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Student Filmmaker's Handbook

The Kodak Worldwide Student Program gratefully acknowledges the
contributions of Ryerson Polytechnic University's Digital Media
Projects Office in association with The Kodak Worldwide Student
Program for the publication of The Student Filmmaker's
Handbook.
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Sheet l Sensitometric and Image-Structure Data l Physical
Characteristics l Storage of Raw and Exposed Film l How do I know
I'm ordering the right film? How to identify the

film's format, emulsion, length, and winding l Cores and Spools
l Winding l Perforations l Film Identification l Filtration l
Motion Picture Sound Recording l Projection l Dealing with a Motion
Picture Laboratory l Laboratory Operations l Marketing a Film l
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WEDNESDAY, JULY 31

To The Student Filmmaker

The Student Filmaker's Handbook is a compilation of information
available in many different Kodak publications. It is a resource
for you to use as you pursue a career in this most exciting of
industries.

It will interest you to know that you are entering the film
industry at one of its most exciting and dynamic times.
Technological innovations recently announced and those just around
the corner guarantee that FILM will be a fascinating career far
into the next century. Silver halide technology, the bedrock of
film manufacturing, is moving ahead each year with new Kodak
T-GRAIN Emulsions and new and improved color dye systems. Our
scientists assure us that they will be able to improve the quality
of film many times over in the next few years. What that means for
you is that you will be recording sharper and more accurate color
images than you have ever seen before.

Those images will be manipulated in many new ways. HDTV (High
Definition Television) is on the horizon and just beyond that is
the whole new world of digital transmission of images over optical
fiber networks. Eastman Kodak Company has recently demonstrated a
new CCD HDTV-Telecine and a High Resolution Electronic Intermediate
System which will bridge the gap between electronic and silver
halide technologies. And that is just the beginning. The good news
for you is that your productions on film will be recorded on the
one worldwide production standard.

Wherever your work takes you, film will be the standard for
motion- picture image production. And what's more, you will have
recorded your program on the highest resolution, brightest and most
accurate color medium in the world. No other technology offers the
quality of a film image; and remember, that quality is going to
improve in the years ahead.

So, welcome to the motion picture industry. I hope you will find
this book useful, and I hope you will look upon Eastman Kodak
Company as a source of quality products and technical support now
and in the future.
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Which Film Should I Use?

Before selecting a specific film or films, you, the producer,
and the director, will have to answer a number of basic technical
and aesthetic questions about the entire production. The answers
you provide will help greatly in the selection of the films that
will best translate your concepts into moving pictures on a screen
that convey your intended message accurately, completely, and
effectively.

You should consider the following factors because they directly
affect your choice:

l Anticipated release format. Will the finished prints be 35 mm
or 16 mm? Shooting a 16 mm camera film to produce 35 mm release
prints will involve some sacrifice in image quality.

l Number of finished prints needed. If you need only one and you
need it fast, a reversal film designed for direct projection will
be ideal. If you are producing several prints, the camera film
should be selected with an eye toward the economics of the various
film printing systems.

l The finished form of the picture. Should the finished film be
in color or in black-and-white? The aesthetic impact of
black-and-white film is distinctly different from that of color.
What feeling should the film convey? The sharp distinctions in hue
and density provided by a color film image can convey more
information than the same image composed of shades of gray.
Filmmakers should not assume, however, that color is always more
interesting, or that black and white is always less expensive.
Should the film be silent or should it have sound? A sound track
can help to focus and direct a viewer's attention to the message.
Answers to these questions depend on the purpose and audience for
the film.

l Type of lighting and exposure index. Will the subject be
filmed indoors or out? Can you control the light? Some films are
especially designed for low levels of light or for sensitivity at
particular bands of the spectrum. All films are balanced for
particular kinds of lighting. Will your film give you an accurate
record of the colors in the scene if you make the motion picture
only in the light available to you?

l Type of filtration needed. If you have to use several filters
to compensate for uncontrolled elements in the scene or in the
lighting, will the film be fast (sensitive) enough to record a
high-quality image?

l Type of processing and printing facilities available. Few labs
process all types of film. If your nearby laboratory processes only
color film, you may have to send your black-and-white film to an
out-of-town lab. This situation can be especially time-consuming if
the film requires editing and must be shuttled back and forth
several times. You can avoid much anxiety by getting to know the
personnel at the laboratories that process your films and
explaining your special needs to them. It may be worthwhile to
select films that can be processed by a laboratory directly
familiar with your needs.

Student Main About the Program Publications Career Profiles Film
Techniques Campus Beat Speak Out Program Membership News &
Events Motion Picture Home

Page 1 of 2KODAK: Which Film Should I Use?


31/07/2002http://www.kodak.com/US/en/motion/students/handbook/which.jhtml


	
WEDNESDAY, JULY 31

Anatomy of a Data Sheet

l Film Types, Names, and Numbers l Film Descriptions l Negative
Camera Films l Exposure Information

Exposure Index Exposure Latitude Illumination (Incident Light)
Table Lighting Contrast Ratios Reciprocity Characteristics Filter
Factors Color Balance Printing Conditions

Kodak's film data sheets are the best source for technical
information about Kodak and Eastman Motion Picture Films. Each data
sheet consists of one or more pages of detailed technical
information for a particular film. These sheets provide useful
information for the careful and knowledgeable reader.

In the discussion of professional motion picture films that
follows, we are using that form of a Film Data Sheet as a road map.
The next four pages illustrate a data sheet for a hypothetical film
that can be used in every stage of motion picture work. A real data
sheet would obviously have fewer entries--camera film data sheet,
for example, does not contain paragraphs titled "Printing
Conditions" because printing conditions are only relevant to
laboratory and print films.

The large circles on the hypothetical data sheet illustration
that is shown on the next few pages contain page numbers referring
you to the beginning of a discussion on that specific topic. For
example, the data sheet has a (4) on the section "exposure
indexes." If you scroll down and find the (4) and the heading
"Exposure Index," you can read about that topic. Each number on the
data sheet will refer you to that section in the text.

A single free copy of any film data sheet is available from our
website or write: Eastman Kodak Company, Dept. 412-L, Rochester, NY
14650-0532.
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Film Types, Names, and Numbers areas 1 and 2

Film production-from recording motion with a camera to
projecting the image on a screen or cathode-ray tube-often involves
three different kinds of film.

Camera film is used to record the original scene. Many kinds of
camera films are available for the many conditions under which
subjects often must be filmed, for the special effects the
cinematographer wants to produce, and for the processing and
projection requirements of the job.

Once the film has been edited from a workprint, laboratory films
used to produce the intermediate stages needed in the lab for
special effects, titling, etc. Using intermediates also protects
your valuable, original footage from potential damage during the
printing process.

Print film , on the other hand, is used to print both the first
workprint and as many copies as needed of the final edited version
of the project.

People in the photographic industry generally refer to films by
number (5248, for example) rather than by name (Eastman Color
Negative II Film, in this case). Thus, the four -digit number is
more prominently displayed on the film data sheet than the name.
The first of the four digits indicates the size or "gauge" of the
film. When the first digit is 5, the film is 35 mm or wider; a 7,
on the other hand, indicates a 16 mm film or a film that will be
slit down to these narrower gauges after processing. When a film is
available in both the 16 mm and 35 mm widths, both the 7000 and
5000 series of digits appear on the data sheet.

The name also indicates properties of the film. Kodak EKTACHROME
Film indicates a reversal color film. Panchromatic and
orthochromatic refer to the light-sensitivity range of the film.
Most film names are self- descriptive.

The important thing to remember about the name and number is to
use both accurately when ordering film or film data sheets.

Film Descriptions area 3

Under the heading General Properties on a typical data sheet,
there will always be a brief description of the overall
characteristics of the film. The paragraphs that follow describe
each of the Kodak and Eastman Motion Picture Films currently
available and are similar in coverage to paragraphs found on each
film data sheet.

Negative Camera Films

Camera films are available in two general types: negative and
reversal. Negative film produces an image that must be printed on
another stock for final viewing. Since at least one intermediate
stage is usually produced to protect the original footage, negative
camera film is an
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efficient choice when significant editing and special effects
are planned. Printing techniques for negative-positive film systems
are very sophisticated and highly flexible; hence, negative film is
especially appropriate for complex special effects. All negative
films can go through several print generations without pronounced
contrast buildup.

Home | Search | Service & Support | Visit shop @ kodak, the
online store | Careers Copyright Eastman Kodak Company, 1994-2002
and Privacy Practices (updated 14 -Sep-2001).

Page 2 of 2KODAK: Film Types, Names, and Numbers


31/07/2002http://www.kodak.com/US/en/motion/students/handbook/anatomy1.jhtml


	
WEDNESDAY, JULY 31

Student Main About the Program Publications Career Profiles Film
Techniques Campus Beat Speak Out Program Membership News &
Events Motion Picture Home

Home | Search | Service & Support | Visit shop @ kodak, the
online store | Careers Copyright Eastman Kodak Company, 1994-2002
and Privacy Practices (updated 14 -Sep-2001).

Page 1 of 1KODAK: Data Sheet Page 1


31/07/2002http://www.kodak.com/US/en/motion/students/handbook/data1.jhtml


	
WEDNESDAY, JULY 31

Exposure Information

Film data sheets for camera films give exposure information
under these headings: Film Exposure Indexes, Illumination Table,
Lighting Contrast Ratios, Reciprocity Characteristics, and Filter
Factors (black-and-white film) or Color Balance (color films).
Explanations of each of these elements are explained on the
following few pages.

Exposure Index area 4

The film Exposure Index (EI) is a measurement of film speed that
can be used with an exposure meter to determine the aperture needed
for specific lighting condifions. The indexes reported on film data
sheets for Eastman and Kodak Motion Picture Films are based on
practical picture tests but make allowance for some normal
variations in equipment and film that will be used for the
production. There are many variables for a single exposure.
Individual cameras, lights, and meters are all different (lenses
are often calibrated in T-stops). Coatings on lenses affect the
amount of light that strikes the emulsion. The actual shutter
speeds and f-numbers of a camera and those marked on it sometimes
differ. Particular film emulsions have unique properties. Camera
techniques can also affect exposure. All of these variables can
combine to make a real difference between the recommended exposure
and the optimum exposure for specific conditions and equipment.
Therefore, you should test several combinations of camera, film,
and equipment to find the exposures that produce the best results.
Data sheet Exposure Index figures are applicable to meters marked
for ISO speeds and are used as a starting point for an exposure
series.

When it comes to measuring light, there are three kinds of
exposure meters: The averaging reflection meter and the reflection
spot meter are most useful for daylight exposures while the
incident exposure meter is designed for indoor work with
incandescent illuminations. Detailed directions for using all three
are given in Kodak Pocket Photoguide, Kodak Publication No. AR-21).
The two reflection meters are sometimes used with the Kodak Gray
Card. One side of the card has a neutral 18-percent reflection
which can be used indoors to aid in measuring the average
reflection for a typical subject. You can also use this side of the
card outdoors by increasing the exposure 1/2 stop above the
calculated exposure. The other side of the card has 90-percent
reflection for use at low- light levels. The use of this card and
appropriate adjustments for aperture and exposure time is covered
in Kodak Gray Cards, Kodak Publication No. R -27.

Exposure Latitude

Exposure latitude is the range between overexposure and
underexposure within which a film will still produce usable images.
As the luminance ratio (the range from black to white) decreases,
the exposure latitude increases. For example, on overcast days the
range from darkest to lightest narrows, increases the apparent
exposure latitude. On the other hand, the exposure latitude
decreases when the film is recording subjects with high-luminance
ratios such as black trees against a sunlit, snowy field.
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Illumination (Incident Light) Table area 5

When the illumination is very low or when you cannot make
reflected-light measurements conveniently, use an incident-light
meter can be used to read the illumination direcdy in footcandies
(lux).

Note: Lux is the term used to describe the intensity of the
exposing light in the current international standards for
determining film speed. Most existing incident-light meter scales
are still marked in footcandles. A footcandle is approximately
equal to 1/10 metre -candle or lux.

Lighting Contrast Ratios area 6

When using artificial light sources to illuminate a subject, you
can determine a ratio between the relative intensity of the key
light and the fill lights. First, measure the intensity of light at
the subject under both the key and fill lighting. Then measure the
intensity of the fill light alone. The ratio of the intensities of
the combined key light and fill lights to the fill light alone,
measured at the subjects, is known as the lighting ratio.

Except for dramatic or special effects, the generally accepted
ratio for color photography is 2 to I or 3 to 1. If duplicate
prints of the camera film are needed, the ratio should seldom
exceed 3 to 1. For example, if the combined main light and fill
light on a scene produce a meter reading of 6000 footcandles at the
highlight areas and 1000 footcandles in the shadow areas, the ratio
is 6 to 1. The shadow areas should be illuminated to give a reading
of at least 2000 and preferably 3000 footcandles to bring the
lighting ratio within the permissible range.

Reciprocity Characteristics area 7

Reciprocity refers to the relationship between light intensity
(illuminance) and exposure time with respect to the total amount of
exposure received by the film. According to "The Reciprocity Law,"
the amount of exposure (H) received by the film equals the
illuminance (E) of the light striking the film multiplied by the
exposure time (t). In practice, any film has its maximum
sensitivity at a particular exposure (i.e., normal exposure at the
film's rated exposure index). This sensitivity varies with the
exposure time and illumination level. This variation is called
"reciprocity effect." Within a reasonable range of illumination
levels and exposure times, the

Lighting contrast ratio 2:1 Lighting contrast ratio 5:1

Figure 1
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film produces a good image. At extreme illumination levels or
exposure times, the effective sensitivity of the film is lowered,
so that predicted increases in exposure time to compensate for low
illumination or increases in illumination to compensate for short
exposure time fail to produce adequate exposure. This condition is
called "Reciprocity Law Failure" because the Reciprocity Law fails
to describe the film sensitivity at very fast and very slow
exposures. The Reciprocity Law usually applies quite well for
exposure times of 1/5 second to 1/000 second for black-and-white
films. Above and below these speeds, black-and-white films are
subject to reciprocity failure but their wide exposure latitude
usually compensates for the effective loss of film speed. When the
law does not hold, the symptoms are underexposure and change in
contrast. For color films, the photographer must compensate for
both film speed and color balance changes because the speed change
may be different for each of the three emulsion layers. However,
contrast changes cannot be compensated for or contrast mismatch can
occur.

Filter Factors area 8

Since a filter absorbs part of the light that would otherwise
fall on the film, you must increase the exposure when you use a
filter. The filter factor is the multiple by which an exposure is
increased for a specific filter with a particular film. This factor
depends principally upon the absorption characteristics of the
filter, the spectral sensitivity of the film emulsion, and the
spectral composition of the light falling on the subject.

Published filter factors apply strictly to the specific lighting
conditions under which the measurements were made, so it may be
desirable, especially for scientific and technical applications
using reversal films, to determine the appropriate filter factor
under actual working conditions.

To determine a filter factor, place a subject with a
neutral-gray area, a Kodak Gray Card, or a photographic gray scale
in the scene to be photographed. Shoot the scene without
filtration. Then, with the filter or filter pack in place, shoot a
series of exposures at 1/2-stop intervals ranging from 2 stops
under to 2 stops over the exposure determined using the published
filter factor. Compare the (neutral-gray) density of one frame in
the unfiltered scene with the density of one frame in each one of
the filter series, either visually or with a densitometer to find
the filtered exposure that equals the unfiltered exposure in
overall density. The filter factor is the ratio of the filtered
exposure to the unfiltered exposure with equal densities.

Conversion of Filter Factors to Exposure Increase in Stops

Filter Factor

+ Stops

Filter Factor

+ Stops

Filter Factor

+ Stops

1.25 +1/3 4 +2 12 +3 2/3

1.5 + 2/3 5 +2 1/3 40 +5 1/3

2 +1 6 +2 2/3 100 +6 2/3

2.5 +1 1/3 8 +3 1000 +10

3 +1 2/3 10 +3 1/3 - -

Filter Factor = Exposure with filter

Exposure eithout filter
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Color Balance area 9

Color balance relates to the color of a light source that a
color film is designed to record without additional filtration. All
laboratory and print films are balanced for the tungsten light
sources used in printers, while camera films are nominally balanced
for 5500 K daylight, 3200 K tungsten, or 3400 K tungsten
exposure.

When filming under light sources different from those
recommended, filtration over the carnera lens or over the light
source is required. Camera film data sheets contain starting-point
filter recommendations for the most common lighting sources:
daylight, 3200 K tungsten, 3400 K tungsten, cool-white fluorescent,
deluxe cool-white fluorescent, and Mole-Richardson HI Arc lamps
(both white-flame and yellow-flame carbons).

Printing Conditions area 10

A representative printer setup is described for each laboratory
or print film. These printer setups should be read for comparison
purposes and used only as a starting point. The use of the
Laboratory Aim Density (LAD) control method is recommended for
determining optimum printing exposure.

Home | Search | Service & Support | Visit shop @ kodak, the
online store | Careers Copyright Eastman Kodak Company, 1994-2002
and Privacy Practices (updated 14 -Sep-2001).

Page 4 of 4KODAK: Exposure Information


31/07/2002http://www.kodak.com/US/en/motion/students/handbook/anatomy2.jhtml


	
WEDNESDAY, JULY 31

Sensitometric and Image-Structure Data

l Understanding Sensitometric Information l Characteristic
Curves

General Curve Regions Curve Values Color Sensitivity and
Spectral Sensitivity Spectral-Dye-Density Curves

l Image Structure Modulation-Transfer Curve

l Graininess and Granularity Measuring RMS Granularity Factors
That Affect Graininess Granularity and Color Materials Some
Practical Effects of Graininess and Granularity

l Resolving Power

Sensitometry is the science of measuring the response of
photographic emulsions to light. "Image-structure" refers to the
properties that determine how well the film can faithfully record
detail. The appearance and utility of a photographic record are
closely associated with the sensitometric and image-structure
characteristics of the film used to make that record. The ways in
which a film is exposed, processed, and viewed affect the degree to
which the film's sensitometric and image-structure potential is
realized. The age of unexposed film and the conditions under which
it was stored also affect the sensitivity of the emulsion. Indeed,
measurements of film characteristics made by particular processors
using particular equipment and those reported on data sheets may
differ slightly. Still, the information on the data sheet provides
a useful basis for comparing films. When cinematographers need a
high degree of control over the outcome, they should have the
laboratory test the film they have chosen under conditions that
match as nearly as possible those expected in practice.
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Understanding Sensitometric Information

Transmission density (D) is a rneasure of the light-controlling
power of the silver or dye deposit in a film emulsion. In color
films, the density of she cyan dye represents its controlling power
to red light, that of magenta dye to green light, and that of
yellow dye to blue light. Transmission density may be
mathematically defined as the common logarithm (Log base 10) of the
ratio of the light incident on processed film (Po) to the light
transmitted by the film (Pt).

The measured value of the density depends on the spectral
distribution of the exposing light, the spectral absorption of the
film image, and the special sensitivity of the receptor. When the
spectral sensitivity of the receptor approximates that of the human
eye, the density is called visual density. When it approximates
that of a duplicating or print stock, the condition is called
printing density.

For practical purposes, transmission density is measured in two
ways:

l Totally diffuse density ( Figure 2) is determined by comparing
all of the transmitted light with the incident light perpendicular
to the film plane ("normal": incidence). The receptor is placed so
that all of the transmitted light is collected and evaluated
equally. This setup is analogous to the contact printer except that
the receptor in the printer is film.

l Specular density ( Figure 3) is determined by comparing only
the transmitted light that is perpendicular ("normal") to the film
plane with the "normal" incident light, analogous to optical
printing or

D = log 10 Po

Pt

Figure 2

Figure 3
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projection.

To simulate actual conditions of film use, totally diffuse
density readings are routinely used when motion-picture films are
to be contact printed onto positive print stock. Specular density
readings are appropriate when a film is to be optically printed or
directly projected. However, totally diffuse density measurements
are accepted in the trade for routine control in both contact and
optical printing of color films. Totally diffuse density and
specular density are almost equivalent for color films because the
scattering effect of the dyes is slight, unlike the effect of
silver in black-and-white emulsions.
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Characteristic Curves area 11

A characteristic curve is a graph of the relationship between
the amount of exposure given a film and its corresponding density
after processing. The density values that produce the curve are
measured on a film test strip that is exposed in a sensitometer
under carefully controlled conditions and processed under equally
controlled conditions. When a particular application requires
precise information about the reactions of an emulsion to unusual
light-filming action in a parking lot illuminated by sodium vapor
lights, for example, you can filter the exposing light in the
sensitometer can be filtered to simulate that to which the film
will actually be exposed. A specially constructed step tablet,
consisting of a strip of film or glass containing a graduated
series of neutral densities differing by a conslant factor, is
placed on the surface of the test strip to control the amount of
exposure, the exposure time being held constant. The resulting
range of densities in the test strip simulates most picture-taking
situations, in which an object modulates the light over a wide
range of illuminance, causing a range of exposures (different
densities) on the film.

After processing, the graduated densities on die processed test
strip are measured with a densitometer. The amount of exposure
(measured in lux 1) received by each step on the test strip is
multiplied by the exposure time (measured in seconds) to produce
exposure values in units of lux-seconds. T'he logarithms (base 10)
of the exposure values (log H) are plotted on the horizontal scale
of the graph and the corresponding densities are plotted on the
vertical scale to produce the characteristic curve. This curve is
also known as the sensitometric curve, the D Log H (or E) curve, or
the H&D (Hurter and Driffield) curve 2.

In the following table, the lux-sec values are shown below the
log exposure values. The equivalent transmittance and opacity
values are shown to the left of the density values.

Typical Characteristic Curve

The characteristic curve for a test film exposed and processed
as described in the table is an absolute or real characteristic
curve of a particular film processed in a particular manner.

Sometimes it is necessary to establish that the values produced
by one densitometer are comparable to those produced by another
one. Status densitometry is used for this. Status densitometry
refers to measurements
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made on a densitometer that conforms to a specified unfiltered
spectral response (Dawson and Voglesong, Response Functions for
Color Densitometry, PS&E Journal, Volume 17, No. 5 Sept/Oct
1973). When a set of carefully matched filters is used with such a
densitometer, the term Status A densitometry is used. The densities
of color positive materials (reversal, duplicating, and print) are
measured by Status A densitometry. When a different set of
carefully matched filters is incorporated in the densitometer, the
term Status M densitometry is used. The densities of color preprint
films (color negative, intemegative, intermediate, low-contrast
reversal original, and reversal intermediate) are measured by
Status M densitometry. (DAK Densitometer Filter Sets are purchased
directly from the manufacturers of densitometers. For further
information, contact the densitometer manufacturer.)

Representative characteristic curves are those that are typical
of a product

Figure 4

These illustrations show the relationship between subject
luminance, negative density, and the characteristic curve. There is
one stop difference in luminance between each of the points 2 to
10. Point 1 is a specular highlight which photographs as if it were
about 2 stops brighter than point 2, which is a diffuse highlight.
Point 9 is the tone to be reproduced just lighter than black. There
are 7 stops difference between points 2 and 9, which is the typical
range for normal luminance range subjects. Point 10 is about one
stop darker than point 9, and reproduces as black. The graph shows
where points of these brightness differences generally fall on a
characteristic curve. Point 9 is exposed on the speed point of the
film, which develops to a density of about 0.10 above the base plus
fog density (the density of the clear film base after developing).
The density range from point 9 to point 2 is about 1.05.
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and are made by averaging the results from a number of tests
made on a number of production batches of film. The curves shown in
the data sheets are representative curves.

Relative characteristic curves are formed by plotting the
densities of the test film against the densities of a specific
uncalibrated sensitometric-step scale used to produce the test
film. These are commonly used in laboratories as process control
tools.

Black-and-white films usually have one characteristic curve (see
Figures 5 and 6). A color film, on the other hand, has three
characteristic curves, one each for the red-modulating
(cyan-colored) dye layer, the green- modulating (magenta-colored )
dye layer, and the blue-modulating (yellow- colored) dye layer (see
Figures 7 and 8). Because reversal films yield a positive image
after processing, their characteristic curves are inverse to those
of negative films (compare Figures 5 and 6).

Typical Characteristic Curves

Black and White Negative Film Black and White Reversal Film

Figure 5

Figure 6

Color Negative Film Color Reversal Film

Figure 7 Figure 8
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General Curve Regions

Regardless of film type, all characteristic curves are composed
of five regions: D-min, the toe, the straight-line portion, the
shoulder and D-max.

Exposures less than at A on negative film or greater than at A
on reversal film will not be recorded as changes in density. This
constant density area of a black-and-white film curve is called
base plus fog. In a color film, it is termed minimum density or
D-min.

The toe (A to B), as shown in Figure 9, is the portion of the
characteristic curve where the slope (or gradient) increases
gradually with constant changes in exposure (log H).

The straight-line (B to C), Figure 10, is the portion of the
curve where the slope does not change; the density change for a
given log-exposure change remains constant or linear. For optimum
results, all significant picture information is placed on the
straight-line portion.

The shoulder (C to D), Figure 11 , is the portion of the curve
where the slope decreases. Further changes in exposure (log H) will
produce no increase in density because the maximum density (D-max)
of the film has been reached.

Base density is the density of fixed-out (all silver removed)
negative- positive film that is unexposed and undeveloped. Net
densities produced by exposure and development are measured from
the base density. For reversal films, the analogous term of D-min
describes the area receiving total exposure and complete
processing. The resulting density is that of the film base with any
residual dyes.

Fog refers to the net density produced during development of
negative- positive films in areas that have had no exposure. Fog
caused by development may be increased with extended development
time or increased developer temperatures. The type of developing
agent and the pH value of the developer can also affect the degree
of fog. The net fog value for a given development time is obtained
by subtracting the base density from the density of the unexposed
but processed film. When such values are determined for a series of
development times, a time-fog curve ( Figure 12) showing the rate
of fog growth with development can be plotted.
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Curve Values

You can derive additional values from the characteristic curve
that not only illustrate properties of the film but also aid in
predicting results and solving problems that may occur during
picture-taking or during the developing and printing processes.

Speed describes the inherent sensitivity of an emulsion to light
under specified conditions of exposure and development. The speed
of a film is represented by a number derived from the film's
characteristic curve.

Contrast refers to the separation of lightness and darkness
(called "tones") in a film or print and is broadly represented by
the slope of the characteristic curve. Adjectives such as flat or
soft and contrasty or hard are often used to describe contrast. In
general, the steeper the slope of

Figure 9

Figure 10

Figure 11
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the characteristic curve, the higher the contrast. The terms
gamma and average gradient refer to numerical means for indicating
the contrast of the photographic image.

Gamma is the slope of the straight-line portion of the
characteristic curve or the tangent of the angle (a) formed by the
straight line with the horizontal. In Figure 5, the tangent of the
angle (a) is obtained by dividing the density increase by the log
exposure change. The resulting numerical value is referred to as
gamma.

Gamma does not describe contrast characteristics of the toe or
the shoulder. Camera negative films record some parts of scenes,
such as shadow areas, on the top portion of the characteristic
curve. Gamma does not account for this aspect of contrast.

Average gradient is the slope of the line connecting two points
bordering a specified log-exposure interval on the characteristic
curve. The location of the two points includes portions of the
curve beyond the straight-line portion. Thus, the average gradient
can describe contrast characteristics in areas of the scene not
rendered on the straight-line portion of the curve. Measurement of
an average gradient extending beyond the straight-line portion is
shown in Figure 13.

Curves for a Development-Time Series on a Typical Black and
White Negative Film

Figure 12

Average Gradient Determination
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The particular gamma or average gradient value to which a
specific black-and-white film is developed differs according to the
properties and uses of the film. Suggested control gamma values are
given on the data sheets for black-and-white negative and positive
films.

If characteristic curves for a black-and-white negative or
positive film are determined for a series of development times and
the gamma or average gradient of each curve is plotted against the
time of development, a curve showing the change of gamma or average
gradient with increase development is obtained. You can use the
time-gamma curve ( Figure 14) to find the optimum developing time
to produce the control gamma values recommended in the data sheet
(or any other gamma desired).

Black-and-white reversal and all color film processes are not
controlled by using gamma values.

Flashing camera films to lower contrast is a technique 3 that
involves uniformly exposing film before processing to lower its
overall contrast. It's used with some color films. It is actually
an intentional light fogging of the film. You can make the flashing
exposure before or after the subject exposure, either in a camera
or in a printer. The required amount of exposure and the color of
the exposing light depends on the effect desired, the point at
which the flashing exposure is applied, the subject of the main
exposure, and the film processing. Because of potential latent
image changes, a flashing exposure just prior to processing is the
preferred method.

Figure 13
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This fairly common practice is often used to create a closer
match of two films' contrast characteristics when they are
intercut. The hypothetical characteristic curves in Figure 15 show
what occurs when one film is flashed to approximately match another
film's characteristic curve. The illustration has been simplified
to show an ideal matching of the two films. In practice, results
will depend on the tests run using the specific films intended for
a production.

Some film productions use flashing (called "creative flashing")
to alter the contrast of the original camera negative of a
particular scene to create a specific effect-making pastels from
more saturated colors, enhancing shadow detail, and the like.
Further discussion of this type of flashing is presented in
"Creative Post-Flashing Technique for the The Long Goodbye,"
American Cinematographer Magazine, March 1973.

Figure 14 Figure 15
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Color Sensitivity and Spectral Sensitivity area 12

The term color sensitivity is used on data sheets for some
black-and-white films to describe the portion of the visual
spectrum to which the film is sensitive. All black-and-white camera
films are panchromatic (sensitive to the entire visible spectrum).
Some laboratory films are also panchromatic: Eastman Fine Grain
Duplicating Panchromatic Negative Film, Eastman Panchromatic
Separation Film, and Eastman High Contrast Panchromatic Film.

Some films, called orthochromatic, are sensitive mainly to the
blue-and- green portions of Lhe visible spectrum. Eastman Direct
MP, Eastman Reversal BW Print, and Eastman Sound Recording II Films
are all orthochromatic laboratory or print films.

Films used exclusively to receive images from black-and-white
materials are blue-sensitive: Eastman Fine Grain Release Positive
Film, Eastman High Contrast Positive Film, and Eastman Fine Grain
Duplicating Positive Film.

One film is sensitive to blue light and ultraviolet radiation:
Eastman Television Recording Film. The extended sensitivity in the
ultraviolet region of the spectrum permits the film to respond to
the output of cathode- ray tubes.

While color films and panchromatic black-and-white films are
sensitive to all wavelengths of visible light, rarely are two films
equally sensitive to all wavelengths. Spectral sensitivity
describes the relative sensitivity of the emulsion to the spectrum
within the film's sensitivity range. The photographic emulsion has
inherently the sensitivity of photosensitive silver halide
crystals. Itese crystals are sensitive to high-energy radiation,
such as X -rays, gamma rays, ultraviolet radiation and blue-light
wavelengths (blue- sensitive black-and-white films). In
conventional photographic emulsions, sensitivity is limited at the
short (ultraviolet) wavelength end to about 250 nanometers (nm)
because the gelatin used in the photographic emulsion absorbs much
ultraviolet radiation. The sensitivity of an emulsion to the longer
wavelengths can be extended by the addition of suitably chosen
dyes.

By this means, the emulsion can be made sensitive through the
green region (orthochromatic black-and-white films), through the
green and red regions (color and panchromatic black-and-white
films), and into the near-infrared region of the spectrum
(infrared-sensitive film). See Figure 16.

Three spectral sensitivity curves are shown for color films-one
each for the red-sensitive (cyan-dye forming), the green-sensitive
(magenta-dye forming), and the blue-sensitive (yellow-dye forming)
emulsion layers. One curve is shown for black-and-white films. The
data are derived by exposing the film to calibrated bands of
radiation 10 nanometers wide throughout the spectrum, and the
sensitivity is expressed as the reciprocal of the exposure
(ergs/cm2) required to produce a specified
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density. The radiation expressed in nanometers is plotted on the
horizontal axis, and the logarithm of sensitivity is plotted on the
vertical axis to produce a spectral-sensitivity curve, as shown in
Figure 17.

Equivalent neutral density (END)-When the amounts of the
components of an image are expressed in this unit, each of the
density figures tells how dense a gray that component can form.

Because each emulsion layer of a color film has its own speed
and contrast characteristics, equivalent neutral density (END) is
derived as a standard basis for comparison of densities represented
by the spectral- sensitivity curve. For color films, the standard
density used to specify spectral sensitivity is as follows:

For reversal films, END = 1.0 For negative films, direct
duplicating, and print films, END= 1.0 above D -min.

Spectral -Dye-Density Curves area 13

Proessing exposed color film produces cyan, magenta, and yellow
dye images in the three separate layers of the film. The
spectral-dye-density curves (illustrated in Figure 18) indicate the
total absorption by each color dye measured at a particular
wavelength of light and the visual neutral density (at 1.0) of the
combined layers measured at the same wavelengths.

Spectral-dye-density curves for reversal and print films
represent dyes normalized to form a visual neutral density of 1.0
for a specified viewing and measuring illuminant. Films which are
generally viewed by projection are measured with light having a
color temperature of 5400 K. Color-

Figure 16
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masked films have a curve that represents typical dye densities
for a mid-scale neutral subject.

The wavelengths of light, expressed in nanometers (nm), are
plotted on the horizontal axis, and the corresponding diffuse
spectral densities are plotted on the vertical axis. Ideally, a
color dye should absorb only in its own region of the spectrum. All
color dyes in use absorb some wavelengths in other regions of the
spectrum. This unwanted absorption, which could prevent
satisfactory color reproduction when the dyes are printed, is
corrected in the film's manufacture.

In color negative films, some of the dye-forming couplers
incorporated in the emulsion layers at the time of manufacture are
colored and are evident in the D-min of the film after development.
These residual couplers provide automatic masking to compensate for
the effects of unwanted dye absorption when the negative is
printed. This explains why negative color films look orange.

Since color reversal films and print films are usually designed
for direct projection, the dye-forming couplers must be colorless.
In this case, the couplers are selected to produce dyes that will,
as closely as possible, absorb in only their respective regions in
the spectrum. If these films are printed, they require no printing
mask.

Figure 17
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Figure 18
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Image Structure

The sharpness of image detail that a particular film type can
produce cannot be measured by a single test or expressed by one
number. For example, resolving-power-test data gives a reasonably
good indication of image quality. However, because these values
describe the maximum resolving power a photographic system or
component is capable of, they do not indicate the capacity of the
system (or component) to reproduce detail at other levels. For more
complete analyses of detail quality, other evaluating methods, such
as the modulation-transfer function and film granularity, are often
used. An examination of the modulation-transfer curve, RMS
granularity, and both the high- and low-contrast resolving power
listings will provide a good basis for comparison of the
detail-imaging qualities of different films.

Modulation-Transfer Curve area 14

Modulation transfer relates to the ability of a film to
reproduce images of different sizes. The modulation-transfer curve
describes a film's capacity to reproduce the complex spatial
frequencies of detail in an object. In physical terms, the
measurements evaluate the effect on the image of light diffusion
within the emulsion. First, film is exposed under carefully
controlled conditions to a series of special test pattems, similar
to that illustrated in (a) of Figure 19. After development, the
image (b) is scanned in a microdensitometer to produce trace
(c).

The resulting measurements show the degree of loss in image
contrast at increasingly higher frequencies as the detail becomes
finer. These losses in contrast are compared mathematically with
the contrast of the portion of the image unaffected by detail size.
The rate of change or "modulation" (M) of each pattern can be
expressed by this formula in which E represents exposure:

Figure 20Image (b) of a sinusoidal test object (a) recorded on a
photographic emulsion and a microdensitometer tracing (c) of the
image.

M = E max - E min
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When the microdensitometer scans the test film, the densities of
the trace are interpreted in terms of exposure, and the effective
modulation of the image (Mi) is calculated. The modulation-transfer
factor is the ratio of the modulation of the developed image to the
modulation of the exposing pattern (Mo), or Mi/Mo. This ratio is
plotted on the vertical axis (logarithmic scale) as a percentage of
response. The spatial frequency of the patterns is plotted on the
horizontal axis as cycles per millimeter. Figure 20 shows two such
curves. At lower magnifications, the test film represented by curve
A appears sharper than that represented by curve B; at very high
magnifications, the test film represented by curve B appears
sharper.

All of the photographic modulation-transfer curves in the data
sheets were determined using a method similar to that specified by
ANSI Standard PH2.39-1977. The films were exposed with the
specified illuminant to spatially varying sinusoidal test patterns
having an aerial-image modulation of a nominal 35 percent at the
image plane, with processing as indicated. In practice, most
photographic modulation-transfer values are influenced by
development adjacency effects and are not exactly equivalent to the
true optical modulation-transfer curve of a particular photographic
product.

Modulation-transfer measurements can also be made for the non
-film components in a photographic system such as cameras, lenses,
printers, etc, to analyze or predict the sharpness of the entire
system. By multiplying the responses for each ordinate of the
individual curves, you can combine the modulation-transfer curve
for a film with similar curves for an optical system to calculate
the modulation-transfer characteristics of the entire system.

E max + E min

Figure 20
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Graininess and Granularity area 15

The terms graininess and granularity are often confused or even
used as synonyms in discussions of silver or dye-deposit
distributions in photographic emulsions. The two terms refer to two
distinctly different ways of evaluating the image structure. When a
photographic image is viewed with sufficient magnification, the
viewer experiences the visual sensation of graininess, a subjective
impression of nonuniformity in an image. This nonuniformity in the
image structure can also be measured objectively with a
rnicrodensitometer. This objective evaluation measures film
granularity.

Motion picture films consist of silver halide crystals dispersed
in gelatin (the emulsion) which is coated in thin layers on a
support (the film base). T'he exposure and development of these
crystals forms the photographic image, which is, at some stage,
made up of discrete particles of silver. In color processes, where
the silver is removed after development the dyes form dye clouds
centered on the sites of the developed silver crystals. The
crystals vary in size, shape, and sensitivity, and generally are
randomly distributed within the emulsion. Within an area of uniform
exposure, some of the crystals will be made developable by
exposure; others will not.

The location of these crystals is also random. Development
usually does not change the position of a grain, so the image of a
uniformly exposed area is the result of a random distribution
either of opaque silver particles (black- and-white film) or dye
clouds (color film), separated by transparent gelatin (Figures 21
and 22).

Although the viewer sees a granular pattern, the eye is not
necessarily seeing the individual silver particles, which range
from about 0.002 mm down to about a tenth of that size.

At magnifications where the eye cannot distinguish individual
particles, it

Figure 21 Figure 22Grains of silver halide are randomly
distributed in the emulsion when it is made. This photomicrograph
of a raw emulsion shows silver halide crystals.

Silver is developed or clouds of dye formed at the sites
occupied by the exposed silver halide. Contrary to widely held
opinion, there is little migration or physical joining of
individual grains. Compare the distribution of silver particles in
this photomicrograph with the undeveloped silver halide in Figure
21.
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resolves random groupings of these particles into denser and
less dense areas. As magnification decreases, the observer
progressively associates larger groups of spots as new units of
graininess. The size of these compounded groups gets larger as the
magnification decreases, but the amplitude (the difference in
density between the darker and the lighter areas) decreases. At
still lower magnifications, the graininess disappears altogether
because no granular structure can be seen ( Figure 23).

Randomness is a necessary condition for the phenomenon. If the
particles were arranged in a regu;ar pattern like the halftone dot
pattem used in graphic arts, no sensation of graininess would be
created. When a halftone is viewed at a magnification sufficient
for the dots to be distinguished, the eye notices the pattern and
does not group dots into new patterns. Even though the dot pattern
can be seen, the eye does not perceive graininess because the
pattern is regular, not random (Figure 24). At lower
magnifications-at which the dots can no longer be resolved-the
awareness of pattern ceases, and the image areas appear
uniform.

Figure 23(a) A 2.5X enlargement of a negative shows no apparent
graininess. (b) At 20X, some graininess shows. (c) When a segement
of the negative is inspected at 60X, the individual silver grains
strt to become distinguishable. (d) With 400X magnification, the
discrete grains are easily seen. Note that surface grains are in
focus while grains deeper in the emulsion are out of focus. The
apparent "clumping" of silver grains is actually caused by overlap
of grains at different depths when viewed in two-dimensional
projection. (e) The makeup of individual grains takes different
forms. This filamentary silver, enlarged by an electron microscope,
appears as a single opaque grain at low magnification.
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When you view a random pattem of small dots magnified enough to
resolve the individual dots, you do not perceive an orderly or
intelligible pattem. When the magnification is decreased so the
dots cannot be resolved, they appear to blend together to form an
image whose surface is nonuniform or grainy.

Measuring RMS Granularity

The attributes of the photographic image which cause the human
eye to perceive graininess can also be measured (and simulated) by
an electro- optical system in a microdensitometer. These
measurements are analyzed statstically to provide numerical values
that correlate with the visual impression of graininess. The two
major advantages of objective measurement are that instruments can
be devised to make rapid and precise measurements and that these
measurements can be manipulated readily by mathematical means.

Ordinary densitometers measure density over areas much larger
than those of individual silver particles. Since there are so many
particles in the aperture of an ordinary densitometer, small
variations in the number of particles measured will not affect the
reading.

Just as higher magnification increases the apparent graininess,
a decrease in the aperture produces higher granularity values. When
the aperture of the densitometer is considerably reduced, fewer
particles are included and a small change in their number is
recorded as a variation in density. Analysis of the magnitude of
these variations gives a statistical measure of the granularity of
a sample.

In practice, an area of apparently uniform density is
continuously scanned by the small aperture usually 48 nanometers in
diameter (see Figure 25). The transmitted light registers on a
photo-sensitive pickup,

Figure 24If the uniform dot pattern of a conventional halftone
is used to reproduce a scene, the eye accepts the image as a
smooth, continuous-tone rendition (a). This happens because the
dots are regularly spaced. However, when the halftone dots are
distributed randomly in an area to reproduce a scene (b) the image
looks "grainy." Graininess in the image is due, in part, to the
random distribution of the individual elements which make up that
image.
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and the current produced is then fed to a meter calibrated to
read the standard deviation of the random-density fluctuations (see
Figure 26).

Standard deviation describes the distribution of a group of
values (in this case, variations in density) about their average.
The square root (R) of the arithmetic mean (M) of the squares (S)
of the density variations is calculated-hence, the term RMS
granularity. For ease of comparison, this small decimal number is
multiplied by a factor of 1,000, yielding a small whole number,
typically between 5 and 50.

The RMS granularity instrument used at Kodak is calibrated to
measure American National Standard (PH2.19-1976) diffuse visual
density. The

Figure 25A large aperture "sees" a vast number of individual
silver grains. Therefore, small local fluctuations have practically
no effect on the density it records. Small apertures (about one
twentieth of the larger aperture diameter) detect random
differences in grain distribution when they sample the large
"uniform" area.

Figure 26The signal from a continuous density scan of a grainy
emulsion appears the same as random electrical noise when displayed
on an oscilloscope. The rms voltmeter gives a direct readout of
"noise level."
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about 0.6 to 0.9). The light tones of the print are on the toe
of the characteristic curve where the slope is very much lower than
unity. Hence, the contrast with which the graininess is reproduced
is very low-decreasing its visibility. In dark tones, the eye is
less able to distinguish graininess. The eye easily detects density
differences as low as 0.02 in the average highlight density, but
can detect density differences only on the order of 0.20 in the
average shadow density. In the midtones, where the slope of the
curve is constant, the print material has its maximum contrast and
the eye can more readily distinguish small density differences;
therefore, the granularity can be most easily detected by the eye
as graininess.

Another factor in perceiving graininess is the amount of detail
in a scene. Graininess is most apparent in large areas with fairly
uniform densities and is much less evident in areas full of fine
detail or motion.

It is difficult to predict the magnification at which projected
print images will be viewed since both the projection magnification
and the distance from the observer to the screen can very. Both
factors affect the picture magnification, and thus the
graininess.

When a motion picture film is seen at great magnification (as
from a front-row theater seat), the viewer may be aware of grains
"boiling" or "crawling" in uniform areas of the image. This
sensation is caused by the frame-to-frame changes of grain
positions, which make graininess more noticeable in a motion
picture than in a still photograph. Conversely, the moving image
tends to distract the viewer's attention away from this sensation,
and graininess is, therefore, usually noticed only in static
scenes.
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Resolving Power area 16

The resolving power of a film emulsion refers to its ability to
record fine detail. It is measured by photographing resolution
charts or targets under exacting test conditions. The parallel
lines on resolution charts are separated from each other by spaces
the same width as the lines. The chart contains a series of
graduated parallel-line groups, each group differing from the next
smaller or next larger by a constant factor. The targets are
photographed at a great reduction in size, and the processed image
is viewed through a microscope. The resolution is measured by a
visual estimate of the number of lines per millimeter that can be
recognized as separate lines.

The measured resolving power depends on the exposure, the
contrast of the test target, and, to a lesser extent, the
development of the film. The resolving power of a film is greatest
at an intermediate exposure value, falling off greatly at high- and
low-exposure values. Obviously, the loss in resolution that
accompanies under- or over-exposure is an important reason for
observing the constraints of a particular film when making
exposures.

Resolution also depends on the contrast of the image, hence, the
contrast of the target. Test exposures are usually made with both a
high-contrast (luminance ratio 1000: 1) and a low-contrast (1.6:1)
target. A film resolves finer detail when the image contrast is
higher. Both high- and low-contrast resolving-power values are
determined according to a method sirnilar to the one described in
ANSI No. PH2.33-1969 1R1976). "Method for Determining the Resolving
Power of Photographic Materials," are given on the data sheets. The
resolving power reported is based on film exposed and processed as
recommended.

The maximum resolution obtainable in practical photographic work
is limited both by the camera lens and by the film. The formula
often used to predict the resolution of a camera original is

RS = Resolution of the system (lens + film)

RF = Resolution of the film

RL = Resolution of the lens

In practice, other external factors, such as camera movement,
focus, aerial haze, etc, also decrease the resolution from the
possible maximum.

1 One lux is the illumination produced by one standard candle
from a distance of 1 meter. When a film is exposed for 1 second to
a standard candle 1 meter distant, it receives 1 lux-sec of
exposure.

2 Zwick, D., "The Meaning of Numbers to Photographic Parameters"
Journal of the Society of Photo-Optical Instrumentation Engineers,
Volume 4 (1966), pages 205-211.

1 RS2

= 1

RF2 +

1 RL2
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Film Base area 17

The film base is the plastic support that carries the
light-sensitive emulsion. Requirements for a suitable film base
include optical transparency, freedom from optical imperfections,
chemical stability, photographic inertness, and resistance to
moisture and processing chemicals. Mechanical strength, resistance
to tearing, flexibility, dimensional stability, and freedom from
physical distortion are also important factors in processing,
printing, and projection.

Two general types of film base are currently used -cellulose
triacetate esters and a synthetic polyester polymer known as ESTAR
Base. Cellulose triacetate film base is made by combining the
cellulose triacetate with suitable solvents and a plasticizer. Most
current Kodak and Eastman Motion Picture Films are coated on a
cellulose triacetate base.

ESTAR Base, a polyethylene terephthalate polyester, is used for
some Kodak and Eastman Motion Picture Films (mostly intermediate
and print films) because of its high strength, chemical stability,
toughness, tear resistance, flexibility, and dimensional stability.
The greater strength of ESTAR Base permits the manufacture of
thinner films that require less room for storage. ESTAR Base films
and other polyester base films, cannot be successfully spliced with
readily available commercial film cements. You can splice these
films with a tape splicer or with a splicer that uses an ultrasonic
or an inductive beating current to melt and fuse the film ends.

Antihalation Backing

Light penetrating the emulsion of a film can be reflected from
the base- emulsion interface back into the emulsion. As a result,
there is a secondary exposure causing an undesirable reduction in
the sharpness of the image and some light scattering, called
halation, around images of bright objects. See Figure 27. A dark
layer coated on or in the film base will absorb and minimize this
reflection, hence it is called an antihalation layer. Three methods
of minimizing halation are commonly used:

Rem Jet: A black-pigmented, nongelatin layer on the back of the
film base serves as an antihalation and antistatic layer. This
layer is removed during photographic processing.

Antihalation undercoating: A silver or dyed gelatin layer
directly beneath the emulsion is used on some thin emulsion films.
Any color in this layer is removed during processing. This type of
layer is particularly effective in preventing halation for
high-resolution emulsions. An antistatic and/or anticurl layer may
be coated on the back of the film base when this type of
antihalation layer is used.

Student Main About the Program Publications Career Profiles Film
Techniques Campus Beat Speak Out Program Membership News &
Events Motion Picture Home

Page 1 of 2KODAK: Film Base


31/07/2002http://www.kodak.com/US/en/motion/students/handbook/physical1.jhtml


	
Dyed film base : Film bases, especially polyester, can also
transmit or pipe light that strikes the edge of the film. This
light can travel inside the base and fog the emulsion (Figure 27).
A neutral-density dye is incorporated in some film bases and serves
to both reduce halation and prevent light piping. This dye density
may vary from a just detectable level to approximately 0.2. The
higher level is used primarily for halation protection in
black-and-white negative films on cellulosic bases. Unlike fog, the
gray dye does not reduce the density range of an image, because it,
like a neutral- density filter, adds the same density to all areas.
It has, therefore, a negligible effect on picture quality.

Figure 27Light Piping
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Edge Numbers

Edge numbers (also called key numbers or footage numbers) are
placed at regular intervals along the film edge for convenience in
frame-for-frame matching of the camera film to the workprint. The
numbers are printed along one edge outside the perforations on 35
mm film and between the perforations on 35 mm film and between the
perforations on 16 mm film. The numbers are sequential, usually
occurring every 16 frames (every 12 inches) on 35 mm film and every
20 frames (every 6 inches) on 16 mm film. In a few instances, edge
numbers on 16 mm films are located every 40 frames (12 inches).

All Kodak camera film is edge numbered at the time of
manufacture in one of two ways:

Latent Image: The film edge is exposed by a printer mounted at
the perforator to produce an image visible only on processed film.
The five or seven digits are sequential and will change every 16
(35 mm) or 20 (16 mm) frames. The cluster of numbers and letters to
the left of the sequential numbers are a manufacturer's code for
the type of product, the perforator, and the equipment used to
produce the product. All Kodak 16 mm and 35 mm camera color film is
latent-image edge numbered ( Figure 28).

Visible Ink Image: During manufacturing, the filrn stock is
numbered with a visible ink. Again, this process is performed at
the perforators. The ink, unaffected by photographic chemicals, is
printed on the emulsion surface of the film. The numbers are
visible on both the raw stock and the processed film. In Figure 29,
the visible ink edge numbering will be more visible after
processing. All 35 mm Kodak black-and-white motion picture camera
films have ink edge numbers. The letter "C" is a manufacturer's
product identification.

A third method of applying edge numbering is very often used by
commercial motion picture labs. There the film is numbered on the
base side, generally with yellow ink. This numbering does not
interfere with the manufacturer's edge numbers because the lab
numbers are ordinarily printed on the opposite edge of the film.
Normally, both the original camera film and the workprint are edge
numbered identically for later ease in matching the two.

Figure 30 is a sample of Eastman EKTACHROME Video News Film 7240
(Tungsten), edge numbered by a laboratory in New York City.

With double-system sound, both the film and the magnetic tape
are often edge numbered by the lab for ease of editing.

Figure 28Latent image edge numbering
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In 1990, Eastman Kodak Company introduced a new edge-numbering
system that will eventually be included on all Eastman camera
negative films, both black-and-white and color. The new system
incorporates Eastman KEYKODETM; numbers which are machine readable
in bar code. A variety of scanners can read this bar code in the
same way that the bar code on most products in supermarkets is read
by a scanner in the checkout line. The human-readable key numbers
are similar to previous edge numbers, but are easier to read. In
this improved format, the key number consists of 12 highly legible
characters printed at the familiar one-foot, 64 perforation
interval. The KEYKODETM; number incorporates the same
human-readable number, but in a bar code. See Figures 31 and
32.

Eastman 16 mm Edgeprint Format

Featuring KEYKODETM Numbers - Figure 31, 32

Figure 29 Figure 30Visible ink edge numbering Laboratory applied
edge numbering
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Dimensional Change Characteristics

Motion picture film dimensions are influenced by variations in
environmental conditions. The film swells during processing,
shrinks during drying, and continues to shrink at a decreasing rate
throughout its life. These dimensional changes in film are either
temporary (reversible) or permanent (irreversible). Temporary size
changes are caused by a modification in the moisture content or the
temperature of the film. The extent of both temporary and permanent
size alterations is largely dependent upon the film support.
However, since the emulsion is considerably more hygroscopic than
the base, it also has a marked influence on dimensional variations
caused by humidity. Permanent shrinkage of film on cellulose
triacetate support is due to loss of residual solvents or
plasticizer, and, to a slight extent, the gradual elimination of
strains introduced during manufacture or processing. ESTAR Base has
no residual solvent or plasticizer and absorbs less moisture than
cellulose triacetate; consequently, its size changes are
considerably less. Some permanent shrinkage occurs in aging of raw
stock processing, and aging of processed film. Values for the
dimensions change characteristics of current Kodak and Eastman
Motion Picture Films are given in the table below.

Approximate Dimensional Change Characteristics of Current Kodak
and Eastman Motion Picture Films

Film Base

Humidity Coefficient of Expansion % per 1% RH

(a)

Thermal Coefficient of Expansion % per 1F (b)

Processing Shrinkage %

(c)

Potential Aging

Shrinkage % (d)

Length Width Length Width Length Width Length Width

Black-and-white camera

negative, duplicating

negative, color negative, color internegative,

color intermediate

and EKTACHROME Camera Films

Triacetate 0.007 0.008 0.0025 0.0035 0.03 0.05 0.2 0.25

Black-and-white release positive,

duplicating positive,

variable-density sound recording

and Eastman Color Print

Triacetate 0.005 0.006 0.0025 0.0035 0.03 0.05 0.4 0.5

Eastman Color Print and

Eastman Color Reversal

Intermediate

ESTAR 0.003 0.003 0.001 0.001 0.02 0.02 0.04 0.04

(a) Measured between 15% and 50% RH at 21C (70 F) (b) Measured
between 49C (12 F) and 21C (70 F) at 20% RH (c) Tray processing
measured at 21C (70F) and 50% RH after preconditioning at low
relative humidity
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Temporary Size Change

Moisture. Relative Humidity (RH) of the air is the major factor
affecting the moisture content of the film, thus governing the
temporary expansion or contraction of the film (assuming constant
temperature). For camera films, the humidity coefficients are
slightly higher than for positive print films. The coefficients
given in the table above are averages for the range of 15- to
50-percent RH, where the relationship between film size and
relative humidity is approximately linear. For ESTAR Base films,
this coefficient is larger at lower humidity ranges, and smaller at
higher humidity ranges. When a given relative humidity level is
approached from above, the exact dimensions of a piece of film on
cellulose triacetate support may be slightly larger than when the
level is approached from below. The opposite is true for ESTAR Base
films, which will be slightly larger when the film is previously
conditioned to a lower humidity than it would be if conditioned to
a higher humidity.

Temperature. Photographic film expands with heat and contracts
with cold in direct relationship to the film's thermal coefficient.
The thermal coefficients for current Kodak and Eastman Motion
Picture Films are listed in the previous table.

Rates of Temporary Change. Following a shift in the relative
humidity of the air surrounding a single strand of film, humidity
size alterations occur rapidly in the first 10 minutes and continue
for about an hour. If the film is in a roll, this time will be
extended to several weeks because the moisture must follow a longer
path. In the case of temperature variations, a single strand of
film coming in contact with a hot metal surface, for example, will
change almost instantly. A roll of film, on the other hand,
requires several hours to alter size.

Swell during Processing. All motion picture films swell during
photographic processing and shrink during drying. The swell of
triacetate films is initially rapid and depends upon the
temperature of the processing solutions, time, and film tension.
Acetate films swell more in the widthwise than in the lengthwise
direction, and negative films swell more than print films. The
change for ESTAR Base films is much smaller. The effects of drying
upon the final dimensions are discussed in the section on permanent
size change.

Swell During Processing

Swell %

Film Type Base Length WidthNegative Triacetate 0.4 0.6

Positive - Black-and-White and Color

Triacetate 0.3 0.5

Reversal-ColorAcetate-

Propionate0.6 0.8

Positive-Color ESTAR 0.05 0.05
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Permanent Size Change Permanent size change is the summation of
the shrinkage of the raw film, the size change due to processing,
and the shrinkage of the processed film.

Raw Stock Shrinkage. Immediately after slitting and processing,
the unexposed motion-picture film is placed in cans that are sealed
with tape. Until the film is removed from the can, solvent loss
from triacetate film is extremely low. The lengthwise shrinkage
will rarely exceed 0.5 percent during the first 6 months in a
1000-foot can of 35 mm film. ESTAR Base films will not shrink more
than 0.2 percent while in a taped can.

Processing Shrinkage. The net effect of processing triacetate
base film is normally slight shrinkage (see table ) unless the film
has been stretched. Some commercial processing machines have
sufficiently high tension to stretch the wet film (particularly 16
mm film); consequently, a lower net processing shrinkage or even a
slight permanent stretch may result. Because of its greater
strength and resistance to moisture, the overall size change of
ESTAR Base films is much less.

Aging shrinkage. It is important that motion picture negatives,
internegatives, and color originals have low aging shrinkage so
that you can make satisfactory prints or duplicates even after many
years of storage. With motion picture positive film intended for
projection only, shrinkage is not especially critical because it
has little effect on projection.

The rate at which aging shrinkage occurs depends upon the
conditions of storage and use. Shrinkage is hastened by high
temperature and, in the case of triacetate films, by high relative
humidity which aids the diffusion of solvents from the film
base.

The potential aging shrinkage of current motion-picture films is
given in this table. In the case of processed negatives made on
stock manufactured since June 1954, the potential lengthwise
shrinkage of about 0.2 percent is generally reached within the
first two years and almost no further shrinkage occurs thereafter.
This very small net change is a considerable improvement over the
shrinkage characteristics of negative materials available before
1954 and permits good printing even after long periods of
keeping.

The lengthwise shrinkage of release prints made on triacetate
supports is
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about 0.1 to 0.3 percent for 35 mm film and 0.1 to 0.4 percent
for 16 mm film during the first two years. Higher shrinkage can
occur over a longer period, as indicated in this table. Shrinkage
of films on ESTAR Base is unlikely to exceed 0.04 percent.

Although aging shrinking of motion picture films is a permanent
size change, humidity and thermal size changes can either increase
or decrease the observed size change.
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Other Physical Characteristics

Aside from image quality considerations, other factors can
affect the satisfactory performance of motion picture film.

Curl

Photographic-film curl is defined as the departure from flatness
of photographic film. Curl toward the emulsion is called positive
while curl away from the emulsion is termed negative. Although the
curl level is established during manufacture, it is influenced by
the relative humidity during use or storage, processing and drying
temperatures, and the winding configuration.

At low relative humidities, the emulsion layer contracts more
than the base generally producing positive curl. As the relative
humidity increases, the contractive force of the emulsion layer
decreases and the inherent curl of the support becomes
dominant.

Film wound in rolls tends to assume the lengthwise curl
conforming to the curve of the roll. When a strip of this curled
film is pulled into a flat configuration, the lengthwise curl is
transformed into a widthwise curl.

Buckling and Fluting

Very high or low relative humidity can also cause abnormal
distortions of film in rolls. Buckling, caused by the differential
shrinkage of the outside edges of the film, occurs if a tightly
wound roll of film is kept in a very dry atmosphere. Fluting, the
opposite effect, is caused by the differential swelling of the
outside edges of the film; it occurs if the roll of film is kept in
a very moist atmosphere. To avoid these changes, do not expose the
film rolls to extreme fluctuations in relative humidity.

Aditional reading on "Physical Characteristics of film."

Adelstein, P. Z. and Calhoun, J. M., "Interpretation of
Dimensional Changes in Cellulose Ester Base Motion Picture Films,"
Journal of the SMPTE , 69:157-63, March 1960.

Adelstein, P. Z. Graham, C. L., and West, L. E., "Preservation
of Motion Picture Color Films Having Permanent Value," Journal of
the SMPTE , 79:1011-1018, November 1970.

Figure 33
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Calhoun, J. M "The Physical Properties and Dimensional Behavior
of Modon Picture Films," Journal of the SMPTE , 43:227-66, October
1944.

Fordyce, C. R., "Improved Safety Motion Picture Film Support,"
Journal of the SMPTE , 51:331 -50, October 1948.

Fordyce, C. R., Calhoun, J. M., and Moyer, E. E., "Shrinkage
Behavior of Motion Picture Film," Journal of the SMPTE , 64:62 -66,
February 1955.

Miller, A. J. and
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