest-pocket flashlight battery, the cell measuring 5/8
inches in diameter by 2 inches in height. Fifteen flares may be ignited simul* Brooklyn, N. Y.

1
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taneously from a small size 22 1/2 volt radio battery measuring 2 1/2 by
4 by 3 inches and weighing 11/2 pounds. Of course larger batteries and
much higher voltages can be used without disadvantage except in the matter
of portability.
Either a multiple or series connection can be used but the latter is preferable because a galvanometer can be used to test the circuit before actually
firing the flares so that the operator can test to find out if all the connections
are satisfactory.
At first thought, series connections might be condemned because it
would seem that one or more flares might be fired earlier than the others
and that the firing of these would interrupt the circuit thus preventing the
ignition of the remaining flares; but actual tests indicate that series connections are a success. The probable reason is that the diameter and effective
length of the resistance wire in the igniter or squib is so nearly uniform that
the rate of temperature increase of the resistance wire is always constant
and also that the resistance wire heats so fast that the temperature required
to ignite the composition adjacent to the hot wire is greatly exceeded before
actual ignition of the composition takes place. In other words, the lag in
starting the chemical reaction is sufficient to allow all igniter resistance
wires to attain a sufficiently high temperature to ignite the composition.
However, the wire will stand a much higher temperature than that required
to ignite the composition and it may be that a considerable amount of the
composition may burn before the resistance wire is ruptured. Of course
wherever "time" is mentioned above it is understood to be relative and to
be only a small fraction of a second.
Whatever the theory and mechanism of ignition may be, the fact remains, as stated above, that results indicate that series connections are
satisfactory and are superior to multiple in that the wiring is simpler and
that galvanometer tests may be made before actual firing.
The electrically fired flare is quite similar in appearance to the regular
or match ignited, but instead of having a fuse projecting from under the
drum head binding, two wires project, one on each side, and connection is
made by twisting electrical leads about these. The case containing the lightgiving composition is enamelled to prevent absorption of moisture and to
increase the strength of the case.
The electric squib is not an added attachment to the flare head but is
embedded in the composition in such a way that it cannot be damaged
except by total destruction of the flare. The delicate resistance wire of the
squib is embedded in a composition similar to black powder and this is protected by a shell of sulphur, from which the leads project. These features
are shown in Fig. 1.
The tail end of the flare carries a wooden stud the end of which has
been drilled so that it may be slipped over a nail or spike. A paper tube
handle is also supplied with every flare, one end of which may be slipped on
over the stud, and the other end slipped over a pipe driven into the ground,
or other suitable support. This description of the stud, paper tube handle,
etc., also applies to the match ignited flare.
It may be that the simplicity of match ignition will be preferred on
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many sets but for expeditions and wild animal motion picture photography
the electrically fired flare possesses many advantages. These flares may
find a place in detective photography.
An expedition to Africa was recently equipped with these flares and
they will be used by a method similar to the Nesbit System of Flashlight
Photography in which the animal springs a trap which trips the shutter and
closes the circuit that ignites the flash. Of course the Nesbit System will be
modified to make it applicable to cine work.
The user may feel that due to lack of experience in the use of electric
fire control he may waste flares but full directions will be given to all consumers. If the user desires to experiment he may secure separate squibs,
connect and fire them just as he would handle the actual flares and thus
familiarize himself with their use. These are the same squibs or igniters that
are actually imbedded in the flare head.

Fig. 2.

Electrically fired flares of various sizes with dry cell
supplying current to ignite a flare.

capable of

The following remarks apply to both the electrically fired and the
match ignited flares:
Flares are supplied in five sizes for different durations of light emanation;
1/2 min, 1, 2, 3 and 4 minutes. (See Fig. 2). The diameter and in fact everything is identical on all sizes except the linear dimension and the length of
burning time.
The flares are quite smoky— all flares are smoky— and no improvements
have been made along this line.
The match ignited flares start without sound, and a slight hissing noise
start
is made while the light-giving composition burns. The electric flares
shower
a
spray
and
pistol
cap
toy
a
of
that
like
about
report
with a slight
they
of sparks for a radius of about two feet but after this initial report,
burn the same as the match ignited type.
flare
The author is now engaged in the development of a panchromatic
and if the results are successful the panchromatic principle will b,e applied
to both the electrically and match ignited types.

1198

Transactions of S.M.P.E., Vol. XII, No. 36, 1928
DISCUSSION

Dr. Mees: What does a wild animal do when the flare is set off? Does
he just stay there or jump away?
Mr. Cowling: You can throw a flash light into a leopard's face, and
he will stay and look at it, but a match will send him off very quickly. Flares
are invaluable in taking pictures of camp fires, pictures inside caves, native
dances, or wherever you can get no other form of illumination.
Mr. Ross: Did you use panchromatic flares when taking the photograph last night. We were of the impression that they burned with a green
color.
Mr. Marshall: No; we have not developed a panchromatic flare as
yet.

EDWARD

JOHN WALL

E. J. Wall Hon. F. R. P. S. died on Oct. 13, 1928 after an illness of a
few days. Mr. Wall was born in England on Dec. 24, 1860.
In his youth Mr. Wall, like many a school boy, was fascinated by his
elementary experiments with test tubes and so selected chemistry as the
particular field for his life endeavor. During his student days in 1878 he
took a lew lessons from a professional photographer in the wet collodion
process, which he used for making photomicrographs and soon began to
make collodion dry plates and emulsion of his own. After a few years as a
practical chemist he joined the staff of B. J. Edwards & Co. of London, who
were the first to introduce orthochromatic plates in England. Here he acquired aknowledge of gelatin emulsion making as well as the coating and
sensitizing of albumenized paper, which was then the principal commercial
printing process.

Edward John Wall

1199

In 1889 he wrote the "Dictionary of Photography" which is still published under his name, although he has had no connection with it since 1896.
He was later one of the authors of Cassell's Cyclopaedia of Photography.
From 1889 to 1892 he edited Photographic Answers, a monthly journal devoted to the technical side of photography. In the latter year he became
editor of The Amateur Photographer and translated for serial publication in
that journal Volume III of Eder's "Handbuch," dealing with gelatin emulsion
making. He also translated Fritz's "Photolithography" and wrote a manual
of the carbon process. In 1896 he became editor of The Photographic News
and instructor in three color work in the London County Council School of
Photoengraving. In 1900 he became chemist to the European Blair Camera
Co., which specialized in the manufacture of celluloid as well as cinematographic and roll film. While connected with this firm he had a serious accident
which kept him on his back for two years. Happily, as he himself said, his
brains were not in his legs, so that he was able to keep up his writing and
published a translation of Konig's "Natural Color Photography," which
he was particularly qualified to do, as this subject had been his hobby since
1888. He was for many years a member of the staff of The British Journal
of Photography until he came over to America in 1910 to make cellulose
acetate and motion picture film for the Fireproof Film Co. of Rochester.
In 1912 he was appointed Professor of Photography at Syracuse University
and joined the Technicolor Motion Picture Co. of Boston, specializing in
motion pictures in color.
Since 1921 he has devoted his time to writing and consulting work on
photographic patents and technical problems. From his first coming to
America he wrote photographic abstracts, first for American Photography
and later for Wilson's Photographic Magazine, returning to American Photography as a permanent member of the staff when Wilson's went out of existence.
In recent 3rears he has published "Practical Color Photography," "Photographic Facts and Formulas" and "The History of Three Color Photography," the last named being pronounced by competent judges to be the most
thoroughgoing and exhaustive treatment of any photographic subject ever
produced in any language. This magnificent volume of 757 pages refers to
some 9000 original articles and 3400 patents, and, because of Mr. Wall's
practical experience in all phases of the subject, elucidates the majority of
the references by comments drawn from personal experiences.
He was a member of the Royal Photographic Society since 1892, a
Fellow since 1895 and served for several years as a member of the Council
and judge of the technical section of the annual exhibition. He was a Fellow
of the Chemical Society of London, a member of the Society of Chemical
Industry and the Society of Motion Picture Engineers and an Honorary
Fellow of the Boston Y.M.C. Union Camera Club.
Recently the Council of the Royal Photographic Society of Great
Britain awarded Mr. Wall the Honorary Fellowship of the Society for outstanding achievements in photographic
literature.
This Society of which he was an active member, and indeed the whole
photographic world suffers a great loss in the death of Mr. Wall.
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18

1206

Transactions of S.M.P.E., Vol. XII, No. 36, 1928
Vol.

Author

Subject

Norling, J. A.

Internal Developments in the
Motion Picture Industry
XI
29
A Dissolving Shutter Mechanism for Motion Picture Cameras
XI
A New
Camera
Pull-Down
30
Mechanism
XI
The Tungsten Lamp Situation
in the Studio
XII
31
The Use of Incandescent Equipment in Motion Picture Photography
34
Systematic Control in the Pro- XII
duction of Motion Pictures
26
34
Early History and Growth of
the Motion Picture Industry XII
A
Spring-Driven
Cinematograph Camera
A Pull-Down Mechanism for XII
34
Motion Picture Cameras
34
Motion
Picture
Photography XII
33
XI
at High Altitudes
25
Animated Technical Drawings

Norling, J. A. (and
J. F. Leventhal)

Some Developments in the Production of Animated Drawings

Palmer, M.W.(and
Frank Benford)
Pathe Cinema Co.

Perkins, Fred W.

A Polygonal Floodlighting Mirror
A New Cinematograph
Film
for a Limited Field
The Use of Motion
Pictures
for Governmental Purposes
A Twelve-Year Trial of Educational Films
Preservation of Historical Films

Perry, Harry

Aerial Cinematography

Porter, L. C. (and
W. S. Hadaway)

The Effect on Screen Illumination of Bubbles, Seeds, and
Striations in the Bulbs of Projection Lamps
XII
A Line Screen Film Process for
Motion Pictures in Color
34
The Conservation Program of XI
the Motion Picture Producers
30
and Distributors of America,
XI
Inc.
A Compact
Motion
Picture
27
Densitometer
X
31
Technical Advance
XI
Some Technical Aspects of the
Vitaphone
30

Milliken, Carl E.
Mistry, D. L.
Mitchell, George A.
Mole, Peter
Mole, Peter
Nauman,

Roger

Nelson, Otto
Newman,

A. S.

Newman,

A. S.

Noel, J.

Peck, R. S.
Perkins, Fred W.

Powrie, J. H.
Price, Hickman

Purdy, R. A. (and
J. G. Capstaff)
Quigley, Martin J.
Rainey, P. M.

Date

and
25
No.

Sept. 1926
July

26
26

129

1927
53
267

Aug. 1927
Sept. 1927
Apr.

1928

Apr.' 1928
Nov. 1926
Apr.

1928

Apr.

1928

Apr.

1928

Sept. 1927

31
29
XI
25

Page

Sept. 1926
July

1927

Sept. 1926
Nov. 1926

582
521
310
28
397
410
237
601
58
109
167
55
48

Nov. 1926
X
27

Jan.

1927

XII
25
33

Apr.

1928

80
67
162

Sept. 1926

Apr.

1928

Aug. 1927

Sept. 1927
Jan. 1927
Aug. 1927

320
182
607
42
294

Index—S.M.P.E. Transactions— Nos. 25 to 34

Page

Vol.

Subject

Author
Rayton, W. B.
Rayton, W. B.
Richardson, Elmer
C.
Richardson, F. H.
Richardson, F. H.
Richardson, F. H.
Richardson, F. H.
Richardson, F. H.
Rogers, Rowland
Rosenberger, Heinz
Ross, J. F. (and
I. Crabtree)
Rowland, Richard
Rubin, H.
Russell, M.E. (and
Loyd A. Jones)
Sease, V. B.
Serrurier, I.
Seymour, M. W.
(and J.G.Capstaff)
Sheppard, S. E.
Sheppard,S.E.(and
S. S. Sweet)
Sills, Milton
Sponable, Earl I.
Stewart, V. A.
Stewart, V. A.
Stone, George E.
Struss, Karl
Sweet, S. S. (and S.
E. Sheppard)

and
No.

29
Facts Concerning Pro- XI
jection Lenses
XII
Camera Lenses for Motion Picture Photography
34
25
A Light for use in Amateur XII
Motion Picture Photography
The Useful Life of Film
28
34
X
The Supervisor of Projection
29
Some Faults Demanding Atten- XI
tion
XI
Why Expert Knowledge and
31
High Grade Intelligence is Essential inthe Projection Room
XII
The Importance of Good Projection to the Producer
X
28
Why Slide Film?
34
26
Micro-Cinema in Medical Re- XI
search
Silver Recovery from Exhausted
32
Fixing Baths
X
The Speed of Projection of Film
27
XII
The Magnascope
Some

XII
34

Photographic Characteristics of
Motion Picture Studio Light
34
Sources
Moisture in Motion Picture XII
Film
Moviola Film Viewing Ma- XII
34
chines
X
34
28
The Duplication of Motion
Picture Negatives
25
Behavior of Gelatin in the Pro- XI
cessing ofMotion Picture Film
Note on the Strength of Splices
32
Address at Banquet given by XII
Academy of Motion Picture
33
Arts and Sciences
XI
Some Technical Aspects of the
Movietone
29
XI
Why is Make-up Compulsory
31
in the Movies?
XI
Laboratory
in
Improvements
Practice
X
28
Motion Photomicrography
32
XII
Dramatic Cinematography
25

Note on the Strength of Splices

34

1207

Date
July

1927

Apr.

1928

Apr.

1928

Sept. 1927
1926
Feb.
July 1927

101
335
561
89
287

72

Sept. 1927

500

1928

355
230

Apr.
Feb.

1927
Sept. 1927
Nov.
Jan.

1926
1927

750
70
77
403

1928
Apr.

1928

427

Apr.
Apr. 1928
Apr. 1928
Feb. 1927
Sept. 1927
Sept, 1926

390
558
223
707
142
24

Apr. 1928
458
Sept. 1927
July 1927

93
651

Sept. 1927
Feb. 1927

196

Apr. 1928

317

Sept. 1926

142
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Page

Vol.

Author

Subject

Taylor, John B.

Narrow-Casting

Townsend,
M.
Townsend,
M.

Lewis

Problems of a Projectionist

Lewis

An Improved Condenser System for Motion Picture Pro-

Townsend,
Lewis
M.
Townsend,
Lewis
M. (and Wm. W.
Hennessy)
Trapnell, Nicholas
M.
Trivelli, A. P. H.
(and Clifton Tuttle)
Troland, L. T.
Tuttle, Clifton
Tuttle, Clifton
(and Loyd A.
Jones)
Tuttle, Clifton (and
Loyd A. Jones)
Tuttle, Clifton (and
Loyd A. Jones)
Tuttle, Clifton (and
A.P.H. Trivelli)
Tuttle, Clifton (and
H. E. White)
Victor Animatograph Co.
Wagner, Victor
Wall, E. J.

jection the Projected Picture
Framing
with Colored Borders
Some Novel Projected Motion
Picture Presentations

and
No.

XI
25
XI
32

Date
759
Sept. 1927

Sept. 1927
31
XI

512
623

Sept. 1927

XII
Apr.

32
XI
34
Tachometers for Use in Motion
Picture Work
XII
31
Motion
Photomicrographs
of
33
the Progress of Development
of a Photographic Image
Some Psychological Aspects of XI
Natural
Color
Motion
Pictures
32
25
Motion Photomicrography with XI
30
the Cine Kodak
The Effect of Projection Lens
Flare upon the Contrast of a
Motion Picture Image
X
Reflection
Characteristics
of
28
Projection Screens
The Reproduction of Mobility XII
33
of Form and Color by the Motion Picture Kaleidoscope
XII
Motion
Photomicrographs
of
33
the Progress of Development
of a Photographic Image
XI
Factors which Affect the Contrast of a Lens Image in the
31
Motion Picture Camera
XI
The Model 3 Victor Cine Camera
25
28
Scoring a Motion Picture
32
X
Stereoscopic Cinematography

79

Sept. 1926

1928

Sept. 1927
Apr.

1928

345
492
157
680

Sept. 1927
213

Aug.
1927
Sept.
Feb.

1926
1927
1928

153
183
140

Apr.
1928
Apr.

157

Sept. 1927
591
Sept. 1927
Sept. 1926
Feb.
July
Aug. 1927

802
40
326

XI
30
29
XI

1927

328

Waller, Fred

Some Patents for Trick Photography
Illusions in Cinematography

1927

61

Waller, Fred

The Needs of a Trick Photogra-

XI

Sept. 1927

663

Watson, F. R.

Acoustics
of Motion
Picture
pher
Theatres
An Amateur Studio Picture

XI
32
XII
32
33
Factors which Affect the Con- XI
31
trast of a Lens Image in the
Motion Picture Camera

Sept. 1927
1928

641
216

Apr.
Sept. 1927

591

Wall, E. J.

Watson, J. S., Jr.
White, H. E. (and
Clifton Tuttle)
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Index — S.M.P.E. Transactions — Nos. 25 to 34
Vol.

Author
Willat, Irvin
Williams, Frank
Williford, E. A.
Wilson, Carey
Wood, H. I.
Woods, Frank

Subject

and
No.

Some Mechanical Problems of XII
a Director
XII
34
Trick Photography
Long Life Photographic Car- XII
34
bons and the Panchromatic
34
Light Transformer
XII
Scenario Writing
XI
33
29
A New Light Source for Mazda
Projection Lamps
XII
The Academy of Motion Picture Arts and Sciences
33

Page
Date
Apr.

1928

Apr.

1928

Apr.

1928

Apr.

1928

July

1927

Apr.

1928

285
537
560
58
56
25
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INDEX— S.M.P.E. TRANSACTIONS
Nos. 25 to 34 incl.
BY SUBJECT
Vol.

Subject
Acoustics
Acoustics of Motion Picture
Theatres
Some Remarks on the Acoustical Properties of Rooms
Addresses
Speeches
Presented
at the
Banquet given by the Academy
of Motion
Picture
Arts and Sciences in Honor
of the Society of Motion
Picture Engineers

Author
F. R. Watson

XI

J. B. Engl

XII
32
33

Douglas Fairbanks
W. B. Cook
Max Mayer
C. E. K. Mees
Cecil B. DeMille
Fred W. Beetson
Daniel Clark
L.
A. Hawkins
Milton
Sills

Aerial Photography
Aerial Cinematography
Animation
Some
Developments in the
Production
of Animated
Drawings
Animated
Technical
Drawings
Arcs, Studio
Sources of Light
Carbons for Use with Panchromatic Film
Characteristics of Flame Arcs
for Studio Lighting
Long Life Photographic Carbons and the Panchromatic
Light Transformer
Arcs, Projection
Reflector Arc Dissolving Stereopticon
Cameras
Apparatus
for Time
Lapse
Motion Picture Photography
A Dissolving Shutter Mechanism for Motion Picture
Cameras
A New
Camera
Pull-Down
Mechanism

Date

and
No.

XII

Sept. 1927
Apr.

1928

Apr.

1928

Apr.

1928

XII

J. A. Norling
J. F. Leventhal
J. A. Norling
Preston R. Bassett

Sept. 1926
XI
31
X
27
XI
XII
32
34
XII

J. H. Kurlander

34
XI

Sept. 1927
Jan.

1927

162
58

601
109
799

Apr.

1928

Apr.

1928

Sept. 1927

32
26
Green

George A.
Mitchell

16

Sept. 1927

D. B. Joy
A. C. Downes
E. A. Williford

D.L. Mistry

103

33

33
25

Howard

641

-

Harry Perry

E. R. Geib

Page

Nov. 1926
XI
29

XI
30

July

1927

502
560

768
147
53
267

Aug. 1927

Index — S.M.P.E. Transactions — Noi \

Subject

Author

The
Model
3 Victor
Cine Victor AnimatoCamera
graph Co.
Motion Picture Photography J. Noel
at High Altitudes
Camera
Lenses
for Motion W. B. Ray ton
Picture Photography
A. S. Newman
A Spring-Driven
Cinematograph Camera
A Pull-Down Mechanism for A. S. Newman
Motion Picture Cameras
Color Photography
F. E. Ives
Subtractive Color Motion Pictures on Single Coated Film
Wm. V. D. Kelley
Imbibition Coloring of Motion Picture Films
F. E. Ives
Something More About Progress in Subtractive Process
Cinematography
Some Psychological Aspects L. T. Troland
of Natural Color Motion
Pictures
Lovd A. Jones
The Reproduction of Mobility of Form and Color by Clifton Tuttle
the Motion Picture Kaleidoscope
A Line Screen Film Process J. H. Powrie
for Motion Pictures in Color
Committee Reports
Advertising and Publicity

25 to 34
Vol.
and
No.

XI
32
XII
33
XII
34
XII
XII
34

1211
Page

Date
Sept. 1927
Apr.

1928

Apr.

1928

Apr.

1928

Apr.

1928

34
25
X
28

Sept. 1926
Feb. 1927

XI
30

Aug. 1927

XI

Sept. 1927

XII
32
33
XII

Advertising

34
XI
29
XII

Membership

34
29
XI

Apr.

1928

Apr.

1928

July

1927

Apr.

1928

July

1927

XI

Papers and Publications
Publication

397
410
74
238
211

680
140

29
320

552
763
32
553

Sept. 1927
Apr. 1928

1927

152
31

XI

Sept. 1927

762
553

Apr. 1928
Nov. 1926
July

XII
32

Apr.

1928

Theatre Lighting

XII
34

Apr.

1928

XI
34
30
Irvin Willat

335

XII
34
32
XII
26
34
XI
29

Publicity

Preliminary Report of Special
Committee on Studio Lighting, December 15, 1926
Directing
Some
Mechanical
Problems
of a Director

802
237

XII
34

551

549
396

Aug. 1927
285
Apr.

1928
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Author

Subject
Motion Picture Directing
Education, Visual
A Twelve- Year Trial of Educational Films
The Use of Motion Pictures
for Governmental Purposes
An Experiment in the Development of Classroom Films
Educational
The Publix Theatre
Managers School
Instruction in Motion Picture
Photography
Electrical Machinery
Improved Motor Generators

Cecil B. DeMille
Fred W. Perkins

XII
34
26
26

T. E. Finegan

ory

John F. Barry

Carl Louis GregHertner

Electric

The Measurement of PulsatW. Nelson Gooding Currents
win, Jr.
An Improved Control Panel C. C. Dash
for Multiple Arc Type Motor Generator
Exchanges
Film in Good Condition for Trevor Faulkner
all Theatres
Exhibition
Harry E. Holquist
Motion Picture Theatre Progress in Smaller Towns and
Rural Communities
Victor Wagner
Scoring a Motion Picture
John M. Joy
Film Mutilation
An Exhibitor's Problems in Eric T. Clarke
1926
An Exhibitor's Problems in Eric T. Clarke
1927
The Little Theatre Movement Symon Gould
in the Cinema
Theatre Management
Harold B. Franklin
American
Motion
Pictures Nathan D. Golden
Abroad
Lewis M. TownSome
Novel Projected
Motion Picture Presentations
send
Wm. W. Hennessy
Film, General Information Concerning
A New Cinematograph Film Pathe Cinema Co.
for a Limited Field
F. H. Richardson
The Useful Life of Film
John M. Joy
Film Mutilation
Herford
Film Care in the Tropics
Cowling Tynes
J. I. Crabtree
H. C. Carlton

Date
Apr.

1928

XI
31
25
X
28
XI
XII
32
XII
34
34
X
28

295
48

55
545

Sept. 1927
Sept. 1926
Feb. 1927

Sept. 1927
Apr.

1928

Apr.

1928

Feb.

1927

25
25

Sept. 1926

26
X
27
XI
31
X
27
XII

Sept.
1926
Nov. 1926
Jan. 1927

XII
33
33
XI

Page

Nov. 1926
Nov. 1926

R. S. Peck

Co.

Cleaning Liquids for Motion
Picture Film

Vol.
and
No.

Sept. 1927
Jan. 1927

31
303

790
364
569

294
124
40
465
450
58
126

Apr.

1928

Apr.

1928

Apr.

1928

41
345

34
25
25
26
XI
XI
30
30

Sept. 1926
Sept.
1926
Nov. 1926
Aug. 1927
Aug. 1927

167
895
250
277
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Index — S.M.P.E. Transactions — Nos. 25 to 34
Author

Subject
The Lubrication of Motion
Picture Film
Behavior of Gelatin
in the
Processing of Motion Picture Film
Film, Photographic Characteristics
Panchromatic Negative Film
for Motion Pictures
The Photographic Reflecting
Power of Colored Objects
Silverless Motion Picture Positive Film
Notes on Making Duplicate
Negatives
Photographic Characteristics
of Motion Picture Studio
Light Sources
Film, Physical Characteristics
Preservation
of
Historical
Films
Graininess of Motion Picture
Film
Moisture in Motion Picture
Film
Filters, Light
Light Filters, Their Characteristics and Applications
in
Genera? PhotographyThe Public and Motion Pictures
The National Bureau of Standards and its Possible Technical Relations to the Motion Picture Industry
The Future Policy of the Society of Motion Picture Engineers
Why Slide Film?
Hollywood and the Motion
Picture Engineers
Some Faults Demanding Attention
The Motion Picture in Science

J. I. Crabtree
C. E. Ives
S. E. Sheppard

J. I. Crabtree
Loyd A. Jones
Loyd A. Jones
Joe W. Coffman
C. E. Ives
E. Huse
Loyd A. Jones
M. E. Russell

Motion

Date

XI
XI
31

32
X
27
XI
XII
31
XII
34
XII
34

Sept. 1927

522
707

Sept. 1927

Jan.

1927

131

Sept. 1927

564
379

Apr.

1928

Apr.

1928

Apr.

1928

Jan.

1927

July

1927

Apr.

1928

382
427

34
Fred W. Perkins
J. I. Crabtree
V. B. Sease
Loyd A. Jones

X
27
XI
29
XII
XI
34

Wm. A. Johnston

Rowland Rogers
K. C. D. Hickman
F. H. Richardson
Joe W. Coffman
Price

77
390
135

44

26

Sept. 1926
Nov. 1926

X
28

Feb.

1927

X
28

Feb.

1927

XI
29

July

1927

34

XI
XI

July

1927

72
208

George K. Burgess

K. C. D. Hickman

80

Aug. 1927

30
25

The Conservation Program of Hickman
the Motion Picture Producers and
Distributors
of
America, Inc.
Open Forum
Symposium of New
Picture Apparatus

Page

Vol.
and
No.

61

309
230

Aug. 1927

30
XI
30

Aug. 1927

182

XI

Sept, 1927

764
768

XI
32
32

_ ..

Sept. 1927
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Author

Vol.
No.
and

A. Johnston

XI

John Beardslee
Carrigan
Leigh M. Griffith

XII
32
33
XII

Apr.

1928

Apr.

1928

33
XII
33
XII

Apr.

1928

Apr.

1928

541

Apr.

1928

555
25

Subject
The Structure of the Motion
Picture Industry
Hollywood and the 16 mm.
Film
The Technical Status of the
Film Laboratory
The Academy of Motion Picture Arts and Sciences
Open Forum

Wm.

Frank Woods

Symposium of New Motion
Picture Apparatus
High Speed Cameras
The
Jenkins
Chronoteine C. Francis Jenkins
Camera
for High
Speed
Motion Studies
Historical
Early History and Growth of Otto Nelson
the Motion Picture Industry
Home Motion Picture Equipment
A New Cinematograph Film Pathe Cinema Co.
for a Limited Field
Eastman Kodak
The Model B Kodascope
Co.
The
Model
3 Victor
Cine Victor AnimatoCamera
Co. Jenkins
Francis
Pantomime Pictures by Radio C.graph
for Home Entertainment
A Light for Use in Amateur Elmer C. RichardMotion Picture Photograson
phy
A 16 mm. Film Reel that Re- Eastman Kodak
quires no Threading
Co.
Kodalite
Eastman Kodak
Co.
Illumination
Lighting and the Cameraman Harry Fishbeck
Preston R. Bassett
Sources of Light
Visible Radiation
from the
Low Pressure Mercury Arc
Effect Lighting in Theatres

Frank Benford
J. H. Kurlander

34
XII

Page
Date
Sept. 1927

34
25
Sept. 1926
26

Sept. 1926
Sept. 1927

XI
32
32
XII
33
XII

33
173
25

28

Nov. 1926

25
XI

667

Sept. 1927

167
778
802
110

Apr.

1928

Apr.

1928

561

Apr.

1928

Apr.

1928

562
563

34
XII
34
XII
34
26
X
27

Nov. 1926
Jan. 1927

143
109

XI
30

Aug. 1927

365
188
453

XI
30
XII
Incandescent Tungsten LightResearch Committee of American
ing in Cinematography
34
Society of Cinematographers
The Effective Application of R. E. Farnham
XII
Incandescent LampsforMo34.
tion Picture
Photography
C. C- Dash
An Emergency Theatre LightXII
ing System
XII
Photographic Characteristics Loyd A. Jones
34
of Motion Picture Studio M. E. Russell
34
Light Sources

Aug. 1927
Apr. 1928

464
Apr.

1928

Apr.

1928

Apr.

1928

570
427

Index—S.M.P.E. Transactions— Nos. 25 to 34
Subject

Author

Page

Vol.
nnd
No.

25
Incandescent Lamps
L.
C.
Porter
The Effect on Screen Illumination of Bubbles, Seeds, and W. S. Hadaway
Striations in the Bulbs of
26
Projection Lamps
E. W. Beggs
Lighting by Tungsten Filament Incandescent Electric
Lamps for Motion Picture
Photography
29
XI
H. I. Wood
A New Light Source for Mazda Projection Lamps
XI
Peter Mole
The Tungsten Lamp Situation in the Studio
31
Recent Developments in the R. S. Burnap
XI
Prefocused Bases and Pre32
focusing Sockets for Projection Lamps
XI
Mazda
Lamps
for Motion R. E. Farnham
Picture Photography
XII
Incandescent Tungsten LightResearch Commit32
tee of American
ing in Cinematography
34
Society of Cinematographers
XII
The Effective Application of R. E. Farnham
Incandescent
Lamps
for
34
Motion Picture Photography
XII
Notes on the Characteristics Frank Benford
of Tungsten and Tungsten
Lamps
34
XII
The
Use
of Incandescent Peter Mole
Equipment in Motion Picture Photography
34
29
Make-up
XI
Why is Make-Up Compulsory V. A. Stewart
in the Movies?
Mechanical Accessories
XI
Tachometers for Use in MoNicholas M.
31
tion Picture Work
Trapnell
A New and Advanced Idea in Fred
XII
Hoefner
Tripod Heads
34
News Reels
X
28
The Business of International Emanuel Cohen
News by Motion Pictures
Objectives
25
The Effect of Projection Lens Lovd A. Jones
Flare upon the Contrast of Clifton Tuttle
a Motion Picture Image
X
28
The Telephoto Lens in Wild
Norman McClintock
Bird and Animal Photography
W. B. Ray ton
Some Facts Concerning ProXI
29
jection Lenses
XI
Factors which Affect the ConClifton Tuttle
trast of a Lens Image in the H. E. White
31
Motion Picture Camera
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Bate
67
Sept. 1926
Nov. 1926
94
1927

56

Sept. 1927

582

Sept. 1927

782

Sept. 1927

800
453

July

Apr.

1928

Apr.

1928

Apr.

1928

Apr.

1928

July

1927

464
484

Sept. 1927
Apr.

1928

Feb.

1927

521

93
492
555
296

153
Sept. 1926
279

Feb.

1927

July

1927

101

Sept. 1927

591
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Page

Vol.

Author

Subject
Large Aperture Lenses in Cinematography
Camera
Lenses
for Motion
Picture Photography
Obituary
aMax Handschiegl
Raymond

Joseph A. Dubray
W. B. Rayton

Moviola Film Viewing Machines
Patents
Some Patents for Trick Photography
hotomicrography, Motion
Motion Photomicrophy

33
XII
XII
34
XII
XI
34
29

Sylvester Peck

Optics
A Daylight
Optical
Reduction Printer
A
Polygonal
Floodlighting
Mirror
Lfght Filters, Their Characteristics and Applications
in Photography
A Compact Motion Picture
Densitometer
An Improved Condenser System
for Motion
Picture
Projection
Factors which Affect the Contrast of a Lens Image in the
Motion Picture Camera
Reflector Arc Dissolving Stereopticon
Perspective Considerations in
Taking and Projecting Motion Pictures
The Magnascope

and
No.

0. B. Depue

X
28

Frank Benford
M. W. Palmer
Loyd A. Jones

29
XI
XI
30

J. G. Capstaff
R. A. Purdy

XI
31
XI
31

send

Lewis M. Town-

Clifton Tuttle
H. E. White
J. H. Kurlander

XI
31
XI
XII
32
33

H. Rubin

XII

I. Serrurier

XII
34

E. J. Wall

XI
34
30
28
X

XI
Clifton Tuttle
Motion Photomicrography
with the Cine Kodak
30
Heinz Rosenberger XI
Micro-Cinema in Medical Research
XII
32
Motion Photomicrographs of A. P. H. Trivelli
33
Clifton Tuttle
the Progress
of Development of a Photographic Image
Physiological Optics
X
27
The Effect of Motion Pictures Guy A. Henry
on the Eyes
XI
Physiological Effects of Light Merrill J. Dorcas
30
XI
Some Physiological Aspects of L. T. Troland
Natural Color Motion Pictures
32

205

Apr.

1928

Apr.

1928

Apr.

1928

574

July

1927

122

Feb.

1927

242
109

July

1927

335

135

Aug. 1927
Sept. 1927
Sept. 1927
Sept. 1927
Sept. 1927

Arthur C. Hardy
R. W. Conant

George E. Stone

Date

Apr.

1928

Apr.

1928

Apr.

1928

607
512
591
768
117
403
558
328

Aug. 1927
Feb.

1927

196
213

Aug. 1927
Sept. 1927
Apr.

1928

Jan.

1927

750
157

116
318

Aug. 1927
680
Sept. 1927
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Vol.

Subject

Author

and
No.

W. B. Cook

X
27
XI

Presidential Addresses
W. B. Cook
W. B. Cook
Printers and Printing
Display
Enlargements
from
Single Frame Motion Pictures
The Duplication of Motion
Picture Negatives
A Daylight Optical Reduction Printer
Printing Motion Picture Film
Duplex Optical Printers
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XII
31
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5

Sept. 1927
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13
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Apr.
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K. C. D. Hickman
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Alfred B. Hitchins

Sept. 1926
28
X

Feb.

1927

X
28
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1927

X
28
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1927

242
252
771

Sept. 1927

419

XI
32
An Optical Printer for Trick Carl Louis GregXII
Work
34
25
Processing of Film
The
Staining
Properties
of J. I. Crabtree
Motion Picture Developers M. L. Dundon
25
Trevor Faulkner
Cleaning Motion Picture Positive Film
26
J. I. Crabtree
Investigations on Photographic Developers.
Part III M. L. Dundon
The Effect of Desensitizers
in Development
26
J. I. Crabtree
Silver Recovery
from
ExJ. F. Ross
hausted Fixing Baths
26
Robert J.Flaherty
The Handling of Motion Picture Film Under
Various
26
Climatic Conditions
K.
C.
D.
Hickman
Syphons and Measuring Devices for Photographic Solutions
X
Wm. V. D. Kelley
Imbibition Coloring of Mo28
tion Picture Films
X
The Duplication of Motion J. G. Capstaff
28
Picture Negatives
M. W. Seymour
Film Care in the Tropics
Herford
XI
Cowling Tynes
30
Cleaning Liquids for Motion J. I. Crabtree
XI
Picture Film
H. C. Carlton
30
A Pneumatic Film Squeegee
J. I. Crabtree
XI
C. E. Ives
30
The Examination of Film by Wm. V. D. Kelley
XI
30
Projection on Continuous
Processing Machines
Air Conditioning as Appliec D. C. Lindsay
XI
in Theatres and Film Lab30
oratories

223

Apr. 1928
108
Sept. 1926
Sept. 1926
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Nov. 1926
Nov. 1926
Nov. 1926
Feb.

1927

Feb.

1927
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70
85
37
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250
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1925-1926 Report of the Progress Committee
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Report of
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Projection
The Effect of Projection Lens Loyd A. Jones
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Problems of a Projectionist
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Karl Struss
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The Speed of Projection of Richard Rowland
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The Supervisor of Projection

X
27
X
28

W. B. Rayton
Some Facts Concerning Projection Lenses
The Lubrication of Motion J. I. Crabtree
C. E. Ives
Picture Film
Why Expert Knowledge and F. H. Richardson
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Eoom
H. I. Wood
A New Light Source for Mazda Projection Lamps
Lewis M. TownAn Improved Condenser System
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Some Novel Projected
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The Importance of Good Projection to the Producer
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The Magnascope
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Projectors
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An Important Improvement
in
Power's Projector Mechanism
Projectors with Optical Intermittents
Radio and Telephonic Transmission and Television
Radio Movies and the Theatre
Narrow-Casting
Pantomime Pictures by Radio
for Home Entertainment
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Screens
Reflection Characteristics
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Projection Screens
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A Compact Motion Picture
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Herbert Griffin
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R. A. Purdy

1927

XI

C. Francis Jenkins

Carey Wilson

Jan.

31

34
29
XI

C. Francis Jenkins
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Some
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A System of Motion Pictures
with Sound
Splicing
Note on the Strength of Splices
An Automatic Film Rewinding and Splicing Machine
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Remarks on the Standardization
of Motion
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Standards and Nomenclature
Report of Standards and Nomenclature Committee
Report of the Standards Committee
Report of Standards and Nomenclature Committee
Report of Standards and Nomenclature Committee
Standards
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by the
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Engineers
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The First Use of Stereoscopic
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S. S. Sweet
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Apr.

1928
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Apr.
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XII
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J. Noel
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502
557
86
237

Sept. 1926
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107

X
27
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XI
30
XI
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F. R. Watson

XI
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XII
32
25
34
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Fred Waller

XI
29
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BRENOGRAPH

Projects Everything but the Picture
THE MASTER BRENOGRAPH is the latest Brenkert creation for pepping
up those lagging motion picture programs. It is an absolutely new device
in the form of a universal effect projector which gives to the exhibitor unlimited opportunities for dressing up his programs in an entirely original
fashion.
Something radically new — yet tried and tested, day after day, for a period
of months in Detroit's largest and most beautiful theatre to the intense delight of the theatre's owners and its patrons.
An instantaneous success, the Master Brenograph opens up a wealth of
entertainment to all theatres, regardless of size.

BRENKERT
St. Aubin

LIGHT PROJECTION

at East

Grand

Blvd.,

Detroit,

CO.

Michigan

Balanced!
BAUSCH
CINEPHOR

8C LOMB

PROJECTION

LENSES

Have to a remarkable degree the four characteristics which
have been found necessary in a projection lens. These are:
Flatness of Field, Critical Definition, Contrast between black
and white and high Illumination.
Inasmuch as these qualities are to some extent, mutually
antagonistic, they have been balanced in the Cinephor, each
characteristic being given just the amount of prominence demanded for efficient projection without interfering with the
others.
Moreover, Cinephors are made and guaranteed by
America's Leading Optical Institution

Bausch & Lomb Optical Co.
St. Paul Street

Rochester, N. Y.

FOR BETTER
PHOTOGRAPHY
The beautiful results, consistently obtained by the
use of either Du Pont regular or panchromatic negative, are rarely equaled
and never excelled.

PU
The Du Pont trade mark has never been
placed on an inferior product.

DUPONT-PATHE
Film Manufacturing Corp.,
35 West 45th St., N. Y.
Demand

the best —

and you'll get Du Pont

Demand

Du Pont —

and you'll get the best

Eastman is unrivaled in
photographic properties
Eastman Film, both negative
and positive, is constantly subjected to drastic tests in the
Kodak Research Laboratories to
safeguard its unrivaled photographic properties.
And the greatest of these is
uniformity. At Kodak Park
every conceivable precaution is
taken to assure this important
quality.
Eastman Film must maintain
its superiority — and it does.

EASTMAN

KODAK
ROCHESTER,

in

NEW

COMPANY
YORK

(^Announcing the New

HERTNER
HAND

BOOK

on the Transverter
Sent FREE to any Theatre Owner, Manager
or Projectionist.
Contains 64 pages of instructions and illustrations giving details on all types of Transverters. Also suggestions for their proper installation, operation and maintenance.
Write for your free copy today!

The Hertner Electric Company
W.

112TH

STREET

CLEVELAND,

OHIO
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ahce, cranked by hand, or made to
operate by the simple closing of a switch.
The Projectionist of Today must have an
excellent knowledge of mechanics, electricity
and optics and is in charge of a delicate and
complicated mechanism made with scientific accuracy to handle a fragile and inflammable material.
HE PROJECTIONIST has a great responsibility— for a failure to measure up to the
fight standards means that all the producer,
director, actor and cinematographer have
striven for loses much of its artistic and
commercial value, — the pleasure of the
audience is lessened, — the exhibitor is subject to constant and unnecessary expense,
— and lives and property are endangered.
INTERNATIONAL

PROJECTOR

90 GOLD STREET, NEW
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CORPORATION

YORK, N. Y.

More light
per watt
BECAUSE of their superior economy National
Panchromatic Carbons are being adopted by
more and more motion picture studios. They
give more photographic light per watt of power
than any other light source, except only
National White Flame Photographic Carbons,
and more visible light per watt than any other
light source.
In addition, the light from National Panchromatic Carbons is correctly matched for use
with panchromatic films. For shooting colorful
scenes, therefore, the combination of panchromatic films and Panchromatic Carbons gives
correct tonal reproduction.
With a supply of National White Flame and
National Panchromatic Carbons, the motion
picture studio has the widest possible range of
light, at a minimum cost for electrical energy.
Both these carbons are interchangeable in your
present arc lamp equipment.
NATIONAL

CARBON

COMPANY,

Carbon Sales Division
Unit of Union Carbide

|||

INC.

Cleveland, Ohio

. and Carbon Corporation

Branch Sales Offices:
Chicago, 111.
Pittsburgh, Pa.
Jersey City, N. J.
San Francisco, Calif.
Birmingham, Ala.

albons
Nation
hic Car

rap
Photog
White Flame

and Panchromatic

raven HArJSfelE SCRlM
"Is Kind to the Eyes"
Subdues Glare in the High-lights — Accentuates Detail in
the Shadows — Is Uniformly Brilliant Regardless of Angles

RAVEN

SCREEN

CORPORATION

1476 Broadway
BACK NUMBERS

New York City, N. Y.

OF "TRANSACTIONS"

AVAILABLE

Copies note
of previous
are still
available are listed here, with pri
Please
that the"Transactions"
supply of somethat
of these
is limited.
Nos. 1, 6 and 9 are out of print, and of course no more can be had.
Orders for all back numbers of "Transactions" should be addressed direct to the
Secretary.
Commencing with No. 33, the price will be $2.50 per issue.
2
3

4

5
7
8
10
11
12

$ .25
25
25
25
25
25
1.00
1.00
1.00

13

14
15

16

17

18
19

20
21

1.00
1.00
$1.00
2.00
2.00
2.00
1.25
1.25
1.25

22
23
24
25
26
27
28
29
30

L. C. Porter, Secretary, 5th and Sussex Sts., Harrison, N. J.

1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25

QUALIFICATIONS

FOR MEMBERSHIP

ACTIVE

MEMBER— An Active member shall not be less than 25 years
of age and shall be:
(a) A motion picture engineer by profession. He shall have been in
the practice of his profession for a period of at least three years
and shall have taken responsibility for design, installation, or
operation of systems or apparatus pertaining to the motion picture industry.
(b) A person regularly employed in motion picture or closely allied
work, who by his inventions or proficiency in motion picture
science or as an executive of a motion picture enterprise of large
scope, has attained a recognized standing in the motion picture
art. In the case of such an executive, the applicant must be
qualified to take full charge of the broader features of motion
picture engineering involved in the work under his direction.
ASSOCIATE MEMBER— An Associate member shall not be less than
21 years of age and shall be:
A person who is interested in or connected with the study of
motion picture technical problems or the application of the same.

When, in the judgment of the Board of Governors, an applicant is not suited for the grade of membership for which he has
applied, but is eligible to the other grade of membership, the applicant shall be so notified by the Secretary and shall be given
the opportunity of changing his application accordingly.
No application shall be approved by the Board of Governors
until they have satisfied themselves of the fitness of the applicant.
Applications should be mailed to the Chairman of the Membership Committee or to the Secretary. When the applicant is
accepted for membership by the Board of Governors he will be
so notified, in writing, by the Secretary.
All checks should be made payable to SOCIETY OF
MOTION PICTURE ENGINEERS.
ENTRANCE

FEES AND DUES
on admission to the Society, or
payable
fees,
The entrance and transfer
upon transfer, are as follows:
$30,00
Admission to grade of Active member
$20.00
Admission to grade of Associate member
The transfer fee from Associate to Active grade is the differ$10.00
ence between the admission fee, or
The annual dues are as follows:
<t™ftn
For Active members
«7n
nn
$10.0U
For Associate members

REFERENCES

Applicants shall give references to the members of the Society as follows:
Two (2) Active members.
For grade of Active
One (1) Active member.
For grade of Associate
References should be named who have personal^ knowledge
of the Applicant's experience. It is suggested that Applicants
give more than the required number of references.
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