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ABSTRACT 

 

 

The information in this document is intended to provide a means of more rapidly 

identifying most of the cores and spools used throughout the motion picture 

industry.  No attempt has been made to identify all of the various items that are 

available, but rather to list those items most widely used.  Manufacturers’ data 

sheets and/or pamphlets covering this subject for their respective products can be 

obtained from the specific manufacturer.  The pamphlets that apply are Eastman 

Kodak “16mm, 35mm, and 70mm Films,” Pamphlet #P-29 and Photo-Sonics 

technical data sheets. 
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SECTION I 

 

INTRODUCTION 

 

 

The purpose of this document is to present camera technical information and 

representations of the types of film cores and spools that are currently available 

on the open market.  At the present time, only one company, Eastman Kodak, is 

supplying the test range industry with these film products.  Specific technical 

information about these products appears in this publication.  Additionally, 

information is included that may be of value to data reduction analysts. 

 

Also provided herein are representations of special cores and spools that are 

required specifically for high-speed camera use.  These specially manufactured 

devices are designed to withstand the torque generated in high-speed camera 

operations.  In addition to the identification of these cores and spools, an attempt 

has been made to provide technical information regarding flange focal distances, 

timing displacement, aperture openings for cameras, and light transmission for 

prism cameras. 

 

Appendix A of this document contains reprints of cores and spools information 

that was taken from Kodak Publication P-29.  Pictured in appendix B are special 

cores and spools.  Reprints of items relating to film perforation, dimensions, and 

usage are at appendixes C and D.  Specifically, appendix C contains a tutorial on 

the history, standardization, and usage of various motion picture perforations and 

the Index to Society of Motion Picture and Television Engineers (SMPTE)-

Sponsored American Standards.  Appendix D features reprints of two American 

Standard Dimensions for film perforations.  Lastly, reprints of perforation and 

film dimensions, also taken from Kodak Publication P-29, are in appendix E. 

 

It is recommended that this document be used as an outline to which the user can 

add the latest information as it becomes known or available. 
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SECTION II 

 

FLANGE FOCAL DISTANCES 
 
 

The information provided in this section could be used to manufacture lens adapters when such 

adapters are unavailable on the open market.  The cost-cutting environment in which the ranges 

currently operate necessitates varying the use of the present inventory of lenses to meet customer 

requirements.  Most test sites have lenses in their inventory that can be adapted for use on a 

variety of cameras.  An example is the Mamiya M-645, which is normally used with the 16mm 

Photec V.  This lens can be adapted to the Photo-Sonics 4ML and the 4B/4C.  With the provided 

flange focal distances, an adapter can be locally manufactured for these cameras.  This 

configuration produces a very acceptable image as well as good light transmission. 

 

With this information and a real need to use available lenses, a mechanical engineer should be 

able to implement the local manufacture of an acceptable adapter.  The manufacturers of high-

speed photographic equipment have shown an interest in the production of these adapters if the 

development and test prove profitable and a need exists. 

 

 

 

 

 

 

 

 

 

 

FILM 

PLANE 

..001 ..0005 

B REF A REF 

C REF 
NOTES: 
1. All dimensions are at infinity 

2. “C” Mount dimension .690 (16mm) 

3. “D” Mount dimension .484 (8mm) 

4. GSAP Mount dimension 1.0185 (16mm) 

 

PHOTO-SONICS, Incorporated, 1994, Burbank, California. 
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Back Focus or Flange Focal Distance of Camera Models Currently Used 

 

16MM 

 

MODEL NO. A REF B REF C REF 

-1B 1.796   

-1F 1.635   

Model 6 Thin turret 1.218   

1C 1.796   

1D 1.891   

1E 0.905   

1P 0.69   

1PDL   2.047 

 

35MM 

 

MODEL NO. A REF B REF C REF 

4B-4C 2.274 0.678 2.953 

Hasselblad Mount 4B-4C 2.274 0.96 3.234 

4E/6E 2.274 0.678 2.953 

4M/ML 1 1.953 2.953 

Model 5 2.312   

Model 6 2.375 .579 2.953 

Mamiya   2.4803 

Pentax   1.793 

 

70MM 

 

MODEL NO. A REF B REF C REF 

-10M   3.346 

-1B 1.938 1.015 2.953 

Hasselblad-5C 1.938 1.296 3.234 

-5C 1.625   

-10A 1.938   

Illum. Fiouc.-10A 2.25 0.703 2.953 

-10B 4.594   

-5B 1.938   

-10D 1.5   

-10P 2.25 0.702 2.953 

-10R 4.594   

-14   3.347 

 

PHOTO-SONICS, Incorporated, 1994, Burbank, California. 
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SECTION III 

 

TIMING DISPLACEMENT 

 

 

This section contains information primarily of value in the data reduction process.  

Although the Film Data Recording System (FDRS) has reduced side serial timing 

to some degree, film edge timing continues to be widely used by the test ranges.  

Information of this sort is often requested by projects to facilitate their individual 

data reduction efforts. 

 

 

 

 

Timing Displacement in Reference to Picture 

 

 

 

 

 

 

        FILM PATH 

   

PICTURE 

AFTER 

TIMING 

BLOCK 

 

 

 

 

 

 

 

 

 

 

FILM 

PLANE 
 

 

 

 

 

 

PICTURE 
BEFORE 
TIMING 

BLOCK 



 

 III-2 

 

 

CAMERA INFORMATION FOR TIMING DISPLACEMENT AT THE TIME 

THE PICTURE IS BEING EXPOSED, TIME IS BEING PRINTED ON FILM 

 

 TYPE CAMERA    DISPLACEMENT 

 

FASTAX WF4S, 16mm    5 perforations before 

FASTAX WF3, 16mm    5 perforations before 

NOVA-FULL, HALF, & QUARTER 

FRAME, 16mm     3 perforations before 

MILLIKEN, 16mm     13 perforations after 

REDLAKES FASTAX II    3.4 perforations after 

PHOTEC IV, 16mm     4.5 perforations before 

REDLAKES HYCAM, 16mm   5 perforations after 

REDLAKES LOCAM, 16mm   26.5 perforations after 

PHOTO-SONICS 1PL, 16mm   13 perforations after 

FASTAX WF5, 35 mm    8 perforations before 

FASTAX WF5, HALF FRAME, 35mm  8 perforations before 

DUMONT STREAK, 35mm  7 perforations before 

MITCHELL, 35mm     58 perforations before 

REDLAKES HYTAX, 35mm   0 perforation 

PHOTO-SONIC 4B, 35mm    66 perforations before 

PHOTO-SONIC 4C, 35mm    44 perforations before 

PHOTO-SONIC 4E, 35mm    52 perforations before 

PHOTO-SONIC 4ML, 35mm  7.5 perforations before 

PHOTO-SONIC 10B, 70mm  75 perforations before 

PHOTO-SONIC 10A, 70mm  4 perforations after 

PHOTO-SONIC 10RL    5.5 frames before 

PHOTO-SONIC 14S  14 perforations before 

CZR       0 frames 

1VN       10 frames after 
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SECTION IV 

 

APERTURE OPENINGS FOR CAMERAS 

 

Although the standards of the American Standards Association are adhered to by 

most camera manufacturers, some variations in the aperture openings of high-

speed cameras may exist.  As a rule, these variations do not normally pose 

problems.  However, in scientific photography, aperture openings are critical in 

computing the field of view.  The information that follows is provided to aid in 

the computation process for critical fields of view. 

 

 

 

Aperture Openings for Cameras 

 

16MM* 35MM* 70MM* 

1PDL - .296” x .410” 6EL- 1.000” x 1.000” 14S- 2.250” x 2.500” 

1VN - .296” x .552” 4ML- 0.745” x 0.995” 10RL – 2.250” x 2.250” 

1PL - .296” x .410” 4EL - 0.724” x 0.986”  10B - 2.250” x 2.250” 

1B - Full frame 16mm 4BL/4CL - 0.745” x 0.995” 10A - 2.250” x 2.250” 

Locam - 0.292” x 0.410” 4B/4C - 0.745” x 0.995”  

 

 

 

 

 

 

 

 

*Note:  Film data recording systems may change aperture opening.  Check with 

manufacturer/manual for this information. 
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SECTION V 

 

LIGHT TRANSMISSION OF PRISM CAMERAS 

 

Knowledge of actual light transmission of prism cameras is only required when 

the light transmission of the camera is less than the light transmission capability 

of the lens.  An example would be to use an f/1.5 lens with a camera that will only 

allow an f/3.2 light transmission.  Any setting on the lens greater than f/3.2 would 

be negated by the camera. 

 

 

 

ACTUAL LIGHT TRANSMISSION OF PRISM CAMERAS IN USE 

 

16MM 35MM 70MM 

PHOTEC V:  f/2.8 4B/4C:  f/1.9 10B:  f/2.2 

FASTAX II:  f/2.7 4BL/4CL:  f/1.9  

WF4S:  f/2.7   

HYCAM:  f/3.2   
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APPENDIX A 

 

CENTER HOLE SPECIFICATIONS, CORES AND SPOOLS 

 

 

 

 

 

 

 

 

 

 

 

 
 The following excerpts are reproduced by permission of Eastman Kodak 

Company.  Copies of publication P-29, Technical Data of Film Specification 

Numbers, Spools, Cores, Dimensions and Perforations, may be obtained from 

Eastman Kodak Company, Department 454, 343 State Street, Rochester, New 

York 14650. 
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APPENDIX B 

 

SPECIAL CORES AND SPOOLS 
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APPENDIX C 

 

SOCIETY OF MOTION PICTURE AND TELEVISION ENGINEERS 

(SMPTE) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 The following reprints are reproduced by permission of the SMPTE.  Additional copies 

may be obtained from SMPTE Headquarters, 9 East 41st Street, New York, N.Y.  10017. 
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little used in America and the standard had 

been effectively superseded by April 1934. 

 
Wide-Screen Processes, 

CinemaScope Perforation 

 
In 1954, a new wide-screen system was 

announced.
20

 This system did not use the 

wider films employed to produce the 

Grandeur pictures
21.22

 of the 1930's. The 

new system used camera lenses with 

special optical properties which gave an 

anamorphic image on the film. This 

image, when rectified in projection, gave a 

more elongated rectangular image on the 

screen. The use of elongation obtained 

A considerable amount of film thus 

perforated was printed on modified Duplex 

printers at Republic. Later, when a new 

color print film was made as an integral 

tripack and used more generally, the DH 

perforation was still employed. Today the 

most recent style of color print film still 

employs the DH perforation although it is 

not regarded as a universal perforation. Not 

all users are aware of the difference 

between the perforations on these color 

prints and the older black-and-white prints. 

Technicolor changed from the "Bell & 

Howell" perforation on their imbibition 

prints to the KS perforation late in 1950, so 

there is no concurrence in this field. 

It is worth recalling that work done in 

1937 bv the Film Dimensions Committee 

showed that the film perforated with DH 

holes gave accurate results and had an 

adequate projection life. A modified "Bell 

& Howell" perforation which had round 

corners was considered seriously for this 

purpose but was finally dropped.
18,19

 This 

perforation resembles the 2mm X 3mm 

"continental" perforation of Chart 2 of the 

Standards of the Society, published in 

November 1934 (Fig. 6). The continental or 

2mm X 3mm perforation had been an 

alternate form listed in the standards as a 

recognition of European practice. However, 

perforations of the continental shape were 

 

 

 

 

 

wider pictures, within the limitations of 

ceiling height and other structural features 

of theaters, and made it practical to project 

at higher overall magnifications. This 

system used film that could be processed 

on conventional 35mm equipment. This 

new film could be projected on projectors 

changed so slightly that conventional films 

could also be employed in them. The 

projector sprockets were changed so that 

they would handle the new film as well as 

the old.
23

 

This development was furthered by 

devising a smaller perforation for the 

CinemaScope system. The new 

perforation resembled the DH perforation, 

but was only 0.078 in. wide. The space 

made available by narrowing the 

perforations was taken up by two 

magnetic stripes placed inside the lines of 

perforations and two other stripes were 

placed outside the line of perforations. 

Even with the added stripes, it was 

possible to make the projector aperture 

0.912 in. wide. This dimension compares 

favorably with the 0.825-in. width used 

for the conventional projector aperture. 

Perforations of the various types are 

shown in Fig. 7, with the new CS at the 

lower right. 

The height of the projector aperture 

used in the CinemaScope system is 

 

[10] January 1965   Journal of the SMPTE    Volume 74 
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greater than that of the conventional sound 

aperture, so there is a material gain in the 

use of available area for picture information 

aside from the apparent gain arising from 

anamorphosis. The actual heights are 0.600 

in. for the sound aperture and 0.715 in. for 

the new aperture. Recently the use of all 

four magnetic tracks has decreased and the 

CinemaScope prints carry “magoptical” 

tracks which may be played either mag-

netically, or as photographic soundtracks as 

occasion demands. The picture aperture is 

sometimes changed also. A number of these 

schemes for new formats were studied
24

 

and used abroad. 

 
Cinerama 

 
Another system which gives a much 

wider picture had been announced a year 

previous to the presentation of 

CinemaScope. This earlier system, called 

Cinerama, used three cameras and three 

projectors to give a united wide image that 

created an illusion because of the great 

amount of peripheral vision that was made 

possible. The process was an outgrowth of 

the Fred Waller Flexible Gunnery Trainer
25

 

used to train aerial gunners to hit 

fast-moving air-borne targets. The realism 

achieved in the operation of this trainer was 

remarkable, and it was thought a civilian 

counterpart could produce results 

heretofore not achieved in the field of 

entertainment. 

The film used in this process is con-

ventional 35mm but, in terms of di-

mensions, it has an unusual feature. The 

frame is six perforations high. Ordinarily, 

the height of a 35mm motion-picture frame 

is four perforations, and the way the film is 

generally handled cancels some of the 

errors of perforating. The use of a frame six 

pitches high, when the film is perforated 

four pitches per frame might be expected to 

destroy the cancelling effect
26

 and give rise 

to some unsteadiness. However, film is 

manufactured more accurately today than 

previously and the use of cancellation in  

 

 

 
projection is not a vital factor where the 

extreme accuracy of process photography 

is not needed. In fact, cancellation is not 

very effective if the errors of camera, 

printer, or projector are greater than the 

errors of perforation. The Cinemiracle 

process, which was evolved several years 

later, resembles Cinerama. 

 
VistaVision and Technirama 

 
These two systems produced a larger 

picture than that employed in the con-

ventional 35mm system, but achieved it 

by employing a 35mm frame twice as big 

or eight perforations long. The film was 

moved horizontally, which explains the 

name of "lazy eight" that was sometimes 

applied to the VistaVision process. The 

prints at first were made by contact, and 

used for projection in especially 

equipped theaters. However, most nega-

tives were printed optically in various 

35mm formats used in more 

conventional projectors. 

The advantages of these two systems 

were to be found in the use of film of 

traditional size, which is easily purchased 

and developed, and in the use of a large 

negative area. The use of film in the 

horizontal position had been tried several 

times before, but these systems were the 

only ones that reached commercial 

proportions. Printing from larger formats 

thus obtained in the negative leads to a 

reduction of grain in the print. This 

decrease in the effective granularity of the 

negative makes the use of larger negative 

formats attractive. One of the 

disadvantages of the VistaVision process 

possibly was connected with the com-

parative large acceleration which had to 

be used (especially in the projector) to 

move the 35mm film a distance of 1.496 

in., compared to a distance of only 0.935 

in. required for the 70mm format. Thus, 

the advance of the film needed for the 

"lazy eight" was 60% greater than that 

needed for the wider film. However, the 

area (or weight) of the 70mm film was 

25 greater than that of the 35mm film 

VistaVision format. 

Miller and Robertson:  Motion-Picture Film  [11] 
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CinemaScope 55 

Film 55.625mm wide was employed in 

the camera for a while in order to achieve 

reduction of grain in 35mm prints having 

the CinemaScope format. However, there 

are no productions in the market today 

which use this format. 

 
70mm Wide Screen Process 

Other systems have been used in order to 

give the viewers a sense of participation, or 

to reduce the effect of graininess in the 

projected print. Among these are MGM 

Camera 65, Panavision, Super Technirama, 

and Todd A-0, all of which use 70mm 

release prints.
27

 

There is one size of 65mm film in 

current use, which is employed as a 

negative film.
28

 However, there are three 

types of 70mm films, only one of which is 

used currently for motion pictures. 

Obviously, caution must be used in 

ordering the proper film. 

One 70mm film was derived from the 

old "Grandeur" film used in the 1930's and 

is not used for motion-picture work today. 

It is described by PH1.20-1963
29

 as Type I 

and designated in that standard as 

something not intended to be used in 

motion-picture photography. It has a 

longitudinal pitch of 0.234 in. rather than 

the usual 0.187 in. It uses larger 

perforations than other films. Today this 

film is used mainly in recording 

instruments and a few styles of 

special-purpose data-recording cameras, 

some of which can be considered as 

motion-picture cameras, although not used 

in making entertainment films. These 

cameras are used in gathering data 

concerning measurements. Another size of 

film which conforms to PH1.20-1963, but 

is designated as Type II, was formerly 

described by a Military Standard. This 

Type II film has a margin of 0.079 in. and 

perforations of the usual KS conformation. 

It is used largely for aerographic purposes 

and for still pictures in the Graflex combat 

camera which is built for cassette loading 

with an expendable magazine. 

 

 

 

The 70mm film described first, which is 

the one used today for current motion 

picture print
30

, is new. It is unusual because 

it has the perforations of the 65mm 

negative
28

 with extra film added to the 

region outside the perforations (as it were) 

in order to make room for several magnetic 

soundtracks. The picture frame is five 

perforations high. This arrangement was 

requested originally in order to get the 

desired proportions. Also. this time it was 

planned to make the prints in projection 

printers with considerable care in order to 

get maximum steadiness of image. The 

process of optical printing also allowed a 

calculated distortion of the image to be 

accomplished, the distortion offsetting that 

which might be expected to take place 

during later projection on curved screens, 

and at considerable angles of inclination. 

This procedure of making special prints 

was expected to give the least possible dis-

tortion of tall objects visible on the screen 

of a particular theater. Uncorrected prints 

are currently being made by contact on a 

sprocket printer, with satisfactory results. It 

is expected that there will soon be a new 

proposed standard for negative film to be 

printed by contact. Such a proposal will 

differ from the present one in that it will 

have a slightly different longitudinal pitch. 

 
Amateur Movie Films--Small Films 

 

The use of the old standard 35mm film 

has been supplemented to some extent by 

70mm film which is used to produce bigger 

images, at a bigger cost. This procedure 

can be justified for certain pictures 

exploited in luxurious theaters. 

Amateurs, obviously, cannot afford 

costly film for their home movies. This is 

the reason that when an amateur movie 

system was announced by Mees,
31

 the 

16mm size was chosen as a good 

compromise between cost and utility. In 

addition, there was another consideration in 

respect to protection from fire. It was 

thought that some small 

[121 January 1965   Journal of the SMPTE   Volume 74 
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operators might want to make 16mm film 

from 35mm film which, at that time was 

coated on flammable nitrate film base. The 

l6mm size could not economically be cut 

from perforated 35mm film, a fact which 

afforded a certain degree of protection 

against this contingency. It has been a 

strong tradition in the American film 

industry that 16mm and 8mm film must 

always be coated on safety film base. 

The use of reversal processing obviated 

the need for making prints and thus kept 

prices low. In addition, the use of 

controlled second exposures in processing 

gave images which were uniform in density 

in spite of variations in exposure or 

emulsion thickness. The pictures were 

astonishingly free from graininess. All 

these advantages resulted in success for the 

16mm system, which had not been attained 

by the 30 or more systems12 previously 

intended and exploited for amateur use. 

The dimensional standards for this 16mm 

fil
33

 were announced soon after the film 

was introduced. This was quite unlike the 

situation where 35mm film was 

standardized some time after commercial 

utilization. The dimensions of 16mm film 

have remained largely unchanged over the 

years, if we except the narrowing of the 

width, and the shortening of the pitch for 

professional camera original film. These 

changes had to be made to offset the effects 

of decreased shrinkage that took place 

when the film base was improved. 

Actually, the "amateur" 16mm film has 

changed character. Very excellent 

equipment is made for this format which is 

employed extensively today as a medium 

for professional use. Today the amateur 

generally uses 8mm film; this smaller size 

was made possible by improvements in the 

graininess of emulsions. The dimensions of 

the film
34

 have not changed much since 

they were published as DS8-1-1 and as the 

proposal for Z22.23 in 1938. However, the 

film actually came into use in 1932. 

In recent years, 8mm projectors
35

 have 

been provided with magnetic soundtracks
36-38

 

which later were standardized
39

 with test 

films provided for them. There has also been 

talk of producing photographic sound on film 

of this size. 

The cost of processing narrow films has 

been a problem, since the length is large 

compared to the area. Accordingly, the cost 

of labor and equipment required to handle it 

is greater than one would like. The problem 

was met in the 8mm system by making the 

camera film a "double 8" or 16mm in width. 

In the 16mm field, the 32mm print film
40

 is 

analogous. Also, there is 35mm film 

perforated 32mm
41,42

 which allows the 

laboratory to use its developing equipment to 

produce both 16mm and 35mm sizes. 

Eventually there will be a proposal for 35mm 

film to be perforated 8mm with five rows of 

perforations, which subsequently will be split 

to form four strips of 8mm prints. 

In recent years, there has been much 

interest in new, small film formats with 

special reference to their use in education. 

Information on this subject is contained in 

sections on nontheatrical films and 8mm 

cinematography of the Progress Committee 

Reports for 1962, 1963, and 1964, in the May 

1963, 1964 and 1965 issues of the Journal. 

 
Problems of Printing 

 
Thus far, the films described have been of 

considerably different sizes, and little 

mention has been made of films which differ 

only slightly from each other and serve in a 

special complementary relationship. 

Such paired films are made up of a 

developed and edited negative, and the 

positive raw stock to be printed from it. 

Formerly, the original dimensions of the two 

films could have been the same at the start or 

at time of manufacture. The reason that this 

near identity of dimensions could be used was 

that the prints might have been made by a 

 
Miller and Robertson: Motion-Picture Film [13] 
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process wherein the separate frames were 

exposed one by one in a "discontinuous" 

process of step printing. In such a case, 

the exact size of the longitudinal pitch - 

within limits - would not matter. If 

printing was done by a continuous 

process, it would be done from negatives 

that had shrunk during the time normally 

used for editing. Accordingly, the 

negative had attained a shrinkage which 

satisfied the demands imposed by the 

geometry of the process. 

Continuous printing is generally done 

on a device having a sprocket, as shown 

schematically in Fig. 8. This arrangement 

requires that the pitch of the negative, 

which is placed on the inside of the pair 

of films, must be shorter than the pitch of 

the print stock. The latter is, of course, the 

one placed on the outside of the pair of 

films. 

If the proper difference of pitches were 

not accomplished, the actual surface speed 

of the films, which are fed over the 

printing drum by the sprocket teeth pitch 

by pitch, would not be the same. In that 

case, there would be differential 

movement between the two pieces of film. 

Slippage would take place. The result 

would be blurring of outlines, particularly 

parallel horizontal lines, 

 

 

 

 

 

and a general feeling on the part of an 

observer that sharpness had been lost. 

Sometimes the adjustment of lengths that 

occurs when there is a poor matching of 

pitches is delayed for several frames. A 

rather large jump is the result. Not only does 

slip affect the quality of pictures, but it has a 

bad effect upon sound as well. 

The sprocket teeth are not indicated in 

Fig. 8, but the neutral surfaces of the film are 

shown. These are the regions about which 

bending takes place without a change taking 

place in their length. These neutral planes 

are the ones from which calculations are 

made. In bent film, the portion of film lying 

inside the neutral surface is slightly 

compressed, and the portion outside is 

slightly stretched. 

For best results, the difference in pitch 

can be calculated if we know the thickness 

of the film and the dimensions of the 

printing sprocket. The difference in pitch 

which gives nonslip printing is the ratio of 

the thickness of the film to the radius of the 

sprocket corrected for the added film 

thickness. The optimum value is close to 

0.3% for a sprocket 1 ft in circumference. 

Observe that the ratio is, more precisely, the 

film thick 
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ness divided by the value representing the 

radius of the base circle increased by half 

the thickness of the inner film. 

Negatives made with the safety film 

base used today do not shrink 0.3% while 

stored during the time needed for editing. 

In fact, since 1950, the negatives 

generally used do not shrink the 0.2% that 

would give tolerable results at the lower 

level of pitch differential. Some 

corrective action is needed. Accordingly, 

the pitch of negatives made on the 

improved safety film bases available 

today, must be shortened ahead of time.
43

 

The amount of shortening that is 

necessary is indicated in Fig. 9 which 

shows an experimental verification of the 

value required by geometric theory.
44

  

Streiffert's later data,
45

 when plotted, gave 

similar results. These data describe 

measurements of flutter made on sound 

recordings. 

The ordinates in Fig. 9 show the ratings 

given by a jury for a number of prints 

made from negatives of different pitches. 

The ratings are actually demerits, and 

hence, the lower the value 

 

 

 

 

 

 

 

 

 

the better the performance. The demerits 

are stated on a five-point scale, where E 

represents the worst prints ever seen and 

A represents the best. 

In some of the experiments, the 

negatives were perforated to a shorter 

pitch than the normal value; in other 

cases, the difference in pitch was secured 

by aging procedures. In all cases, the 

pitch differential in percentage values is 

shown as abscissae. The dotted vertical 

lines show the acceptable range of 

privileged prior opinion of individuals 

examining prints in review rooms. The 

range of values seems well chosen and the 

mean agrees with the value chosen from 

geometric considerations. There is a 

certain amount of scatter in the location of 

the points, but the minimum value is 

easily decided upon and is very close to 

the calculated value of 0.3%. The results 

show a loss of one letter-rating point, 

going from 0.3% pitch differential up to 

0.4%, or down to a differential of 0.2%. 

A description of this relationship 

between positive and negative films is 

given briefly in the Appendix of Per 
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forating Standards. An example is to be 

found among the several proposed 

Standards published in the September 

1963 issue of the Journal. The standards 

cited are for 35mm film perforated KS-

1870, and for 35mm film perforated 

DH-1870. These are examples of print 

stock.
46,47

  The same issue of the Journal 
contains a proposal for 35mm film 

perforated BH-1866
48

 which is the best 

example of film used for camera nega-

tives. 

The task of identifying film perfora-

tions properly has grown more difficult as 

the variety of perforation types has 

increased. The use of identifying letters 

such as BH and KS used in the para-

graphs above was started recently." 

The system is being extended so as to 

describe the more elaborate special-

purpose films frequently used to decrease 

the cost of printing 16mm or 8mm film, 

or to decrease the need for another set of 

developing tanks in the laboratory. 

 
Problems of Developing and Later Use 

 
Vexatious problems often arise when 

someone who sets up a new venture in 

picture-taking does not consider the 

subsequent steps. For instance, 35mm 

film perforated 32mm, cannot be de-

veloped on 35mm machines made with 

sprockets designed to fit 35mm film 

perforated KS-1870; a sprocketless de-

veloping machine must be used. If this 

machine is not available locally, then the 

exposed material must be shipped away 

for development. The added expense may 

not be a crucial matter, but the delay is 

often very troublesome. 

Similar troubles could be encountered 

in the use of 70mm film existing in 

several formats. Indeed. while there is a 

considerable choice of equipment for 

motion-picture films of conventional 

width and frame-size, there is little choice 

(and sometimes none) for equipment 

designed to handle the unusual format. 

Sometimes equipment has to be 

 

made to special order, which is an 

expensive and slow process. 

 
Summary 

 
In this paper the authors have at-

tempted to show the progress of the art of 

making motion pictures, and the problems 

of standardizing the dimensions of the 

resultant products. In the beginning, there 

was a tendency to produce films of 

different sizes because of lack of contact 

between the entrepreneurs,
50

 or even 

because of a kind of pride in having 

something different. However, most of the 

recent changes have been made with good 

reason. One example is the saving of area 

in the CinemaScope process, which also 

permits peripheral viewing of the pro-

jected image. Another example of a -

defensible change is the use of the 70mm 

process to reduce the effect of graininess 

observed in the projected print, or to get 

more light on the screen. As a result of the 

adoption of these new sizes, there are a 

number of sizes available to designers 

who want to develop equipment for new 

purposes. 

In addition to a knowledge of the 

geometry underlying the design of a 

sprocket printer, a good understanding of 

the printing operation requires some 

knowledge of the changes taking place in 

the size of film with the passage of time 

and also with changing conditions of 

storage. For example, film can undergo 

changes that are reversible, as when it is 

heated. Under these conditions, it 

expands; when it is cooled, the film 

contracts again as do most other materials. 

Similar changes in dimensions take place 

when film is taken from surroundings of a 

given humidity and then put into a moister 

atmosphere. The film will swell. just as 

wood does, and will shrink when it is 

changed to drier surroundings. The size of 

these reversible changes can be typified 

by making measurements and then 

calculating the thermal and humidity 

coefficients. These values give the 

fractional change in size in terms of 
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percentage change per degree Fahrenheit or 

changes with respect to the percentage 

relative humidity.
51

 

There are also changes in size which take 

place over a greater length of time because 

the solvents have left the film. This change 

in size is, of course, shrinkage. This is an 

irreversible change. The extent of long-term 

shrinkage has decreased over the years, but it 

still is a factor to be reckoned with if the 

operator intends to make prints from old 

negatives.
52-54 

Data about long-term shrinkage are also of 

interest in connection with projection 

practice. However, in current American 

practice, shrinkage is seldom so great that the 

operation of the projector is impaired. An 

exception can be found in unusual equipment 

(including cameras) where the film occupies 

too great a "wrap" around a sprocket thereby 

bringing into use more teeth than may be 

necessary. Arbitrarily, and as a start for 

discussion, the greatest number of teeth in 

engagement may be set at six. The 

engineering principles have been discussed
55

 

and set forth in a recommended practice
56

 

which should be consulted for quantitative 

discussion. 

This paper outlines the need for 

dimensional accuracy and comments upon 

the notes and appendices to standards which 

serve as sources of information in a field 

where there are no textbooks. 

 
Acknowledgment is made to many 

colleagues in the Film Dimensions 

Committee, in the industry, and in our own 

organizations who have helped us in this 

work. 
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 The following American Standards are reproduced by permission of the 

ASA, copyright holder.  Copies may be purchased from the American Standards 

Association, 10 East 40th Street, New York, N.Y.  10016. 
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 The following excerpts are reproduced by permission of Eastman Kodak Company.  

Copies of publication P-29, Technical Data on Film Specification Numbers, Spools, Cores, 

Dimensions and Perforations, may be obtained from Eastman Kodak Company, Department 454, 

343 State Street, Rochester, New York 14650. 
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