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Preface

CREAT PROGRESS has been made in color photography during the
ten years that have elapsed since the first edition of this book was
published. New materials have become available; some old ones
have been improved and simplified; and others have gone out of
existence. All the existing methods of making transparencies and
color prints are trcated in this book, largely from the author’s own
expericnce with them.

The viewpoint is that of an amateur writing for other amateurs.
It is quite probable, however, that the professional—the photogra-
pher who has to make his work pay—can learn from amateur tech-
niques how to get the best possible results with the least expenditure
of time, cffort, and money.

Dectails of making transparencies on Kodachrome, which the
manufacturer processes, and on Ektachrome and Ansco Color,
which can be processed at home, will be found here. The tech-
niques of making color prints by carbro, wash-off, and its modern
version, dye transfer, as well as the single-exposure method by
Printon, are described.

There is still no royal road to making color prints; but it is fun,
and with carc the results are both beautiful and a source of pride as
examples of excellent craftsmanship.

Kerra Henney
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CHAPTER 1

Introduction

Fox ALMOST EXACTLY a hundred years professional photographers,
advanced amateurs, snap shooters, portraitists, pictorialists, and
scientists have wished to make photographs in the full glory of
natural color. Many processes have been suggested, and many have
been tried; but it is only recently that the making of such photo-
graphs has bcen placed within reach of all camera enthusiasts,
including the newest and most unskilled of amateurs. It is now pos-
sible for the professional, even for the amateur, to make beautiful
color photographs and to impress on color ilm (still or motion pic-
ture) his personal record—his children, his hobbies, his vacations,
his automobilc trips, his voyages.

The headaches of color photography, which have been many, are
easing up before the rescarch of many scientists in many labora-
torics. According to one of the best known and most respected of
these scientists, the years of black-and-white photography are num-
bered. Just what the future holds no one can say, but the amateur
who wishes to be in the vanguard of carly workers, who wishes to
be a jump ahead of his friend hobbyists, has yet time to get in on
the ground floor of what promises to be a revolution in photography.

But before he embarks seriously upon his campaign he should
ask and gct answers to these questions:

Is it cxpensive?

Is it difficult?

Is the equipment too claborate?
What expcricnce is needed?

Is it worth while?

Consider the last question first.
1
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Is It WortH WHILE?

The answer is Yes.

Nature did not make her flowers, her seas, her skies, and her
clouds in black and white. Only the color-blind sec natural beauty
in the way we have been accustomed to sceing it in photographic
reproductions. Fruits and vegetables, butterflics and birds, shadows,
trees, still ponds, and running water all have color. Black and white
at its best gives but a dull re-creation of their original beauty.

The photographer who takes up color has a new medium with
which to work, and he experiences the same delight a painter might
if, after years of restriction to black cravon and white paper, he
were suddenly given a full palette of bright colors. He will become
color-conscious, perhaps for the first time in his life. He will learn
to watch for beauty of color, as well as for the beauty of form and
the variations of brightness that have made his black-and-white
photographs distinctive, and he will learn that certain colored sub-
jects, which looked quite all right in black and white, look very bad
indeed in color. Color will lead the amateur photographer in many
directions and will open up new and fascinating interests, but cach
person must, after all, decide for himself if he thinks it is worth
while.

To determine this simply and cheaply, let the amateur buy a roll
of color film—Kodachrome or Ansco color—load his camera with it,
and shoot off his exposures on a clear day. Let him choose subjects
that have strong color—children in bright dresscs, flowers, blue
skies with white clouds. When the finished product comes back

from the manufacturer, he can decide whether he wants to stop
here or go ahead.

Is It ExpPENSIVE?

Yes, compared to black and white.
But it produces vastly superior results, and the amateur must pay
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for this improvement. It would not be possible even to estimate the
number of dollars and the number of man-hours that have gone
into the rescarch that makes color pictures possible. The wonder is
that they do not cost more than they do.

Color film can now be purchased for most of the more popular
sizes of roll-ilm camecras. It can be bought in sheet film for the
larger cameras used by the more serious amateurs and professionals.
A single shot for any of the 35-mm cameras will cost about 15 cents
and prints madc from these miniature transparencies may be had
for prices from 60 cents up, depending on size and quality.

These prices will probably come down. It is the earnest desire of
every manufacturer to makc the processes simpler, less subject to
crror, and less expensive. Much moncy and effort are being spent
in these directions; it would be strange if they did not bring results.
Alrcady reductions have been made, and it seems reasonable to
hope that others will follow with greater appreciation on the part
of photographers and consequent greater volume of business to the
manufacturers.

The prices quoted above for “transparencies” are for films on
which the color picture appcars in full brilliancy when held up to
the light or when projected on a screen. Transparencies are made
by processing the films that were used in the camera; they are orig-
inals, not prints. To display their complete beauty, they should be
thrown on a screen, like a movie. To do this involves buying a
projcctor ($35 will buy a good onc) but many a photographer has
decided that this is a better way to exhibit the fruits of his labors
than passing around black-and-white prints.

If the amatcur does his own work (and it is highly desirable that
he should), he will find the cost of processing transparencies some-
what greater than that involved in devcloping a black-and-white
film. To have a large print made on paper, however, will cost good
moncy—about $3.50 for an 8- by 10-inch enlargement—and only a
few laboratorics arc offering the service. These prices, like the cost
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of film, will probably come down, but anyone familiar with the
work involved in making a color print understands why they are so
high compared with those of black-and-white prints.

If the amateur goes in for print making, he will find that costs
depend on his skill and on the number of prints he wants. The pur-
pose of this book is to describe for him the most practical methods
of making prints. It is the ability of thce photographer rather than
the cost of the process that determinces the excellence of the pic-
tures.

Is It DirricuLt?

Not too difficult.

Only simple rules must be followed to take pictures that are sub-
sequently processed to make transparcncics. One has to have the
proper light, to have the subject under fairly strong illumination, to
use the proper cxposure, and to push the button. It is as casy as
that.

But the color photographer cannot go barging about shooting
here and there with the abandon he has enjoyed in using up his
black-and-white film, leaving to the film latitude and the photo-
finishers the job of getting good prints from his exposures. ITe must
get the exposure right, or his color picture will be a failure. An
exposure meter, used intclligently, is a good guarantce of success;
it is not a nccessity. As a matter of cold fact, the cxposure guides
prepared by the manufacturers take care of almost all circumstances,
so that it is the unusual picture taken under unusual conditions
that requires the exposurc meter. The manufacturer is as anxious
as the user of the matcrials to make failure difficult and rarc. It is
the author’s experience that an cxposure meter followed blindly
will occasionally produce bad results—in snow scencs, for cxample.
Color photography is serio 1s business; to get the best results the
amateur must be willing to follow a more rigorous systcm than he
has used for his work in monochrome.
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When it comes to making color prints on paper, either from life
or from transparencies, it is only fair to state that the art is in a
state of rapid flux. Many amateurs make excellent prints; commer-
cial photographers have been making them for some years. But
as yet there is no royal road to the making of colored prints. Proc-
esses arce lengthy and rather expensive, the wastage of materials in
the average amateur’s hands is rather high—but there is no greater
thrill in all photography than the successful production of a good
color print. There is no greater challenge to the amateur and no
phase of photography in which the future holds so much.

The color plates in this book were made from paper prints made
by an amatcur—some from original subject matter, some photo-

graphed first in the form of transparencies and then made into
prints—but it is all amateur work.

Is THE EgQuipMENT Too ELABORATE?

For transparcncics nothing is nceded but color film and a camera
of one of the sizes for which color film is made. For the more
painstaking work of making “separations” like thosc of the engraver
or the professional photographer, the amateur will need a camera
(and any good camera will do, whether roll or pack film or plate),
filters, a sturdy tripod, and the necessary trays and chemicals for
processing. Fortunatcly, many of the chemicals needed for color
can be used for other photographic purposes and, again fortunately,
the chemicals themselves are not expensive.

There are other picces of equipment that the amateur can buy,
such as one-shot cameras ($275 and up), but they are not neces-
sary. He can get into color without them.

For making transparencies, the minimum equipment is

Camera
Color film

If the amateur does his own processing (this is not possible with
Kodachrome film), he will also need
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Trays or tanks

Chemicals

A place to work—the kitchen or the bathroom will do
For more serious work, add

Tricolor filters

Tripod—get a good one

More chemicals

More trays

A better place to work, preferably a well-equipped darkroom

WHAT ExperiENCE Is NEEDED?

When a person goes to college, he learns that he cannot enroll in
certain courses until he has previously mastered more elementary
or preparatory ones. This is true of photography. Although anyone
with a camera can lcarn to make excellent transparencies, which are
beautiful and which may have sales value, the amateur who pro-
poses to process his own color film or to make prints should take a
preliminary course in general photography.

The amateur who sends all his work to the drugstore to be
processed is not rcady to build himsclf a darkroom and to plunge
immediately into color-print making or even into processing his
transparencies. He has no sensc of photographic values; he cannot
tell what is wrong if success docs not crown his first efforts.

The amateur should know how to devclop a film or plate. He
should have some idca of the photographic processes, which involve
not only the preliminary step of making the exposure but also the
vastly important steps of developing the film and fixing, washing,
and drying it. And he should have some expericnce at making prints
from negatives. Through this type of work he learns to judge by
looking at a negative whether it has been underexposed or over-
exposed, underdeveloped or overdeveloped, and so on. Proficiency
at black-and-white processing, however, is only an initiation, and
much more must be learned to work in color cffectively.
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To sum up, to make transparencies the amateur needs to know
only how to focus his camera and how to measure exposures. The
amateur without any interest in processing or in print making can
learn as much about composition, about colors, about exposure,
about models and lighting—all of the elements of making pictures—
as the fellow who spills chemicals all over himself and who makes
a considerable investment in processing apparatus and materials.
There is no reason why an amateur who intends to confine his
work to transparencies, whether for projection or for sale or for
engravers to work with, cannot make just as good ones as the man
who spends his days and nights in a darkroom. Many very fine
transparencies were made with 35-mm cameras costing as little as
$12.50 (prewar).

If, however, the amateur desires to make prints or to process his
own transparencies, he should first learn how to develop and print
black-and-white pictures. He will thereby learn how to handle his
apparatus in absolute darkness, how to mix chemicals, how to clean
trays, and how to expose paper or films to negatives for making
prints or lantern slides, and in general he will equip himself with
experience that will save him time and energy and money when he
comes to do his own color processing.

This book assumes a rudimentary knowledge of monochrome
photography. In the following chapters the amateur will be able
to learn something about color, about films and filters, and about
film processing. Then he will be taken into the adventures of mak-
ing and processing transparencics; then into the several processes
of making prints from scparation negatives. In this manner he
should be equipped, finally, to make prints in any of the several
processes available and to choose the medium that, for him, seems
best.

There is no doubt that a thorough study of color-print making
from separation negatives will educate the photographer into a
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much better appreciation of the whole photographic process and
will, thereby, improve his black-and-white work immeasurably. He
will find out much about the sensitivity of modern emulsions both
to white light and to light passed to the materials through filters of
various colors. His techniques will improve so that he will finally
attain technical perfection, having the ability to make negatives
and prints of practically any sort he wishes.

If, in addition, he develops the power of making picturcs that
have artistic merit, that tell a story, then he can be proud of his
all-round proficiency in an art and a science.



CHAPTER 11

Color and Color Processes

BEFORE THE AMATEUR begins to work with color, he should under-
stand something about what color is. Webster’'s New International
Dictionary calls it “a quality of visible phenomena, distinct from
form and from light and shade, such as the red of blood, the blue
of the sky, the green of grass.” Color, then, is a physiological sensa-
tion, It is a property of light; the sensation produced depends on
the way the light acts upon the human eye.

Pure white hght—sunlight at noon on a clear day—contains all
colors, each of which is represented by a different wave length. The
band of light wave lengths cmitted by the sun is very wide,
extending from 290 to more than 2,300 mg (mp = millimicron
= onc millionth of a millimeter). Of this band only a small portion
(the wave lengths between 400 and 700 mpu) produces sensations
visible to the human cye. These constitute the physical, or visible,
spectrum. Photographic emulsions are available that detect wave
lengths that the cye cannot scc, and therc are other ways of detect-
ing and mcasuring the other radiations from the sun.

When a beam of white light is sent through a prism, it separates
into the seven colors of the rainbow—red, orange, yellow, green,
blue, indigo, and violet. Red is produced by the longer wave
lengths (700 my, approximatcly), violct by the shorter ones. The
action of the prism might looscly be compared with that of a radio
set designed for the wave lengths of light rather than for the wave
lengths of wircless radiations. Shoot a wave length of 700 mp into
the human cyc and the brain registers “red,” just as a radio receiver
responds with WJZ when it is tuncd to 760 kilocycles.

9
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The figure shows the wave lengths of the visible spectrum and
the corresponding colors as seen by the normal human eye. Wave
lengths shorter than the violet are known as ultraviolet; light from
these produces tan when one’s skin is exposed to them (this is in

|

Ray of white light from the sun is split up by a prism into many
hues. The prism divides white light into the colors of the rainbow:
red, orange, yellow, green, blue, and violet.

itself a kind of photographic process). Wave lengths longer than
the red are known as infrared and are heat producing.

The colors of the spectrum are not sharply divided from one
another. They blend into a continuous band that seems at first
glance to be made of only seven colors. But different hues may be
detected within each of the colors. The number of these perceptible
to the eye is variously cstimated as between 30 and 130. Through
combinations of these spectral colors the number of hues, includ-
ing tints and shades, runs into the thousands.

Every color has three qualities. These are known as the color
constants. They are
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1. Hue, the property that distinguishes one color from another;
for instance, reddish blue from a greenish blue.

2. Value or luminosity, the property that indicates the amount
of light and dark in a color—the greater the amount of light, the higher
the value; the greater the amount of dark, the lower the value.

3. Purity, intensity, or saturation, that which expresses the strength
or vividness of a color; for instance, the difference between a pure

_Suns _
r radiafior;"
7
Infi at
--Radlio waves- > or ;z;,ué ‘vlll:z X rays ->
Red -~ ;é Violef
I
30,000 004 800400~ 12m g
meters _cm mu ~ -
_ L m == - Visible spectrum———»~ _
e ———— y N .
Ota Blge B8lye
Red va/lo Green grebn viok?
700 600 500 400

Millimicrons

Electromagnctic spectrum with visible portion expanded to show
relation between colors and wave lengths.

spectral blue and a blue mixed with gray. Two colors are identical when
they cxactly correspond i these three qualities. A tint is lighter than
a saturated color. A shade is darker than a saturated color.

The colors of the spectrum are the chromatic colors. Black, white,
and the intcrmediate shades of gray are the achromatic, or neutral,
colors. Variations of the shades of gray are measured in terms of
brilliance. Halfway between black and white lies a gray that con-
tains cqual amounts of black and white. All other grays are lighter
or darker than this. Dark grays have low brilliance. Light grays
have high brilliance. Pure black (and it is possible only theoretically
to obtain pure black) is a complete absence of color. Its degree of



12 COLOR PHOTOGRAPHY FOR THE AMATEUR

brilliance is zero. Pure white is a combination of all colors. Its
degree of brilliance is very high.

There is no standard nomenclature for color. Even in this day of
scientific accuracy, colors of the same wave lengths are called by
different namcs, depending largely on the person who makes use
of them. A painter, a stylist, an advertiser, a manufacturer, and a
photographer may all speak of the same color, yet each uses a
different name for it. Some efforts toward standardization have
been made, but they have not been entirely successful. There are
many obstacles in the way. But since in making color photographs
only three primary colors and their complementary colors are dealt
with, the complicated subject of color names need not be discussed
here.

PriMARY AND COMPLEMENTARY COLORS

There is some confusion as to which arc the primary colors.
Popularly, the seven prismatic, or rainbow, colors are often referred
to as the primaries. Psychologically speaking, therc are four pri-
maries—red, yellow, green, and blue. These cannot be described in
terms of other colors, but they can be used to describe other colors.
Orange, as far as the sensation it registers on the cye is concerned,
is a combination of red and yellow. Indigo is a combination of red
and blue. Violet is another combination of red and blue. For the
artist working with pigments therc are threc primary colors—red,
yellow, and blue. By proper combinations of these three he can
make all other colors in the chromatic scale. For the color photog-
rapher, also, there are three primarics, but they are not the same
three. The difference comes from the fact that the artist gets his
colors through mixing pigments whilc the photographer gets his
through mixing light. For the man (or woman) with the camcra
the three primary colors are red, green, and violet-blue.

Scientists have discovered that any color may be considered as
made up of varying proportions of these threc primary colors—
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red, green, and violet-blue. The whole scheme of color photography
is founded upon this fundamental principle.

Onc of the oldest and most cfficient of color cameras is the
human eye. A ray of light entering the eye passes through four
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T T T T
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400 500 600 700

The three color sensations of the eve. If all wave lengths between 500
and 700 mp are “scen,” the sensation will be yellow.

transparent mediums before it enters the terminal organ of vision,
which is the retina. These mediums are

1. The cornea

2. The aqucous humor

3. The vitreous humor

4. The crystallinc lens

As the ray of light enters the cve, it passes through the cornea

practically unchanged; but in the three other transparent mediums
it is bent or refracted until it makes a focused image on the retina.
There are several theorics as to how this image is made and how
the colors in it arc registered. According to the Young-Helmholtz
theory, which grew out of the discovery of the red. green, and violet-
bluc primarics. there are three kinds of nerves in the retina, each
sensitive to light of a diffcrent band of wave lengths. One set is
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sensitive to red wave lengths (600 to 700 mgu), another to green
wave lengths (500 to 600 mg), and the third to violet-blue wave
lengths (400 to 500 mu). When a certain set of nerves is stimulated,
the brain registers “red.” Similarly the other sets of nerves tell the
brain when colors to which these nerves are sensitive are being
received. If all three colors are stimulated equally, white is the sen-
sation recorded. If these three nerves are stimulated in the proper
proportion, any color of the spectrum can be seen.

NN\

400 500 600 700
Blue Green Red
violet

Shift of sensitivity (from a peak in the yellow, A) of the cye toward
the green, B, under poor illumination.

In normal illumination the cye is more sensitive to yellow light
than to light of any other color. But in weak illumination—as in a
darkroom—this sensitivity shifts toward the green. This is why
green safelights are often employed in the photographic darkroom
when panchromatic materials are used.

Whether or not this trichromatic, or threc-component, theory
of Young and Helmholtz is true with regard to the eye (and it has
been seriously questioned), it is true with regard to the color
camera.

Properties of Light

Light—and color is a property of light—travels in a straight line
from its source as long as it moves through the same medium. If it
strikes a medium of different density, three things may happen to
it. It may be absorbed. If it is completely absorbed, the object upon
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which it falls will appear black; all light is gone, and there is no
color. If it is partially absorbed, the color of the object illuminated
will depend on which of the wave lengths are absorbed. It may be
reflected—i.e., sent back in the direction from which it came. Or

' Transmitted in straight lines

Reflected
beam
Mirror
Reflectead
bearn
,,»vv Glass
/
Refrocted
beam

Light can be reflected, refracted (bent), and transmitted. It can also
be absorbed.

it may be refracted, or bent, in which case it will travel in an
cntirely diffcrent dircction. When a beam of light traveling from
the sun through the air strikes a lens, it enters a medium in which
the speed of transmission is less than in the air. The ray, then, is
bent, or refracted. At the same time some of it may be absorbed
and somec of the rest of it may be reflected, so that the total amount
of light leaving the lens may be much less than the total amount
entering it.
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Light, therefore, can be transmitted, reflected, refracted, or
absorbed. It is with absorption that the color photographer is most
concerned, for it is through absorption that colors are registered on
the human brain.

The three-component theory states that the color of a rose is
due to a proper combination of the three primary colors. This is
because white light falling upon the rose is partially absorbed,
partially reflected. A red rose absorbs blue and green. Only one of
the primaries is left—red. This red component of the white light
is reflected—i.e., sent back—and thus reaches the eye. All colored
objects absorb certain colors and reflect or refract the others.

A rose will remain red as long as it is illuminated by a white or
red light. It will appear black if it is illuminated by a beam of light
that contains no red—a ray, for instance, sent through a bluc-green
filter. In such a beam there is no red left to be reflected to the eye.

Complementary Colors

It is an interesting and important fact that for each of the three
primary colors there is another color, known as its complementary,
that, when mixed with the primary, will produce white. Subtract
the primary from white light and the complementary is left. The
complementaries for the color photographer’s three primaries are
as follows:

PrimarY COMPLEMENTARY
Red Blue-green
Green Magenta
Blue-violet Yellow

Looked at in another way, this table appears as follows:

1. White light minus red equals green plus blue-violet, which
makes blue-grecn.

2. White light minus green equals red plus blue-violet, which
makes magenta.

3. White light minus blue-violet equals red plus green, which
makes yellow.
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Coror PROCESSES

All methods of making photographs in color depend on the fact
that any color can be made up of the proper proportion of the
three primary colors. Conversely, any color can be analyzed into its
three components, which are varying proportions of the three
primaries.

The photographer, therefore, proceeds in the following way,
speaking very generally at first and more specifically later. He takes
his scene apart, separating it into its three primary colors. He
registers on onc film all the red, on another all the green, and on
another all the blue-violet. Then he performs his various operations
on these three “separations” and finally puts the picture back
together again. There is no known process that does not depend
essentially on this complicated business. There are short cuts, as
in making transparencies, but in print making the photographer
must perforce go through this separation and consolidation process
with various operations between.

That is the general scheme. Now, speaking specifically, the
photographer may use three films, taking his picture three times,
once through each of three filters, which admit to the film only
those colors that will pass through them. Thus there is a red filter,
and a gicen one, and one that is blue-violet in color. From these
three ncgatives, positives can be made and then colored properly
and supcrimposed in register. Now the picture has been taken
apart and put back together again.

Or the photographer may usc one film in which the manufac
turer has, in effect, imbedded both filters and sensitive emulsion,
so that the separating, processing, and reassembly take place more
or less automatically. The manufacturer actually uses three emul-
sions coated onto a single film base. Between the individual layers
of emulsions are filters so that the light of the color that exposes
the outermost layer of emulsion is prevented from getting to the
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second layer, although colors that will affect the second and third
layers are transmitted through the outermost emulsion and the
filter. Part of this light exposcs the middle layer and the rest, after
passing through another filter, exposes the innermost layer. After
processing, this film becomes a positive transparency in full color.
If prints are desired, the colors of this transparency must be sepa-
rated on three negatives and three new positives must be made,
just as though the photographer had made separations of the
original scene. The difference is that he has been able to bring the
scene home to do his “separating” there at his leisure.

The Additive Process

There are two general methods of procedure in making a color
photograph. A very beautiful demonstration of the possibilitics of
one of them was made as carly as 1860 by a cclebrated English
physicist, Clerk Maxwell. It is worth while to study this method
carefully because it leads directly to mecthods of making trans-
parencies by Dufaycolor, Agfa plates, Finlay, and other processes
not now in vogue in this country.

Maxwell made three filters for his camcra—one red, one green,
one violet-blue—then made threc exposures of the same subject,
one through each of the filters. The red filter prevented any but
red colors from reaching the plates, the green kept out all but
green, and the violet-blue absorbed all but violct-blue. This is the
fundamental principle of color separation as it is uscd today by
countless photographers and photoengravers.

From each of his ncgatives Maxwell madc a positive on a trans-
parent material like film or plate. Then he placed cach of these
positives in a projection lantcrn focused on a whitc screen. In the
beams of the three lanterns he placed filters; before the red positive
he placed a red filter; before the green positive he placed a green
filter; and before the violet-blue positive he placed a violet-blue
filter. The three positives were stationed so that the images were in
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exact register on the screen, which showed a reproduction in full
color of the original subject.

This is the additive color process. Each component added to the
others in the right proportions makes up the final hue. Color photo-
graphs made in this way must be on transparent material and must
be shown through threc beams of light (that is, three filters)
exactly like the filters through which the original exposures were
taken.

Why did Maxwell have to make positives from his three separa-
tion negatives and why did he have to use colored beams of light
by which to project the images on a screen?

Considering a red object, only the color red will get through the
red filter and will expose the sensitive material. After this material
is processed, a dark deposit of silver will exist where the red light
hit it. All the rest of the film will be clear. If this film is projected
on a screen with red light, all of the screen will be red except the
portions that represent the original red. So this scheme is no good.
On the other hand if a print (on film or plate) of the red-filter
ncgative, like Maxwell’s, is made, then the light and dark portions
will be reversed; the dark parts of the negative will become clear
and all the rest of the film or plate will become dark, representing
the nonred parts of the original scene. Now if this positive is pro-
jected by a red beam of light, the screen will show red in the por-
tions where the original subjcct was red.

An amateur who has the tricolor filters can perform an interest-
ing experiment in color synthesis. Get two small mirrors and a
white scrcen—a shect of white paper will do. Let a shaft of sun-
light fall on one filter and let the colored light that gets through
the filter fall on the screen. Ticn with the mirrors, direct light on
the other two filters and move them about until the light that gets
through them falls on thc screen. Let two of the beams fall on
top of each other and, finally, lct the three beams superimpose. It
will not be possible to get a good white because the filters are not
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perfect transmitters of the desired wave lengths nor perfect ab-
sorbers of the undesired wave lengths.

It will be noted that a sort of ycllow results when the red and
green beams overlap and that a blue-green is the result of green
and blue beams overlapping. If, however, the red and blue filters
are overlapped and hcld in front of the eye, very little light will get
through, because the red filter transmits only red (and no blue)
and the blue filter transmits only blue (and no red). Thercfore,
one filter intercepts what the other transmits and so nothing
(theoretically) gets through.

The Subtractive Process

Maxwell could have secured exactly the same results if he had
procceded by dyeing the red-filter positive blue-green in color (the
complementary of red), the green-filter positive magenta in color,
and the blue-filter positive yellow. Then, if he had placed these in
register, illuminated them by light from a single white beam shin-
ing through these three positive images in register, the screen
would have had on it a reproduction of the scene in full color
exactly like the onc he actually had in his demonstration.

This is known as the subtractive process. It consists of making
three ncgatives, then from these negatives three positives, each of
which is then dyed a color complementary to the filter through
which the ncgative was made. These three positives may be regis-
tered and bound up with tape to form a transparency; or they may
be transferred to a paper base; or they may be engraved and run
through a printing press.

The additive and the subtractive processes are two different
methods of producing the same result. Beautiful picturcs are pos-
sible by either method.

If transparencics are all that is wantcd, the additive process may
be used. If prints are desired, the subtractive process must be used.
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Comparison of Additive and Subtractive Processes

All that you learn now will be useful throughout your dealings
with color photography—unless the scientists produce some radi-
cally new and radically simple process not now in sight.

Suppose you photographed three pure colors, the colors of the
tricolor filters, red, green, and blue-violet. (It must be said here
that pure colors arc almost never found in nature. All colors
are mixtures, and the illustration given here shows that this is
true.)

Consider the red-filter negative. The red filter absorbs blue-
violet and green. It transmits red. Thercfore only red light will get
through the filter and cxpose the film. Upon development the red
portions of the scene will therefore produce a dense deposit of silver
in the film. The green and bluc-violet parts of the scene will not get
through the red filter and will not register on the film. The devel-
oped film will show a dark place where the red portion of the scene
cxposed the film and transparent portions where no light got
through the red filter.

The green and the blue-violet negatives will, similarly, have dense
and transparent portions corresponding to the parts of the scene
that got through the respective filters and the parts whose colors
were absorbed by the filters. The positives, of course, will have the
light and dark portions reversed.

Now suppose the red-filter positive is placed in the red beam of
the lantern of Maxwell. Where there was red in the original scene,
the positive is transparent and the red beam will be projected on
the screen. Where there was green—i.e., no red, the red-filter posi-
tive will be dark and no red light will get to the screen.

Similarly the green positive is placed in a green beam and the
blue-violet positive is placed in a blue-violet beam. Since the red
portions of the scenc are opaque in the green and blue-violet posi-
tives, no light from these lanterns will get to the screen, which will
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be red only in these portions. In this manner each portion of the
scene will be registered on the screen.

The additive process is thus made up by adding colors to the
screen. If a certain portion of the scene is white, each of the three
positives will be transparent, because each negative will be affected
by the white light (since white light is made up of red, green, and
blue-violet), and some of each of the three colored beams will get
to the screen. Thus white light is seen to be made up of equal
proportions of red, green, and blue-violet.

The process can be looked at in another way. The red filter
absorbs blue-violet and green and prevents these colors from affect-
ing the film. It subtracts these colors from the scene. Similarly the
red filter placed on the white beam of the lantern absorbs nonred
(blue-violet and green) and prevents these portions of the white
beam from reaching the screen.

In the subtractive process the same three negatives can be used.
Positives are printed from these negatives. These positives can be
dyed, or pigmented, or in some way colored in hucs that are the
complementaries of the filters through which the respective nega-
tives were made. Suppose they are dycd in such a manner that the
deposit of dye is proportional to the density of the deposit of silver
in the positives. Where the positive is clear, there will be no dye.
Where the positive is opaque, the dye deposit will be heavy.

Now look at the illustration of the subtractive process. It will be
seen that in the red parts of the scene the positives are dyed as
follows: the red-filter positive is clear, the green-filter positive is
magenta, and the bluc-violet positive is yellow. In other words, the
portions of the original scene where there was no red are now dyed
magenta and yellow.

Place the dyed positive made from the red-filter negative down
on a piece of glossy white paper. The light reflected from the paper
will now be partially absorbed by the dye and will not reach the
eye. The dyed portions have subtracted from the white light of the
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paper those portions of the original scene in which there was no
red. From the red-filter positive no light should be reflected to the
eye in those portions of the picture in which there was no red in
the original scene. Since white light minus red equals blue-green,
the nonred portions of the red-filter positives are dyed blue-green.

The green-filter positive has magenta dye in the portions where
there was no green in the original, because white light minus green
equals magenta; the blue-violet positive has yellow dye in the por-
tions where there was no bluc-violet in the original, because blue-
violet subtracted from white light makes yellow.

Now place one positive on top of the other in register and all
threc on the white-paper support. Each dyed positive subtracts its
share from the white light of the paper and helps to build up the
final image. If all thrce positives arc clear, white will show through.
If all three positives are dark with dye, all light will be subtracted
and the picture will be black.

Where magenta and yellow overlap, there will be red; where
bluc-green and magenta overlap, there will be blue; where blue-
green and yellow overlap, there will be green. Other colors will be
formed of various combinations of these three colors and by vary-
ing depths of dye dcposit.

Thus
White minus blue-violet makes yecllow.

White minus grecen makes magenta.
White minus red makes blue-green.

" And
Magenta plus yellow makes red.
Magenta plus bluc-green makes blue-violet.
Blue-grcen plus yellow makes green.

In the subtractive process the nonred portions of the red-filter
positive are printed in nonred or blue-green; the nongreen parts of
the green filter positive are printed in nongreen or magenta, and
so on. The red portions of the red-filter positive do not print at all.
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The green portions of the green-filter positive do not print at all.
But the red of the original scene is made up, in the final print, by
an overlap of magenta and yellow; green is made up of an overlap
of blue-green and yellow; and blue is made up of bluc-green and
magenta.

Looked at in another way, the relation between the primary
colors, red, green, and blue-violet, and the colors complementary
to these colors—i.e., white light minus these colors—bluc-green,
magenta, and yellow, may be thought of as follows:

White minus green and blue-violet equals red.
White minus green and red equals bluc-violet.
White minus red and blue-violet cquals green.

Since white light minus red makes blue-green, this latter color
is often spoken of as being “minus red”; in the samc way, yellow
is “minus blue-violet”; magenta is “minus green.”

If all of this business seems very confusing, remember that an
experienced photographer can look at a ncgative and, cven though
the light and dark portions are reversed from what they will be in
the final black-and-white print, he can visualize this print per-
fectly. The negative that he makes by photographing a subject has
all of its high lights and shadows exactly reverscd from the original,
and it is only by making a print from this ncgative (which then
becomes a positive) that the reproduction of the original subject
becomes possible. Similarly in color, the negatives made of the
original subject have their light and dark portions the exact oppo-
sites of the original, so that in reproducing the colors, they too
must be “reversed,” and this lcads to the apparent contradictory
performance of producing the red of the original scene by actually
laying down a dye or pigment made up of the two colors magenta
and yellow.

The advantage of the subtractive process, just described, lies in
the fact that brighter pictures result. In the additive process, to
procure white, one must project on a screen all three primary
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colors, whereas in a subtractive process one projects no color at
all—the white of the screen is merely the place where the unfiltered,
unattenuated illumination from the projector reaches the screen.
In color prints, such as the photographic processes described in
this book or such as the photomechanical processes like letterpress
or offset printing, white is merely the whiteness of the paper sup-
port—and the whiter the paper, the brighter the pictures.

Black in a subtractive process is made up of equal amounts of all
of the subtractive printing colors overlaid on each other, so that
when each subtracts onc-third of the visible spectrum, no light
whatever is rcflected to the eye from the white paper; or in a
projector system, no light reaches the normally dark unilluminated
screen. In a subtractive process the whites are whiter and the blacks
blacker than in an additive system.

The red, green, and blue filters employed in making separation
ncgatives for use in color printing are often called “additive-
analysis” filters; the cyan (blue-green), magenta (blue-red), and
yellow (red-green) prints made from these negatives are often
called “subtractive-synthesis” colors. Thus, color films and separa-
tion ncgatives may be said to “take” a color picture by an additive
mcthod but to display the final result by a subtractive process.



CHAPTER 1III

Films and Filters

UP TO THE present moment it has been assumed that the amateur
about to embark upon an adventure in color knows something
about sensitive materials like films and plates and something about
filters. The average amateur knows a film as something he buys at
the drugstore or the camera-supply house and a filter as something
that brings out clouds in the sky.

The color amateur should have something more than this super-
ficial knowledge. He should know what films are made of, their
sensitivity to various colors, how to develop them, and so on.

FiLms

A sensitive film is composed of a support upon which is a coating
of silver bromide suspended in a solution of gelatin. This coating is
called an emulsion. The film base or support for the light-sensitive
emulsion is usually made of cellulose nitrate or cellulose acetate,
derivatives of cotton. Plates, of course, have sheets of glass as
supports.

Before the film has been exposed to light and developed, the
silver bromide exists in the form of small crystals, which are usually
triangular or hexagonal in form. They are thinner than they are
broad and lie flat in the plane of the film. These grains are of
various sizes, some large and some small, but all of them are much
too small to be seen except with a powerful microscope.

On the size of these grains depends the characteristic of the film
(or plate). Fast films have a larger proportion of large grains than
of small grains. Slow films have more small grains—they are “fine”

26
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grain. Supersensitive materials used for night photography are
inherently coarser grained than slow or fine-grain films. Coarse-
grained films are also less contrasty than fine-grain films. The latter
are said to be “hard,” while the very fast films tend to be “fat.”
They will, however, reproduce a wider range of tones than the
harder films. A process film is excessively contrasty and at the same
time is very slow.

Fine grain, high contrast, and slow speed go hand in hand;
coarse grain, relatively low contrast, and high speed go hand in
hand.

When the sensitive film is exposed to light, a “latent,” or invis-
ible, image of the subject being photographed is formed in the
sensitive cmulsion. When the film is developed, the portions of the
film that were exposed to light turn black because the light-yellow
silver bromide is converted to black particles of pure silver in the
developing process. Fixing, after development, gets rid of the
unexposed silver bromide grains and leaves nothing but pure silver
grains and the transparent film base. Since the developer only acts
on the silver bromide grains that have been exposed to light, the
fixing process is most important. The undeveloped silver bromide
grains are still light-sensitive. If the developed film is exposed to
light, the image will be of temporary value only since the unexposed
grains now become black, because they will be exposed to light
when the picture is displayed. The fixer, therefore, gets rid of these
unexposed grains and permits the picture to be examined in full
daylight without danger of its turning black.

There is no point in trying to explain what happens when light
hits the silver bromide crystals. Many of the world’s scientists have
puzzled over this question, and there are almost as many theories
as there are scientists. The important thing for the amateur photog-
rapher to know is that something happens. The “something” is
the formation of the latent image. The photographer’s scene is
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instantly frozen in the form of silver bromide crystals, which
become metallic silver upon development. These silver images ab-
sorb light and make a black image in a negative or a print.

Every photographer who has exposed a film and has had it
developed knows that there is some relation between the blackness
(density) of the final negative and the amount of exposure. A
long exposure produces a dense film, darker than a short exposure.

Film support

Greatly exaggerated representation of film and emulsion. If there are
ten layers of sensitive emulsion, only the outermost will be cxposed by
a small exposure (product of light intensity multiplied by time).
Longer exposures penetrate to layers ncarer the support.

The relation between exposure and density of the negative is very
definite and has been known for a long time. Twice the exposure,
however, does not make the negative twice as dense. It is a bit more
complicated than that.

Suppose you look at a greatly enlarged cross section of a film. First
comes the support. On this is the sensitive emulsion. Suppose, for
example only, this silver bromide in gelatin is laid down in ten
layers, each as thick as the others and cach having the same number
of silver grains per square inch. Now give the film a short exposure—
enough, say, for the light to penctrate only the first layer. Subse-
quent development will convert this layer into metallic silver, and
fixing will get rid of the unexposed silver grains. Deposited on the
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support will then be a layer of black silver crystals. On looking
through the film at the light you will see a slight blackening (indi-
cating that the silver is absorbing light).

If a longer exposure is given, layers of silver bromide nearer the
film base will be exposed, and if the exposure is long enough, all
ten laycrs will be exposed. Now if the film is developed and fixed,
therc will be ten layers of silver crystals, each more or less opaque,
each taking its percentage of the light when the film is held up to a
source of illumination. The ten-layer portion of the negative corre-
sponding to a long exposurc will be very dark and opaque; the one-
layer portions corresponding to a short exposure will be light; and
portions that got no exposure at all will be nothing but clear ilm
basc, practically colorless. Some light will be absorbed by the base
film but this will be small.

This, in a very incxact way, is the process of exposure and
development. Characteristics of any film are given in the form of
an H & D curve named after Hurter and Driffield, the scientists who
worked out the relation between exposure and density. Such a
curve cxpresses the relation between a given cxposure and the
density produced by it. It will be noted in the figure that there are
three distinct portions to this curve. There arc a lower bending
portion, a stecp straight portion, and a flattening-off portion. Such a
curve could be made in the laboratory in the following manner. A
film is exposced for a short time, devcloped, fixed, washed, and
dried. 'The density produced by this exposure is measured on a
densitometer. This gives one point on the curve. Now other films
of the same material arc exposed for longer and longer times and
the corresponding densitics are plotted on the curve. Finally enough
points will be sccured so that a smooth curve can be drawn through
them.

Actually only a single film nced be used. One portion is exposed
while the rest is protected from the light. Then certain portions are
cxposed while the other portions are protected. Very accurate and
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elaborate machines are used in the laboratories of the film makers
for this purpose.
The three portions noted above are known as the region of under-
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Typical H & D curve showing rclation between exposure and the
resultant density. Contrast of a particular negative is the difference
between its greatest and least density; gamma (y) is the slope of the
straight-linc portion of the curve. Note that cxposure is plotted as
increasing gcomctrically, log exposure and density increasing arith-
metically. The contrast of a particular ncgative seldom if ever
approaches the maximum contrast possible with the emulsion used.

exposure, the region of correct exposure (the straight portion), and
finally the region of overexposure. In the first region you should
note that it requires a relatively long exposure to produce a given
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change in density. Then over the straight portion each time the
exposure is doubled, for example, an equal change in density is
produced. At the top of the curve it will be noted that longer and
longer exposures produce very little change in density.

Tone Range

When the black-and-white photographer wishes his photograph
to reproduce the exact differences in tone value of a scene, he uses
the straight-line portion of the curve. Thus, if one portion of the
scene is twice as bright as another, the print made from this film
will show that the brightness of these portions differs by a factor
of two. If the scene has such a tone range that the difference
between the lightest and the darkest portions is not very great, the
photographer can expose his film anywhere along the straight por-
tion of the curve. The film latitude is such that there are many
correct exposures. If a long exposure is used, the entire ilm will be
dense and will take longer to print, but the tone values of the print
may still bear correct relations to each other compared with the
tone values of the original scene.

Suppose, however, the scene has a wide difference between the
bnghtness of the high lights (sky, for cxample) and the shadows.
Now the photographer must be more careful or the sky will be
overexposed or the shadows underexposed. There may be only one
correct exposure. Any other exposurc may cause the sky to be com-
pletely dark in the negative, perfectly white in the print (like the
average drugstore print of the average amateur’s film), or if the
exposure has been too little, the sky may have proper balance with
the middle tones while the shadows may be perfectly clear in the
negative, perfectly black in the print. There will be no details in
the shadows.

Fortunately, the range of brightness found in the average out-of-
doors scene rarely exceeds the range of tones the film can reproduce.
This means, in the photographer’s language, that the “latitude” of
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the film is sufficient to handle the usual subject. The length of the
straight portion of the H & D curve is a measure of this latitude.

It is entirely to the credit of the producers of film materials that
the average amateur can get as good pictures as he does, with as
little care about correct exposure. The manufacturers have increased
the latitude of their films, have increased film specd, have decreased
graininess, have produced printing papers of several degrees of con-
trast to take care of various kinds of negatives, and, in gencral, have
made a highly scientific procedure so simple that the least experi-
enced tyro can get results.

What Light-intensity Range Must Be Reproduced?

Dr. Mees* shows a typical wide-range outdoor scene in which
the brightest portion, a white cloud, has a brightness of 4,250 foot-
lamberts (a measure of brightness) while the decpest shadows, under
trees and not illuminated by sky or sun, have a brightness of 162
foot-lamberts. This was a brightness range (ratio) of 26 to 1.

Films differ. Some have wide latitude; others have less latitude.
A high-speed panchromatic film can handle a tone range of 250 to 1
—i.e., the brightest portion may be 250 times as bright as the shad-
ows and still the photographer can get true tone rendering. A fine-
grain film may have a latitude of half this figure; a process film used
for getting very white lines on very black background may repro-
duce a brightness ratio of only 4. This mcans that there are few
tones between black and white; the picture reproduced by it is very
contrasty—it is practically either black or white. A film of wide lati-
tude is called a long-scale film.

Although the black-and-white photographer need not worry too
much about his exposure unless he has a wide-range picture, the
color photographer must take great care about his exposures. He
must take considerable pains to see that his color scenes will not
present him with widely varying brightnesses. He can use colors

* Mezs, C. E. K, Photography, Macmillan, 1937.
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that are different in hue but of the same intrinsic brightness—not
an extremely bright red, for example, and a dull blue.

Density and Contrast

Two terms used vaguely by amateurs are density and contrast.
They are related but are not the same thing. It is a good plan to get
the distinction between these terms well in mind.

The density of the silver deposit on a film depends on the
exposure, greater exposure producing greater densities. Density is a
technical term and can be explained somewhat as follows.

When a film is exposed and developed, the silver bromide in the
emulsion is changed to metallic silver, which is more or less opaque
—I.e,, it prevents the passage of light. A longer exposure, or a longer
development, or both, will produce more silver and, therefore, a
greater opacity. The range of exposure and the corresponding range
of opacity in modern cmulsions may be very great, and if a curve is
plotted showing the relation between exposure and opacity, it may
require considerable space to show all of it. For this reason it is
customary to plot the logarithm of the opacity against the loga-
rithm of the exposure.

"This brings up the business of logarithms. A logarithm of a num-
ber to the base 10 (which is the commonly used system) is the num-
ber of times 10 must be multiplied by itself to become the number.
Thus, 100 is 10 times 10 or 10 multiplied by itself. Therefore, the
logarithm of 100 is 2; the logarithm of 1,000 is 3. All numbers
between 100 and 1,000 have logarithms that lie somewhere between
2 and 3. The logarithm of 200 is about 2.3; the logarithm of 500 is
about 2.7; and so on. A scale of logarithms is a compressed scale and
by using logarithms much less space is required to plot a given set of
data.

Photographers use a tcchnical term density, which is the loga-
rithm of the opacity. Thus, if the opacity of a film could be meas-
ured (i.e., the ratio of the light that is incident on one side of a
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film to the light that gets through the film) and then the logarithms
of these various values of measured opacity looked up, the relation
of density to the logarithm of the exposure could be plotted. Such
a curve would be an H & D curve. Note that in making such a
curve, each time one moves a given distance to the right along the
exposure scale, he has doubled the previous exposure. If the opacity
is plotted instead of the density, then exposure can be plotted
directly, but the curve will be greatly expanded.

Densities in photographic films may vary from almost zero to as
high as 3 or 4, corresponding to opacities of 1,000 or 10,000. This
means that the transmission of light through the film may only be
4000 OF Y0000 of the light incident on the film. Such densities
are rare. In color photography the maximum densitics likely to be
found are about 2, corresponding to an opacity of 100, or somewhat
less. A good color-scparation film might have a density ranging
from 0.3 to 1.5, the high lights being the more densc portions.

This matter of density, opacity, and transmission is covered in
greater detail later under the general subject of “densitometry.”
Exposure controls the density by controlling the deposit of silver.

What does devclopment do? Development changes the silver
bromide to metallic silver. It stands to rcason that, if the developer
is poured on a film and then is poured off quickly, the chemicals
will not have long to act on the silver bromide crystals and there-
fore will not convert many of them to mctallic silver. Such a film
will be very thin. Longer development will give the chemicals time
to convert more and more silver bromide to metallic silver and
thus will build up the deposit of silver.

Now, for an experiment, set up two pieces of paper, one white
and one gray or black, and photograph them. Then proceed in two
steps.

Case A. Expose two films for different times, but give them the
same development time. Inspection of the negatives will show that
the film with the longer exposure will have a greater density in both
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the high lights and the shadows. If densities are measured and the
density of the shadows is subtracted from the density of the high
lights, the difference between them is a measure of the contrast.
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Film represented by A has been developed longer than film B; it has
a steeper slope, which is cxpressed by stating that the negative has a
higher gamma. The contrast of A will be greater than B for identical
ranges of exposure.

The difference will be the same in the two films. This means that
the contrast is the same in the two films.

Case B. Expose two films for identical times, but develop one
longer than the other. Now measure the densities and get the dif-
ference. The film that had a longer development will have a greater
density difference than the film developed a shorter time. The
shadow portion will have a slightly increased density, but the por-
tion representing the white piece of paper will have a much greater
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density. In other words, the high lights (which look dark in the
negative) have a greater deposit of silver in relation to the deposit
in the shadows.

This brings up the technical term contrast. Contrast expresses
the difference between the density of the high light and the density
of the shadow. For a given exposure, development controls the dif-
ference between the maximum and the minimum density.

There is one more technical term; it, too, is very looscly used.
This is gamma. It is often used, incorrectly, as an cxpression for
contrast and, while the two terms are related, they arc not synono-
mous. Gamma is actually the slope of the straight part of the I
& D curve. cxpressing the rate at which density incrcases with
exposure. A ncgative with high gamma may be a contrasty ncga-
tive. If the gamma is cqual to 1, then all portions of the final
negative will bear the proper density relations compared to the
brightness range in the original scene as long as the exposures fall
on the straight portion of the II & D curve. Thus on the straight
part of the cune in the illustration on page 30, notc that an
exposurc of 4 scconds is represented by a density of 0.2; that
doubling the exposure increcases the density by 0.2 to 0.4; that if
the exposure is doubled again (to 16 seconds), another 0.2 has been
added to the density so that it now has become 0.6. Doubling the
exposurc does not double the density nccessarily. The actual
increase in density depends on the film and how it is processed.
Note, too, that density changes mean the “differcnces” in density,
whereas brightness or exposure ranges are in “ratios.”

If the gamma to which a film is devcloped is greater or less than
unity, then a different relation between density and exposure will
exist. A negative of lower gamma will be “flat” compared to the
original scene. The difference between high-light and shadow densi-
ties will not be as great as the brightness ratio that produced these
densities. If this ncgativc is printed on a contrasty paper, however,
the original brightness range will be secured.
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Amatcur films are usually pretty contrasty. Fine-grain films used
in miniature cameras arc usually developed to a gamma of 0.7 to
0.9. They call for somewhat more contrasty paper than the average
run of amateur film.

If two films of the same typc are exposed the same time but
devcloped differently, the one with the longer development will
have greater contrast. If they are developed alike, they will have
equal density and equal contrast. If exposed differently but devel-
oped alike, the longer exposure will produce a denser negative but
the gamma will be the same in the two negatives. The longer expo-
surc will require a longer printing time, but it can be printed on
the same type of paper as the thinner negative.

Development increases each density value of a negative propor-
tionally. If increasing development increases a given density by 50
per cent (the shadow portion, for example), it will be found that
all other densities will be increased 50 per cent considering only
the straight part of the film curve.

The manner in which development increases contrast can best
be scen by a curve. If two exposures, E; and E; are picked from the
curves on page 33, then the resulting densities, Dy and D., can be
taken from the curve B. E, and D, are greater than E, and D;.

Dy, — Dy or D; — Dy
lOngz - lOngl IOg\o(Es/ Ex)

* The term gamma relates only to the straight portion of the H & D curve.
Gamma cvpresses the rate at which density buwilds up with increasing expo-
sure. A film developed to a hugh gamma may be contrasty or not, depending
on the bnghtness ratio of the subject photographed. A subject with a small
brightuess range will produce a noncontrasty ncgative, even 1f developed to a
lugh gamma, simply because the range of exposures to which the film has been
subjected 1s snall. Contrast is the total density difference created by the total
exposure ratio. A film exposed to a very wide bnghtness range and developed to
a low gamma may be as contrasty as a film developed to a high gamma but
cxposed to a limited range of brightness.

Gamma* =

Now cairy out the same business on the curve representing a
longer development and see what results.
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Suppose that a longer development increases all densities by 50
per cent and further, that the shadows of the first negative have
densities of 0.2, the high lights densities of 0.7. Now the second
film will have a shadow density of 0.2 plus 50 per cent or 0.3, and
a high-light density of 0.7 plus 50 per cent, or 1.05. The density
range (contrast) of the first ilm will be 0.7—0.2, or 0.5 (a fairly
flat negative), while the second film will have a density range of
1.05—0.3, or 0.75. This is still a fairly flat ncgative—i.e., one of low
contrast—but it is 50 per cent more contrasty that the first ilm.
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Portions of the spectrum to which various kinds of film, and the human
cye, are sensitive.

Film Types

Just as the human eye responds best to certain wave lengths of
light, so does the photographic film respond best to certain wave
lengths. Certain types of film respond to a very limited portion of
the visible spectrum; others are sensitive to a much wider band of
wave lengths. Ordinary or color-blind films are sensitive only to
blue, violet, and ultraviolet. They are not sensitive at all to red and
very little to yellow or green. Orthochromatic films differ from the
color-blind emulsions by having certain dyes added to the silver
bromide. This makes them respond to wave lengths corresponding
to yellow and green. Panchromatic films are responsive to still more
of the spectrum and can be exposed by red light.
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Special films are made that are sensitive to very short wave
lengths extending down into the invisible ultraviolet; others are
sensitive to long wave radiations the eye cannot see. These are the
infrared films which are more or less in vogue among amateurs
and which are so useful to scientific photographers who wish to
make photographs when the atmosphere is hazy. Since color photo-
graphs should show all colors, not merely the blue to which ordi-
nary films are scnsitive, the sensitive emulsions must be panchro-
matic.

Films also differ as to their speed, their contrast, their graininess.
In general, panchromatic films are faster than color-blind films, but
this is not necessarily so. They are very much faster to incandescent
light because this light has an excess of red. Obviously, a film that
is not sensitive to red would rcquire a longer exposure to red light
than would a red-sensitive film. Contrasty films are slower than
long-scale films. Slow films have less grain than fast films. For color
work a film with a long linear curve is advisable.

The Picture-making Process

After an exploration of the technical language of films, a brief
explanation of the entire picture-making process may be useful.

In making a black-and-white picture or a color-separation expo-
sure, the photographer must pursue the following routine:

He must expose the film to light reflected from the scene upon
which his camera is focused.

Having exposed the film and thereby secured a “latent” image,
he must develop the film.

The exposed silver bromide grains are thereby converted into
metallic silver grains.

The unexposed silver bromide crystals must be disposed of
because they are still light-sensitive and will turn the picture black
if it is cxposed to light. The next process is fixing. This is a term
describing the action of hypo (sodium hyposulfite) on the silver
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bromide that has not been converted to metallic silver. In this
process the bromide is dissolved out of the film.

Now the film should be washed to clean it of all the chemicals,
and then it should be dricd.

Making a picture, then, involves

Exposure
Devclopment
Fixing
Washing
Drying

Wherever the light hit the film, the negative will be opaque.
Thus a light portion of the original object will be dark in the nega-
tive. The light and dark portions will be reversed. Making a positive
print, which reverses again the order of light and dark and brings
back the proper values, involves the same processes—viz., making a
positive print involves

Exposure
Devclopment
Fixing
Washing
Drying

Wherever the original scene was light, the print will be light.
Wherever the original picture was dark, as in a shadow, the print
will be dark.

Positives are usually made on paper sensitized by silver chloride
(contact printing paper) or silver bromide (cnlarging paper). These
papers are very much less sensitive to light than are films. Exposures
on contact paper through an average amatcur ncgative will be
matters of 15 to 30 scconds when placed about 2 fect from a
60-watt lamp. Bromide or enlarging paper is about 100 times as
sensitive as contact paper and about one-tenth as sensitive as film.

Ordinary film, being sensitive only to blue and violet, can be
handled by a red light. Orthochromatic films are sensitive to blue,
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green, and yellow and can be handled by the proper red light; but
more care should be taken with them than with ordinary film.
Panchromatic film is sensitive to all colors, however, and therefore
must be handled in darkness. A very dim, green safelight can be
used; but the amateur will do well to accustom himself to working
in absolutc darkness.

Printing paper is sensitive to blue only. Therefore, it can be
handled in yellow light; and since contact paper is much less sensi-
tive than bromide, it can be handled in stronger light than bromide.

Color Photographs

In making color photographs the same general routine must be
followed. The scene is photographed by exposing a color film, which
is then developed. After development, the image is reversed, instead
of being printed on paper, and in this process the original light and
dark portions are made light and dark in the film. Because of cer-
tain dyes in the film emulsion or because of a particular develop-
ment, colored images take the place of opaque silver images.

This is the process of making a transparency.

To make color prints, the scene must be photographed three
times onto three negatives, cach through a different filter. Then
positives must be made on bromide paper in the Carbro method, on
stripping film by the Chromatone (discontinued) method, on spe-
cial gelatin film in the wash-off or Dye Transfer process. These posi-
tives arc colored in some manner and then are transferred in register
onto a final support.

By morc modern processes the colored transparency is projected
onto a sensitive material coated on a celluloid base, which is then
processed. This matcrial is similar to the ilm on which the original
exposurc was made in that there arc thrce sensitive layers that,
upon proper processing, give the original colors directly. In time
it scems certain that such printing methods will supplant the more
tedious process of making “separation negatives” and the subse-
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quent printing that must take place. Printon, the Ansco material
based on this general method, is the present prototype of this
material.

The amateur who intends to go into color scriously, thercfore,
should be well acquainted with the mechanical motions necessary
to expose, develop, fix, and print a film. The color technique is not
essentially different from black-and-white processing. It is longer
and more exacting.

Such is the photographic process in simple terms. The amateur
need know very little about what happens when light hits a sensitive
emulsion, or about the complicated chemical processes that take
place when developer works on cxposed silver bromide grains, or
about what the fixer does. If he can work out a routine for handling
his film and for developing it in darkness without scratching it, he
will follow the paths of many hundreds of photographers who know
extremely little about the chemical or physical phenomena of
exposure and development and vet who make perfectly good pic-
tures in black and white and in color.

FiLTERS

In black-and-white photography filters are used for scveral pur-
poses. The average amateur uscs a yellow or a green filter to bring
out clouds against bluc sky. Filters can also be employed in mono-
chrome photography to make onc tone stand out against another
in a black-and-white picture or to bring out detail that otherwise
would be lost.

In color photography filters are used for two purposcs. One is for
correction, e.g., such as corrccting for excessive ultraviolet, espe-
cially in high altitudes, or making a daylight film uscful at night by
incandescent lamp. The other purpose is for separation. Filters
divide up the colors of the scene into the three primary colors; they
take the scene apart as to color. They arc the heart of the color
process.
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A vast amount of work has been done to detcrmine the proper
characteristics both of the dye colors employed in color films and
of the separation filters employed in recording the colors on the
film on which separation ncgatives are made. When one makes
scparation ncgatives dircctly from the original subject, the char-
acteristics of the filters—i.e., the amount of the spectrum each
passes—must be corrclated to the sensitivity of the separation film
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Bands of wave lengths transmitted by the tricolor filters most often
used for making separation ncgatives. Tricolor red is the Wratten A;
projection bluc 1s the C5; B2 is a green filter.

to the various portions of the spectrum, as well as to the tristimulus
(color mixture) curves for a practical sct of color primaries. On this
basis the Wratten tricolor filters (A, B, and CS5) are very close to
the ideals desired.

When scparation ncgatives arc made from a color transparency,
the situation is somewhat different, since the objective is to secure
the maximum scparation among the three layers of the trans-
parency. The characteristics of the filters should be based on the
transmission characteristics of the dves in the transparency. For
these rcasons, a different combination of filters is recommended for
making separation ncgatives from transparencics from that used
for making scparations directly from the original copy.
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Separation filters not only pass different portions of the spectrum
but pass these portions with different degrees of efficiency. The red
filter may transmit 85 per cent of light of its own color; the blue
filter may pass only 20 per cent of blue light. Offhand that might
seem to be a disadvantage. But remember that films and plates do
not record these same portions of the spectrum with equal ability;
they are more sensitive to blue light than to red light. Furthermore,
under practically no illumination conditions will the subject receive
equal quantities of light of all colors. In other words, in making
separation negatives one must take into account the transmission
of the filter, the sensitivity of the film, and the quality of the
illumination.

The author believes that the best form of filters for separation
work is the simplest—i.e., thin sheets of gelatin of the required
colors mounted in such a way that they can be attached to the
camera. When these gelatin sheets are mounted between glass,
they are in less danger of being harmed, but there is also greater
chance of getting negatives that do not register the thrce images
correctly. Suppose one uses colored glass sheets instcad of thin
gelatin sheets. Any variation in the thickness of the glass will cause
trouble, especially if lenses of focal length of 6 to 8 inches or over
are employed.

A good sct of tricolor filters matched in thickness and other
qualities is a fine assct; but, again citing from cxpericnce, the
author has found that such filters, too, are casily damaged, that the
cement often loosens, that the devices by which they are held up
to the camera lens are prone to injure the filter—in short, it is hard
to beat the simple unmounted thin gelatin filter. Modern gelatin
filters are lacquered so that they are much morc resistant: to abrasion
and fingerprints than those not so lacquered.

Slides car: be purchased in which all three square filters can be
held. In operation, cach can be slid over the lens in turn so that
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the three exposures can be made quickly. If there is no hurry, as
with still lifc, the three filters can be single filters, which are placed
over the lens in the proper order and at the proper time.

Filter “Factors”’

It requires a longer time to cxpose a filin to attain a given density
when a filter is used than when none is used. The number of times
the normal cxposure is incrcased is usually called the filter factor,
although a more correct term would be exposure factor. There are
scveral reasons for this increased exposure.

In the first place, the filter docs not transmit all the light of its
own color; it absorbs some of it. Thus some of the light is lost. In
the second place, only a portion of the wave lengths to which the
film is sensitive is now being used for exposing it. The Wratten A
or red filter passes only wave lengths longer than 600 mgu (it passes
only 10 per cent of light of a wave length of 590 my or shorter),
whercas the same film without a filter would reccive wave lengths
of from 250 to 800 mg in sunlight.

Furthermore, filins arc not uniformly sensitive to all colors or
wavc lengths. And what is more, different films differ in this respect.
For every filter, and for every film used with that filter, there is a
multiplying factor by which the cxposure with the filter must be
increased to produce the same silver deposit that is secured without
a filter.

This matter is worth considering a bit further. Suppose the film
is exposed to a source of white light for a sufficient time to give the
film a density of D after development. Now put the Wratten A
filter on the lens. At once the amount of light that reaches the
film has been reduced because all the wave lengths shorter than
600 mp have been cut off. It is apparent that, to attain a given
density after development, the film must be exposed for a longer
period when the filter is used.
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Suppose a filter that transmits green, 500 to 570 mg, is used.
It is still less efficient than the red filter because it absorbs more
of its own color. The film is a bit more sensitive in this rcgion, how-
ever, and so the time taken to attain a given silver deposit on the
film might be about the same as with the red filter. A blue filter,
however, is even less cfficient. All things considered, a longer
exposure still is required to producc a given density on the film. It
might require 5, 6, and 10 times as much exposure with these filters
as it would without them.

In color work it is desirable that a red of given brightness after
passing through a red filter should produce the same density as a
blue of the samc brightness after passing through a blue filter.
Therefore, some relation must be found between the light source,
the film characteristics, and the filter transmission characteristics
that will make it possible so to relate the exposures that all colors
will produce identical results.

Red, green, and blue images could be sct up and photographed
through the three filters, giving the three negatives identical
exposurcs. After the films had been developed, the density could
be measured to sce how the cxposures would have to be changed
to produce equal densities on the film.

A better way would be to sct up a ncutral-colored image in a
graduated scale starting with black at onc end and progressing to
lighter and lighter colors until pure whitc was rcached at the other
end. These grays should pass through cach of the filters cqually
well because gray contains all wave lengths in about the same
amount.

Now the film can be exposed and developed, the density mea-
sured, and the proper exposure calculated. By this means three fac-
tors can be found that will so relate light source, film, and filters that
the scales of gray will be exactly alike when photographed through
the thrce filters on the same type of film, illuminated by the same
light source, and developed in exactly the same way. In general, this
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is the manner in which filter factors are determined. Manufacturers
of film and filters provide tables showing the approximate factors
for these products; but the photographer must really determine his
own factors. As will be demonstrated in the chapter on making
color-separation negatives, the photographer determines his own
factors each time he makes a set of negatives. He actually uses a
scale of grays in each scene, and by matching them in his three
separation ncgatives he can tell if his exposure factors and develop-
ment times have been correct.

Neutral Density Filters

In making color photographs by the separation process indoors
and under artificial light the fact that three exposures, each of a
different time, are required is no great hardship. It would be an
advantage if all thrce ilms could be exposed exactly alike, but when
sufficiently long exposures are required, the photographer can
time them with a watch and get them fairly accurate.

Out of doors, however, the situation is somewhat different. If
the exposures are fractions of a second, the cameraman must adjust
the shutter so that it exposes the films in a ratio of, say, 3, 7, and 10
for the red, green, and blue filters. Now suppose the exposure
required without a filter, as measured by a good exposure meter,
is 14 second. The exposures with filters will be 34, 7%, and 19
seconds. The cameraman must rely on his skill at guessing as to
where to set the shutter and on the mechanism of the shutter to
open and closc accurately in thesc times and in these ratios. In such
a case it would be highly desirable if the exposure factors were
equal. The shutter could be set once and would serve for all three
exposures.

There are at least two answers to this problem. By the use of a
neutral-density filter of the proper transmission, in addition to the
colored separation filters, it is possible to lengthen the exposure of
the green and the red filters so that they equal the exposure
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required by the blue (or whichever is the longest exposure). These
filters are gelatins that are neutral gray in color, like exposed film,
and light transmitted through them is not affected except as to its
strength. This means that there is no color cffect produced by the
ncutral-density filter—only a diminution of the light that gets
through it. Suppose that one filter requires ten times as much
exposure as another. If, to the filter with the shorter exposure fac-
tor, is added a neutral-density filter whosc transmission is onc-tenth,
the exposure required by the first filter will be approximated.

Ncutral-density filters scrve other purposes, but for the color
photographer they have this interesting and uscful possibility. The
trouble is that a given neutral-density filter would be uscful with
only one type of film and for only onc type of illumination. Thus,
if it were used with Agfa Superpan for daylight, it would not be
ideal for Superpan under incandcscent light.

Another solution has been provided by Defender. When using
X-F pan film for making separations, Dcfender provides two scts
of scparation filters, one for use with incandescent light and one
for sunlight. The filters are made so that they provide more or less
equal cxposure with X-F pan film. Excellent negatives and prints
can bc made by this mcthod.

FiLas rForR COLOR SEPARATION

While any panchromatic film can be used for scparating colors,
some arc better than others for color work. Some photographers do
not usc the same film for all three exposures but use two or even
three different films. I'or example, a photographic emulsion, not
made color-sensitive by dyes or other mcthods, has its peak of
scnsitivity in the blue region of the spectrum, This could be used
as the bluc-recording negative. Since, however, it is also sensitive—
although to a small cxtent—to other colors, say green or even to a
slight degree red, its scparation will not be sharp. Colors other than
blue will register on such a film, especially if it is overexposed.
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Some color experts use a special blue-record film (for example,
Defender Blue Record), a panchromatic for the red colors, and a
highly green-sensitive film for the green. The green-record film of
this sort may be “sharply cut” like a sharp filter, registering only
green and, when used behind a deep yellow filter to cut out blue,
to which the film is also sensitive, may give somewhat better scpa-
ration than is obtained by using a panchromatic film behind a
green B filter.

Advantages of Nonpanchromatic Films for Separation

The usc of a film that has high green sensitivity for the green
record makes it possible to use a yellow filter. A yellow filter is
more cfhicient than a green filter. Thus the exposure can be shorter.
As an cxample, the filter factor for photoflood light with X-F
Orthochromatic behind a Wratten B filter is 6; behind a Wratten
K-3 filter, it is 3. Since the ortho and the pan films have about the
same speed, the exposure time has been halved by using the X-F
ortho film and a ycllow filter instead of a pan film and the green
filter.

Consider the film that is to record blue. Using X-F (Defender)
pan film and a blue filter (Wratten C-5), the filter factor is 10.
Using the Defender Blue Record film and no filter, the exposure
factor compared to pan is 1.7. This represents a decrease in exposure
of six times. Furthcrmore, the blue-record film does not require
additional development time to bring it to the same gamma as the
films cxposced for red and green records. More on this general prob-
lem will be found in a later chapter.

Effect of Overexposure and Underexposure
The following data arc taken from the Defender booklet on
making scparation negatives.*

* Porter, Rowrannp S., Methods of Making Three-color Separation Nega-
tives, Defender Photo Supply Company, Rochester, N. Y.
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‘While the latitude in exposure in color work is not so great as in
black and white, still there is some leeway. It is better to overexpose
than to underexpose. Underexposure will hopclessly upset color
balance. Overexposure with standard development will give dense
negatives that will require longer printing time, in case prints are
to be made; but if the three scales of gray are well matched, good
prints can be obtained. If the colors in the object to be photo-
graphed are all bright but of varying huc and if the range of bril-
liance is not great, it is possible to give eight times normal exposure.
But suppose the colors are not all equally bright. Consider a sub-
ject that is a bright orange-red tinted with a small pereentage of
blue and, in the same subject, a deep purple with a small percentage
of red. Now the exposure latitude will be much reduced.

Overexposure will bring up the blue of the bright reds, and
undercxposure will suppress the small pereentage of red in the
purple shadows.

It is for this rcason that the most pleasing color cffects are
secured when the intensities of the several colors are approximately
equal. Flat lighting hclps in this respect, but the intrinsic bright-
ness of the colors themselves must be watched.

Correct Exposure

It is a good plan to cxpose so that shadows (the least bright por-
tions of the scene) will just rcach the straight-ine portion of the
H & D curve. The ncgatives should show dctail in shadows; they
should not be blank film. In making portraits, avoid strong lights
on faces. Otherwisc they will print white, and there should be
color in the face. It is the author’s fecling that most amateurs usc
altogether too much light in their portrait making. Photofloods,
unprotected by diffusing cloth, give blank whitc faces that are very
sad indeed. Overcxposed faces will be devoid of flesh tones in a
color print, and unless the photographer is carcful in lighting, his
prints will not be successful.



FILMS AND FILTERS 51

LatiTupE, DENsITY RANGE FOR COLOR

Modern films of the panchromatic type will handle without dis-
tortion a very wide range of brightness, and after exposure and
development will contain a very wide range of densities from high
lights to shadows. The color photographer, however, must not
attempt to utilize the full capabilities of his negative materials.

Color-printing processes do not have as long an exposure scale
as the material on which separation negatives are made. This means
that ideal scparation ncgatives are not so contrasty as average snap-
shooters’ negatives devcloped at the corner drugstore. The density
range for color-printing methods should be about 1.0 or a bit more—
i.c., the maximum density may be 2 and the minimum may be 1,
or the maximum may be 1.5 and the minimum may be 0.5. In the
Kodak Dye Transfer Process for making color prints, negatives hav-
ing density ranges all the way from 0.8 to 1.8 can be used by
varying the process slightly.

If the photographer makes scparation negatives from the original
scene, he can control this density range. But if he works from color
transparencies, he will often get into trouble. The density range in
Kodachrome film will be greater than the desired range of 1.0 in
ncarly cvery case. Suppose a bright red butterfly is on a dull green
milkweed leaf. Ideally, a print should show both green and red in
proper color and contrast. But it may be found that beautiful green
lcaves are sccured in the final print while the butterfly is not red
but mostly white. Inspection of the separation negatives made from
the transparency will show that the green leaves do not have a very
great deposit of silver. They print in fairly short time. The red
butterfly, on the other hand, is very bright. It reflected much light
into the camera and registered as a brilliant red. The separation
negatives, therefore, are very heavy (dense) in the portions of the
butterfly that represent this red color. These portions will require
much longer printing time.
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The photographer must decide whether he wants true red or
true green. If he prints for the green leaves, his butterfly will be
weak in color. If he exposes longer and prints for the red of the
butterfly, the green leaves may turn out black. The trouble is that
the transparency that represents the original scene covers a wider
brightness range than can be handled in the chosen printing process.
Soft separation negatives are a requirement for subjects of this type.

This is one of the reasons why flat lighting is desirable. It is also
one of the recasons why the colors selected for photography should
be of the same brilliance. In outdoor scenes this is difficult, but in
still life the photographer has matters more under control. This is
one of the reasons why so little outdoor color photography is shown
at exhibits.

Another reason for flat lighting is to avoid dark shadows. In some
printing processes it is difficult to print these dark heavy colors
(black in the case of shadows). Therefore, the lighter colors of the
final print may be correct, but the heavy colors may be weak. This
may be a mechanical reason—as in making transfers of dyed images
when the heavy dyed portions do not transfer well—or it may be a
chemical or photographic reason—as when the heavy portions
block up and do not come out true. In the chapter on making
separation negatives will be found lists of films, filters, and process-
ing procedures that will relate more directly to this step in making
a color print.

For the moment the amateur should remember that some films
are good for color and some are not so good, that there are filters
and filters, that each filter and each film and cach light source has
a contribution to make to a color print, and that each must be
taken into consideration when prints are to be made.

Most amateurs have educated themselves to believe that a good
negative is one that is “snappy.” A snappy negative is one with
plenty of contrast; it is hard. Contrast between dark and light
objects is one of the implements with which the black-and-white
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photographer works in addition to form, relative size, and other
dimensional attributes of objects. To some extent he can use color
in his pictures because some colors register as dark and some as
light in black-and-white photography. But contrast is very impor-
tant. Negatives for color printing should have a contrast (density
range) that will require a No. 2 or No. 3 paper for a good black-
and-white print.

The color worker has all of these factors to deal with, and in addi-
tion he has true colors. It is a characteristic of color materials that
less latitude of exposure is available for the photographer to work
with than in black-and-white photography.

What is desired in color work is good color separation, not harsh
contrasty ncgatives. Suppose that a scene could be arranged so that
every object reflected equal amounts of light to the eye and to the
camera. It would be a flat subject when photographed without a
filter. There would be little contrast in the negative because there
is little contrast in the scene. Suppose, however, that this scene has
different colors in it and that it is photographed three times, once
through cach of the color-separation filters. Inspection will show
that the three ncgatives do not look at all alike. Certain colors
might registcr only a little on one of the films and considerably on
the others. In other words, the separation process has been suc.

cessful. Later processing of these negatives will produce a good
color picture.



CHAPTER 1V

Making Transparencies

SIMPLEST oF ALL color photography is the making of a trans-
parency. At the present time it is also the most satisfactory; and it
is the oldest form of color photography. A transparency, as one
might suppose, is a film or plate on which the scene or subject is
registered in natural colors. It is viewed by transmitted light and is
a positive, not a negative.

It is simple because one buys a film that is inserted into the
camera, is exposed, and is processed, whereupon one has his picture
in colors. It is in the form of a film, and there is only one copy.
Other copies, which are also transparencics, can be made from this
original.

Color prints on paper can be made from these transparencies by
several methods, but none of the methods is simple. The least difh-
cult do not produce the best pictures; the most difhicult are time-
consuming and require a more rigorous procedure than the average
amateur has had to learn.

At the present time three color films are available for making
transparencies—Kodachrome, Ansco color and Ektachrome. In addi-
tion, Kodacolor is a different type of film, not adapted to making
transparencies for projection but produccd for the sole purpose of
making color prints. Kodachrome and Ansco color are supplied in
two general forms—roll film for use in small cameras and sheet film
for larger cameras. The sizes available vary with the manufacturer,
Kodachrome roll film being available only for 35-mm and Kodak
Bantam cameras while Ansco color is stocked for several small film
sizes. Sheet film can be obtained in the most generally used sizes.
Since the list will be changed from time to time, the photographer

54
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should check to sce if films are available in the sizes he wishes to
use. The most recent change in this picture is the production of
35-mm Kodachrome film in thirty-six exposure lengths and the in-
troduction of Ektachrome in the 120 and 620 roll-film sizes. On the
latter films one can sccure six 213 by 314 or nine 214 by 21 pic-
turcs. The similar Ansco roll produces nine and twelve pictures,
respectively. The cost per roll is approximately the same and, of
course, is appreciably less than the same size films purchased as
sheet film.

Color films are made for use under two lighting conditions—day-
light and artificial light. It is possible to use these films under
conditions for which they were not specially made, but better results
will be obtained if davhight film is employed when the subject is
illuminated by daylight and if film adapted to artificial illumi-
nation is used under the corresponding condition. If it is necessary
to carry a single type of film and to use a single filter, then the best
bet is to standardize on artificial light film and to use the proper
filter so that the daylight film can be employed outdoors.

ENERAL DITIONS IN ?
G Conprtions IN Exrosing Coror Fim

Although it is no more difhcult to expose and to get a good pic-
ture with color ilm than it is with ordinary black-and-white film,
certain conditions arc important and must be recognized and kept
in mind when using color film. Otherwise onc simply wastes film
and time and storcs up disappointments. The rules for making good
transparencies and good color prints are not many nor are they
difhicult to follow out. These rules can be violated when one knows
what he is doing and how to achicve special results. But for general
work, follow the rules.

Susject CorLor. One must always remember that the appearance
of an object varics with the color of light by which it is illuminated.
He must also remember that one is accustomed to “discount” the
special appearance of the subject when lighted by special conditions
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so that, when a color film looks peculiar, the cause may not be in
the film or in its processing but, rather, in the very way the photo-
graph was made. Subjects photographed in the late afternoon may
appear quite reddish or yellowish for the simple reason that the
sunlight at that time of day is red or yellow rather than blue or
white. Subjects photographed under ordinary tungsten lamps will
also appear yellow or red unless special film or filters are employed.
The truth is that humans automatically adjust their seeing abilities
to these special circumstances and do not realize how red or yellow
the subject is unless they look for this condition carefully. The
color film, however, has no ability to make the necessary mental
adjustments. It takes what it sces and it takes it accurately. The
result, however, may be very distressing to the cye!

Shadows on snow on a day when the sky is bnlliant blue are
bluish and painters and color film so record them. The eye, how-
ever, does not see this blue color since humans are accustomed to
think of shadows as being gray or black. If the photographer focuses
such a scene on the ground-glass screen of a camera and covers up
his head and the rear of the camera so that he secs nothing but the
screen, then the shadows will appear blue. Another test is to stand
inside onc’s housc looking out the window or the door in such a
way that a black frame is around the scene he views. Then if his
eyes are not partially blinded by the brightness of the snow, he
will sce that the shadows are blue. This bluencss comes from the
natural fact that the subject shaded from the direct rays of the
sun is illuminated only by the bluc sky. Since any object illumi-
nated by blue light will appcar blue to the eye, the snow shadows
are blue.

One should remember, too, that a subject will take on the color
of objects that rcflect light to them. Thus many an otherwise excel-
lent portrait is ruined because the delicate tones of the face appear
green (if the subject is near green foliage) or red (if the subject is
ncar a brick building). One way to ovcrcome this difficulty partially
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is to make sure that the object that is reflecting colored light to the
subject appears in the photo. Then the person who looks at it does
not have an uncasy fecling if the face tones are tinged with green
or red.

Licurine ContrasT. Color film will not record as great bright-
ness ranges as will black-and-white film. If the scene is very bright
in places and yet has dense shadows, one must expose so that either
will be correct—i.e., so that details will be seen in either the shadows
or in the high lights; the color film will not record both. The way
out of this difficulty is to illuminate the shadows with reflectors or
with supplemental flash. A white cardboard or cloth or even a news-
paper will often raise the illumination in dark areas by a factor of
two or three if properly placed.

The best position to take with respect to the subject is such that
the illumination comes from the rear of the camera. This is “flat”
lighting and it produccs flat black-and-white pictures without much
shadow; but it is best for color pictures. High noon on a summer
day is not the best time to make portraits outdoors. Heavy shadows
under the eyes, nose, and chin are sure to result. Here, again, a
reflector placed on the ground and propped up at the proper angle
will reduce these shadows. Midmorning or midafternoon will pro-
duce better results than noontime. Days on which the sun is some-
what hazy produce very soft shadows and pleasing color pictures.
Similarly, photos made on dull days may be excellent, although
they may be a bit on the bluish side.

The use of great masses of shadow is not ruled out of color
photography, but such shadows must be employed with far greater
caution than is the case in black-and-white photography. The place-
ment of such areas is most important; the extent of the shadow in
relation to the high-light portion is also important. The amateur
should note how professionals of high standing employ dark back-
grounds as evidenced in the fashion magazines and in certain other
national advertising.
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Much useful data will be found in the “Data Book on Color

Photography with Kodachrome and Kodacolor Films,” a section
of the Kodak Reference Handbook.

ExPOSURE

Color pictures must be exposed with much greater care than that
which the average amatcur gives his black-and-white films. It is an
axiom that correct exposure lies within a half stop of the lens
diaphragm. By this is mecant that if the correct exposure is made
at a lens opening of {/6.3, opcning the lens to f/4.5 would over-
expose the film and would make it too light. Since the ratio of the
light admitted to the film at the larger opening (f/4.5) to that at
the smaller opening is 2 to 1, it can be scen that doubling or halving
the correct exposure is most likely to produce a transparency that
fails to be up to the photographer’s expectations.

The following table taken from the data book, Kodachrome and
Kodacolor Film, places the run-of-mine pictures that onc is likely
to take into three gencral categorics.

Average Subjects—Combination of light and dark subjects in about

equal proportions. Ordinary family snapshots usually fall in this group
with normal exposures required.

Light Subjects—Beach and snow scenes, light-colored flowers, people
in white clothing, lightcolored buildings, and subjects of sim:lar char-
acter. Light subjects should be given a half stop less exposure than
would be nceded for average.

Dark Subjects—Dark foliage, deep-colored flowers, dark animals,
buildings, and like subjccts. A half stop morc than the cxposure for
average subjects is required.

When one has made a mistake and wishes not to do it again,
he should remember that transparencics are made by a reversal
process—i.e., contrary to black-and-white print cxperience, an over-
exposed color picturc is light and not dark, an underexposed color
picture is too dark. When one thinks of such pictures as having too
little light so that the picture is too dark, he will soon be able to
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judge correctly the incorrectness of his exposures. In an overexposed
color transparency, the colors are thin and washed out.

The author has found that with a Leica camera the correct
exposure for “average” subjects in full sunlight is 34, second at
£/6.3. One must remember, however, that the speed markings of
practically no camera shutter are correct and that the actual
exposure, made up of the amount of light admitted (lens opening)
multiplied by the length of time the shutter is open (shutter speed),
may be far from what one would suppose by looking at the mark-
ings on the lens and shutter.

The best thing one can do in getting acquainted with color film
is to deliberately shoot a roll or two at several “average” scenes,
varying the cxposure and lens opening, kecping track of the expo-
sure conditions. When the films arc processed, one can see which of
the combinations of lens opening and shutter speed produces the
best results. To make the best possible transparency—not just an
acceptable job—requires a very accurate exposure.

The effect of placing various colors in proximity to each other is
a subject that must be learned by experience. Some colors “fight”
with others; on the other hand, proper use of contrasting colors
will produce pleasing cffects. Autumn foliage is more startling
against a darkened blue sky, as produced by use of a Kodak Pola-
Screen. The color of other objects in the picture will not be
changed by the Pola-Screen.

The wholc question of backgrounds is most important; many an
otherwise perfect color shot has been ruined by improper back-
ground or by improper lighting of a good background. Solid back
grounds arc less obtrusive than splotched ones and at the same time
can point up a color shot tremendously. Inadequate lighting of a
solidly colored background will change its color completely. With
each roll of film the amatcur will find a sheet of instructions and

he can do himself a good turn by observing these directions
carefully.
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Photoelectric exposure meters can be as useful in color photog-
raphy as they are in black and white. They must be used with more
care, however, since the latitude of exposure with color film is so
much less than with black and white. Thercfore, if one throws his
exposure meter around and upsets the calibration, he will be in
trouble. One must remember that the photoelectric meter is a
delicate instrument; extremes of temperature may be harmful, and
a mechanical shock occasioned by dropping it on the floor or a
general lack of the care that should be given to any expensive and
accurate measuring device may throw it out of calibration.

Other types of exposure meters, such as the extinction types or
visual exposure devices, are not sufficiently precise and reliable to
produce good results in the hands of the average amateur. Meters
with Scheiner and DIN settings fall in this category. Furthermore,
two photoclectric meters may not read alike. Test exposures should
be made using the photographer’s camcra on subjects of the type
he generally records and under conditions normal to the particular
photographer. In this way he will discover the best settings for his
particular cquipment.

Numerous methods have been advanced for using the exposure
meter, some depending on the use of a white or gray card illumi-
nated by the same light as the subject. The card should be so
placed that the entire ficld of view of the meter is covered by it.
For example, the outer envelope from a package of Kodak photo-
graphic paper, 8 by 10 size or larger, can be placed in front of the
subject and facing thc camera. The mecter is held close to the
envelope but not close enough to cast a shadow on it. For average
subjects the exposure indicated by the meter should be doubled.

Some meters, such as the General Electric, can be used at the
subject position by pointing it at the light source. This indicates
the amount of illumination falling on the subject. Such procedure
is especially uscful when the light intensity is low.

In gencral, the meter should be placed close to the subject so
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that the light entering the meter is restricted to the light that is
reflected by the subject. Standing far off and pointing the meter
in the gencral dircction of the subject is not so good since the angle
of view may take in brighter reflecting sources than the subject
and thus lead to undercxposurc. A very prevalent cause of over-
exposure is inadequate illumination of the background in artificial
lighting sctups. The mcter reading, taken from the camera position,
indicates a longer exposure than is required by the subject.

Any mcter reading on outdoor subjects that indicates less expo-
sure than 14, sccond at f/8 (less than f/11 with an amateur motion-
picture camera) should be disrcgarded, as underexposure is certain
to result unless such exceptional subjects as bright clouds or air-
planes in flight are recorded.

Outdoor Subjects

Although color film can be used to record any subject that might
be recorded in monochrome, it is on close-ups that the full benefit
of color is realized. Scenes that include distant colored objects do
not show off to best advantage because distance dulls colors unless
the atmosphere is extremely clear. Bright sunlight provides bright
colors but also causcs deep shadows. It is amazing how dark masses
of shadow attract the cyc in color pictures; they must be avoided by
the usc of flat lighting (the sun over onc’s shoulder) unless special
effects of shadow arc desired. Even then the picture is likely to be
disappointing.

Although cameras and shutters differ, basic exposure for color
film at present on the market is 15, second at a lens opening
between f/5.6 and /8 in dircct sunlight. Wherever possible
shadows should be illuminated by reflectors or by flash bulbs.

The tables below, provided by the manufacturers, arc good start-
ing points. But remember to get familiar with the particular camera
and shutter to be employed, using the exposure meter settings as
guides only.
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EXPOSURE METER SETTING—DAYLIGHT ROLL FILM

Weston GE ASA
Kodachrome Film, Dayhght Type 8 12 10
Kodachrome Film, Type A* 8 12 10
Ansco Color Film 10 16 12

* With Kodachrome Type A Filter for daylight.

Special Outdoor Subjects

The following notes are from the author’s experience as well as
from the Kodak data book. Kodachrome and Kodacolor Film. Since
Kodachrome and Ansco color films have cssentially the same speced,
it is likely that the data will apply to both films.

Frowers. Flowers are delightful subjects and can be photo-
graphed in masses or individually. Many amatcurs make hobbies of
recording single blooms by means of accessory closc-up lenses (por-
trait attachments) or by the sliding focusing attachments available
for certain 35-mm cameras. A small camera using sheet film and
having double extension bellows will cnable one to make pictures of
blooms the same size as the subject. Attachments are also available
for sheet-film cameras enabling one to use 35-mm film. There is a
certain advantage in using these larger cameras since one can focus
the flower critically upon the ground-glass screen; and one has avail-
able a lens of longer focal length. A 9- by 12-cm camera, a popular
size, has a lens of about 135-mm focal length, thus enabling the
photographer to make larger pictures from the same distance, sub-
ject to lens, than would be possible with the 2-inch lens ordinarily
employed on a 35-mm camera.

Flowers have one objection—they want to move with the wind.
This difficulty requires the use of a faster shutter speed, larger lens

opening, or considerable patience waiting for a moment when the
bloom is quiet.
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If side or back lighting is employed to bring out texture, longer
exposures will be required. A reflector of white cardboard, crumpled
tin foil, or a mectal plate having a neutral color will be useful in the
field. Backgrounds are always troublesome, so one needs to provide
himsclf with a set of colored or neutral cardboards for this purpose.

Background
(Turned away from Back lighting

the sun) (Use lens hood on : C")
camera lens) . .-o"%
/ '../ o
Reflactor D oo

oobog» ’ Sun ﬁosma

Side Ilohﬂnq O

&

Use of reflector and background in making pictures of flowers
out of doors.

Sunsers. Many persons have been taught that they cannot shoot
a picture against the sun. For this rcason they believe they cannot
photograph sunsets or sunrises in color. One will catch on film
what one sces with his cye, and if he stares directly into an unob-
scured sun, he won'’t scc anything he will want to record on film.
But when the sun is partly or entirely behind clouds and the sky
is aglow with color, he can try f/4.5 at %4, second. After the sun
has actually set, much longer exposures will be required to record
the delicate colors remaining in the sky.

Snow AND Beacu Scenes. The tendency in winter, when the
ground is covercd with white snow, is to underexpose, especially if
an exposure meter is used. The trouble comes from the vast expanse
of light-reflecting snow—the same trouble one gets into in summer
when the exposurc meter is permitted to “see” too much of the
light of the sky compared to the immediate subject of interest.
Take the exposure meter up close to the subject and expose for it,
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not for the acres of white snow all about. Landscapes, in which
sky or occan or snow or sand is the major element of interest, are
different matters. Undcr any conditions estimate or measure the
exposure for the subject of major interest.

Remember that the light in winter is not so strong as in summer;
so if there is no snow, give about double the summertime exposure.

The Kodak Reference Manual has the following item on tropic
exposures:

There are two extremes of prevailing tropical weather conditions,
and these require a slight difference in exposure:

1. In many tropical arcas, such as the West Indies, the air is almost
continually hazy, but this haze appcars to be ncutral in color and 1ts
effect on color is neutral. The haze 15 actually helpful i making color
pictures, because 1t diffuses sunhight, softens shadows, and thus lowers
the contrast range of the scene.

For this type of hazy-day picture with Daylight Type Kodachrome
films, the exposure requured 15 %0 second at between f/4 and £/5.6 for
average-colored subjects; for light-colored subjects—beach, marine,
and distant views—1%0 sccond at £/5.6. Kodachrome movies at normal
speed require /5.6 for the first-mentioned subjects and one-half stop
less for the sccond. On very hazy days, the diffusion 1s so complete
that no additional exposure is needed for side or back hghting.

2. The sccond tropical weather condition is the one encountered in
the southwest United States and central Mevico, where the atmosphere
is often extremely clear and the range of Light intensitics very great.
The lighting contrast may be so great that 1f the exposure be caleu-
lated for the brightest parts of the scene, the shadow areas will be
rendered very dark. The best pictures under these conditions are those
made with full front lighting so as to have relatively few shadow areas.
Pictures of people taken at midday with the sun directly overhead
should be avoided because of the shadows under cyes, nose, and chin.
The exposure for such subjects, which arc usually very light in color,
is %o sccond at f/.8.

Eight- and sixtcen-millimeter Kodachrome Daylight Type film re-
quire an apcerture of halfway between /8 and f/11 at nounal camera
speed. If the shadow arcas are large and important, as is the casc with
some side-lighted subjects, the exposure must be doubled and some of
the high-light detail sacrificed. If the subjcct is back-lighted and the
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high-light details unimportant, the scene should receive four times as
much light as the same scene in flat sunlight. In this instance, the
shadow regions alone will receive correct exposure and there is no need
to give a compromise exposure for both high lights and shadows.

Synchronized Flash in Outdoor Photography

It is a fact that color films will not record details over as wide a
brightness range as black-and-white films and that deep shadows are
to be avoided in color work. At times, even out of doors, there is not
sufficient light for straight photography cven if the shadow problem
is disregarded. Fortunately it is possible to usc flash lamps in these
situations. A brightness range of 9 to 1 or greater is not uncommon
when the sun is bright. For a good picture, the brightness ratio
should not be much greater than 3 to 1 obtainable in bright sun-
light and with a clear blue sky by use of No. 22B or 5B flash lamps.

A rcflector can be used to improve the illumination of the
shadows. Flash lamps Nos. 5B and 22B can be fired in synchronism
with the shutter for the same purpose. These lamps have blue bulbs
and cmit light having approximatcly the quality of daylight. They
should be used with a shutter equipped for flash or in a correctly
adjusted synchronizer having an cfficient reflector. Obviously, the
illumination from the flash should be aimed at the shadows if the
purposc in using them is to lower an incorrect illumination ratio.

If the lamps arc to be kept at the camera regardless of the dis-
tance to the subject, then some means must be provided for reduc-
ing the amount of illumination for closc-ups. Kodak literature rec-
ommends the usc of a clean white handkerchief draped over the
flash reflector. The table on page 66 is stated to be effective under
clear blue sky and bright sunhight and applies to front lighting as
well as side and back lighting.

One thickness of hapdkerchief reduces the illumination from a
flash lamp by onc-half. For morc data on the use of supplemental
flash, the reader should procurc a copy of the Kodak pamphlet, Sup-
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DAYLIGHT TYPE KODACHROME, ¥, SECOND AT f/6.6 TO f/8

Lamp-to-subject Use of Handkerchief Use of Handkerchief
Distance in Feet with 6B Lamp with 22B Lamp
4 2 thicknesses Use 5B lamp
6 1 thickness 2 thicknesses
814 No handkerchief 1 thickness
12 Use 22B lamp No handkerchief
17 Use 2 22B lamps No handkerchief, 2 lamps
24 Use 4 22B lamps No handkerchief, 4 lamps

plementary Flash for Outdoor Color Pictures, from which this table
was taken.

The author has used the metal foil wrapped around photographic
sensitive materials as reflecting material after it has been crumpled
up and then straightened out again. Crumpling breaks up the sur-
face into many small surfaces and tends to prevent “hot spots” of
reflected light. Still-life separation ncgatives can be taken in this
manner, especially where light comes from overhcad and the under
parts of the subject may be poorly lighted. The crumpled foil can be
placed around the base of a flower sctup, thereby giving some
illumination to the under parts of the pctals or lcaves.

CoLor PHOTOGRAPHS BY ARTIFICIAL LIGHT

Color film is “balanced” for illumination of certain character-
istics, and if the wrong lights arc used, the colors of the finished
transparency will not be satisfactory. Ordinary home-lighting lamps,
for example, are much too yellow and produce too little illumina-
tion for use with color film.

EXPOSURE METER SETTINGS—ROLL FILM

Film Weston GE ASA

Kodachrome, Type A 12 20 16
Ansco Color 10 16 12
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Photoflood lamps have the proper characteristics for use with
35-mm Kodachrome. For Kodachrome Professional (sheet) film
and roll and shcet Ansco color film, special lamps known as 3200°K
lamps are available. The manner of using these sources of light is
described below. Although the data are taken largely from Kodak
literature, it is quite probable that the same data will apply to Ansco
color film.

Photofloods Nos. 1, 2, and R2 enable one to use Kodachrome
film, Type A, without filters. The R2 lamps require no reflectors and
for this rcason are specially useful in the home. They and the No.
2 lamps have twice the life and give twice the light of No. 1 lamps,
Daylight flood lamps can be used with daylight color ilm when an
indoor subject illuminated by daylight requires supplementary light-
ing. If these lamps arc emploved as the principal light, as for por-
traits, or independently of daylight, the results are inclined to be on
the red side. (Sec Daylight Sheet Color film below.)

PHOTOFLOOD EXPOSURE TABLE—STILL CAMERAS

Basic exposures for Kodachrome Type .4 uith No. £ flood lamps in reflectors
or with R2 photofloods

Lamp-to-subject Distance with No. 2 or R2 Photoflood
Shutter | Number Lamps in Feet

Speed in of
Seconds | Lamps

f/e | f/28 | f/3.6 f1é | f14.6 | /6.6

Yy 1 5 3y 3

or 2 7% 514 44 3% 3

Yo 3 9 614 5 4% 4 3y
3s 1 12 814 644 6 514 4
or 2 17 12 914 814 734 6
A 3 21 15 12 10 93¢ 734

Nofe Not more than six No. 1 or three No. 2 or R2 flood lamps should be
usod on a single fused circuit, as any load m excess of this number is likely
to blow the fuses. If there are two ndependently fused cirewits in a room,
two No. 2s can be used on each circuit, but one should remember that the
total load should not exceed this value.
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Photoflash lamps are useful for short exposures indoors when
one is making photographs of children or large groups where lots of
light is necessary. Lamps Nos. 22 and 50 may be fired from the
house-lighting circuits; SM and Nos. 5 and 11 arc to be fired from
svnchronizers; Nos. 6 and 31 are long-peak lamps designed for use
with focal-plane shutters.

PHOTOFLASH EXPOSURE TABLE —STILL CAMERAS

For Type A Kodachrome with Kodak CC15 filter for average subjects in average
rooms with light-colored walls and ceilings. For dark-colored surroundings or
dark-colored subjects use one full lens opening larger

Distance in feet of No. 22 lamp in Kodo-| 7 10 14 20 28
flector (matte side)
Lens aperture for open-flash exposures f2 1 /16 | f11} f/8 1166

PHOTOFLASH GUIDE NUMBERS

When used in an arverage flash reflector, divide the guide number by the distance
n feet from lamp to suhbject to get the recommended f-nuwmher (lens opening) for
average suljects in urerage-sized rooms with light-colured ceilings and walls

Between-the-lens Focal-plane
Shutters Shutters
SM*| No. 5t | No. 111 | No. 22t No. 6t | No. 81%
Open, %5, Ko | 50 90 100 145 | Ko 65 70
Yoo 50 75 80 115 | Yoo | 45 50
500 35 €0 65 90 | Yo | 30 35

¢ No filter or Kodak CC23 for slightly warmer results,

t With the Kodak CC15 filter.

Ansco color film is adapted to the 3200°K lamps originally
brought out for use with Kodachrome shecet film. Ansco color film,
both roll and shect film, is balanced for this particular type of lamp
without the use of filters, and the amateur should plan on obtain-
ing such lamps. Filters (sce below) arc available for adapting the
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film to other sources of artificial light. Under the general subject of
Sueer Coror Fia will be found data on the 3200°K lamps.

Daylight type Kodachrome film may be used indoors independently of

daylight by use of flash lamps Nos. 5B and 22B. Use the following guide
numbers:

Lamp No. 22B: Open flash, 50; 1{ ¢4 sec, 40; 1440 sec, 25
Lamp No. 5B: Open flash, 45; }{o¢ sec, 35; 6 sec, 25

Use oF Exposure MeTer wita LicHTs

When one employs an exposure meter on artificially lighted
scencs, it should be held ncar the subject and not at the camera
position. If held far from the subject, too much of the background
will be “scanned” by the exposure mcter with the result that the
subject, which is brighter than the background, will be overex-
posed. The meter should be placed within 10 inches of the subject
without casting a shadow on it. The directions furnished by the
meter manufacturer should be followed.

As in outdoor photography, it is desirable to have the whole
scene adequately and evenly illuminated. One must remember that
color itsclf furnishes contrast in color pictures—not black-and-
white contrast so valuable in monochrome. Great arcas of shadow
attract the eyc away from the important subject matter and when
present must be illuminated by additional lamps. Herc the cxpo-
sure meter is of great help. The background and other areas that
are not the important subject matter should give not less than one-
third as much reflected light as the prncipal subject. The ratio
should be 2 to 1 if possible—i.c.. the background should be lighted
so that it reflects about onc-half as much light as the subject.

If the Weston meter is used and if the light values fall within
the “A” and “C” arrows. the illumination ratio will be 4 to 1,
indicating that the illumination should be adjusted so that more
light falls on the darker parts of the scene or that less light falls
in the brighter portions.
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COLOR PHOTOGRAPHY FOR THE AMATEUR

Clothing and Background Color

The color photographer must exercise much more care about the
color of backgrounds than is required of the monochrome worker.
Clothing worn by subjects whose portraits are to be made enters
into the same problem. Children and older people should be photo-
graphed against different backgrounds for most pleasing results. The
background should be lighter or darker than the subjcct but not so
much different in brightness as not to photograph properly. A light
subject should appear before a darker background and vice versa.
The following Eastman Kodak table is most uscful.

SELECTION OF CLOTHING AND BACKGROUND COLOR

Cowor oF CrorHes: Light, soft colors are most effective and should be
chosen to harmonize with complexion and hair color.
Avoud dark colors or black. Also avoid brilhant colors,
which take attention away from the face.

BACROROUND: Use light buff or gray when in doubt. Other suggested
colors are as follows:

Clothing Color

Buackground Color

Children Light colors

Women Pink
Blue
Yellow
Green
Maroon
Gray
Lavender
White

Men Brown
Tan
Gray
Blue
White

Khaki

White or very light tints

Gray blue, jade green

Yellow, darker blue

Gray blue

Darker green, lavender, gray

Gray blue

Dull blue

Gray green

Any light color harmonizing with subject’s
hair

Buff or olive green

Buff or ohive green

Dull blue

Gray or huff

Any light color harmonizing with subject’s
hair

Dark green
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Nighttime Shots in Color

Numerous special occasions arise when one wonders what to do.
The following notes will help.*

StrEET ScENES AT NicHT. If brightly lighted with signs and street
lights, try %, to % sccond at f/2 with Type A Kodachrome film.
Use a tripod. Give sheet Kodachrome film about 60 per cent more
exposure.

Store Winpows. About the same exposures as above.

Fireworks. Try £/5.6 or f/8; leave shutter open until display has
becn recorded. Use a tripod.

Stace Scenes. First get permission to photograph. Try 144 to %,
second at f/2. Don't sit too far back.

PortrAITS IN COLOR

Portraiture in color differs from black-and-white technique only
in that much flatter lighting can be employed and, in fact, is desir-
able. Once the flat-lighting method has been mastered, more
“arty” arrangements can be attempted.

A single R2 flood lamp or a No. 2 lamp in a reflector can be
placed slightly above and to one side of the camera, providing
almost full front lighting with some shadow areas cast outside the
important picture area. A reflector such as a white matte card or a
bed sheet draped over something flat and rather solid should be
located just outside the picture arca and at such an angle that the
maximum amount of light is reflected upon the subject into the
arcas that are shadowed without the reflector. Direct the lamp at
the reflector. Place the subject close to a light-colored background.
Such an arrangement taken at %4, second at f/4 or f/4.5 will pro-
vide a good onc-lamp picture.

Another simple placement of subject, camera, and lights employ-
ing two R2 lamps or two No. 2 lamps in reflectors is as follows.

* Data from Eastman Kodak Company.
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One lamp is at camera level or slightly above it, the other is used
as a modeling or side light and is above camera level. Both should
be about 5 feet from the subject, which is close to a light-colored
background. The side light is placed so that it casts a triangular
area of light on the check of the subject opposite the lamp. Such
an arrangement will give a 2 to 1 lighting ratio and is the basic
two-lamp setup. Variations giving a greater lighting ratio may be
experimented with after this technique is mastcred. An exposure
of 14 second between f/4 and £/5.6 will give good results. A lens
shade or hood is helpful in keeping dircct rays of light from the
lamps out of the camera lens.

A useful article by W. S. Kals on the subject of color portraits
using larger camcras and more lights will be found in American
Photography, August 1942, page 8. Another sourcc article is that of
S. G. Hall in Studio Light, Vol. 29, No. 2, which covers the prob-
lem of make-up for Kodachrome; and anothcr by the same author
on the general problem of portraiture in color will be found in
Studio Light, Vol. 29, No. 3, published by Eastman Kodak Com-

pany.
Sueer Coror Firat

For the amateur or professional who prefers to make his color
photographs in sizes larger than those obtainable in roll film, both
Eastman Kodak and Ansco provide shect film in sizes up to 11 by
14. As far as the user is concerned, the only difference between roll
and sheet film is the difference in speed (sheet film is slower) and
the fact that the Kodachrome roll- and sheet-film types for use
under artificial light employ different light sources. Speed data and
lighting directions follow.

The table on page 75 is based on tests with average subjects in
bright sunlight. As lamp-to-subject distance increascs, lens opening
must be increased if illumination in shadows is to remain constant.
Larger lens openings in turn require faster shutter speeds so that
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EXPOSURE METER SETTINGS—SHEET COLOR FILM

Film Weston GE ASA
Kodachrome, Daylight Type 6 10 8
LEktachrome, Daylight Type 6 10 8
Kodachrome, Type B 8 12 10
Ektachrome, Type B 8 12 10
Ansco Color, Daylight Type 8 12 10
Ansco Color, Tungsten Type 8 12 10

DAYLIGHT EXPOSURE TABLE—KODACHROME PROFESSIONAL
FILM AND EKTACHROME FILM

Lens apertures at %o second shutter speed

Basic
Ezposure| Light- Dark- Side- Back-
Lighting Jor colored | colored lighted lighted
Average | Subjects | Subjects | Subjects | Subjects
Subjects

Bright, direct sunlight f/6.3 1/8 /56 | f/6.3* | f/4.5*

Weak, hazy sun —no| f/4.5 7/5.6 /4
distinct shadows cast

Sky overcast — cloudy,| f/3.5 /4 /2.8
but bright

Open shade on bright /28
day

* Assuming shadow areas are unimportant. With close-ups having,important
shadow areas, use one full stop larger.
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DAYLIGHT EXPOSURE TABLE—ANSCO SHEET COLOR FILM

Back
Shutter Front Side Lighted
Speed Lighted | Lighted | or Open
Shade
Bright sunlight Yoo f/4.5 1/3.5 f/2.5
%o 1/6.3 f/4.85 7/3.6
Y f/9 f/6.3 J/45
Hazy sunlight, soft shadows Yoo f/3.5
Yo f/4.5
s 1763
Sun overcast, bright day, no Koo /25
shadows Yo f/3.5
s f/4.5
Sun overcast, dull day Yoo /18
Yo /2.8
Y 1735

Note: For use in Temperate Zone, average summer conditions, from 2
hours after sunnse until 2 hours bhefore sunset. In winter use next larger lens
opening unless there is snow. With exceptionally brilliant light, as in sea-
scapes, snow scenes, or high altitudes, the indicated exposure can be halved.
Dark subjects require one-half stop greater exposure; light subjects require
one-half stop less,

PHOTOFLASH GUIDE NUMBERS—KODACHROME
PROFESSIONAL DAYLIGHT FILM

Flash Lamp Shutter Guide Number
22B Open 50
Hoo 40
Yoo 25
5B Open 45
Yo 32
) 22
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PHOTOFLASH GUIDE NUMBERS—ANSCO DAYLIGHT TYPE
COLOR FILM

Shutter set on time or bulb or ¥%; second and synchronized with flash lamps in
metal reflectors. Light-colored indoor surroundings

Frasg Lamp Guipe NUMBER
GE 5B 50
GE 22B 65
Wabash 25B 50
Wabash 2B 95

PHOTOFLASH GUIDE NUMBERS—ANSCO TUNGSTEN TYPE

COLOR FILM
Use UV-16 Filter
Frasa Lamp Guipe NUMBER

GE No. 5 95
GE No. 11 115
GE No. 22 135
Wabash Press 25 116
Wabash Press 40 115
Wabash No. 2 135

How to use guide numbers. Divide the guide number by the distance in feet
from lamp to subject to obtain recommended f-number. Thus, if the guide
number is 50, the correct lens opening at 5 feet 18 50 + 5, or f/10.

SYNCHRONIZED FLASH EXPOSURES IN DAYLIGHT

Kodachrome Professional Daylight Film, using No. 22B or No. 6B photoflash
lamps to dluminate shadows 1n outdoor subjects

Lamp-to-subject .
Distance in Feet Shutter Speed Lens Opening
6 %o J/8
7 Yoo /156
10 Yo J/4
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the sunlit portions of the subject will not be overexposed. The
change in shutter speed does not affect the shadow illumination
proportionally, because the duration of highest intensity of the
flash is very short.

As was indicated under 35-mm Kodachrome film, supplemental
flash may be very useful out of doors to reduce excessive contrast
by illuminating the shadows with light approximating daylight in
quality. Lamps Nos. 5B and 22B should be used in a correctly
adjusted synchronizer having an efficient reflector.

With bright sunlight and clear bluc sky, a desirable lighting
ratio of about 3 to 1 is obtained by using one No. 22B lamp at 12
feet or one No. 5B lamp at 814 fcct. At closer distances a clean
white handkerchief can be draped over the reflector to lower the
illumination and thus to maintain the desired ratio. With Koda-
chrome Professional Daylight Type film, an exposure of 15, second
at /6.3, use the table under “synchronized flash photography out-
doors” under the description of 35-mm film usage.

Use of Flood Lamps to Supplement Daylight

Blue-bulb flood lamps can be used to supplement davlight illu-
mination when Kodachrome Professional sheet film is the chosen
color medium. It is assumed that the davlight is diffused and that
direct rays of the sun do not hit the subject; that the photographer
realizes that the blue bulbs tend to give the picture a warm tone
especially with living models; that the illummation without the
lamps is about half that when the lamps are turned on.

Sheet Color Film for Use with Artificial Light

Neither Type B Kodachrome Professional film nor Ansco sheet
color film is balanced for use with photofloods. On the contrary,
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KODACHROME PROFESSIONAL FILM, DAYLIGHT TYPE
Ezposure Time: 2 Seconds

No. B Daylight Photofloods | No. B2 Daylight Photofloods
in Kodaflectors (matte side) in Kodaflectors (matle side)
Number
of Average Lamp-to-subject Average Lamp-to-subject
Lamps Distance in Feet Distance in Feet
7Y% 11 16 10 14 20
1 f/5.6 f/4 f/5.6 f/4
2 1/8 //5.6 I/4 178 1/5.6 174

Note: Use the exposures indicated for two lamps only when two lamps are
used together to illumunate the same part of the subject and not when a
number of lamps are used separately to illuminate extended areas of the
subject.

these films arc adapted for special lamps having a color temperature
of 3200°K. If the tungsten or artificial-light films must be used with
lamps other than these special lamps, then compensating filters
must be emploved. The usc of such filters will be described below
under the general subject of filters for color ilm. The photographer
should consult Kodak hiterature for more details on the use of such
film than are given here.

In the studio under artificial light conditions, Type B Koda-
chrome Professional film can be tested for exposure as follows.
Kodak Super Speed Dircct Positive paper is available in sheet-film
sizes and can be inscrted in film holders and exposed in the camera
in the usual manner. Several exposures differing by one-half stop
should be made and processed. Judge the result by high-light detail,
remembering that the paper is orthochromatic and will render reds
and browns as very dark. The Type B film is about one-third stop
faster than the Direct Positive paper.
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EXPOSURE-METER SETTINGS—COLOR FILM TUNGSTEN TYPES

Weston GE ASA
Kodachrome Professional, Type B 8 12 10
Ansco, Tungsten Type, Sheet 8 12 10

BASIC EXPOSURES—KODACHROME PROFESSIONAL AND
EKTACHROME FILM, TYPE B

Average subjects—two 500-watt PS-25 3200°K lamps in bowl-type studio
reflectors

Distance 1N Feer
FROM Lamps TO SuBJECT CAMERA SETTINGS

5 /16, 1 sec.
7 /11, 1 sec.
10 778, 1 sec.

14 /5.6, 1 sec.
20 J/5.6, 2 sec.

Note: When possible, one lamp near camera should be at lens level, the
other considerably higher and at an angle of 45° to the camecra-subject_lne,
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PHOTOFLASH EXPOSURE TABLE—
KODACHROME PROFESSIONAL AND EKTACHROME FILM,
TYPE B

For open-flash exposures with Wratten filler No. 2A and Mazda photoflash
lamps in large studio reflectors

F-number
Distance in Feet
Jrom Lamps to Number of No. 22 Lamps | Number of No. 50 Lamps
Subject
1 2 4 8 1 2 4 8
6 18
614 16 22
815 12.5] 18 25 18 25
914 11 16 22 16 22
11 9 125118 25 125118 25
13 8 11 16 22 11 16 22
1614 631 9 12.5 118 9 12.5 |18 25
19 56| 8 11 16 8 11 16 22
23 451 63] 9 1251 63| 9 12.5] 18
26 40] 561 8 11 56| 8 11 16
30 3.5 45| 63| 9 45| 63 9 12.5
38 40| 56| 8 40| 56| 8 11
42 3.5 45| 63| 3.56| 45| 6.3 9
54 40] 56 40] 5.6 8
66 3.5] 45 3.5 4.5 6.3
75 4.0 40 5.6
90 35 3.5 4.5

Note: Values apply when hight from all lamps is directed at the same part
of the subject, and when exposures are made in rooms with light-colored
walls and ceilings. Indoors with dark-colored surroundings or dark-colored
objects, use one full lens opening larger. Values apply strictly only when all
lamps are at the same distance from the subject.
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PHOTOFLASH GUIDE NUMBERS—KODACHROME TYPE B FILM
Lamps flashed in an average reflector

Between-lens . . Focal-plane «l .
Shutters No. 5* | No. 11*| No. 22* Shuters No. 6* | No. 81
Open, %, % 75 80 105 Yo 55 60
Koo 65 65 85 Yoo 35 40
Yoo 40 40 60 “ Yaso 20 25

* With Wratten Filter No. 2A.

EXPOSURE GUIDE—ANSCO TUNGSTEN TYPE COLOR FILM

One 500-watt PS-25 3200°K lamp in reflector
For average-colored subjects in Light-colored rooms

Shutter Lamp-to-subject Distance in Feet

S
pead 4 6 8 10 12 14 16
1 i 9 8 6.3 5.6 45 4
¥ I8 6.3 56 4.5 4 35 2.8
¥ 745 | 4 35 2.8 2.5 2 —

Note: Table also applies when one No. 2 flood lamp is used instead of the
3200°K lamp. Use UV-15 filter over lens.

Data on Kodak Ektachrome Film

Introduced in the middle of 1946, Kodak Ektachrome film is
a sheet film that can be processed by the user. The chicf difference
between it and Kodachrome film secms to be in the shadows, which
are more open. If the same scenc is taken with the two films, that
made on Ektachrome will have more dctails in the shadows, while
the Kodachrome film shadows will tend to be deep black without
details.

Ektachrome film, Type B, adapted for use with 3200°K lamps,
can be used with photofloods, provided a color-compensating filter
CC13 is employed; with flash lamps provided the Kodak CC95
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filter is employed and can be used outdoors with Wratten filter
No. 85B. With Weston and GE meters not calibrated in the new
ASA numbers, use settings of 6 and 10, respectively, or ASA 8.

As is true of all color films, Kodak Ektachrome may be changed
from time to time so that the data given here must be checked
with current information supplied when the film is purchased.

The exposure table given below is for average subjects and two
500-watt PS-25 3200°K Mazda lamps in bowl-type studio reflectors.
The table is based on using both lamps at the same distance and
within 45 degrees of the camera-subject axis.

EKTACHROME EXPOSURE TABLE FOR 3200°K LAMPS

Lamp-to-subject Distance in Feel Camera Settings*
b f/16, 1 sec.
7 f/11, 1 sec.
10 7/8, 1 sec.
14 /6.6, 1 sec.
20 1/5.6, 2 sec.

* These values are intended for use as a guide. They will vary somewhat,
according to the shape and surface properties of the reflectors, the position of
the bulbs in the reflectors, and the age of the lamps.

Photoflash Exposures with Ektachrome Type B Film

Photoflash exposures can be made without a synchronizer by the
usual openflash technique, which gives an effective exposure of
about %, sccond. Open the shutter, flash all lamps on the same
circuit, close the shutter. The general room illumination must be
low enough so that it will not affect the film while the shutter is
open.

With moving subjects the use of a synchronizer is necessary.
The synchronizer must be adjusted precisely so that the camera
shutter will be fully open at the peak of the flash. Use an efficient
reflector with photoflash lamps. Since lamps may shatter when
flashed, the use of a transparent protective screen over the reflector
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is recommended. Do not flash the lamps in an explosive atmos-
phere.

PHOTOFLASH GUIDE NUMBERS, EKTACHROME TYPE B FILM
For use with average reflectors and Kodak color-compensating filter CC95

Between-lens Focal-plane

Shutters No.5 ]| No.11 | No. 22 Shutters No.6 | No. 81
Koo 65 65 85 Koo 35 40
Yoo 40 40 60 Yso 20 25

FiLters For Use with CoLor FiLms

While the manufacturers of color film make cvery effort to pro-
vide the photographer with materials that are casy to use—i.e., with-
out filters or any other accessory equipment—the manufacturers
have not yet been able to make a “universal” film, one that can be
used under any and all lighting conditions. The trouble is that film
is more exact than the human eyc; it “secs” what it sees and has no
power to imagine anything or to interpret what it sees. The average
picture maker discounts the fact that home-lighting lamps make
everything quite yellow in color. If, however, he uses daylight ilm
to record a picture under average home-lighting conditions, he will
find his color picture decidedly yellow or reddish and may be
inclined to blame the designer of the film.

As a matter of fact, an enthusiast for making photographs in
color will find that his perception of color subtleties will increase
greatly as his experience with color-picture making builds up. He
will note, for example, that his color pictures of snow scenes will
have blue shadows when the picture is made under the clear blue
sky. His eye has always seen these shadows as black or gray, but
color film does not lie. The fact is that the shadows are not lighted
by direct rays of the sun, which have all colors in them, but only
by the blue sky. Thus the shadows cannot help but be blue. Paint-
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ers recognize this fact and make their shadows on the blue (“cold”)
side.

As another example, pictures taken early in the morning or late
in the afternoon are inclined to be yellowish or reddish for the
reason that the blue portion of the sun’s light has been filtered
out by the earth’s atmosphere through which it must go to reach
the earth. The eye quickly adapts itself to these yellowish or red-
dish tones, but in a photograph they are not acceptable unless
the viewer knows the facts.

White paper has a bluish tinge by north daylight, but it is yel-
low by ordinary tungsten light; a turquoise is blue by north day-
light, green under a tungsten lamp.

The film manufacturer helps the photographer with such prob-
lems by providing him with filters that correct, or tend to correct,
abnormal lighting conditions.

Color Temperature

This brings up the term “color temperature.” Everyone is famil-
iar with the fact that the hotter a body gets—a piece of iron, for
example—the whiter it becomes. Thus one speaks of a “dull red”
heat, meaning that the temperature is low, or of something being
“white hot.” If a certain special type of lamp known as a “black
body” is heated to a certain temperature and if the color of light
given off at this temperature is measured, then another light source
that has the same color characteristics may be said to be operating
at a color temperature cormresponding to the actual temperature
of the black body.

There are various temperature scales, such as Fahrenheit. centi-
grade, Kelvin, and others. Centigrade has its zero at the temperature
at which water freezes; Fahrenheit's zero is 32 degrees below freez-
ing. Water boils at 100°C and at 212°F. Thus, when one speaks of
so many degrees of temperature, he must define the scale about
which he is speaking.
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The Kelvin temperature scale is also known as the “absolute”
temperature scale and is rather theoretical in that its zero is sup-
posed to be representative of the absence of all heat. At 0°K, all
molecular motion has stopped. This zero is 273° below zero on the
centigrade scale.

When one speaks of a 3200°K lamp, for which Ansco color
tungsten film and Kodachrome Professional film Type B are
adapted, he merely means a tungsten lamp whose color character-
istics are such that they resemble the color output of a theoretical
“black-body” lamp operating at an actual temperature of 3200°K.
He does not mean that the glass bulb has a temperature of 3200° in
any scale or that it emits 3,200 units of light. He means merely that
its light is bluer than that of a 25-watt house-lighting lamp because
its tungsten filament is hotter than that of the 25-watt lamp. On the
other hand, the illumination from a 3200°K lamp is not so blue as
that of a photoflood; but while color film will register the difference
in color of these two lamps, the eye will never detect this differ-
ence. A picture made by means of one light source when the film is
“balanced” for the other may cause the photographer some surprise
and disappointment. Filters to correct such a situation are available.

COLOR TEMPERATURE OF ARTIFICIAL LIGHT SOURCES IN °K

Tungsten lamp, 20 to 40 watts 2600 to 2775
Tungsten lamp, 100 watts 2870
PS-52 750, 1,000-watt lamp 2055 to 3020
Photoflood lamps Nos. 1, 2, 4 3425
Daylight photoflood lamp 4800
PS-25 3200°K lamp 3200
Photoflash Nos. §, 6, 11, 22, 31, 50 3800
Photoflash SM lamp 3300
Blue photoflash lamps Nos. 6B and 22B 6300
Daylight fluorescent lamp 6500
White-flame carbon arc 5000

Each of the lamps in the above table has its own color charac-
teristics, those lamps burning at higher color tempcratures having
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bluer light than those whose filaments actually burn at lower
temperatures. All of these lamps will have a color temperature
dependent on the voltage across the lamp—the higher the voltage,
the higher the color temperature and the bluer the light. Thus, if
one buys a 3200°K lamp made to burn on 110 volts and actually
operates it at 125 volts, his pictures are likely to be too blue. A
tungsten lamp designed to operate at 115 volts increases in color
temperature about 10°K for each increase of one volt. Note that
blue lamps have a higher eftective color temperature than lamps
with clear bulbs.

Furthermore, the actual voltage in the average home varies
somewhat with the “load” or amount of power taken from the
lines. It is unlikely that a single, or perhaps two, 500-watt lamps
will lower the house voltage appreciably; but if the lamps are oper-
ated at the end of a long line of small wire, the voltage will
undoubtcdly be lower than the photographer thinks. For precise
work, thercfore, he should know the actual voltage at which the
lamps arc operating and buy lamps adapted for that voltage. By
the use of color compensating filters, however, he can adapt his
own conditions to those of the films he proposes to use.

In professional studios where great quantities of light are used,
special power circuits must be installed to carry the large currents
cmployed. Lights corresponding to 50,000 watts are not unusual
where fast action in color must be photographed or where large
scenes with numerous models are employed.

The average home is fused for 30 amperes or about 3,000 watts.
If more power than this is required, special arrangements must be
provided. If more power is taken through a set of wires than that for
which they are adapted, they are liable to heat up and cause fire.
That is why the circuits are fused—the fuse blows and opens the
circuit before trouble occurs. Voltage regulators are not too ex-
pensive unless the power load is rather high—1,000 watts or
more.
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COLOR TEMPERATURE OF DAYLIGHT IN °K*

Mean noon sunlight at Washington, D.C. 5400
Direct sunlight about noon in midsummer may rise to 5800
Sunlight plus light from clear sky about noon, as high as 6500
Light from totally overcast sky may be as high as 6300
Light from a hazy or smoky sky may range from 7500 to 8400
Light from clear blue sky 12000 to 27000
Direct sunlight early or late in day in winter may drop below 5000
Sun’s rays at sunset 2000 to 4000

*|Data from A, H. Taylor, Transactions Ilumination Engineering Society, 85:
154-160 (1930).

Since the color temperature of daylight varies with weather con-
ditions, time of day, and time of year and since the color of objects
illuminated by daylight will vary accordingly, filters are provided for
affecting conditions at the camera so that the photographer can
achieve the result he wishes. The following tables, taken from Kodak
literature, show the filters to be used for securing best results with
Kodachrome and Ektachrome.

LIGHT SOURCES AND FILTERS FOR USE WITH DAYLIGHT
COLOR FILM

(Data from Eastman Kodak)

Approxi-
malte
. Color , Filter Color
Light Sources Tem- Color Film Required Results
perature
in °K

Sunlight plus blue sky*| 6100 |Kodachrome and |No filter |Correct
to Ektachrome,
6500 Daylight Type

Hazy sunlight, slightly] 6800 |Kodachrome and |No filter or|Warm
overcast sky Ektachrome, CC14,
Daylight Type | CCl15

Noon sunlight, no sky-| 5400 |Kodachrome and |No filter or|Warm
light Ektachrome, CCl4,
Daylight Type | CCl15
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LIGHT SOURCES AND FILTERS FOR USE WITH DAYLIGHT
COLOR FILM — Continued

(Data from Eastman Kodak)
Approzi-
mate
. Color Filter Color
perature
in °K
Totally overcast sky 6500 |Kodachrome and |Haze filter|Satisfactory
Ektachrome, or CCl14,
Daylight Type | CC15
Sun’s rays at sunrise or| 2000 |Kodachrome and |No filter |Reddish
sunset to Ektachrome,
4000 Daylight Type
Clear skylight alone t Not recommended |2A or CC15|Bluish
Daylight fluorescent ¥ Kodachrome and {CC33 Bluish
Ektachrome,
Daylight Type
Kodatron Flashtube b 4 Kodachrome, CC15 Satisfactory
FT-402 for Kodatron Dayhght Type
Speedlamp Ektachrome, C33
Daylight Type
Blue Photoflash 5B,22B,| 6000 |Kodachrome and |No filter [Satisfactory
and 50B Ektachrome,
Daylight Type
White-flame carbon arc Kodachrome and |{CC23 Satisfactory
Ektachrome,
Daylight Type
Daylight (blue) photo-| 4800 [Not recommended Reddish

flood lamps

as sole source

* For average conditions. Color will vary with atmospheric conditions.

1 12000 to 26000°K.

$ Discontinuous spectra.
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LIGHT SOURCES AND FILTERS FOR USE WITH ARTIFICIAL
LIGHT KODACHROME AND EKTACHROME

Approzi-
mate
. Color . Filter Color
Light Sources Tem- Color Film Required Results
peralure
in °K
Clear photoflash lamps| 3800 Kodachrome, |Wratten2A|Satisfactory
Nos. 5, 6, 11,22, 31, 50 Ektachrome, [CC95
Type B
Kodachrome, [CC15 Satisfactory
Type A
Photoflood lamps 3400 Kodachrome, |CCl15 Satisfactory
Nos. 1, 2, 4, R-2 Ektachrome,
Type B
CP lamps 3350 Kodachrome, |No filter [Correct
Type A
White fluorescent lamps{  * Kodachrome, [CC34 and |Bluish
Type B CCY5
Kodachrome, {CC34
Type A
Ektachrome, {CC34 and
Type B CC95
Photoflash SM lamp 3300 Kodachrome, |No filtert [Satisfactory
Type A
3200°K lamps 3200 Kodachrome, |No filter |Correct
Type B
Ektachrome, |[No filter
Type B
Kodachrome, |CC4 Correct
Type A

* Discontinuous spectra.

1 Or use CC23 for warmer results.

Note: A difference of 100°K will be more apparent in the range of tungsten
lamps (2900 to 3400°K) than in the range of sunlight and blue sky conditions

(6000 to 6600°K).
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Filters for Kodachrome Photography

A general description of the several Eastman Kodak filters rec-
ommended for use with Kodachrome film follows.

Toe KopacuroME Haze Fiter (WrattEN No. 1). Colorless,
absorbs all ultraviolet rays of shorter wave length than 380 my; used
with daylight-type film to reduce excessive blueness sometimes
resulting from making pictures of distant mountains where the blue
haze is undesirable, at high altitudes, for outdoor shots on overcast
days, or in shade on blue-sky days. When the Type A filter (Wrat-
ten No. 85) is used with Type A Kodachrome, a haze filter is not
required. As a matter of fact, somewhat better results will be
obtained under high altitude, hazy conditions with Type A film plus
the Type A filter.

Iilter No. 1 (hazc filter) gives warmer results than are obtained
without the filter. For still warmer pictures, use the Wratten
No. 2A filter. In the author’s experience, the No. 1 filter has very
little cffect and the No. 2A filter sometimes makes pictures greenish.

WErATTEN No. 2A Ficter. In addition to usage indicated above,
this filter is recommended for use with Kodachrome Professional
film, Type B, exposed by mcans of flash lamps, such as Nos. 5, 6,
11, 22, 31, and 50.

Filters Nos. 1 and 2A require no increase in exposure.

KopbacuroME Tyre A FiLter (WraTTEN No. 85). Used with
Type A Kodachrome when exposed under daylight conditions. This
filter may fade particularly when exposed to sunlight. See above
for use at high altitudes. Salmon in color.

For general outdoor usc the daylight type of film is recommended.

KopacHroME FrLTer For Prororrooo (WraTTenN No. 80).
Bluish in color; used with Daylight Type film exposed by photo-
flood illumination; requires four times as much exposure as Type A
film with same lights and does not produce as good color.

KopacuroMe Type B FiLter (WRATTEN No. 85B). Salmon in
color; used with Kodachrome Professional or Ektachrome Type B



90 COLOR PHOTOGRAPHY FOR THE AMATEUR

film in daylight; requires twice the exposure of Daylight Type Pro-
fessional film and does not give as good color balance.

Kopak Coror CompensaTING FiLters. Special-purpose filters
made in three concentrations of yellow, magenta, and cyan.
Designed to absorb different amounts of the three primary colors—
blue, green, and red—they can be used singly or in combinations
with themselves or other filters for slight color corrections under
unusual light conditions or when hcat-absorbing or opal glass is
used in an optical system.

. . Red Green Blue
Relative Yellow | Magenta Cyan
Concen- | (Absorbs | (Absorbs | (Absorbs (Absorbs | (Absorbs | (Absorba

tration | Blue) | Greem) | Red) B(’;;‘;e‘;’)"‘ B’;‘;ﬂg"“ ’g’;‘;,:‘)"

CC21 CC31 CC41
CC22 CC32 CC42 CC52 CC62 CC72
CC23 CC33 CC43 CCs3 CC63 CC73
CC24 CC34 CC44 CCs4 CCo4 CC74
CC25 CC35 CC45 CC55 CCob CC75
CC26 CC36 CC46 CC56 CC66 CC76
ccz7 CC37 CC47 CCs7 CCo7 CC17

00 i B s N N

APPLICATIONS OF THE PRIMARY ABSORBING FILTERS

1. To correct for deficicncies in the color of illumination.

2. To produce slight corrections in light sources used in making
color-film duplicates. If the duplicates are dchnitely greenish, one
of the pale magenta filters (CC33 or CC34) can be used; if too pink,
try the CC43 or CC44, or the CC43 and CC23 combined. Experi-
mentation is the only satisfactory method by which to sclect the proper
filters.

3. To correct an undesirable over-all tint of color in a transparency
that is to be duplicated or color-printed.

4. To balance vanations in diffcrent batches of plates and films used
in one-shot color cameras instead of combining neutral density filters
with the tricolor filters inside the camera. The same result may some-
times be achieved more casily by using CC filters over the camera lens.
The palest filters are equivalent to about 0.07 neutral density over the
complementary tricolor filters; the medium flters are equivalent to
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about 0.15 neutral density; the deepest filters to about 0.3 neutral
density.

5. In submarinc photography with color film, the magenta and
yellow filters can be used to compensate the strong red absorption of
sea water. The color of the water varies with location and depth, so
that no specific recommendations can be made.

6. With miniature transparencies that show over-all tints of color
in viewing or projection, pieces of the gelatin filters can be mounted in
glass slides with the transparencies to modify the color balance.

Color Temperature Conversion Filters

Seven color compensating filters are supplied by Eastman Kodak
to enable the photographer to adjust the color quality of the
illumination to the correct value for proper color rendering.

Blue filters to raise 883 light CC13 Yellow filters to

effective color CCs medium CC14 lower effective
temperature CCs dark CC15 color temperature

The CC3, CC4, and CCI13 filters absorb so little light that no
increase in exposure is necessary. The CC5 and CCl14 filters require
V4 to 1% stop more exposurc than is indicated by an exposure
meter; the CC6 and CC15 filters require 14 to 34 stop more.

Kodak Pola-Screens are used to darken blue skies and to subdue
nonmetallic reflections; they require one stop greater than normal
2xposure.

The following recapitulation of the several Eastman Kodak
filter-ilm combinations will serve as a convenient table for refer-
€nce purposcs.

KODACHROME—35-MM DAYLIGHT TYPE
Filters Purpose

Kodachrome filter for photoflood Permits use of this film in photoflood light
Kodachrome haze filter, Wratten

No. 1 Absorbs ultraviolet, reducing distant hase

Kodak CC14 and CC15 Better correction than obtainable with
haze filter

Kodak CC33 For use with daylight fluorescent lamps

Kodak CC23 White-flame carbon arc lamps
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KODACHROME—35-MM TYPE A

Pilters To Permit Exposure By
Type A (Wratten No. 85) Daylight
_ filter for daylight
Kodak CC15 Wire-filled or shredded-foil photoflash lamps
Kodak CC4 3200°K lamps
Kodak CC34 White fluorescent lamps
Wratten No. 78B Ordinary tungsten home-lighting lamps

KODACHROME, EKTACHROME SHEET FILM, DAYLIGHT TYPE
Filter Purpose

Wratten Nos. 1, 2A These filters are used to avoid the bluish cast
that is otherwise evident in (a) pictures taken
on an overcast day, (b) pictures taken in shade
under a clear blue sky, and (c) distant scenes,
mountain views, etc Color rendering in daylight
becomes warmer with the No. 1 filter, still
warmer with the No. 2A. CC14 and CC15 are
preferred for these purposes

Kodak CC15 For use with Kodutron Flashtube FT-402

Kodak CC33 Compensating filter for daylight fluorescent lamps,
for slightly warmer results than are obtained
with no filter

Kodak CC23 Compensating filter for white-flame carbon arc
lampsy

KODACHROME, EKTACHROME SHEET FILM, TYPE B

Filter Purpose
Kodak CC15 Photoflood lamps
Wratten No. 2A Recommended for use with wire-filled and
shredded-foil photoflash lamps (CC95 for
' Ektachrome)

Kodak CC34 plus CC95 Compensating filter combination for white
fluorescent lamps

Ansco Filters for Color Photography

Ansco color filters currently available fall into three groups.

1. Ultraviolet absorbing filters, primarily designed for haze cor-
rection in photographing distant landscapes and scascapes and at
high altitudes. Since they absorb at the blue end of the spectrum,
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they may be employed for minor color correction or change in color
balance.

2. Conversion filters, making it possible to use Tungsten Type
Ansco color film with light sources differing in color temperature
from the 3200°K for which this film is balanced.

3. Color compensating filters, for minor changes in color bal-
ance—for example, in photomicrography, where the standard light
source may not yield transparencies of the desired color balance—
and in making color prints on Ansco Color Printon and Ansco color
paper.

ANSCO COLOR FILTER USAGE

Filter Use

Ultraviolet

UV-15 1. Slight haze correction

2. When exposing Tungsten Type Ansco color film by
photoflood hght

UV-16 1. Normal haze correction

2. When exposing Ansco color film, Tungsten Type by
clear flash-lamp illumination

3. With Ansco Printon and Ansco Color Paper

Uv-17 1. For greater haze correction

Conversion Series

No. 10 1. Exposing Daylight Type Ansco color film under 3200°K
illumination: give 4 times exposure that Tungsten Type
film would require under identical conditions

No. 11 1. Exposing Tungsten Type film to daylight: give 1..5 tilpes
exposure that daylight film would require under identical
conditions

No. 12 1. Exposing Tungsten Type film to high-speed guseous
discharge lamps
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BrAck-AND-WHITE PRINTS FROM COLOR TRANSPARENCIES

Color transparencies are really small scenes brought home in
natural color and in proper proportions. It is a very simple matter,
therefore, to make good black-and-white prints from these trans-
parencies by means of an intermediate negative. The transparency
is a positive, and to print a positive on paper, a ncgative must
be made.

All that is necessary is to print, by contact or by projection, the
transparency onto some negative matcrial and to use the developed
negative for the printing process just as any other negative is used.
Since the transparency is in color, it is advisable, although not
necessary, to use panchromatic matcrial for the negatives. In fact,
prints may be made from one of the scparation ncgatives made
from the transparency for color printing.

If the printing negative is to be the same size as the original
transparency, contact printing should be used. Same-size negatives
can then be placed in the enlarger and the final black-and-white
prints can be made by projection. In contact printing all that is
necessary is to place the transparency in a printing frame and, on
top of this, to place the panchromatic film. Close the printing
frame. Place it at the proper distance from a source of hght and
expose. Then develop and fix it in the same way you would handle
any black-and-white miniature film.

If negatives larger than contact size are to be made, the enlarger
can be used. Place a sheet of white paper on the casel and focus the
image on this. Then in darkness, substitute film for the sheet of
white paper and expose for the required length of time.

The amateur must detcrmine for himself the rcquired printing
exposures. The following data, however, will give him a good start.
If Kodak Panatomic-X film is used, a contact ncgative will require
about 3 seconds’ exposure to a bare 15-watt lamp 3 feet distant.
Using the Kodak Precision enlarger, a 3-diameter enlargement will
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require an exposure of about 6 seconds at f/16 on Panatomic-X
sheet film or about 3 seconds using Kodak Plus-X film pack.

Since color transparencies have high contrast, the films on which
the negatives are made should be developed a shorter time than is
customary. Thus Panatomic-X and Plus-X films should be devel-
oped in D-76 for about 5 minutes in a tray or 7 minutes in a tank.

Film packs provide a convenient method for making negatives of
transparencies by projection, minimizing the danger of finger marks.
An opaque mask the same size as the top of the film pack should
be made by mounting a sheet of white paper on a sheet of black
opaque paper. On the white paper mark in ink the exact size and
position of the opening of the film pack. Some means of holding
the pack tightly to the casel should be arranged and care must be
taken that the mask does not leak light while focusing takes place.
Focus on the white mask, turn out lights, remove mask, make expo-
sure on film pack, pull tab, replace mask, and place new trans-
parency in the negative carricr of the enlarger. By such a method
a number of negatives can be made very quickly.

Another method of making a number of printing negatives from
35-mm transparencies is to mount the individual frames of color
on the glass of a 5 by 7 or 8 by 10 printing frame and to expose the
whole batch at one time to a sheet of film of the correct size. This
can be devcloped as a unit after which the individual negatives can
be cut apart. If the transparencies are chosen so that they have
about the same high-light densities (minimum density) and suffi-
cient exposure is given so that the ncgative high-light density is
well up on the straight part of the negative cmulsion curve—say a
density of 1.6 or higher—then details in the shadows of the trans-
parencies will appear in the negatives. The high inherent contrast
of color transparencies can be reduced if desired by masking them
as described later.

One word about the orientation of the transparency with respect
to the negative material will not be amiss. If the emulsion sides of
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the transparency and negative emulsion are face to face, the picture
will be reversed on the negative from what would be the situation
if the negative were made in the camera in the normal manner. To
make a black-and-white print with proper orientation will require
that the negative be placed in the enlarger with the emulsion side
away from the paper and toward the light source. This will cause
no difficulty; but in making the contact prints sharper images will
result if the negative and paper can be placed emulsion to emulsion.
The thing to remember is that if the image on the negative is to
be reversed left to right, as it would be when made in a camera,
then in making the negative by contact or by projection the two
emulsions must face the same way, not face to face.

There is nothing to prevent the use of filters when making con-
tact or enlarged negatives from transparency positives. They can
be used for the same purpose they are used for out of doors on
the original location. Thus a yellow filter can be used to bring out
clouds better; or the three tricolor filters can be used to make
separation negatives as ouflined later. If projection is employed to
make the negatives, the filters can be placed over the lens of the
enlarger or they can be placed next to the glass of the printing
frame; then comes the transparency and finally the negative mate-
rial. Filters can be used for enhancing color contrasts, as in making
black-and-white pictures in the normal manner. Similarly, the use
of pan film with a Wratten X2 filter will improve flesh tones. The
normal increase in exposure must be employed to take account of
the light absorption of the filter.

Brack-AND-WHITE PRINTS BY REVERSAL

In Defender News, Autumn, 1947, a few notes will be found in-
dicating that Defender Velour Black and Varigam enlarging paper
can be used for making prints from color transparencies by the re-
versal technique. In this process the paper is exposed to the trans-
parency, developed in a high-cnergy developer, bleached, cleared,
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exposed again to white light, and redeveloped, whereupon a black-
and-white image results. No formulas are given, and the experi-
menter will have to work out his own system. The notes indicate,
however, that the effective contrast of Velour Black is reduced in
this method so that the high-density ranges of transparencies can
be handled effectively, that approximately three times normal ex-
posure is required when using Velour Black, that Varigam reverses
well without filters but not with filters, that the second develop-
ment can be carried out by the use of Defender 53-D diluted 1:2,
and that the exposure to white light can be eliminated by use of a
second developer made up of sodium hydrosulfite.

VoLTaGE CoNTROL IN CoLOR PHOTOGRAPHY

It was mentioned above that the voltage at which a tungsten
lamp operates determines its color temperature and that variations
in voltage produce variations in color output. In the January-Feb-
ruary, 1946, issue of The Ansconian there is some discussion of this
problem. Tests were made on Ansco color film balanced for 3200°K
and designed for 115 volts but actually burning at 95 or 125 volts.
The 95-volt transparencies were on the warm or reddish side and
the 125-volt transparencies were on the cold or bluish side when
the individual films were directly compared, but each transparency
was considered as satisfactory when viewed alone.

It must be remembered, however, that a change in voltage pro-
duces not only a change in color content of the illumination but
a change in intensity as well, the actual light output varying as the
square of the voltage. As a general guide, a shift of 20 volts requires
1,-stop change in exposure. Test exposures under the photographer’s
own conditions must be employed to determine correct voltages.
Then one must assume that these voltage conditions will obtain
at all times.

Rapid variations in voltage are more important than a voltage
higher or lower than normal. Such variations may be caused by
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sudden heavy loads thrown on the lighting circuit causing sudden
drops in voltage. If the lights blink when the refrigerator comes on
or when an electric iron goes on or off, the photographer had better
get a separate circuit for his lights or choose a time for working
when domestic activitics are at a minimum. This point is important
when separation negatives are made and when prints from such
negatives are made.

ApDITIONAL NOTES ON KODACHROME

Several bulletins have been published by Eastman Kodak that
should prove helpful to photographers having special interests or
problems. For example, many amateurs, and professionals, too, have
occasion to make microscope slides in color. ‘“Kodachrome Photo-
micrography of Stained Slides,” by R. P. Loveland of the Kodak
Research Laboratories, was originally published in the Journal of
the Biological Photographic Association and is available in reprint
from Eastman Kodak.

Several articles have appcared in the photographic literature on
methods of duplicating transparencies on other transparency mate-
rial, but this is a rather technical problem and the photographer
had best get advice from the manufacturer of the material he
proposes to use before he starts his work. One article on this subject
that appears to have considerable merit is that of Morris Colman
published in Photo Technique, October, 1941.

Exposures rForR CLOSE-UPS

When one photographs objects fairly close to the lens, the expo-
sure must be greater than indicated by an exposure meter. In fact,
if one photographs an object so that it is as large on the film as it
really is (“same size”) the exposurc must be 4 times that indicated
by the meter; if it is photographed onc-half its natural size, the
normal exposure must be increased 214 times. This is a most im-
portant matter when exposing color film.
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The table on page 100 indicates not only the multiplying factor
for the exposure when the object is at certain distances from lenses
of certain focal lengths, but it indicates what this distance must be
to produce an image bearing a certain relation to the size of the

\
\

] Ya % 34 [ 2 3 4
Magnification, M

It a picture is to be made same size as the original, the distance
between the camera lens and the subject must be twice the focal length
ot the lens. The lens-to-subject distance for other degrecs of magnifica-
tion may be found from this curve.

actual object. The table must be used to indicate reductions or
magnifications.

Suppose, for example, that one is to make a 4- by 5-inch negative
and that in the finished 8 by 10 print the image is to be the same
size as the original. How far must a 6-inch lens be from the subject
matter? Since the 8 by 10 print represents an enlargement of 2
times, the image on the ground glass must be half the size of the
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FOCAL LENGTH OF

s S | S |4 | 4K | & | | &K 6 6% | 63| 6}

Lens — Object Distance in Inches (D) = .-l: +7
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3 Mol 8 513{g| 6 26 | T23{q| 8 3{e| 8 3( | 9 ¥e|10 10 3{q[10 34 (10134,
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original subject. With the 6-inch lens, therefore, the subject must
be 18 inches from the lens. The exposure will be 214 times that indi-
cated on the exposure meter.

These exposure multiplying factors are very important, since
accurate exposure is most necessary in all color work.

From this table may be found the lens-tosubject distance
necessary to produce an image bearing a desired relation in size to
that of the subject. Expressed in terms of the focal length of the
lems, the table is as follows:
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LENS IN INCHES ()

Magns-| Ezpo-
fication | sure
on Mulis-
7 | s | 8% | 8% (273 10 |10 | 19 14 | Ground| plying
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(M) E=-
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Image Size Lens-to-Subject Distance
Subject Size Focal Length of Lens
3 7
M b
¥ 4
¥ 3
3¢ 2}
3 2}4 (approx)
1 (same size) 2
2 1%4
3 1%{0
4 124
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Thus, to make a picture one-half natural size with a 4-inch lens
requires that the lens be 3 X 4, or 12, inches from the subject. The
average camera equipped with a 4-inch lens probably does not have
a bellows of sufficient length to make it possible to focus an image
one-half size, but the principle is good nevertheless. As the lens gets
closer to the subject for close-ups, the lens-film distance increases.

How Coror FiLMm Works

The idea must have occurred to many people that, if three films
were exposed, one beneath the other, with each film sensitive only
to one-third of the spectrum—say onc scnsitive to red and the
others to blue and green, respectively—a three-color picture might
be made at a single shot. In effect, this is what Kodachrome, Ekta-
chrome, and Ansco color films have accomplished. While the fol-
lowing description applies specifically to Kodachrome film, it is
general enough to apply to other color films.

The film is made up of a base that is noninflammable, on which
are three sensitive emulsions scparated by layers of gelatin. The
outermost layer is scnsitive to blue, the middle layer to grcen, and
the emulsion ncarest the support is sensitive to red. Between the
first and second layer—i.e., between the blue-sensitive and the
green-sensitive emulsions—is a yellow filter. This filter prevents
blue light from getting through to the green-sensitive and red-
sensitive layers, which are sensitive to blue light in addition to the
colors that they arc supposed to record. These layers, with the gela-
tin and the yellow filter between, make up so thin that the total
thickness is only a little more than that of ordinary film.

The top emulsion is scnsitive to blue only. The middle layer is
sensitive to green and blue, but no blue reaches this emulsion
because of the ycllow filter. Green and red light pass through the
first layer (but do not affect it) and through the yellow filter. The
middle layer is exposed by the green light but not by the red and
not by the blue. The innermost layer is red- and blue-sensitive but



MAKING TRANSPARENCIES 103

no blue reaches it, and whatever green light reaches it does not
expose it because it is not sensitive to green.

Formation of Images on Kodachrome Film

After exposure, all three emulsions are developed to negatives.
The film is then exposed through the base to red light, which
makes developable the previously unexposed silver bromide in the
bottom layer; this is developed with a cyan “coupler developer.”
(A coupler developer difters from ordinary developers in that, while
converting exposed silver bromide to metallic silver, it also deposits
a dye of predetermined color.) Next, the top side of the film is
exposed to blue light and developed with a yellow coupler. At this
point, all the silver bromide is exhausted except that corresponding
to the positive image in the middle layer, and this is devcloped
with a magenta coupler. The film now contains three positive
images in appropriate colors plus all of the silver bromide con-
verted into silver by the two devcloping operations that each layer
has undergone. Finally, the silver is removed from all three layers,
and the film is fixed, washed, and dried. A positive dye image
remains in cach layer, and its color is complementary to the color
to which its emulsion laver was originally sensitive.

When the transparency is projected on a screen, the following
is the mechanism by which the onginal colors appear. White light
(on the screen) is sccured by the unobstructed passage of light
from the projector lamp to the screen. Red light results when a
ray of white light is filtcred by successive layers of magenta and
yellow dye. The magenta layer absorbs green, leaving only blue
and red. The yellow layer in turn absorbs blue, leaving only red.
To sccure green light, the bluc-green layer absorbs red, leaving
green and blue. The ycllow layer then absorbs blue, and green
light procecds to the screen. For bluc light, the blue-green layer
again subtracts red, lcaving blue and green. The magenta layer
then takes out the grcen, leaving only blue. Intermediate colors
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and mixtures are secured by partial absorptions at each layer. Heavy
dye deposits in all three layers subtract light of all colors, resulting
in a black screen image.

Kodachrome vs. Ansco or Ektachrome Film Color
Processing

Ansco and Ektachrome color film are, like Kodachrome, three-
emulsion films. They are exposed in exactly the same way as Koda-
chrome and, as far as the photographer is concerned, differ only
in the method by which they are processed. As explained above,
Kodachrome is first developed to a negative, all three emulsion
layers in exact register because they were all exposed at one time
and the indnidual liyers have not been separated. Now there
remains in the film the silver bromide that was not exposed when
the picture was taken. In black-and-white photography, this silver
bromide is disposed of by the use of the “fixer"—i.e., hypo. In
processing Kodachrome, however, what is wanted is not a negative
but a positive, and since the uncxposed silver bromide represents
portions of the original scene where there was no light or color,
this silver bromide can be developed to a “positive” image repre-
senting exactly the original scene. This positive can be projected
on a screen. If black-and-white film is employed to make a mono-
chrome for projection, two possible processes are available. An
ordinary negative is made and from this negative a print is made
on film. This print is a positive in that its darkest portions cor-
respond to the lightest portions of the negative. If, however, the
film exposed in the camera is first processed to a negative and then
if the silver resulting from this processing is gotten rid of, the
unexposed silver bromide in the film remains. Exposure to light
renders this silver bromide developable. After processing, the film
is a positive and can be used for projection.

All present-day color films are processed in this manner. In the
Kodachrome film the unexposed silver bromide, existing in the
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three emulsions, is exposed, one layer at a time, and is developed
in such a manner that the image exists in the form of a dye rather
than in the form of silver. This is accomplished by introducing
into the developer certain chemicals that produce the dye deposit.
Thus with Kodachrome film there is a first exposure made by the
photographer. Then there is a first development, which converts
all three layers to a negative. Then there are three more exposures
and developments.

Ansco and Ektachrome color films are exposed exactly like Koda-
chrome film and are first developed to a negative. Then the film is
exposed to white light and is developed again. In the film, however,:
the manufacturer has placed the chemicals that produce the col-
ored dyes upon development. These dyes are not in the developer,
as in Kodachrome, but in the film emulsions themselves.

Since Kodachrome must be processed with great care as to time
and temperature and since the threc individual exposures that
produce the final colored images must be made to light of definite
characteristics, the manufacturer has not felt that the average
photographer could process his own films with sufficient success
to encourage home processing by making available the forumlas or
materials. It must not be thought, however, that this statement
indicates that the photographer can process his Ansco or Ekta-
chrome color film with the lack of care he exercises with his black-
and-white films. If the colors are to be correct, the photographer
must observe with great care the instructions issued by the manu-
facturer.

Procgssing Ansco CoLor FiLm

Introduction of Ansco color film brought to the photographer a
color material that he could process himself. Thus he could see
the results of his labors in a few hours. In 1946 Eastman Kodak
added its own home-processed color film, Ektachrome. The manu-
facturers provide developing kits of various sizes; complete formu-
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