
Chapter 1 

SCIENTIFIC CINEMATOGRAPHY 
AND THE RESEARCH FILM: INTRODUCTION 

Definition of Research Film and Scientific Cinematography 

Man has distinguished himself from all other animal species by his ability to 
formulate coherent thoughts, to express them in a number of languages, and to 
record them permanently through such media as canvas, paper, film, and magnetic 
tape. This excellent practice has led in the field of the experimental sciences to 
an ever-growing literature of journals, monographs, reviews, and books which 
has now reached the stage where, on an average during the last twenty years, 
two new scientific journals have started publication every day (1465) . This ex-
tremely rapid growth of scientific knowledge has brought with it, in turn, a host 
of new ideas and new words. It has therefore become more important than ever 
to define precisely the frame of reference on which alone an exchange of ideas 
can be based. Such definitions are particularly needed in the field of cinema-
tography. 

The word cinematograph was first used by Bouly (178) in 1892 in a French 
patent specification for a camera and has since found its way, in one form or 
another, into nearly all languages. Its application has been widened, and "cinema-
tography" now includes the whole of the applied sciences which are concerned 
with the recording and the reproduction of "moving pictures." Its basic prin-
ciple can best be defined as follows: 

A series of separate images, recorded on the same continuous light-sensitive 
ribbon and exposed at standard intervals of time, to represent successive 
phases of movement; when exhibited in rapid sequence above the fusion 
frequency of human vision, the separate images persist long enough in the 
mind of the observer to reproduce the appearance of continuous motion. 

Cinematography has been found of great value in many fields of human en-
deavor, the noblest perhaps being that of research. To distinguish, then, the 
"scientific research film" from such other films as documentary, teaching, and so 
forth, research itself must be defined, and this can be done succinctly as a sys-
tematic search for new knowledge. 

By a combination, then, of these two principle definitions: 
Λ research film results from the application of cinematography to the sys-

tematic search for new knowledge in the sciences. 

1 
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This definition embraces its uses as an instrument of observation, description 

or explanation, as well as for the provisions of data for observation, description, 

classification or the formulation and testing of hypotheses. Scientific cinema-

tography denotes the techniques of production, analysis and usage of research 

films in the sciences. 

The Boundaries of Scientific Cinematography 

The boundaries of the subject matter of this work follow from the defini-

tions given above. To consider the borderline areas of cinematography first: 

Intermittent or stroboscopic illumination and an open photographic lens will 

produce a series of superimposed images on one stationary photographic plate; 

modern electronic flash gear has made this technique easy and of value for 

certain purposes; a closely similar result may be achieved by continuous illumina-

tion of the moving object, and by employing a rotating shutter in front of the 

photographic camera lens; these two techniques are not cinematography. Pho-

togrammetry and continuous recording of oscilloscope traces on motion picture 

film have similarly been excluded because their data cannot be projected. The 

storage of visual images on magnetic tape, a recent and yet unproved develop-

ment, has also been excluded because no light-sensitive ribbon is involved. 

The definition of the concept research film has proved more difficult, as a 

dichotomy had to be considered, with the film acting either as an instrument or 

as the data provided by it; examples of both uses will be found throughout the 

text. It has been used as an instrument of observation, where it could extend 

the limited range of human vision, in the velocity of movement, the complexity 

of the phenomenon, or the spectral wave length of illumination; the examples 

of this occur mostly in the fields of biology and medicine. The data of the 

research film are used primarily as an instrument of description in anthropo-

logical and psychological research, because they are more comprehensive than 

verbal communications. They may present perhaps nothing more than a rela-

tively objective record of a single native ceremony, an experiment, or a par-

ticular behavior pattern. 

In addition, new knowledge will often only be gained from the comparative 

evaluation of a series of anthropological and psychological record films all pre-

senting a single relevant incident, permanently recorded on motion picture film. 

To take an example from the field of anthropology: a cinematographic record 

of a single culture pattern of a native tribe may present nothing new in the way 

of research knowledge to the observer. But when the same culture pattern has 

been filmed again after an interval of 5, 10 or 50 years, then the comparative 

evaluation of the two films will immediately furnish the new knowledge which 

is the aim of all research. Such films have been included. It is again the approach 

to the material which will differentiate between an acceptance of it as a mere 
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static record, or as the basis of dynamic interpretation. This has led to the 

inclusion of the field of surgical cinematography. Here again it is only through 

the comparison of two or more films dealing with the same surgical operation, 

carried out by different surgeons and belonging to different schools, that evalua-

tion will provide new data and may thus fulfil a research function. 

As an instrument of explanation, the research film can also fulfil a useful 

function, although instances of such use have so far been very few. Pijper 

(1073) (see p. 97) has, for example, employed his cinematographic records 

of bacterial locomotion for the illustration of a hypothesis, and much more 

could be made of this type of explanation in the fields of anthropology and 

psychology (see p. 185). Its purpose is to present data to other scientists in the 

form of a thesis, so that they can evaluate the results in question, formulate new 

hypotheses, and thereby extend knowledge. However, there are many instances 

where films have been made and where research has not been the end in view. 

The data contained in them may still be used for an addition to our knowledge, 

provided they they can be extracted and are critically analyzed from a research 

point of view. Some such films have been included in the chapter dealing with 

anthropology because of their potential value, even though they have not yet 

been used for research. 

Finally it is necessary to distinguish the research film from the instructional 

film. The definition of research, the systematic search for new knowledge, must 

be taken to imply the extension of the sum total of existing facts and theory of 

the science in question. Knowledge which is new to only one particular indi-

vidual, incompletely acquainted as he is with the existing body of fact or theory, 

is transmitted by an instructional film. Since the commonly accepted definition 

of knowledge includes both fact and theory, medical diagnosis has been included 

as a particular instance of research. The recognition of a particular disease from 

the symptoms of the patient consists in a minor addition to the body of medical 

facts, without improving medical theories. It is hoped that the validity of the 

above definitions of scientific cinematography and the boundaries they entail 

provide a logical frame of reference which will lead to a useful exchange of 

knowledge with the reader. 

Marey's Historical Contribution to Scientific Cinematography 

It is nowadays generally accepted that cinematography was not invented by 

a single person, and that its birthright can not be claimed by one particular 

country. The gradual development of the projector, which preceded that of the 

camera by centuries, began in Rome in 1645 with A. Kircher's magic lantern; 

Plateau ( 1081 ) of Ghent in Belgium, F. v. Uchatius of Vienna, and the brothers 

W. and F. Langenheim of Philadelphia have each in turn greatly contributed to 

its perfection. The development of cinematographic recording techniques owes 



4 S C I E N T I F I C C I N E M A T O G R A P H Y A N D T H E R E S E A R C H F I L M 

as much to E. Muybridge, E. J . Marey, and T. A. Edison, and without the final 
synthesis of projector and camera by G. Eastman, W. Friese-Green, and the 
Lumière brothers, cinematography would not have reached its present status. 
Rather than rewrite and repeat here what has already been said on the general 
history of cinematography, it has been thought preferable to indicate in the 
various chapters of this work the historical applications of scientific cinema-
tography which have occurred since Marey (895) described in 1888 the first 
cine camera based on modern principles. 

Marey (892) was born in Beaune, France, in 1830; he studied medicine at 
the Sorbonne in Paris, and at the age of 39 he became a professor at the Collège 
de France. He belonged to that group of biologists whose names will long be 
remembered: Jean-Baptiste Biot, Claude Bernard, and Louis Pasteur. Marey 
had chosen the physiology of animal and human movements as his own subject 
of research, covering its varied aspects from the wing beat of the insect to the 
pulse of the human patient. The special research techniques that he developed 
for their study, and the results he achieved with them, brought him recognition, 
fame, and election to the Académie de Médecine and to the Académie des 
Sciences, of which he became the President in 1895. He died in Paris in 1904. 

When Marey began at the Collège de France, in 1869, his research instru-
ments were simple; only clockwork mechanisms were available to furnish any 
driving force. Marey had recognized from the beginning of his work that visual 
observation alone would not furnish him with any comparative data, and that 
a method of permanent recording would have to be the basis of all his work. 
The only recording instrument then available was the kymograph; it is still 
widely employed for registering, on a slowly turning drum covered with smoked 
paper, the trace of a stylus; the relevant movement of the experiment is trans-
mitted to the stylus either directly by means of a lever, or through a lengthy 
rubber tube, an invention of Marey's. It suffers from a number of disadvantages: 
only a limited number of rectilinear movements can be recorded; for quantita-
tive work, the trace of a tuning fork must take the place of one stylus; worst 
of all, as the relevant movement has to be transmitted to the stylus by mechani-
cal means, it will inevitably have to overcome the inertia of the transmitting 
system, however delicate, and will therefore give rise to an inherent experimental 
error. These limitations were well known to Marey, and by many ingenious 
methods he tried to find a solution to the inertia of the transmitting system; 
most successful were his tambours, which are widely employed even today. 
The tambours consisted of small metal capsules, with a stretched rubber mem-
brane covering them. When an experimental movement deflected the rubber 
membrane, the resultant compression of the air was transmitted through a thin 
rubber tube to a second tambour, whose corresponding movement operated 
the stylus of the kymograph. Perhaps their most elegant use was to register 
the flight of a pigeon: One of his small capsules would pick up the muscular 



INTRODUCTION 5 

movements during flight and relay them through a rubber tube to the kymo-
graph on the ground. His results showed that 0.125 second was required for 
the whole wingbeat, 0.04 second for its raising and 0.085 seconds for its 
lowering. 

Another of Marey's many experimental techniques consisted in the auto-

matic registration of a lengthy movement by means of the odograph. A paper 

ribbon, covered with a layer of white zinc, was propelled forward by the move-

ment under investigation, and a fine steel needle, automatically driven by a 

clockwork mechanism, traced at right angles to the direction of the paper a 

graph of displacement against time. These experiments were well-known to 

Muybridge (989) who, as the first in America, in 1872 investigated the loco-

motion of the horse by photographic methods (see p. 118). When Muybridge 

visited Paris in 1881, Marey saw the photographic confirmation of his work 

and of his physiological theories, and was delighted and full of praise. Marey 

himself had already earlier employed chronophotography. However, this method 

had proved somewhat disappointing when applied to larger animals, as one 

picture almost overlapped the next, and this led to confusion. The next logical 

step was therefore a greater separation in space of the individual pictures by 

means of a moving photographic plate. 

In this idea, Marey had the experience of another French scientist to guide 

him, J . C. Janssen, the famous astronomer. In 1874 Janssen had succeeded in 

recording the transit of Venus on a single circular daguerrotype plate which 

was intermittently moved and thus produced 48 distinct pictures of the event. 

(See Volume II, Astronomy.) Marey's first camera, the fusil photographique, 

was closely inspired by Janssen's revolver astronomique. Marey also used a 

circular glass plate; covered with a photographic emulsion, which was able to 

receive 12 consecutive images in 1 second. For each exposure, the rotating 

glass plate was brought to complete rest behind the opened shutter for 1/720 

of a second. With this camera, the first portable camera to record the succes-

sive phases of any movement, Marey was able in 1882 to carry out a number 

of interesting studies concerning the flight of birds (see p. 122). However, it 

also had its limitations: the mass of the glass plate which had to be accelerated 

and brought to rest 12 times per second, and the smallness of the individual 

pictures, greatly limited the analysis of the motion under investigation. 

Finally, the chambre ehronophotographique, used by Marey (895) since 

1887 and first described by him briefly in 1888 to the Académie des Sciences, 

was the forerunner of all modern cine cameras, embodying as it did the same 

fundamental principles (see Fig. 1 ) . A ribbon of light-sensitive paper, made 

by Eastman or Balagny, and several meters long, moved intermittently past 

the optical lens of the camera, from a supply to a take-up spool. A shutter, 

with a window 1 cm large, was rotated between the lens and the emulsion and 
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F I G U R E l. M A R E Y ' S C H A M B R E C H R O N O P H O T O G R A P H I Q U E : 1888 

This camera was the prototype of all modern cine cameras. It was used by Marey in 

1887, and the first results were shown to the Académie des Sciences in October, 1888. 

C Cam movement which arrested intermittently the moving ribbon of light-sensitive 

paper. 

F Camera gate where the exposure occurred. 

L Continuously driven film transport wheel, friction mounted. 

M Supply spool. 

R Take-up spool. 

r Pressure rollers, ensuring even winding and unwinding of film. 

V Ground glass for focusing. 

From E. J . Marey, Le Mouvement, G. Masson, Paris, 1894. 

cut off the illumination while the paper was moved; images were recorded at 
the rate of 10 to 12 per second. It is not difficult to recognize in this first modern 
cine camera the parentage of the kymograph and the odograph. Another type 
of paper, infinitely more sensitive, had been substituted for the soot- or zinc-
covered paper; the stylus or the moving needles were replaced by a ray of light, 
far superior to any mechanical methods of conveying a given movement and, 
above all, free from inertia. At that historic meeting of the Académie des 
Sciences, on October 29, 1888, with its President Janssen in the chair, Marey 
proudly presented his first strip of paper on which a series of images had been 
recorded at the frequency of 20 frames per second (f.p.s.). Apart from Janssen 
and Marey, it appears unlikely that any other members present could have 
realized the importance of the occasion, or the possible truth of Marey's pro-
phesy: "This method appears destined greatly to facilitate the study of human 
and animal locomotion." Such then is the story of the first cine camera, designed 
by one of the greatest physiologists to aid him in his research work and to 
overcome the limitations of the kymograph. 

To appreciate the historical significance of Marey's work, a few other dates 
in the history of cinematography must be given, priese-Greene's (475) patent 
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for a cine camera—often claimed as the first written communication on the 

subject—was not granted until June 21, 1889; it also employed unperforated 

film, and it was left to the genius of Edison (1113) to add in 1889 the per-

foration of the film and its standard width, 35 mm. In the same year, 1889, 

Eastman had begun the commercial manufacture of his nitrocellulose film base, 

a vital improvement over the glass plate or the paper rolls coated with emulsion. 

All the necessary ingredients were therefore at hand, but the first projection of 

Edison's peep shows, the kinetoscope, did not take place until April, 1894. 

Successful screen projection came finally with the world première of the 

Lumière films in December, 1895, at the Grand-Café in Paris, and for the next 

55 years the motion picture remained unchallenged as a visual method of 

entertainment. The sound track was added to the motion picture in 1926 by 

Warner Brothers, and various types of color systems have been used since the 

beginning of this century; finally, during the present decade, stereoscopic 

cinematography appears likely to be added to the other attractions of the com-

mercial cinema. 

The detailed history of these technical developments has been written by 

many, for example by Coissac (282) , Hopwood (633) , Liesegang (820) , 

Ramsaye (1119) , and particularly Quigley (1113) , whose thorough and com-

prehensive book on the subject is strongly recommended for the general reader. 

Liesegang's book is the most complete collection of references to the history of 

projection and cinematography that has yet appeared. Vivié's (1399) technical 

history is distinguished by its many excellent illustrations of historical cinema-

tographic equipment. 

The Literature of Scientific Cinematography 

The literature of the Research Film (940) is widely spread in separate 

articles, published in many scientific and cinematographic journals and printed 

in a multitude of languages. The classic book will always remain Marey's (903) 

Le Mouvement, published in Paris in 1894 and translated into English a year 

later. It was mainly concerned with various fields of animal and human loco-

motion, his special research subject. He reproduced his equipment for cine-

micrography, and illustrated the text with many excellent excerpts from his 

own research records. Marey wrote a number of other books, the most im-

portant being La Méthode graphique dans les sciences expérimentales in 1885 

(892) , which contained his first description of his fusil photographique. His 

other classic book was Le Vol des oiseaux in 1890 (898) , in which he demon-

strated for the first time high-speed cinematography at 60 f.p.s. on the flight 

of a pigeon. In 1899 (904) he published La Chronophotographie, in which 

he included a series of tracings from the locomotion of a horse, the first use of 

frame-analysis (see Fig. 6 ) . The foundation of the Institut Marey in Paris 
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assured the continuation of his work, which was published in two volumes, 1905 

and I9IO, of the Traveaux de Γ as so dation de Γ Institut Marey. 

The first, and so far the only, book written in English on research films was 

Donaldson's (360) The Cinematograph and Natural Science in 1912; it was 

an all too brief and popular review which dealt with medicine, biology, astron-

omy and industry; no references to original research were given. Liesegang's 

(819) Wissenschaftliche Kinematographie, published in 1920, was a thorough 

review of the then known techniques of scientific cinematography covering 

high-speed, cinemicrography, and X-ray cinematography. One half of the book 

was written by O. Polimanti, of the University of Perugia, Italy, who described 

the applications of cinematography to medicine, biology, physics, chemistry, 

engineering, anthropology, astronomy, and university teaching. Cauda (252) 

has also given a good picture in his // Cinematografo al Servizio della Scienza, 

which was issued in Rome in 1935. The various techniques, with particular 

emphasis on their quantitative nature, as well as their applications in the field 

of experimental sciences, were fully discussed. 

In 1948, two books were published, Thévenard and Tassel's (1335) Le 

Cinéma scientifique français and Lloyd's (828) Science in Films. The French 
book was a good and fairly popular digest of the fields of biology, astronomy, 
and underwater cinematography, subjects in which France had been the pioneer 
and has remained a leading contributor. From a research point of view, the 
English book was also disappointing, although a number of short articles on 
techniques and applications were included. Lloyd's great contribution was the 
extensive reference section to national and international Organizations engaged 
on production and distribution of scientific films. Faasch's ( 399 ) Einführung in 

die wissenschaftliche Kinematographie, 1951, was but an introduction. Al-
though well illustrated, it hardly touched on recent work outside Germany and 
particularly neglected the great contributions made by American research films. 

A number of more specialized books in the fields of biology and medicine 
must also be reviewed. In 1919, Wieser (1455) published his Medizinische 

Kinematographie, in which he discussed medical and surgical research films. 
Twenty years later, Janker (669) brought his concise book Röntgenkinemato-

graphie into circulation. In this he not only gave full details of his own con-
tributions to the development of the direct, the indirect and the stereoscopic 
methods of X-ray cinematography, but also reviewed their applications to the 
fields of biology and medicine. Durden, Field and Smith's (374) books, Cine-

Biology and See How They Grow, dealing with popular zoological and botanical 
films respectively, contained nothing about cinematographic techniques or re-
search; both were illustrated with superb extracts from their films. Pike's 
(1074) Nature and My Cine Camera dealt ably with the cinematographic 
techniques required for recording animal behavior outside the laboratory. So 
far the most fundamental book in the field of biological research films is Kuhl's 
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(759) Die technischen Grundlagen der Kinematischen Zellforschung in which 

he exhaustively explained his own methods of making and analyzing cinemato-

graphic records in the field of cytology. In particular his quantitative method 

of frame-analysis, the Τeibild-Analyse, is fully explained. 

A number of excellent journals carry articles which deal with scientific 

cinematography, the Journal of the Society of Motion Picture and Television 

Engineers being perhaps the oldest and most renowned. In the United States 

it is closely followed by the equally important Journal of the Biological Photo-

graphic Association, and Photographic Engineering has set itself a standard 

matching that of its two elders. Purely cinematographic techniques have found 

their record in the American Cinematographer, the leading publication in its 

own field throughout the world; it would be impossible for anyone to follow 

the many other first-class contributions made in American photographic and 

cinematographic journals without the thorough Monthly Abstract Bulletin issued 

by the Kodak Research Laboratories, Rochester. In England, the Journal of 

Photographic Science and Photographic Abstracts, have published equally funda-

mental articles on research films. Particularly excellent is the recent Medical and 

Biological Illustration in the field of the present volume, and the Journal of the 

British Kinematograph Society has also occasionally contributed an article of 

interest. In France, the Bulletin de VAssociation française des ingénieurs et 

techniciens du cinéma has published papers of ingenious equipment and solutions 

of cinematographic problems; L. P. Clercs Science et industries photographiques 

has for the last 25 years been the best abstract journal for scientific cinemato-

graphy. Turning to Germany, Kino-Technik has again in its postwar numbers 

emulated its own high standard of earlier days and often brought significant 

contributions. The trilingual Research Ε Urn—Le Ε Um de recherche—Forschungs-

film, the Journal of the Research Film Committee of the International Scientific 

Film Association, is now published from Göttingen, and is the only one entirely 

devoted to the subject of the present work; it is edited by G. Wolf and J . 

Dragesco. If the few journals mentioned above have devoted many of their 

pages to the field of scientific cinematography, to mention here all those in 

which occasional descriptions of research films have appeared would be im-

possible; a glance at the Reference Index (see p. 375) will show the great 

variety of the scientific literature which has been searched to provide the subject 

matter of the present work (see also Figs. 24 and 78 ) . 

The Advantages and Limitations of Scientific Cinematography 

These may be briefly summarized under the following headings: The 
Permanency of the cinematographic record is a valuable property which has led 
to its use in a great number of research projects. Where it is impossible for 
the human observer to comprehend immediately all the intricacies of a move-
ment, the motion picture record of it allows him to view again and again the 
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same event on projection. The unique observation or the difficult-to-repeat 
experiment thus comes within the scope of methodical analysis. 

The Range of Size and Complexity of the event to be filmed is extremely 
wide. The most complex movements of the cytoplasm or of the psychiatric 
case can be filmed without interfering with the experiment or the patient; 
there are no upper limits to the complexity and size of the event which can be 
filmed. 

The Range of Time and Velocity of the cine camera is far superior to the 
human eye. Events too rapid for human vision can be made apparent by 
means of high-speed cinematography, while those too slow to be observed can 
be speeded up by means of time-lapse cinematography. In the case of the first 
technique, the cine camera is operated at a higher frequency than the projector 
and thus produces "slow motion." In the second case the camera works slower 
than the projector, exposing perhaps only one frame every 30 seconds, and, on 
projection, the time scale of the observation is highly compressed. By means 
of simple mechanical, electrical or electronic devices, it becomes possible to 
make any cinematographic recording fully automatic; this is a valuable asset 
in the case of time-lapse, where protracted observations are sometimes filmed. 
On the lower end of the scale, there is virtually no limit to the slowness of the 
phenomena which can be recorded, although about one frame per hour is per-
haps the slowest practical frequency. At the other end of the frequency scale, 
4.000 f.p.s. is an easily obtainable figure with commercially available high-speed 
cine cameras; apparently this has been found an adequate frequency for the 
resolution of even the fastest movements occurring in either animals or human 
beings. 

Time Sampling is inherent in all cinematographic records and this is closely 
linked with the frequency of the camera and the problem of its shutter 
mechanism. By definition, cinematography gives rise to a series of successive 
photographic images on the same ribbon of light-sensitive material; this has 
been achieved in practice in most cameras by an intermittent movement of the 
motion picture film. During such movement of the film from frame to frame, 
the rotating shutter of the camera intervenes in the light path between the 
camera lens and the film itself, and therefore the totality of the event can never 
be recorded on one motion picture film, but only a certain fraction of it. In 
the majority of ordinary cine cameras, the shutter mechanisms consist of a 
semicircular blade with a circumference of 180°; only 50% of the event is thus 
recorded. In fact, as has been pointed out correctly, half the time spent in 
looking at motion pictures is devoted to looking at nothing at all. This limita-
tion of cinematography can to a certain extent be overcome by choosing a 
higher camera frequency, thus reducing the time interval between successive 
frames. A complete solution of this problem, and thus recording an event in its 
totality, can only be achieved by two cine cameras, working synchronously and 
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with their shutters 180° out of phase; an example of such a twin camera has 

been noted in X-Ray Cinematography (see p. 311) . 

The Range of Sensitivity of the Photographic Emulsion is greater than that 

of the human eye and is almost fully available to the cine camera. Records in 

visual darkness, depending for illumination on either the ultraviolet or infrared 

part of the spectrum have been made and have found useful application in 

biological and medical research. The range of present-day emulsions is limited to 

3,500 Â , at which ordinary optical glass ceases to be transparent. If quartz 

lenses are employed, the range can be extended to 2,000 Â , which is 

also the approximate limit of transparency of air itself and of the gelatin of the 

photographic emulsion. Photography, but apparently no cinematography beyond 

that limit, has been carried out in vacuum. In the infrared range of the spec-

trum, cinematographic film, both 16 and 35 mm with a range extending to about 

10,000 Â , is now commercially available in the United States (383) . 

The Subjectivity of Camera Angle, the fact that it is chosen by the cinemato-

grapher, may be considered as a limitation of the technique where psychological 

and anthropological research is concerned. A truly objective picture for analysis 

can seldom be obtained and a duplication of the view point of the observer 

and the camera cannot be avoided; this is fully discussed under Objectiveness 

of Cinematographic Records (see p. 167). 

The Lack of Immediacy is another disadvantage of scientific cinematography; 
it may be defined as the time interval which must elapse between exposure 
in the cine camera and projection of the developed film. Although the demands 
of photofinish and, in recent years, television projection of cinematographic 
films have required a decrease of this interval to periods of less than 60 seconds, 
it will seldom, if ever, be found practicable to install in a biological or medical 
research laboratory the complex developing equipment required for such work. 
Visual inspection of test strips and trial runs of the still-wet motion picture film 
may be possible after a few minutes if a photographic laboratory adjoins the 
research laboratory in which the film has been exposed, and it may be possible 
to project a film after about one hour. But such is the exception rather than 
the rule, and developing, fixing and drying of the motion picture film is norm-
ally undertaken by a commercial film laboratory. The interval may then range 
from about a day to several months, if, for example, the film has been exposed 
during field work in an area far removed from civilization. If scientific cinema-
tography is to be employed for the direct control of an experiment, this delay 
must be borne in mind and the planning of the experiment arranged accord-
ingly. 

The Quantitative Evaluation of the research film, or frame-analysis, as this 

general section of scientific cinematography is called, presents perhaps the 

greatest single advantage of the technique. It permits the direct plotting, in 
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graph form, of the displacement of any point which has been filmed, against 

the ordinate of time, which is inherent in all cinematographic records; hence 

its velocity and acceleration may be calculated. The calibration of the camera 

or the inclusion of a chronometer in the field of the camera lens, as well as 

ordinates of space, are necessary. However, these small disadvantages are com-

pletely overshadowed by the immense advantage of having a research instru-

ment which can transform almost any visible and many invisible events into 

direct quantative data. These are available for absolute measurements or for 

comparative analysis on a numerical basis. 

The Time and Trouble involved in using scientific cinematography may 

here be briefly considered. When it has been decided to employ this technique 

in any research project, certain capital costs will have to be faced if the amount 

of work warrants permanent use of a cine camera and a projector. If the record-

ing is to be carried out inside a laboratory, then additional illumination gear will 

have to be acquired. The actual filming itself will demand a considerable amount 

of time from the person engaged in it, particularly if a new technique is to be 

worked out, or if he is inexperienced in the handling of cinematographic equip-

ment. The design of the experiment, the arrangement of the illumination and 

of the subject itself, the delay before any material is available for analysis, and 

the lengthy process of such analysis itself will all demand patience and an ample 

provision of time. No short-cut to these real difficulties can be recommended. 

Experience with the techniques of cinematography will allow a great saving of 

time and cost, and this is particularly so if cinematography is employed as a rou-

tine technique in a prolonged investigation. Similar considerations apply to all 

research techniques. 

Finally a word must be said about the Cine Camera itself. When employed 

as a recording instrument, it can be fully concealed, it can operate automatically 

and it is relatively insensitive to a wide range of atmospheric and climatic 

conditions. It is comparatively cheap and its elementary techniques can be 

learned in a few hours; its more advanced applications, however, demand much 

experience and training. These specialized cinematographic techniques, which 

are fully reviewed in this work, must be practiced extensively and often demand 

costly and complicated auxiliary equipment before all the advantages of the 

camera can be fully exploited in scientific research. 

If, in spite of all its limitations and difficulties, scientific cinematography has 

been as widely and as successfully employed as the present pages show, then 

it can only be concluded that its advantages must outweigh its deficiencies. 

The Research Film 

A number of fundamental principles and techniques are common to all 
fields of scientific research, whenever it is intended to apply cinematography. 
The choice of camera is perhaps as important as the correct registration of a 
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time and distance ordinate on the motion picture film. Correct exposure, lighting 
of the subject, developing the latent image and printing of a work copy are 
further obvious requirements. The analysis of the film is again as important 
as the correct recording and, apart from projection, the method of frame-analysis 
should be employed wherever possible. The advisability of distributing the 
research film to the colleagues of its author, as would be done with reprints, 
needs emphasizing here. So does the vital aspect of film archives and the pre-
servation of research films, as such preservation for the future is sometimes the 
sole justification for the making of a research film (see p. 182). 

No space can be devoted here to a discussion of the elementary principles 
or techniques of cinematography. How to thread a camera can best be learned 
from the manufacturer's instruction booklet and from a few trials. The correct 
exposure of motion picture film can be determined from one of the standard 
exposure meters, and Dunn's (373) recent textbook on this subject is highly 
recommended. The numbers, types, arrangements, and dispositions of lights 
can be learned from such books as Cricks' (327) , Rieck and Verbeek's (1144) , 
and Nürnbergs (1016) , but perfection is generally acquired only after many 
trials and much experience. The type of motion picture projector to be pur-
chased will, as in the case of the camera, depend on the particular analysis 
to be performed, and special conditions for time and motion study projectors 
are treated below (see p. 254) ; only rarely are modifications required in the 
standard equipment. 

A number of excellent texts are now available from which the elementary 

techniques can be learned; for example, Wain, Blakeston, and Rose (1407) , 

Groschopp and Hotschewar (561) ; Boyer and Faveau (184) ; and Opferman 

(1022) . Rose's handbook (1162) is also a most valuable collection of cinema-

tographic tables and data. Spottiswoode's (1275) and Offenhauser's (1020) 

textbooks, the first dealing with all aspects of cinematographic technique, the 

second one with 16 mm sound motion pictures, are both highly recommended 

for more advanced reading. 

The Cine Camera 

Many different types of 16-mm and 35-mm cameras have been employed 

in scientific cinematography. The 16-mm format is generally preferred nowa-

days on account of its cheapness, the availability of color, the ease of handling 

and lightness of camera and projector. (But see p. 37 and p. 305). It should 

be clearly understood that so far no specific cine camera has been constructed 

for scientific cinematography, and research workers have to rely on the amateur 

cameras constructed for 16-mm work, and on those designed either for news 

reel or studio work in the 35-mm field. Weston (1448) , then Secretary of the 

Association of Scientific Photography, London, drew up in 1945 the specifica-
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tions of a 16-mm cine camera for scientific use, but unfortunately these were 
not taken up by any camera manufacturer; they still represent the ideal. 

Nevertheless, the best of the 16-mm cameras come near to these specifications, 
and here a word of warning may not be out of place. For all research work, it 
has become normal practice to choose only the best of available instruments; 
there is no scientist who would begin his research with a student microscope or 
who would time his experiments with a cheap wrist watch. And, yet, when 
cinematography is considered as a research technique, an old and worn-out 
camera is often considered good enough and employed without overhauling 
or calibration. This practice must be strongly deprecated, and any camera, new 
or secondhand, that is destined for research work should be carefully tested 
along the following lines: Scratches of the film in the camera are the first 
fault to be detected, and a short length of film, say about 1 m, should be run 
through and carefully examined on the emulsion side for scratches. While any 
near the sprocket holes may not be serious, a slight scratch on the picture area 
is sufficient for rejection of the camera. 

Even more important than scratches is the even running, at constant speed, 
of any cine camera which is to be employed for scientific cinematography. The 
methods given here for checking the running speed, or the frequency, of the 
camera are equally suitable for its accurate calibration, a task which should 
invariably precede its use for any quantitative work. First set the governor of 
the camera to the desired frequency, either 8, 16, 24, or 64 frames per second. 
A lengthy piece of film, either new or old, is then loaded into the camera, the 
lens removed, and the first frame, visible through the lens mounting, marked 
with a pencil. Simultaneously with the pressing of the starter button of the 
camera, a stopwatch is started, and the camera is run until it stops on its own 
account (if clockwork-driven); the watch is also stopped at the same instant. 
The frame is again marked with a pencil, and the distance between the two 
points measured. One foot is equal to 40 frames of 16-mm size; by a simple 
divison, the average frequency may thus be determined. This procedure is then 
repeated for the other settings of the camera governor. Any 16-mm clockwork-
driven camera that comes within 10% of the stated frequency may be accepted 
as good. Errors up to 20% have been found on occasions (see p. 253) . 

If a frame counter is available on the camera, then this test with film in the 
camera can be carried out by using that dial in combination with a stopwatch. 
In addition, this will allow an easy determination of the variations of fre-
quency, which are associated with the degree of windings of the clockwork 
spring. It will be found that the frequency is by no means constant, and for 
quantitative work a full calibration curve of frequency versus running time of 
camera motor must be plotted, if a chronometer is not to be recorded simul-
taneously with the subject. The most reliable method of determining the fre-
quency of a camera is to record photographically a chronometer, such as a good 
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stopwatch or a vernier chronoscope (see p. 19) , on motion picture film 
itself. By means of frame-analysis of the developed film, an accurate calibration 
curve can then be plotted. 

The efficiency of the clockwork motor itself should also be determined, 
and, generally from the manufacturer's manual, the total footage which should 
pass through the camera in one winding of the spring can be found. In any 
used camera this figure, as determined in the second test above, should not 
diverge more than 10% from the original figure. The intermittent movement 
of the camera mechanism should also be tested, and for this purpose the lens 
should again be removed, and, with a sharp pencil, the outline of the gate 
marked on the film itself. The film should then be moved forward by one frame 
and the edges of the aperture again marked with a pencil. This may be repeated 
for a number of frames. When the film is taken out of the camera, visual in-
spection will show if the marked rectangles are evenly spaced in relation to 
the perforation holes and to each other. The camera should also be run with 
open camera door to check the take-up spool, to see if the film coming from 
the gate is evenly wound. 

Apart from these mechanical tests for used cameras, the optical components 
should be tested; a number of standard lens-check methods are available for 
this purpose. It is sufficient to mention here, of the many possible methods, 
a simple visual test, described in 1952 by Dragesco (367) , which employed 
a point source of light and a grating ruled with 4 to 5 lines per mm. When 
the light source is viewed through the grating and the lens under test, in that 
order, different patterns, indicative of the quality of the lens, become apparent. 

To review in detail the mechanical construction and the advantages and 
faults of all the cine cameras which have at one time or another been employed 
for scientific cinematography would require a volume by itself; Weise's (1434) 
books fulfil the first, but not the second, of the above requirements. A few of 
the more common types must be mentioned, however, to guide the prospective 
user of scientific cinematography. Perhaps the two most widely used types are 
the Cine Kodak Special (Fig 2 ) . and the Paillard Bolex H 16 (Fig 3 ) , both 
of which the author owns himself and has found very satisfactory. The first, 
an American camera, is best suited for laboratory work, on account of a reflex 
mirror between lens and film, which allows careful focusing through the tak-
ing lens while the camera is not running. The second make, a Swiss camera, 
is lighter and cheaper and more suited to field work, such as might be required 
in anthropology or psychology. It does not possess a viewing device through 
the taking lens, or a variable shutter, but in most other respects it equals the 
Cine Kodak Special. 

The German Arriflex ( 2 8 ) , (Fig. 4 ) , either 16 or 35 mm, was the first 

cine camera to be equipped with a reflex mirror shutter that allowed con-
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F I G U R E 2. C I N E K O D A K S P E C I A L II C A M E R A 

This 16-mm camera, widely used for scientific cinematography, is shown with a 200-ft. 

magazine and a 102-mm telephoto lens in the taking position. 

Courtesy of Eastman Kodak, Rochester, N .Y. , U . S . A . 

tinuous observation of the field through the taking lens during the running 
of the camera; this has proved a great advantage for a number of uses in 
scientific cinematography. The French Caméflex adopted the same view-finder 
system as the Arriflex, and after an initial 35-mm model, offered later a cine 
camera which combined both the 16-and 35-mm format by means of inter-
changeable gates and magazines; again this might prove very useful, for ex-
ample, in cinemicrography (see p. 37 ) . Another French camera, the Pathé 
Webo, is a 16-mm camera which allows continuous observation of the field 
through the taking lens, employing a beam-splitter for this purpose. 

As examples of cameras with international reputation, the Bell and Howell 
Filmo 16 mm and Eyemo 35 mm and the Victor should be mentioned. The 
German Siemens, Agfa and Zeiss 16-mm cameras were widely employed in 
Europe for scientific cinematography before World War II, and the name of 
Askania will be often mentioned on the following pages in connection with 
35-mm cameras of either the standard or of a special type. The French Debrie 
Parvo is one of the classic 35-mm cine cameras; it has frequently been used 
by French scientists for cinematography and for cinemicrography, The two 
English 35-mm cameras, the Vinten and the Newman Sinclair have rarely been 
used by scientists for cinematography, and the same qualifications applies to 
the American Maurer and Mitchell professional 16-mm cameras. Special air-
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F I G U R E 3. P A I L L A R D B O L E X H 16 C A M E R A 

This has been extensively employed for the making of research films. The 25-mm 

Swittar lens is in the taking position, with the 75-mm telephoto above and the wide 

angle lens, focal length 16 mm, below. 

Courtesy of Paillard Bolex, St. Croix, Switzerland. 

craft gun cameras, the English G 45 and the American G.S.A.P., both electrically 
driven 16-mm cameras, were sometimes employed in the research labora-
tory, but the extensive conversions necessary have made them both costly and 
often unsatisfactory instruments. It can only be repeated that the best results 
will be achieved at low cost if one of the better standard models, either 16 mm 
or 35 mm, is purchased from the makers; conversions, lengthy overhauls and 
repeated tests are always an expensive item, if not directly in money, then at 
least in labor involved. 

The Chronometer 

Unless the cine camera has been carefully calibrated, it will be essential to 
include in the field of view of the camera lens a Chronometrie device to indicate 
the time elapsed since the beginning of the experiment and the precise inter-
vals between any given points in time. It will become apparent later (see p. 
25 ) , when frame-analysis is considered, that it is most important for the 
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F I G U R E 4. A R R I F L E X 1 6 - M M C A M E R A 

This electrically driven camera is fitted with a mirror reflex shutter, which permits 

continuous observation through the taking lens during filming, often a very great advan-

tage. It is shown here fitted with a 200-ft magazine and a matte box, holding filter and 

sunshade. 

Courtesy of Arnold & Richter, München, Germany. 

research film to have its time ordinate accurately registered synchronously with 
the event: a time-distance diagram of the event can immediately be plotted. 
The inclusion of Chronometrie apparatus is, then, an indispensable requirement 
for many types of research films, and the correct choice demands careful con-
sideration. A variety of such devices have been employed and are easily available 
from laboratory equipment manufacturers; in America, Stocking (1298) , for 
example, and in England, Camerer Cuss (236) . The normal tuning fork em-
ployed for orchestral music, a in the treble clef, has 435 to 440 double vibrations 
per second; this high frequency makes it suitable only for high-speed cinema-
tography of small objects (see p. 126). Laboratory forks are often of much 
lower frequency, about 100 double vibrations per second, and these may be 
found very convenient after their pitch has been determined. Electrically driven 
vibrating reeds swing normally in synchronism with the alternating current 
cycle from which they are energized, 60 or 50 cycles per second; if the camera 
frequency is not a simple multiple or divisor of the reed's frequency, e.g. 30 f.p.s. 
or 25 f.p.s. (which would give rise to stroboscopic effects), then they will be 
found very suitable. 

For slower camera frequencies, a metronome might find favor; normally 
these instruments can be adjusted from 0.66 to 3.46 beats per second. A con-
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F I G U R E 5. V E R N I E R C H R O N O S C O P E 

The essential part of this instrument is the pair of unequal pendulums, the longer 

of which makes one complete swing in 0.80 second, the shorter in 0.78 second, thus gain-

ing 0.02 second at each swing and fixing the unit of time measurement at 1 /50 second. 

This accurate visual indication of a time scale might prove very useful in scientific 

cinematography. 

Courtesy of C. H . Stoelting Company, Chicago, U.S.A. 

relatively large and therefore clearly visible at a distance, they should prove 
very suitable for scientific cinematography. A single pendulum can also be used, 

of course, its time of one complete swing being given by Τ = 2ττ where Τ = 

time in seconds, / = length of string supporting the bob, and g — the ac-
celeration due to gravity. It will be found more useful for slow camera fre-
quencies since, for example, a pendulum with a string 10 cm. long will have 

siderable refinement on the simple metronome is the vernier chronoscope, con-
sisting of a pair of unequal pendulums. (See Fig. 5 ) . As the pendulums are 
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a period of swing of 0.64 seconds. Another alternative visual method of measur-

ing time uses the free fall of spheres varying in size from lead shot (see p. 125 ) 

to croquet balls (see p. 336). If the background against which the sphere 

is allowed to fall from rest is suitably calibrated in units of length, s, then the 

time elapsed Τ from the beginning of its fall is given by Τ =z J — , where g 

is the acceleration due to gravity. The sphere should preferably be painted white 

and the background black, if monochrome film is employed. 

All the equipment mentioned so far for visual indication of time suffers from 

the disadvantage that it gives no immediate total of elapsed time. Stopwatches 

have therefore often been used. The first requirement is the removal of the 

watch glass covering the face, so that no unwanted reflections hide the second-

hand. Stopwatches reading to 1/10 second and shorter intervals are available, 

and electric stopclocks normally permit the timing of intervals to the nearest 

1/100 second. Here again, the hands should preferably be in white against a 

black background. A single hand, fitted to a synchronous electric motor, may also 

be found convenient; at an alternating current frequency of 60 cycles per second 

it will rotate at 3600 r.p.m., or 60 r.p.s., and this speed is useful for high-speed 

cinematography. By suitable reduction drives or alternate electric wiring syn-

chronous motors can provide accurate shaft speeds as low as 1 r.p.m. (see also 

Fig. 63 ) . Whatever methods or apparatus is adopted, care should always be 

taken that the information presented by them is of sufficient size and contrast, to 

be easily registered on the motion picture film, and equally easily visible when 

individual frames are analyzed. 

Planning the Research Film 

There are two approaches to research: scientific observation and experiment. 
The observational type of research film, which is widely employed as research 
record or as research evidence in the fields of psychology and anthropology, 
demands much planning, and if it is concerned with the human figure, requires 
a careful understanding of the medium and the conventions of cinematography; 
these are fully considered and explained at the appropriate place (see p. 167). 
Equally careful preliminary planning is required for the filming of experiments. 

The first essential is a precise knowledge of what is to be filmed, when and 
where. Information about the size and mobility of the subject will determine 
the choice of lenses, optical magnification or the use of cinemicrography and 
camera frequency. The time of day, or even year, will determine the best methods 
of illumination to be employed, and the situation of the subject may in turn 
necessitate the provision of special fixtures such as cages for animals, special 
arrangements for hospital patients or one-way vision screens in the case of 
psychological experiments. These preliminary considerations should be thought 
out well in advance, and the many examples discussed on the following pages 
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will often provide a precedent that can be consulted or that may give the lead 
to a successful solution of the problem. 

The detailed planning of the filming is the second stage, to which an equal 
amount of thought must be given. It is a standard practice in all commercial, 
documentary, and teaching film productions, to plan each individual "shot," 
the basic unit of all cinematography (see p. 171), in precise detail beforehand. 
It is often impossible, in scientific research cinematography, to have the neces-
sary foreknowledge of the action which is to be recorded, but detailed plan-
ning can be carried out in advance, and at least a schedule or treatment, if 
not a complete script, should in all instances be attempted (see p. 173). 

The camera frequency to be used is perhaps the first and most important con-
sideration which must be settled, as on it depends the type of cine camera to be 
employed. Special high-speed cameras must be used if the frequency is above 
64 f.p.s., the normal limit of most cameras. The type of camera and its location 
will determine the support to be used, a normal tripod, a special stand, as for 
example in surgical cinematography (see p. 278) , or a hand-held camera, which 
might have to be used in field work, although this practice is to be avoided 
whenever possible. The correct choice of lens is the next preliminary to be 
decided and this may often be determined from standard tables of horizontal and 
vertical lens angles, given for example by Rose (1162) . A restriction of space 
may be encountered which will not allow the mounting of the camera in the 
ideal position, as for example in the operating theater (see p. 271) ; the use of 
a mirror or an endoscopic system has sometimes overcome these difficulties 
(see p. 285) . 

The inclusion of a chronometer or the calibration of the camera (see p. 17) 
is an indispensable requirement for scientific cinematography, and its choice 
has been fully discussed above. Equally essential is the provision of a scale of 
length in the field of view of the camera lens, if direct measurements of dis-
placement are to be made from the developed film. A grid will often be found 
preferable, if two dimensions are to be evaluated, and here again it should be 
constructed of suitable size and properly painted to provide the contrast for 
either color or monochrome film. Dusser de Barenne and Marshal's (375) 
ingenious and yet simple apparatus for simultaneously presenting to the camera 
a scale of length and time should find a wider application than heretofore (see 
p. 89 ) . For certain quantitative experiments it may prove an advantage if 
specific points of the subject can be readily distinguished from their background. 
For example Marey (892) dressed his human subjects completely in black and 
marked with white lines and points the important parts of the body. Small metal 
pins have been used for such identification in X-ray cinematography (see p. 139) . 

The correct lighting of the subject is also important and will demand pre-
liminary planning and consideration. If the experiment is to take place in the 
open and the Sun is to provide the sole source of illumination, then silvered 
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reflectors should be prepared; they will allow an even lighting of the side turned 
away from the Sun and thus avoid the deep shadows that would make any 
recognition in that area impossible. For illumination inside the laboratory, the 
normal photoflood lamps, preferably combined in banks and circuited through a 
variable resistance, will find the most frequent application. Little else can be 
stated in a general way, as the size of the subject alone will demand special con-
sideration in each case, apart from such other factors as the distance between 
subject and lamp, the heat generated by it (see p. 9 0 ) , or the most suitable 
wave length, if the recording is to take place in visual darkness (see p. 91 and 
p. 292) . 

When all the details of the cinematographic equipment have been planned 
and arranged, their relationship to the experiment itself should be carefully con-
sidered. As it is normally quite impossible to record the complete duration of an 
experiment, a method of time-sampling will have to be adopted and relevant 
extracts filmed. Five seconds in every sixty, or one minute in every hour may 
suggest themselves as convenient samples, depending on the duration of the 
experiment and the frequency of change of the experimental situation (see p. 
169). An electrically driven camera may have to be installed if it becomes 
necessary to record continuously for a period of over 60 seconds, and if still 
lengthier films are to be made without interruption, it may be necessary to pro-
vide a duplicate camera so that the first can be reloaded with fresh film while 
the second one takes over. 

In addition to the aspects of timing the experiment, its arrangement in 
space should also be considered from a cinematographic point of view. The 
size of the chronometer and its placing in relation to the experiment should 
receive careful thought, as considerable depth of focus will be required if, for 
example, a small stopwatch and a large subject are to be filmed simultaneously. 
The depth of focus can be increased by the closing of the lens aperture, but this 
will in turn demand a higher level of illumination of the whole field, and hence 
increase the heat and discomfort of the subject, thus directly interfering with 
the experimental conditions. Correct choice of size and hence placing of the 
component parts of scientific cinematography must therefore be considered as 
important from the beginning and not left to a last minute trial shortly before 
the beginning of the experiment itself. A word needs to be said here about 
the actual synchronization of the beginning of the experiment and the starting 
of the cine camera. It is always desirable for one person to start the camera 
and the experiment, and if the hands are occupied with the one, then a simple 
foot switch may provide the answer for the other; this is often the solution for 
cinemicrography. 

The mere use of cinematography in a laboratory will often attract a number 
of onlookers, and while it will be easy to ask unimportant visitors to leave the 
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laboratory after they have inspected the experimental set-up, this may not be so 

simple in the case of important personages; for their benefit a rehearsal may be 

staged with the camera running without film. The author has watched an ex-

periment where the mere presence of a high-ranking service officer confused the 

signals, and where the cinematographer (not the author) completely forgot to 

start the camera until after the action was completed. 

Undoubtedly more than one "take" will have to be filmed of each experi-

ment, and the standard "slating" technique of the commercial studio will be 

found of great value in the production of all research films. Principally, it con-

sists in recording on the first few frames of each shot a running number (see 

also p. 182). This practice will be found of the greatest advantage when the 

analysis of the film is carried out and can also be employed for cinemicrography 

(see p. 67) . According to the size of the experiments to be recorded, a 

"board" will have to be prepared, which may vary from a blackboard with chalk-

written numbers to a small typewritten card that can be inserted between the 

camera and the experiment. One final point in the preliminary planning of all 

scientific cinematography: detailed written or photographic records should be 

kept of all cinematographic techniques that have been employed in the partic-

ular experiment. It may easily be necessary to repeat the experiment after a 

lengthy interval of time, and it is beyond the memory of anyone to recollect all 

the minutiae without some journal or chronicle in which they are set down at 

the time. 

It is the carefulness and thoroughness of the preliminary planning which 

determines the successful recording of the experiment. Such planning may well 

include a trial run with a length of film in the camera, as the practical difficul-

ties of scientific cinematography may not allow a complete theoretical solution 

of all the obstacles which are encountered. 

Analysis of the Research Film 

The analysis of the research film begins when the first developed record is 
available. This may include visual examination of the test strip or the full trial 
run which was made prior to the experiment itself. The test strip is primarily 
made to arrive at the correct exposure and should be carefully filed away with 
all the other documents of the experiment, so that on repeating it all previous 
information can be reinspected (see p. 79) . The trial run of a full length of 
film should be checked for such points as correct exposure, and correct focus and 
depth of definition extending over the whole of the relevant field; camera sta-
bility and correct position should also be examined. Both test strip and trial 
run should be developed at once in the research laboratory; if all subsequent 
film is also to be developed there, then no difficulty will arise about employing 
the same developing formula throughout. If the development of the bulk of 
the film is to be undertaken by a commercial film laboratory, however, then its 
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developing formula should be ascertained and carefully followed for both the 
test strip and the trial run. 

The return of the developed film of the actual experiment is always the cause 
of a certain amount of excitement and great is the temptation to rush to the 
nearest projector and to view the negative or the original reversal film. If 
there is the slightest possibility of ever using these documents for anything else 
but for frame-analysis, if there is the remotest chance of their being incorporated 
in a teaching film, or if they are to be presented as research evidence to a scien-
tific meeting (and none of these possibilities can ever be completely dismissed), 
then a positive print must be made or a duplicate reversal copy be obtained 
before projection. Inspection of the negative or the original reversal on one of 
the standard viewers, such as a Moviola or Visiola, may be permitted, but any 
projection of the original must always be completely avoided. Any scratches or 
other damage to the original negative are irreparable. 

The positive print or the duplicate reversal are commonly called the "work 
print," and any editing or analysis should be carried out only on this copy. 
Even before projecting the work print, it should be carefully inspected and 
those shots should be eliminated that are not satisfactory from an exposure point 
of view. They can be discarded there and then, as no valid deductions could 
ever be based on any material in which the imagination of the observer supplies 
the missing photographic details. A number of preliminary projections of the 
work print may be an excellent practice, and those colleagues of the author 
should be invited who can contribute anything to understanding it. 

To consider the analysis of the research film complete at this stage would 
be equivalent to reading aloud the contents of a written research protocol and 
imagining that all results have thus been examined and communicated. Loop 
projection will often be found of great value when a completely novel picture 
is presented to the observer and he is anxious to familiarize himself with the 
information presented on the motion picture film. Small sections of the film, 
from 1 to 5 m (3 to 15 ft.) should be selected, spliced into a continuous loop 
and thus threaded into the projector, which should be run either forward or 
backward. This short sequence should then be viewed until all the details 
recorded on it have become completely familiar to the observer, and he can 
claim to have fully understood them. The next sequence should then be treated 
in the same manner and so on until the whole research material has been 
worked through systematically. When the complete film is then projected again 
in an unbroken sequence, its contents will have gained great familiarity, and 
comprehension will thus be aided. It may be necessary to present the informa-
tion contained in the research film to a wider audience than the author's 
immediate colleagues, in which case it will have to be "edited." The material 
will have to be arranged in logical sequence, titles or sound commentary will 
have to be added, and any duplication of data will have to be avoided. Editing 
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is briefly considered in the next section and fully discussed later (see p. 185). 
Wherever possible, loop projection should be followed by actual frame-

analysis. In this method either each individual frame is visually inspected, or 
samples of every 5 th, 10th or nth frame are photographically reproduced, or 
individual frames are used as the basis for plotting time-distance diagrams. 
In general this consists in plotting a graph of the distance s covered by a chosen 
point of the moving subject, against the time interval /, which may either be 
read off from the recorded chronometer or determined by the time interval of 
successive frames. If η = camera frequency in frames per second, f.p.s., then 

— = time interval in seconds between successive frames. By differentiating the 
η 
distance, s, with respect to the time, /, the velocity, V, of the point under 

consideration can be determined: 

In practice, a graphical method of analysis is often employed. The total dis-
tance s may be found by integrating the velocity V with respect to the time /, 
or graphically interpreted by the area under the curve, i.e. 

V dt 

If it is required to find the acceleration, /, then the velocity V must be 

differentiated with respect to /, i.e. 

/ ÜL 
dt 

Further quantitative data can be derived by frame-analysis of a cinema-
tographic record if the mass of the body under observation, Ai, is known. The 
force of movement, P, is given by the standard expression 

Ρ = M 
g 

where g is the acceleration due to gravity. 
The kinetic energy of any moving body, K, can also simply be calculated 

and is given by the expression 

Κ = Vi MV
2 

Similarly the work done, W, often a valuable quantity in physiological research, 
can be calculated from the velocity and the known mass: 

M . F
2 

W = 
2 . g 

Such then are the simple mechanical formulae which can be used after 

frame-analysis of the motion picture film. They can lead directly to accurate 

quantitative comparisons between the normal and the pathological, between 

an average and the deviation from it as brought about by an experimental 
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variation, and finally to the establishment of a mean with which others means 
in a different species may be compared. 

The absolute values of biological velocities have so far played only a small 
part in research, although the cinematographic techniques for their evaluation 
have been available since Marey's classic work toward the end of last century 
(See Fig. 6 ) . Rothschild's (1168) recent paper on the velocities of sperma-

F I G U R E 6 . E X A M P L E O F F R A M E - A N A L Y S I S A S C A R R I E D O U T B Y M A R E Y I N 1 8 9 9 

In the three successive stages shown here, the top represents the outline tracings of the 

right posterior leg of a horse, obtained from his film. In the center, the skeleton has been 

filled in from anatomical data, and at the bottom, only the skeleton is shown, with ( A ) 

the ischiotibius, ( B ) the rotulus, and ( C ) the gastrocnemius muscles. The graphs marked 

( A ) , ( B ) , and ( C ) show the contractions of these muscles against a time base, the inter-

mittent heavy black line. 

From E. J . Marey, La Chronophotographie, Gauthier-Villars, Paris, 1 8 9 9 · 
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tozoa (see p. 353) is a brilliant example of the use of frame-analysis in com-

bination with the statistical method of probability after-effect. His method, 

although at present still suffering from a fairly large standard error, might well 

find wider application in other researches where absolute quantitative data are 

required and where it is possible to record the phenomena cinematographically. 

Using the Research Film 

An important use of the research film is the communication of information 

to the colleagues of the author at a scientific conference. Similarly important 

may be the use of the film for teaching purposes at universities or at scientific 

film societies, and it may also find occasional employment in other instructional 

films. For all these purposes then, the original research material must be edited 

for presentation in a logical sequence and to the best advantage—always pro-

vided that such an arrangement does not in any way falsify the impression or 

destroy the accuracy of the results (see p. 186). For such purposes it is per-

fectly permissible to make a selection of the many repetitive shots which will 

have been required for the original research and to present only the most typical 

or the most relevant results. In this connection, it will always interest an audi-

ence if a few preliminary shots of the author himself are included, and these may 

well serve to introduce the particular experimental set-up and the specific cine-

matographic techniques that were employed in the research. The inclusion of the 

author and the demonstration of the personal techniques employed are the sole 

features of surgical films, and the strict ethical code of the medical profession and 

the very large number of such films have given the stamp of approval to this 

practice in one field of science; if it is employed in moderation in other fields, 

no objection can be found. 

The careful arrangement of the material, is, however, only one step in the 

editing of the research film. If it is to be presented without the spoken com-

mentary of the author, it will be absolutely essential to add precise and clearly 

worded written titles, unless an appropriate sound track is to be recorded and 

added to the film. The phrasing and the presentation of the titles is a matter 

of greatest importance to the general appearance of the research evidence, and no 

time and trouble should be spared in ensuring the highest possible standard. It 

is still too often thought that the mere showing of a film will be sufficient; it 

also matters how the research material has been edited and titled if full credit 

is to go to the author. Such a research film, carefully prepared and logically 

edited, should be a matter of great pride to its author and should be treated not 

unlike a reprint of a scientific paper which is sent to friends and colleagues over-

seas. Wherever the financial resources permit, a duplicate copy should be made 

and kept permanently available either for loan or for teaching. The light weight, 

the small bulk, and the noninflammability of the 16-mm format have made its 
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distribution an easy and inexpensive matter within the frontiers of the author's 

own country; unfortunately there are still many customs and censorship barriers 

to confront in sending a research film from one country to another. However, 

there exists a method which overcomes these barriers: a request for help to the 

consular or diplomatic officials of the author's country. If this request is made 

by the overseas borrower, and if permission is sought only for a brief and tem-

porary importation of the film for analysis and study, it will seldom be refused 

as it brings credit to the author and his country alike. 

It should not be imagined from these remarks that it is suggested here that 

research films should supersede the printed paper. On the contrary, the scien-

tific paper and the research film together, each complementing the other, will 

alone give the full report on the author's work which he would like to present. 

To make such integration possible, references to the research film and its avail-

ability for loan should be made in the published paper, and vice versa. The 

end title of each research film should contain a detailed reference to the au-

thor's published literature on the subject. The end title is preferable to the 

opening one, since the desire to look up the literature may arise only after the 

film has been seen; secondly, if the particular film is to be screened to a differ-

ent type of audience, the literature references can be cut short by switching off the 

projector; thirdly, if the title is not held long enough on the screen (and con-

siderable time may be needed if the film is screened to a foreign audience), then 

it will require no rewinding of the film to allow inspection of the reference with 

a magnifying glass. A brief mention of the fact that references are given on 

the end title should be made at the beginning of the film, so that preparations 

to write them down can be made by the audience. 

A few comments on the use of research records for purposes of university 

teaching may not be out of place. Hewer (606) of Imperial College, London, 

gave a paper on this subject in 1948; he concluded that only those records that 

had been carefully edited and specially prepared for illustrative purposes could be 

considered as valuable and successful If records were presented without these 

essential preliminaries they were found a poor aid to teaching, sometimes boring, 

and often confusing. The work of the Institut für den wissenschaftlichen Vilm 

(655) director G. Wolf should be mentioned here, as its policy has been 

for many years to make research films of German universities available for loan 

and for sale abroad. 

Preservation and Storage of the Research Film 

Unfortunately, the preservation of cinematographic films, whether dealing 

with art, culture, science or research, is negligible when compared with the 

lavish libraries devoted to the written word. Only three film libraries enjoy 

an international reputation, that of the Museum of Modern Art in New York 
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(890) , the National Library of the British Film Institute (195) , and the 
Cinémathèque française (270) . Of these only the British Film Institute has 
started, in 1949, a scientific section, which has systematically collected about a 
hundred outstanding research films from Europe and America; naturally the 
majority originated in British research laboratories. If so little has been done 
during the last 60 years to preserve this type of film one might well ask the 
reasons for this neglect. The most cogent appears to be a general absence of 
any historical sense in the majority of mankind; this is well brought out by 
the complete absence of any biographical films of an authentic, as contrasted 
with a reconstructed, nature of such famous scientists as Carrel, Freud, Lewin, 
Röntgen, Roux, Sherrington or Warburg. It might incidentally be suggested 
that with the award of the Nobel Prize should go a short biographical film of 
the recipient, showing him engaged in his research work; it would be of the 
greatest potential value to have a full record of the particular research technique 
which has brought fame to its author. Neither a photograph nor a written 
description could ever equal in completeness the motion picture film for this 
purpose. Apparently only Marey in France, at the Institut Marey, and Gilbreth 
(522) in America have so far been honored by the preservation of their 
research films for purely historical and personal reasons. 

A second, equally strong case can be made out for the preservation of those 
research films which deal with either animal or human behavior. It follows 
from the fact that as environment conditions behavior, a passage of time which 
will change the one will be likely to alter also the other. With respect to the 
research film, it might be interesting to quote here the most extreme example, 
that of cultural contact between literate and illiterate civilizations. This ever-
changing picture of human behavior can only be fully analyzed if documentary 
evidence of it is preserved for the future (see p. 194). 

The third kind of research film that must be preserved before it is too late 
deals with specific experiments, the first of their kind or those rarely performed 
or difficult to repeat; their uniqueness constitutes the essential claim for space 
in the historical archive. A plea is made here that those research films which 
deal better with the experimental material than the photograph or the written 
description, for example Michel's cinemicrographic record of meiosis (see p. 
106), and which would be difficult, although not impossible, to repeat, should 
be preserved for reference purposes for all time. This is precisely the function 
of any library which preserves for reference purpose even the most obscure 
scientific journal. 

Each new film archive as it comes into existence will be faced with the task 
of selection, and as the medium of film is the most costly form of storing 
information for future generations, the available financial resources alone will 
dictate a selection. It will not be out of place here to glance at the Guide on 

the Selection of Science Films for Preservation, which was drawn up by the 
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Science Selection Sub-Committee (of which the author was a member at the 
time) of the British Film Institute in October, 1949· It was decided that a 
film should be preserved first on account of its intrinsic subject matter; a second 
reason was the use of a cinematographic technique in the course of research, 
in fact a research film as defined in this work (see p. 1 ) . The only general 
rule that was applied, and found workable, to each film that came up for con-
sideration, was the question: "Is there any conceivable reason of subject or 
technique why this film would be of interest to students of science in fifty or 
a hundred years' time, and why its loss might then be deeply regretted?" The 
catalogue (50) of films preserved has proved the soundness of these principles 
and gives the breadth of subjects covered. The excellent pioneering work of 
the British Film Institute, however, is only a very small aspect of the total need. 
Many research films have been made, as this work shows, and many have by now 
been irretrievably lost. 

What then is a scientist who has made a research film to do? As stated 
above, he should prepare a duplicate copy for loan purposes; if he finds from 
the continued demand for its showing in his own and in other countries that his 
contribution to knowledge is well thought of by his colleagues, he may well 
consider his research film worthy of preservation. He should donate the nega-
tive and a copy of his film to either one of the three film libraries whose names 
have been mentioned, or to some other public body like a museum, a learned 
society, or a university library which already has a collection of films and which 
can guarantee the important matter of preservation. Unfortunately it is not 
sufficient to present a motion picture film to a library and hope that its storage, 
like that of a book, demands little in addition to space on a shelf. For example, 
nitrate film, the standard film base for all 35-mm work until about 1950, is 
by no means a stable chemical compound; it may begin to deteriorate seriously 
after a very short time. If it is kept under perfect conditions, humidity below 
50% and temperature below 10°C ( 5 0 ° F ) , then its life may extend over several 
decades. The extreme fire hazard, however, demands the most thorough pre-
cautions in any vaults in which large quantities are housed, and therefore the 
storage of this type of film is extremely costly. Any research films made on 
35-mm nitrate base should therefore be copied onto either 35-mm or 16-mm 
safety acetate film base if they are to be preserved for any length of time. 

In place of the cellulose nitrate, a cellulose acetate base was developed for 
16-mm film which had an ignition temperature of the order of 400°C (750°F) ; 
250°C above that of the nitrate film. Its storage is therefore perfectly safe and 
can be undertaken in any quantity in a room in which the humidity remains 
at 50% and where the ambient temperature ranges from 21° to 27°C (70° to 
80°F) ; precisely the same conditions, in fact, as are recommended for the storage 
of books in a library. Johnson (694) has given full details of the preservation 
of motion picture film by scientific institutions, and his full and authoritative 
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instructions should be consulted by all who are new to this field. The manu-
facturer of the film will always be glad to give advice on storage conditions, 
and his instructions should be followed. Offenhauser (1020) has given a 
selected bibliography on this subject. Although the safety film was already 
well established by 1918 in America, it is still too early to give a reliable esti-
mate of its life period. Johnson stated that the life period was equivalent to 
that of permanent record paper, if the film had been properly made and pre-
vented from drying out excessively. Sixteen-millimeter color film, which is 
always made on acetate base, does not differ much in its requirements for 
storage from monochrome film. The stability of the color image may vary 
according to the particular compounds employed in manufacture, and thus one 
particular brand may well prove in the course of time to be more stable than 
another. 

When all precautions have been taken and these valuable research records 
have been properly stored and thus preserved for future generations, one fur-
ther action remains to be taken. The contents of these archives must be properly 
indexed and catalogued. The ideal system to aim at is the one employed in some 
newsreel film libraries, where each individual shot is marked down and de-
scribed, and a sample frame reproduced, on a single file card; punched cards 
and automatic sorting are now being introduced in certain film libraries. For 
scientific research work it would be of extreme value to have such full indexing 
carried out on the material permanently preserved. Detailed indexing would 
be particularly important if it were intended to build up a complete record of 
the behavior of a widely occurring species of animal which had been filmed 
on many different expeditions, a point well made by Johnson. A general cata-
logue or index of the holdings of such an archival library should be fully 
published in the scientific and cinematographic literature. Only thus will their 
whereabouts become known, the use of their contents be encouraged for research, 
and new donations be forthcoming. 

Stereoscopic Cinematography in Research 

All movements in nature occur in the three dimensions of space, and stereo-

scopic cinematography might therefore provide an ideal method for their re-

cording. The projection of stereoscopic color motion pictures will give the ob-

server a degree of realism which would be difficult to achieve with the normal 

two-dimensional methods of cinematography, and stereoscopy will therefore 

greatly contribute to the subjective analysis of the event. For accurate measure-

ments of velocity of movement in all three dimensions, however, it will be pref-

erable to employ three standard cine cameras at right angles to one another and 

thus avoid any parallax difficulties. For the study of behavior, then, and where it 

is not intended to take the evaluation of the film as far as frame-analysis, stereo-

scopic cinematography might well provide in future the preferred recording 
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method. Among the successful uses of this technique in biological research 

so far is the work of Gräper (547) (see p. 116) and of Frank (451) . 

No final judgment can as yet be passed on the optical technique by which 

stereoscopic recording and projection will be achieved in the simplest and most 

convenient manner, as all recently introduced systems suffer from one disadvan-

tage or another. In most of these systems, Polaroid glasses are employed in the 

projection system, with consequent loss of light; alternatively two cameras and 

two projectors are used synchronously and side-by-side, and thus demand double 

the outlay in cost and the subsequent diificulty of editing two films. Paillard 

Bolex (1029) offered an attachment for its camera which, by means of two 

prisms and two separate lenses, produced two pictures on the standard 16 mm 

frame, side-by-side. Lipton (826) and Forbes (426) described the system of 

the Nord Company of Minneapolis, which was in principle the same as that em-

ployed by Paillard Bolex; Bernier (147) has used another method where alter-

nate frames on the film were exposed to different views. The polarizer consisted 

of a semicylindrical filter, which rotated on its axis, thus giving a different image 

for each 180° of its rotation. Rieck (1145) described a preliminary solution 

for scientific cinematography where a wedge-system and two lenses were at-

tached to an Askania Ζ 35-mm camera to produce adjacent half-images. In ad-

dition to a larger lens aperture on exposure and a stronger lamp in the projector 

no other technical difficulties will arise from the systems described above. 

The current systems mentioned above are but a small sample of the many 

that have been proposed and described; Selle (1216) has given an extensive 

bibliography of the subject covering the period 1842 to 1949, and R. and N. L. 

Spottiswoode, (1276) in addition to Dudley (371) , published textbooks on the 

subject in 1952. Stereoscopic cinematography might well find wide application 

for the recording of animal and human behavior, and surgical operations have 

already been recorded by this technique (see p. 292) . 


