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PREFACE

The idea for this paper was a direct result of the
writer's skepticism of the glowing advertisements of the
various manufacturers of color films. Also, if color film
could be used for direct application of scientific research,
especially that in the realm of coler, considerable effort
could be saved. Letters to manufacturers got very little
information as to the limitations of color films for such
uses.

The writer wishes to acknowledge the assistance given
him by Dr. 8. W. Eager on photographic problems, Mr. C. Fre-
mont Harris on problems of optics and lighting, and Mr. J. R.
Wells, Tipton, Oklashoma, for the use of his Harrison Color

Corrector Set and the many helpful suggestions he offered

during the experiment.



TABLE OF CONTENTS

Gmpter I""‘T}le Fz‘eblam:ooonuo.a.!acbooan.'anann.sm.s.- l

Chapter II--i Brief Hisborical Buckground
Qf C!Qlcr Phatograp}}y..ﬁ'.ﬂll.,ﬁ..‘ﬂnﬁ.lﬂﬂ.. 3

Chapter III--Conditions and Proecedures Followed......lh
Chapter IV--inalysis and ConclusionS.cececosesassosvedd
Table bf TransmissionS..esecescsssascessssscassssceseld

Biblicgrayhy.sqelnnttoinsaonnn‘O'Iaeob'laonnvo'ooo--u0055



Chapter I
The Problem

For many years, man has sought ways and means to reproduce that which he
has seen. Rarly stages of his development along this line are reflected in
the ancient hieroglyphics left as memorials to the great men of times gone by.
Attempts to use colors in additicn of the hieroglyphics are evident in faint
colorative stains still discernible.

Following this have been many means of expression and reproduction., O0il
painting, early lithography, black and white photography, each has had, and
still has, its place in the process of reproducing what man has seen and ex-
perienced about him. Added to this list now is color photography.

While color photography is not & new science, it has been only during the
past fifteen or twenty years that it has enjoyed any marked degree of popular-
ity among amsteur photographers. In this time great advances have been made
in the manufacture and processing of color film for the amateur. No longer is
it necessary to own expensive equipment to enjoy this fascinating means of
artistic reproduction. Indeed, if one is to believe the claims made either
directly or by implication in the various and numerous advertising lay-outs
of manufecturers, it would seem one needs only his eyes and "This Blah-Blah"
film for artistic results to rival those of the great masters of painting.

All colors will come cut as pure as cclors in dew-kissed roses. Exactly as it
is in nature. Of course, such extruvagant claims take on alrs of wishful
thinking to the man who uses his inguiring facultles at all. To the man with
a scientific background, such claims are not well founded.

As an instrument of scientific endeavor, color photography has been widely
advertised. Claims are made that the exact color of any object can be recorded
for all time by use of certain color films. This has been advocated in the
field of the biological sciences, especially. After having read much adver-



tising on the subject, one is immediately faced by several questions. If there
is any deviation of color rendition, is it constant, or does it vary with wave-
length? Does the color shift vaery with the color temperature of the source
being used? Is the color shift characteristic of a certain basic type, i.e.,
subtractive or additive, processes? How will exposure time affect the fidelity
of a particular coler film?

A1l these questions must be answered before one can muke any conclusive
statements as to the adaptability of color film to precise uses. aAn effort will
be made to answer them in this paper.



Chapter II
A Brief Historical Background
of Color Photography

As previously mentioned, the desire to reproduce in ecolor has existed in
mankind for many centuries. In fact, early Japanese manuscripts have been
found describing a process of reproduction which is very similar to modern
lithography and color-prd.nt.ing].' This process involved transfer of cclor by
superimposing many color screens on a marble slab or silk. No mention was
made of how colors for each screen was determined.

Significant advances in the realm of color reproduction were not made
until the period beginning with the early 17th century and continuing to the
present. As far back as 1611, Antonius de Dominis postulated in a published
work that all colors were fommed by the absorption of white light by c:ta,jec:t.a“.2
Indeed, he carried his theory farther by postulating that the fundamental
colors were red, green, and violet and that all other colors were the result
of differential absorption of white light by these fundamental colors. This
theory is in striking agreement with present theories along this same line.

Shortly after Antonius de Dominis propounded this theory, Aquilonius
(1613) advanced the theory that red, yellow, and blue were the primary colorss
To support his theory, Aquilonius set up a method of eclor synthesis using
half-circles of light of the three colors.

Nearly fifty years later, S8ir Isaac Newton (1666) discovered the solar

1 E. J. wWall, History of Three-Color Photography, p. 2.
“ Ibid., p. 5.
3 Ibid., p. 6
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spectrum by use of a priun‘.‘ With the discovery of the solar spectrum, which
was continucus throughout the entire spectrum from the reds to the violets,
there was positive proof that white light wes the summation of many colors
and not only three. This discovery did much to spur interest in color re-
search.

Barly in 1700, J. C. Le Blon, & French printer, introduced to Europe a
color-printing process which is the very essence of modern color-printing
uchniqm? Le Blon first made use of copper plates to print with Newton's
seven ceclors by superposition on & white background. 4s his colors were
transparent, he got credible worka. The process was tedious and Lime consum-
ing, but it certainly was an advancement. The process, when used by others,
resulted in a great deal of variation in results due to the fact that each
operator used his own inks and there was no stundardizstion of color between
them. This lack of standardization in inks, however, was not the greatest
source of variation. Le Blon had proposed no method for determining the
camposition of each color, so the actual rendition of color was entirely
dcpondint. upon the conception of the operator as te what colors and
intensities composed another color. This, of course, presented a great
limitation. In 1722, Le Blon changed his printing process t¢ include only
four keys (plates), one each for red, yellow, blue, and black to be printed
upon "pure white"., Here was modern coclor-printing in its infancy.

About 90 years later (1812), the world was introduced to the first
practical mechanical method of reproducing colored pictures, 1ithographys
A Bavarian by the nume of Senefelder began working cclored plcturas on marble

b mid., p. 6.
° Ibid., p. 7.
6 mi4., p. 15.



"stones" by using an etching through a grease coating. The grease would repel
water in the regions in which it was left, but at the same time would be re-
ceptive to colored inks. In the regions where there was no grease, the wster
would cling and repel the ink. This work had to be done entirely by hand and
was extremely laborious. Men spent years in apprenticeship before they were
permitted to work their own "stones", and even then they were ultra-specialists
in certain types of work.

While so much work was going on in the field of color-printing and repro-
duction, efforts were being redoubled to explain just why combinations of three
colors could give the necessary impressions of all colors. It remained for
Thomas Young to suggest a plausible explanation! Young's theory of ecolor
vision explained, and still does, for that matter, many of the questions which
had been raised. Young assumed that each normal eye contains three types of
color-sensitive racéiving areas. Each type shows a marked preference of one
of the three primary colors: red, green, and blue-vioclet. Following Young's
theory, as one looks at the spectrum, the impression of gradual color changes
is caused by the change in the relative stimulation of these color-sensitive
areas, or receptors. On the violet end of the spectrum, the blue-violet re-
ceptors are stimulated strongly and transmit this stimulation to what Young
called the "sensorium" part of the brain. As the eye views successive portions
of the spectrum, the various receptors are stimuluted. In the case of the yel-
low, for instance, it was presumed that the red and green receptors are equal-
ly activated. For white light, all three types of receptors are activated
equally. This theory of Young's fell into disuse, and it remained for Helm-
holtz to popularize it by performing & series of experiments and building up

eye-color-sensitive curws? Consequently, this theory is most frequently

| 8¢ W3 T Spencer, Color Photography in Practice, p. 15.
8 R.a. Houstoun, A Treatise on Light, p. 344.



referred to as the Young-Helmholtz theory of color vision, today.

Shortly after Young published his theory of color-vision, Clerk Maxwell
was the first man on record to propose the possibility of reproduction of
scenes by color photography?’m Maxwell pointed out that if the filtering out
process were done by glass-filters in front of a camera instead of by the color
receptors of the eye, identical end results could be possible. Here is an ef-
fort to build up what one thinks he sees rather than to reproduce actually the
spectral wavelengths. A red flower appeurs red because it absorbs all but the
red rays from white light, and these in turn stimulate the red-sensitive re-
ceptors of the eye. If this same red flower were to be viewed through & red
filter, only the red rays from the petals would be permitted to pass through
it. Following this line of reasoning, Maxwell proposed that successive pic-
tures be made of the same object using the ordinary sensitive emulsions and
red, green, uand violet filters. This process would give what is known to-
day as "separation negatives". It was then necessary to muke a "positive" of
each of these negatives. In order to integrate them into a single picture,
Maxwell proposed that each of these separation positives be projected fram a
projector using the corresponding filter. If all three were projected simul-
taneously on a common screen, a color picture should result from the addition
of the three colored lights. One of Maxwell's best friends, Thomas Suttenil
carried out Maxwell's instructions in a demonstration for the Royal Academy
of Sciences in 1855. For some unexplained reason, Maxwell and Sutton chose o
use four filters and projectors: red, green, yellow, and blue. A contemporary
reported "that & sort of photograph....was produced in the natural ceolors.”

9 wal1, Op. Cit., p. 18.

10 Spencer, Op. Cit., p. 18.

B w11, op. cit., p. 31.



In France, there was a young and wealthy nobleman who not only was a
patron of the sciences but who also worked diligently in his own small way.

He had several friends who were members of the Academie des Sciences, but he
was not himself a member. In 1862, Ducos du Hauronl? sent his "Selution
physique due probleme de la reproduction des coleurs par le photographie" to
his friend. This friend read the paper and was greatly impressed with it.
All his efforts to present this paper to the iAcudemie were blocked by the pre-
‘Judice of the members to a nobleman in science and also by the lack of proof
of many of the things that du Hauron postulated in his paper. Du Hauron pub-
lished his paper privately in 1868; it received a great deal of attention
abroad, and was red in the Academie des Sciences shortly afterward. In his
paper, du Hauron predicted, without designing or building models, nearly all
of our present methods and procus;u in color photography. Most notable was
his postulation of the "subtractive" color-printing process. Here the color-
prizt_ng would be done in colors complimentary to those used in the actual
photogrephing .

From the preceding paragraphs, it will be deduced that the trends for the
perfection of a natural color process were aimed toward means of repreducing
what alnoml eye sees. A few of these processes developed in later years,
such as the Lumiere process, Dufaycolor, Kodachrome, and Ansco Color will be
discussed in later parsgraphs. One process which was aimed to reproduce the
actusl wavelength was invented by Gabriel Lippmann in 189113

It is well known that standing waves may be set up by light waves as well
as by sound and other wave motions. If light is incident normal to the first
surface of a glass plate, a phase change of half a wavelength takes place. If

12 mid., p. 33.
13 Houstoun, op. cit., p. 151.



it then is reflected perfectly from a second medium so that both the incident
and reflected wave are traversing the same direct path, standing waves will be
set up with nodes at the second surface and at distunces of integral multiples
of the half-wavelength from it. Between the nodes will be antinodes. Lippmann
used this principle in his color reproduction. He backed a glass plate with a
sensitive emulsion with & reflecting layer of mercury behind the emulsion.

The light will enter the gluss, pass through the film, be reflected by the
mercury surface, pass through the film again, and then through the glass.

Hodes and antinodes will be set up in the film by the principles of standing
waves mentioned above. The sensitive emulsion will not be affected at the
nodal points, but it will be affected & maximum amount at the antincdes. Thus,
when the film is developed and fixed, there will be a great number of reflec-
ting planes of silver at half-wavelength distances from the back surface and
half-wavelength distances between each other. The thicknesses of the silver
layers will be very thin and practically transparent. HNow, then, if this plate
is viewed with white light normal to the surface, the individual layers of
silver will each reflect its own wuves. All the constituent rays will be ref-
lected, but only those whose wavelengths are such that they will reinforce
themselves will be seen on reflection. All others will be destroyed by des-
tructive interference. By this action, the natural colors originally incident
upon & certain area of the film will be seen upon reflection. It can be seen
readily seen that this process would result in only the spectral wavelengths
incident. It has cne very serious drawback, namely: the film must have a
very fine grain emulsion. Present day emulsions give good results, but the
care which must be exercised in developing and handling makes this process
very difficult to use.

In the following discussions, the term additive color process shall



apply to those processes in which the positive permits passage of the color
with which the negative was made in the parts of the image where this ceolor
is present. A subtractive process removes from white light those primary
colors with which the negative was taken, in the parts of the image where those
colors were absent.

The first commercially successful additive color process was the Lumiere

Autochrome plat.ey’

This plate has since been introduced as a rell film. In
Autochrome an irregular mosaic screen is used as the needed filters. This
mosaic screen is prepared by taking three portions of potato starch grains and
dyeing them red, green, and blue-violet, respectively. After dyeing, these
grains are mixed as thoroughly as possible and then sprinkled on a sticky
surface. Any surplus grains are brushed off lightly. Regions not filled by
starch greins are filled in with pulverized lamp-black. This entire plate is
then pressed under high pressure, and the starch greins thus are flattened
into irregularly spaced red, green, and blue-vioclet filters. Upon this mosaic
screen surface, &« panchramatic emulsion is deposited. In development, the
exposed film is developed once, reversed, and redeveloped so that there are
areas behind the mosaic screen which will transmit light in varying intensities
according to the intensity of the light incldent upon it after passing through
the screen. So, upon projection, the taking mosalc serves as a projection
screen for color additiont’

Another additive process which enjoyed considerable use by amateur photo-
graphers in this country before World Wer II was Dufaycolor. Dufaycolor film

was a mosaic screen type of film as was the nutochrma'é Its distinguishing

14 Spencer, op. cit., p. 136.
15 J. E. Mack and M. J. Martin, The Photographic Process, p. 183.
16 mid., p. 383.



feature being a regular geometric screen ruther than an irregular mosaic
screen. This screen is built up by "cross~hatching" the face of the film
with alternate rows of red and a combination of blue and green squares. This
is achieved by successive inkings and rulings. In the completed product, the
little squares formed are about 0.002 sq. mm. While this is approximately
three times as large as the average potato starch grain, it still cannot be
detected by the eye on normal projection and is further rendered less undesir-
able by the geometric pattern.

Of particular interest to the umateur photographer are two relatively new
types of films. These are Kodauchrome and Ansco Color. Both of these films
are of the subtractive color process type, both are "integral tripacks", and
both are "dye-coupled" emulsions. The meaning of subtractive color process
has already been dealt with. By "integral tripacks" is meunt the building up
of the film on one buse with the three color sensitive layers on this one film
base. The implications of "dye-coupled" will be treated with mdiﬂdnally as
the dye-coupler process is the distinguishing difference between Kodachrome
and Ansco Color.

Kodachrome film, introduced in 1935, is the first integral tripack type
of color film to be introduced:! 4s the case in all tripacks, it has three
emulsion luyers, each specially sensitiszed, built up on a single gelatine or
cellulose base. The first emulsion next to the base is one¢ which is of the
panchromatic type and more especially sensitive to red. The second layer from
the base is an orthochromatic emulsion and sensitive to green. The top layer,
and third from the base, is & non-color sensitized emulsion which will respond
only to the blue or viclet rays. Between the red-sensitized and green-sensi-

tized layers is a very thin gelatine layer dyed a light red color. The green-

17 spencer, op. cit., p. 136.
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sensitive and blue-sensitive layers are separated by a thin yellow gelatine
layer. As to filter action, the blue layer needs no filter since it will
react only to the blue light. The yellow filter Just before the green-sensi-
tive layer will pass both green and red light. The red filter will pass only
the remaining red rays to affect that layer of emulsion. Upon developement,
the entire film is developed and then the image is reversed and dissolved.
Following this, it is redeveloped through a series of operations:

1. All three of the reversal positive images are developed in & dye-
coupler developer. Here a certain component of the developer reacts chemically
with silver halides of the image to give a blue-green (minus red) image in all
three layers.

2. The two top layers are then bleached out by a very carefully controlled
diffusion process, leaving the minus-red image on the third layer. After
bleaching, the two top layers are again redeveloped to proaice a magenta
(minus-green) image.

3. The outermost layer then is bleached and redeveloped to produce the
yellow (minus-blue) image.

4. The silver image which is left now is removed, and the final "trans-
parency" 1s ready for projection as a series of three colored-layers: blue-
green (cyan), magenta, and yellow.

It is apparent from the above process that this film requires precision
control during development, and it is because of this that the manufacturer re-
commends its return for development. In fact, the original cost of the film is
& price figured on that procedure,

. 8ince it is known from Planck's radiation law that the color distribution
of the light from the same source operating at differing temperatures, or from
fixed temperatures of different sources, is not the same, Kodachrome is

"balanced" for a particular type of light. Daylight has & much larger portion
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of blues and violets and is approximately equalled by a black-body radiating
at a temperature of 5900°%K. Ordinary tungsten filament lamps operate with &
"eolor temperature" of approximately 3200°K. A certain type of tungsten fila-
ment lamps designed to operate on 70 volts are actually operated at 110 volts.
These lamps, called photoflood lamps, are brilliant and have a color temper-
ature of approximately 31..00°K. To allow for these three basic types of light-
ing, Kodachrome is issued in types balanced to each. If a certain type of
film is used with a type of lighting for which it is not balanced without a
compensating filter, the r.sults will be a "cold" or "hot" according to
whether or not the film is balanced for red or blue predominance in the source.
For example, if Kodachrome Type A (tungsten, 3400%K.) is used outdoors without
a peach-colored compensating filter, the results will be "cold", or predom-
inantly blue, transparency because the film was originally manufactured so as
to filter out some of the excessive red found in the lower temperature source.
So, in daylight, the same reds would be filtered out and leave the blue por-
tions of the spectrum.

The color film now known as Ansco Color was first introduced in America
as Agfacolor in 1937'}8 Ansco Color is also an integral tripack, dye-coupler
film. Its distinguishing feature is that a single, specialized developer
which contains one essential element of a series of dye-stuffs reacts with the
other constituents which are incorporated in the emulsion at the time of manu-
facture to produce an insoluble dye wherever a silver imuge is formed on devel-
opment of the exposed film., The color produced, of course, is dependent upon
the second constituent contained in the film. The constituent needed to pro-
duce red in one layer, that for yellow in & second, and that for blue-green
in & third.

18 1bid., p. 138.
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After exposure, the insco Color film is developed and reversed as is Koda-
chrame, but, from this point on, the processes differ widely. In Ansco Color,
the reversal positive 1s developed only one time in the specisl developer sc
the colors are formed in one processing. Then the silver image is dissolved,
leaving a subtractive color image. The end result is the same as in Kodachrome,
but the process is simple enough to be carried out by the advanced amateur in
his own dark-room with little special equipment.

One interesting aspect of a dye-coupler film is that the image is actually
almost grainlessi? and the objectionable mosaic screen is not present to be
seen upon extreme enlargement. It must, of course, be pointed out that this
apparent grainlessness is no better than the grain of the emulsion used. This
defect is largely overcome in Kodachrome due to the fact that the dyes formed
in this process diffuse between grains a great deal., Both Ansco Color and
Kodachrome permit of greater sharpness in the image than is possible using a
mosaic screen.

19 Mack and Martin, op. cit., p. 388.
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referr

Conditions and Progedures Foilowsd
dince the object of this paper was to investigete the color fidelity of
some commercizl ¢olor films, it was decided to use thz twe brands of color
filma most readily availoble to the amatewr and the lsboratory worker., 0OF

color halanced for use apecificslily to

daylight and tungsten sources were used. Frow here on, these films will be
ed Lo as follows:
Pilm "a": & film bulonced for use with 3400°K. scurces and should be
processed by the mamufacturer,
Filam ®B": 4 fils balanced for use with 590”0 sources and should be
processed by the manufacturef.
File 0"y 4 film balaneced for use with 5900°K.>ﬂ0mraes snd mey be pro-

essed by wdvanced amabeurs or commerclal firms other than the

‘manufecturer.
it B‘ ¥ 2
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cesged by advenced amabeur
manufacturaer.
Tt would be very difficult, indeed,

color shift unless the schusl wavelengih

tc schisve this end, menochronatic light

bright-iine spectra, such as bthe meyeury

spechrus tibas, were wsed. & greab nurbe
tried before 1% wes possible to gebt what

observed through o Casriner wavelengith sy
were {with their sources):

7305 il--Hellium gas spectrum tube.

i Fim balunced for use with 3200%K. sources end &

Lay be pro-

5 or commercizl [irms obher than the

to meke amy messurements of spectral

to the light used is known.

sources were seb up. Sources with
arc, scdims are, heliunm und hydrogen
* of copbinations of filters were
appeared to be ponochrematic light a
ectromet Tne linea finslly used

In order
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6563 ilU--Byurogen ges spectrum tubsz.

6158 all--Sodium vapor lamp (sctuully the msan of the 6154 iU and 6161 AU
lines).

5893 LU-—Sodium vepor lamp {sctually the mean of the 5890 AU and 5896 aU
lines),

5780 al--liprcury vapor lamp (sctually the meau of the 5770 Al and 5791 4U
lines).

5461 Al——kercury vapor laop.

LY916 iU--ercury vapor lamp.

L4471 AU--Helium spectrum lamp.

4358 AU—=Mercury vapor lamp.

ve mponochromatlie light over o fairly well propor-

i

&
Tole

These sources, then, would g
tioned span of the visible spectrum. Thile it is reulized that nore sources
may have iewd to mere concluslive resulits, the economle factor hed to be
gongidered.

Originel pians called for these monochrematic sources e ohine upon a ref-

lectance plate, and the exposures to be made with the reflected light. 4 lsrge

sheet (14% x 16%) of 2" aluminum piate was polished and then coated with zn even

Y1

coating of megnesium oxide (Mnd). Hagnesiuwe oxide smcksz, obtalined by combustion
of magnesium ribbon in zir; was used because it has very high wand uniform ref-
lectance for the entire range of the visible spoetrum. Then the reflected light
from this plate was measured, it was found that pany of the intensities weuld
be so low rhat andesirsbly long exposures would be necessary. This nsde it
necessary Lo use an sxposure fron the direct iight

First efforts &t determining the exposure for the direct light indicated
that these eaposures, also, would he very long. In order Lo overcome some of
this long exposure, & photosphers was designed sbout the spectrum tubes se that

& lerger portien of the emitted light could be direcbed into the lens of the
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camera. Various schemes were used, but the one which seemed to give the best

results involved two parabolic mirrors (see Fig. 1).

- yi

Fig. 1

4 parabolic mirror {(actuslly the reflector from an subomobile headlight) was
eut to accomodste a spectrum tube along a veriticsl axis through the fecus of
the parabola. This mirrer was suitably mounted on & buse with strap-iron legs.
Imuediately in front of this mirror and facing it, was another parebola mirror
of the same dimensions as the first. At the focus of this parabolic mirror,
was placed & small spherical mirror. With this arrangement, it was possible
for rays of light from the spectrum tube to rendered parallsl by the first

mirror. These parailel rays, upon striking the secotd mirr
or, would then

be refiected through its focus, at which point was the spherical mirror.
This spherical mirror reflected these rays out through a-hole cut in the
second p&raﬁolic mirror. After passing from the photosphere, the light was
passed through the necessary filters snd lens to the camera,

Considerable difficulty was experienced in locating the small mirror at
the proper position, but worthwhile results_were achieved. The amount of
1ight incident upon the exposure meter used.was incressed by about 20%. “hen
the spherical mirror was replaced by a small plane mirror, an additional gain
of 5% was achieved. |

There was still the probability that an image of the‘spectrum tube would



ve fermed in the cuamera even wfier the light wss rendered parallel by use of
& lens system and & very short focussing distence on the cumers were used. To
reduce this chance to the minismm, the mirror surfsces of the paraboelic ref-
lectors wers coated with magnesium oxide smolte. This coating of msgnesium
oxide seemed Lo reduce the amount of the light froem the photosphere bub very
sliightly, while the image of the specirum tube was eliminfﬁed.entirelya
Although monochromztic light was to be used, there was some cuestion as
to whether or not there wes any necessilty Lo correct the exposures for color
balance of the f£ilm to the color temperciture of the source. By theory, this
celgr correction would render the light from & pesrticular source in bulance
with & black-body radicting at the temperasture st which the fili waes balanced.
However, by reasoning, the aim was not te arrive ut & bulance of &1l colors in
this experiment, but to expose to monochromstie light only. If only one wave-
length were in the light, then « balunce should not be nscessary. It was fin-
ally decided that exposures would be mude both with and witheut color correc-

tion for the color tenperstures of the bure sources. The color correction was

schieved by using filters teken from & Harrison Color Correction 3et, Series
VI, and exposures corrected according to the filter fuctors furnished by the
manufscturer.
The oolor hemperature of the various sources used were:

Helium spectrus tube~-4, 3009,

Hydrogen speetrus tube-—£5000K,

Sodium vapor lamp--2800%K.

dercury vspor lamp——5900°%K.
The color temperature of the mﬁrcurj arc lamp wes such as to mske it not neces-
sary to correet to achieve color bulance when using & filn rated as & daylight

type.



The exposures necess.ry were deternined by use of three exposure zeters:

& 3ixtus, German-mede and reputedly very sensitive in low intensities; o Teston
i1, @ very popular snd sensitive weter; and s Dedur 5B. Upon taking resdings,
if the three meters agreed upon the same exposure, it was token to be reliable.
If only two agresd, the exposure was tuken with nisgivings. However, if no two
agreed, it wus nscessary to estinube which might be right. It wes these latber
exposures which had the grestest number of retukes mecessary. (On the whole,
the Sixtus did show a relisbility in the low reedings.)

Since & basic iotent of the experisent wes Lo cbserve the effect of ex—
posure on the color rendition, three sxposures were determined: first, Lifty
per cent over the indicsted exposure (& 50%); second, the sume as the indicated
exposure (& 0%); and third, [ifty per cent less than the indicsted exposurs
(- 50%). Coler correcticn filters made it necessary to multiply these exposures
by the proper filter fuctors.

In order that the [idelity of the trunspurencies resuitunt to the exposures
determin@d above could be checked in some monmer, & means had to be devised.

If the color filg were capsble of reproducing only the spectra1FWavwlength to
which 1t was exposed, the comparisen would huve been a simple case of using &
wavelsngth speclromeber to determine this one wavelengih produced. However,
since color film of the types used in bhis experimont wre "tripseksY and depend
upen three-golor reproduction to simulube what the eye sees, it would be dincor-
rect to muake sueh an assumpblon. I, on the olher hand, the fils sectually re-
corded obher colors besides the one, ss dees happen, it mould be reascnzble to
expect & maxdmua trananission of the subject wavelength when the trensparency

is illuminsted with white 1ight. It was on this lutter premise that «ll further
checking was done.

Comparison of the transeission eof the transporencies formed by exposing

the film te the verious monochrossbic lights =8 outlined above wWas done by
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using o Gaertner Polarizing Spsetrephotometer. The Gasrtner Polarizing Spec-

trophotometer cousists of three essenticl perts: 1) & wavelength spectrometer;

R

2}« Martens polarizing rvhotometer; und 3) photosphere and holders to illumin-
1

athe the sapyles.

Light from the lamps of the photosphers is reflected frem & mepnesium

onide-coated disc out of the photesphers to & pair of rhombs mode of seft crown

gloass. These rhombs splib this gingle beam into twe ecusl besmz. One of these,

the upper one in practice; is directed ihrough the sple of uninown Lronsals-—
sion, and the second bean is pussed through a stundard sample, ©r no sagple ab

&il—-a "blank beam". This latter case is the condition used in this experi-
ment. From the sesmple holders the light proceeds to cnother pulr of rhombs
which reunite the beams into ancther beam, composed of two sharply divided half-
cireles of light, one from each sample holder, This bean is then dirsched upon
a Vollaston biprism whieh serves as the polarizing element of the Hartens
photoneter.

%hile this bean is salid 4o be reunited, setually it is still of twe parts,
uprer and lower. As they pass through the Tollaston biprism esch is separated
inte two plune-polurized beams® The ordinsry polarized beam is lost, louving
the extraordinary beambd which are pelarized in plunes ot right anzles to ecach
other. Upon smergonce from the Wollaston biprism, they sre directed through
the Nicol prism which is used s zn analyzer. Hoteticn of the Niecol prisz will
result in an increasse in intensity of cne of the beams. The angle of rotetion
92 is & mewsure cof bheir relitive intensities in that the smpiitudes of cuch besn
veries with the angle 8: one bess us the sin 0, and the other us the c¢os 9.

The ratic of intensities varles as the cat“@ if the sunpie is in the upper

1 Bulletin 126, Qptical Instruments of Recent Desipgn, Guertner Scilentifice
GOTPes P 12.

2 Ibid., p. 15.
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beam and the standurd in the lower beam. From the anulyzer the beam is diree-
ted into the entrance slit of the wavelength spectrazeler which uses o cong-
tant deviation prism to disperse the bsams into their reskaﬂtive-ﬁpeétra, one
sbove the other. It is the job of the operstor te adjust the snalyzer prism
s0 that the iwo iields‘are of ecual intensities; this “nateh point? is obtained
when the dividing line between the two hailf-circles is ne lonzer visible,

The procedures cutlined sbove were followed through, and exposures made
for each of the wavelengihs chosen for all four types of {iim used, for 150%
and -50% as well as for the besic indieuted exposure, und corrected and uncor-
rected for color temperature bulance. Some two hundred fifty exposures were

made end analyzed.



b | doo
l12e0
L 060

300
Rlp

| 6on

+4 60

Yoac

FE

Brue
" 400

| 4o0

LZGG

10oe

7000

i Fig. 28
Film "A", Corrected




21

Chapter IV

inalysis and Cenclusions

Aﬁ. hnalysis

The dabe contained in the tobles included with this paper were plotted in
ordinury Cartesian coordinates. VYhen thils was done, the three curves for each
wavelength, uncorrvected for color tempersture, were plotted sepurstely Irom
thuse for tesperulure corrected exgosures. It was from thess graphs that the
spectral shifts were determined. Upon determining the spectrel shift {rom the
subtriection of the monochromutic wavelength Lrom the wovelengbh of muximum
trensiission through the tronsparencies, the speetrsl sbift wes plotted wgeinst
the wavelength of the moncehromutic light used for the source.
Film "a® there was & very large spectrsl shift ncled in the yeliow region
toward red, or longer wuvelengths. This shift wus sc wery proncunced that the
yellow-doublet from sodium wes & definite orengs color. This was true of both
expogures corrected and uncorrected for color temperature. 4 shift towaed

short wavelengihs was found to bake pluce  bebtween L300 AU and 5400 52U, but

this shift was only wbou? one-sixth us grest, in the meximunm, s took p
sbove 5400 iU. Zero shift wus indicated by il three exposures &bt appiroxi-
metely 4400 88U ené 5400 iU. Tthe shift for the 6563 AU light could not be de-
termined due to the fuct that the trunsperency mude for this wuvelength indi-
cated incressing truansuission in the long wovelensgths; it is possible that the
maxisum shift was reached beyond the visusl renge of the observer. Film 40
had the maximum shift sbout 5900 AU (corrected) and et zn estimuted 6500 AU
(uncorrected). In generzl, the spectral'shift for the 450%, 0%, und =504
exposures gave very closely parallel curves. The exposures for 4&0% showed the
least shift throughout the spectirum. The -50% exposures hcd less shift in the

red and more shift in the green and blue regions than éid the L50% exposures.
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Film "3" showed the scue generul characteristics as Film "A" except that
the maximum shift in Fils "BY occurred 2t cbhoub 6000 AU {uncorrected) and was
slightly less in megnitude. In generci, there is & shift towards the longer
wavelengihs cbove 5200 AU (spproxivately) =nd shift toward short wavelengths
between L4400 AU and 5200 :U. The shift towurd biue wes not as great with Filnm
gt &8s with Film "i" when corresponding types of exposures are considered.

The graphs for the corrected exposures for Fila "B" indicsted an incressing
shift to the blue bub ald not exhibit o meximum from which to compute the
spectral shift. In general, the specbral shift for the L50%, 0%, und -50%
exposures resulted in parullw- gruphs with the -50¥ exposures exhibiting the
least shift in the greer and blue repgions. What happens through awch of the
spectrur: for the trensperencies mzde with expesures corrected for color
tenpercture correction aﬁnqt be inferred ginez these grophs, &s & whole, indi-
cated the pessibility of s moximum outside the visusl range of the observer.

Film “C%, in the ﬁncorrected series, exhibits & mmxaﬁ,n shift at mLfTQ
mabely 5900 aU. This shift is in the order of 1500 AU toward the red, enocugh
to muke the 5893 Ab yellow-coublet uppear « very definite red. The shift
is towurd redness from approximately 5200 AU upwerd and below 4400 AU. If one
shonld extrapclate the perilons of the curves thal zre definitely known, &

shiﬁt %o the blue of appreximately 700 iU at 4800 AU ceén be inferred. The 0%
trwnspurencf exhilbits the grestest shift sbove 5200 4 ﬂnﬂ.belaw 4400 4U. The
zero spectrel shift for Film "CY, uncorrected, is found st approximetely

5300 sU and 4400 aU. The data for FPiilm "C", corrected, is so very mesger that
no conclusions could be deduced from it.

Film "DY, uncorrected, exhibits s maximwa shift toward the red of sbout
1300 AU in the nelghborhood of 5900 Al.  The uncorrected series, by exbrapo-
lstion, indicstes o maximum shift toward the blue of approximstely 500 iU in

the vicinity of 4800 :U. The 2507 and 0% exposurss, uncorrected, zre roughly
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parsliel in their shifts, bub the

rehaves solaewhat lrregnlariJ. Uaing the

aethod of extrapoistion, the 2507 would be expected ta maintedn &

-

shift toward the red thvoughoub. Similsriy, the 0% suposures would appesr to
It slightly boward the blue only fram 4500 41U te 5100 AU. In the corrected

serivs for this film, the meximun shift boward the reds is not debermined

since the spectrai shift curve is still increasing @t the longest wavelength
exposures successfully sude. In thils series, i.e., corrschted, the 5893 iU
tronsparency wos & cherry red.  This corvected series shows the -50F und 202
exposure curves slmost coinciding throughout, sb least to 5900 AU. the 0%
end -50% curves, by extrapolation, show shifts of about 250 U toward the blue
st the neighborheod of 5000 L. The 150% curve has o blue shift only between

4500 5U end 5200 2U. The range of the blue skifi for the 108 and -50% curves

,-,,}

appears to be betwean 4600 AU and 5500 All.

B. Conclusions

an examinstion of the spectral shift curves shows thel the variation of
gxposure time in both ceolor corrected uﬂdbcolcr uncorrected cases doss not
affect the shift very greatly. The pripeipud effect cvserved in both cases
seemed to peint out that the under-exposure tends to increase the blue centent
of the resulbant transperency slighily wend the over-exposure Lends 1o lncrewse
the red content sliphtly. 7his pesng that if & trunsparency appeers Lo be too
dark, under-exposed within the runge of this experisent, & more intense ligh-
ting would tend to off=et this durkness without seerifici ing color rendition.

Bisdlarly, film over-exposed within the runge tested in this experissnt, could

e improved by o decressed intensiby of Lighting.
The shepes of the trensmission curves for the fiw
menochronstic light were very c 1 ely similsur whother the source wes corrected

for golor te

erabure or not. The curves showed the sane naxims and mininms}

Lthese were, in most cuses, displaced only in per cent of trensmission bul not



in actusl covlor rendition. Likewise, taeg specbral shifli curves sre © 5imi-

<
&
{
'eé:g

iar for bubh coler temperasture corvecilon wnd unccorrectlion. Fron these indice—
tions, il may be deduced that the rendivion of o particuler spuciral wavelangbh
is neither eshunced or harmed, materislly, by color temperaburs correction. So
in genersl, if any ol these filus were to be used Lo wmale any gpicbure in which
seversl colors were to appear btegether, the color tesrersture corpecilon would

be desirable to properly apporbion the coleor intensities Lo sone shendurd. I

monochromatic 1lght were Lo bo used, color tzeperaturs corrsction weuld bo un-

necessary. If coibr filo were Lo be used shrograty, the inten-
sities of the colors would be in proper preoporticn by coloy temperebure correc—
ticn, but ths cclor fidelity would be nome the butter.

Flim Ya" and Fils Y8"° were manuiuscbured by the ssme cospeny. In both

3 4

cuces the churecteristics, uss evidenced by the spzetral shlfb curves, ars gen-

erslly similar. There is & veriztion of intensity betwesn the two films without
any color correction. Both Film 4" and Film "3 heve similer shifts towserd
the shorter blue and greens in those regiqns and & shift bowerd the longer reds
in the yellow and red regions, In ukasbteur pnbtagr phy this combinstien muy
seem very desiruble to aaﬁy sinee il would add Le calor cortrust. To the re-
searcher this varistion would by debrimental.

File "0 gnd Film "1 were menufactured by the suame compony. The peneral

40

conclusions coaparing Film s and "3Y mey opply slse to Fiim Y07 and Pilm °0¢,

& 3 .

The main difference being that with the labier two Jilms there 1z not as greust

@

& YLendency to have ¢ region which shifts toward the sherter bluss, Instead,

a8 fur &s color fideliby is concerned, the fideiity of Film "0Y and Film "D¥
is slightly bebler in the green and bilue regions. Here; it should be pointed

out thet there is & tendency for these two films to shift all celors toward the

longer wavelengths, hence giving results which avre consistently too rsd.
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Throughout this experiment, effort was made to use the 7065 AU line of
the helium spectrum tube. First efforts failed to get iﬁ to record on any
type of film used with the indicated exposures. 3Second efforts, using four
times as great exposure, also failed. From this, it hus been deduced that the
films ure not sensitive to light of this wavelength, or, if st &1, very
slightly. |

The net results of this experiment may be sunmarized zs being:

1. Heaffirmstion that color film at i%s vresent stage of development is
not. applicable to those uses in which & high degree of color fidelity is
desired.

2. Color film is a medium for gebtting pleasing color pictures whose
color rendition failures are probably not readily discernible by the normal
eye except in the most gross cases.

3. Exposure time, within the limits of these tests, affects the color
intensity but not the fidelity.

L. Color temperature correction is not necessary for monochromatle light.

5. Films made by the same msnufacturer and then ba}ance& for different
eclor températures at the time of munufacture cen be relied upen Lo give

closely similsr results.



Wavelength
{a0)

8000
7800
7600
7500
200
7000
6800
6600
6,00
6200
6000
5800
5600
5400
5200
5000
4800
1,600
4400
4200

8000
7800
7600
400
7200
7000
6800
6600
64,00
6200
6000
5800

TABLE I

Transoission for Pilm "a®

6563 4U; Uncorrscted

Transmission {cot?0)

L 50%

0.340
0.320
0.310
0.270
0.270
0,220
0.165
0.102
()

0.020
0.010
0.005
0.003
0.001

L 0%

0.420
0270
0,240
0.220
0.180
0.095
(=)

(m)

0.009
000k
04002
0.001

6563 LU, Corrected

0.330
0340
0.330
0.280
0.260
0.230
0.130
0.075
()

0.016
0.007
0.00L
0.002
0.001

0.360
04320
0.330
0.270
0.255
0.230
00160
0.130
()

(%)

Oboll‘lr
0.007
0.004
0.002

- 50%

0.180
0,170

- G.150

0.125
G.110
0.085
C.060
§15]

(130

0.007
0.003
0.002
0.002

0.320
0,280
0.280
0.250
0.220
0.190
0.150
0.110
(3

()

0.015
0.006
0.004
C.002

<6



Wavelength

(a1)

8000
7800
7600
75005
7200
7000
6800
6600
6400
6200
6000
580G
5600
5400
5200
5000
4800
4600
400
4200

TABLE IX

Trangalession for Filam =an

6158 U, Uncerrected

Transmission (cot<d)

+ 50%

0.330
0370
D 035{)
£.330
0.305
0.280
0.220
0,180
0.140
(s

(3522)

0.018
0.007
0.004
0.002
0,002

L 0F

0.180
0350
0.365
06350
0,300
Qo;‘?..y
0.240
0,190
D.130
(3ms)
W)
0.028
0.007
0 0004
0.003
0.002

6158 AU, Corrected

0.280
0.300
0.290
0,310
0.280
0.180
0.130
()

()

0.013
U .007
0.004
0.003
0,001

04230
0.2380
0.310
0.310
0.290
0,260
0,220
0.170
0.130
(330

(52)

0.013
0.006
0. 00k
0.003
0.001

- 50

0,200
0.310
0.305
0.310
0.276
9.250
0,220
0.170
2.120
(1)

1§11

0.015
0.006
2.003
0.001
0.001

0.180
0.200
0.240
04250
0.250
0.220
0.185
0.135
0.100
(1)

(1)

0.014
0.005
0.003
0.002
0,001

27



Wavelength
(a1}

8004
7800
7600
TLOG
F200
7500
6300
600
€400
&200
6000
5800
5600
SLGO
5200
5000
LB0O
K600
L4G0
L2000 -

8000
7300
7600
TH00
T200
7000
6800
6600
64,00
6200
6000
5800
5600
5400
5200
5000
4800
4LGOO
LLGD
£200

T4BLE ITI

Transmission for Film »i¢

5893 LU, Uncorrected

Transmission (cot“0)

L 507

.
S

.O0.0QO
3 i ot Bt i el o

o bt B3 )
\ﬂ\a%@‘ﬂ‘;ﬁ@%@

e

oo
(X%

=
Nt

0.040

<
.

L)
N
\n

0.015
0.008
0.005
0.004

£ 0%

0,100
G.085
0.075
0.070
0.070
0.065
3.060
0.050
0.034
(.020
2.013
4.008
0.005
0. 004
0.003

5893 AU, Correscved

0.280
04310
0.310
0,280
0,280
0.270
0265
0.190
0.130
0.080
0.050
0.035
£.020
G075
3,005

0,210
U220
0.210
0.220
0200
0.200
G.170
0.]1&0
0.095
0.060
0.035
0.022
0.012
0.0{}5

- 504

0.08G
0070
0.060
0.052
0.0L8
0.045
0.040
0.G35
0.022
0.GL4
0.008
0.005
0.004
0.003

0.150
0.150
0.130
9.113
0.120
0.110
0.110
0.1006
0.008
0.005
0.030
.00
0.012
0,007
0.C04

I
&0



TABIE IV

Transirisaion for Film “av

Wuvelength

(a1

8G00
7800
7600
7400
7200
7000
6800
6600
64,00
6200
6000
5800
5600
5400
5200
5000
4800
4600
4400
4,200

8000
7800
7600
7400
7200
7000
6800
6600
5400
6200
6000
5800

)M)O
5200
5000
4L800
LEOT
&400

200

5780 AU, Uncorrected

Transmission (eot20)

* 50%

0.150
0.170
0,165
0.160
0.150
Q140
Qo140
0.130
0.100
0.085
G.055
0.035
0.020
0.010
0.005
0,603

07

0.130
2,120
0,120
0.110
0115
0.115
0.100
0.085
0.060
2.035
0.025
0.015
240058

0.003

5780 iU, Correctsd

0,400
0,620
0580

0.580

0.550
04550
0,580
0.560
C4560
0.510
ol
Q430
0.310
0.240
0.180
0.055
Q045
0.050
0.050

0470
Q450
G480
0430
D480
0450
CAGD
G420
54380
2,300
Del20
0.150
0.055
0.026
0,057
0.007
3.007

= 508

0.500
0.500

JQEISU

0.580
Q.580
0e5%0
0.590
0.575
0.5060
0.550
0.500
0480
Q420
0.300
0220
D140
3.095
0.090
0.090



Havelength

(at)

8000
7800
7600
7400
7200
7000
6800
6600
6400
6200
6000
5800
5600
5400
5200
5000
4800
4600

TAHLE V

Transnizsion for Film #av

5461 &, Uncorrected

Transmission (cotgéj

L 507

0.300
0.315
G.325
0.280
0.290
0.310
0340
0.380
0.400
0440
0440
0.370
0.310
0.210
0.150
0.150
0140

L o

04290
0.250
V240
0.250
Q.270
0.320
0.350
0.370
0.345
0.310
0.200
0.110
0.075
0.055
0.065

5461 iU, Corrected

0.310
0.280
3.260
0.300
0.300
0,290
0e320
0.320
0.360
0.380
0.390
0.325
0.230
0,150
{$.100
0.110
0.110

0.225
06205
0.205
0,200
0.205
0.220
0.220
©.290
0e305
0.280
0.330
0.290
0.180
0.090
0.065
2,090
0.075

- 504

0.250
0,210
0.210
0,200
0.210
0.220
0.240
0.265
Ue340
0.330
0.285
0.180
0.105
0.006
0.007
0.087

0.150
0.170
0.150
0.140
0.140
Dﬂl&)
0.165

0220

60285
0.230
0.160
0T
0.040
0.030
0.040



TABLE VI
Transnmiasion for Film "ian

4916 5Y, ¥ncorrected

Wavelength Transmission (cotZG)

(a) L 50% L 07 - 50%

8000

7800

7600

7400

7200

7000

6800

6600

6400

6200

6000

5800 0.00L 0.002

5600 0.004 , 0.003

5L00 0.004, 0.004

5200 0.005 0,004

5000 0.008 0.002 0.006

800 0.015 0.004 0.007

LE00 0.018 0.004 0.0075

44,00 Q.02 0.006 0.010

4200 0.021 0.003

4916 iU, Corrected

8000

7800

7600

7400

7200

7000

6300

660D

6400

6200

6000 0.031

580&' G .’3@3 O 0032
5600 0.004 0.004
5400 0.005 0.C8h
5200 0.007 0.004
5000 0.009 0.007
4800 0.014 0.010
4600 0.015 0.008
I;L;OD G.012 0,608



LN
[$e]

ool

TABLE VI

L6
<
&

Tronsmiselion for Fiim vu®

LATY 40, Uncorrected

Wavelongth Transmission (cot?‘(%)
(a0) L 50% L OF - 50%
7800
7600
T400
7200
7000
6800
6600
64,00 0.001
6200 0.001 0,001 0.001
6000 0.002 0.002 0.002
5800 0.003 0.003 0.003
5600 0.005 0.004 0.004
500 0.006 0.006 0.005
5200 0,010 0.608 0.007
5000 0.018 0.015 0.014
4800 0.035  0.025  0.030
4,600 0.050 0.050 5.050
4400 0.055  0.055  0.058
4200 8.055 0.070 0.060
LT AY, Corrected
8000
7800
7600
7400
7200
7000
6800
- 6600
ORO
6200 0,001 0.0
5800 0.003 ~ 0,003 0.003
5600 2.003 0004 0.003
5580 0.005 0.004 0.003
5200 0.006 0.006 0.004
5000 0.013 U.012 0.008
LBGO 0.020 0.023 0.018
L6DO 3.040 0.034 G027
4400 0.062 0,048 0,035

4200 0.055 0.047 0.04L9



T4BLE VIII

Transmission for Film wiv

Wavelength

8000
78030
760
TH0D
7200
7009
6800
6600
61,20
6200
6020
5800
5600
5400
5200
5000
4LBGO
LEOO
4400
L2004

8000
TEOG
7600
7406
T2AX)
7006
6800
6600
6400
6200
6000
5850
5600
S400
5200
5000
4800
LEOO
LL00
L2200

4358 41U, Uncorrected

Trznsiission (cotzg)

+ 505

0.1190
0.110
0.100
0.120
0.140
0.195%
0.270
0,330
Oubh0
D.!&SQ
001}50
0.390
00375
0.340

£ 0

$3.090
0.080
G075
0.08%
0.120
G140
0208
0280
2.400
Q . 1&20

0,380

0.370
0.350
0». 3[{.0

4358 4U, Corrected

0.045
0.0[&3
0.05%
0.075
0.115
0.175
De230
G300
0.360
U380

a . 3['.0
0290
o280

- 508

3,015
0.015
0.Q20
.030
0.050
4,080
0.140
{.} 32{)0
Qeh5
(e 250
Tehs
02720

0.007
3.008
0,010
.018
0,029
$.007
3.095

0135
0,130
(3,220

\}ag’)

G.210
Qo210

N
e



Taglie IX

Trapgmission for Pilm wan

Wavelength
(AU)

8000
72800
7600
ThO0
7200
7000
6800
6600
6400
6200
6000
5800
5600
5400
5200
5000
4800
LE00
4400
L2200

8000
7800
7600
Thoh
7200
700D
6800
6600
6400
6200
6000
5300
5600
bhOG

5'00
4800
ASOQ

AZGO

6563 4, Uncorrected

Trangoission (cot ™)

* 508

0.390
0.3%0
0.370
0345
0,300
0.230
0.165
0.110
(s
9,022
0,010
0.005
0.0035
©.0035
3,003

& 07

0,320
0.350
0.320
06320
0.285
0.250
0.410
2,150
3.090
0.045
0.020
0.009%
0.005
0.084
'3‘ 'y \.M@'
0,00

6563 AU, Corrected

0420
D410
G410
0.390
0340
0.320
0.245
0,190
0.120
0.026
0.010
©.006
0.0045
0.004
Oo‘i&

0425
04360
0 L] 3150
0340
0.285
3.225
0.180
3.130
0.055
Q.023
0,010
066

QL0045

O of)ﬂi:» »

0.7

.
- 508
LD

0.2%0
0.250
0.260
0,250
T 230G
0,197
0160
0.125
0,080
0.050
0.020
.00z
0.005
0,004
2.0035
G-‘ux;«&

0.190
0.220
0.205
0.205%
0,190

’ Qal?ﬁ
~0.150

0.095
0.070
00035
0.037
0.007
0 OOS
o
0

O
O @;
0.004
0.00L5

=

a“"t



TABLE X

Transmission for Film vy

6158 all, lncorrected

Transaission (c@tzg)

Wavelength
(ay) L 508 L U3

8000

7800 0.430 0.330
7600 0.450 0.360
THO0 0.430 0440
7200 0425 0.400
7000 0.400 0.320
6800 0.33CG 0.350
6600 0.320 0.310
Q40D 0.260 0.255
6200 0.170 .170
6000 0.110 0.0
5800 0.060 G050
5600 0.020 5.,029
5400 0.009 0,608
520G 0.005 0.005
5000 0.034 0.0045
4800 0,00k 0,004
4600 0.004 0.0
L0

L2000

6158 AU, Corrected

8000

7800

7600 0.380 0.310
400 0.420 0.340
T200 0.400 0.350
7000 0.360 0.340
6800 D SH0O 0.315
660G 0.500 0.280
64,00 0.240 0.210
6200 0.160 0.165
6000 0.090 0,100
5800 0.040 0,650
5600 0.015 0.016
540 0.006 0.0055
5200 0.004 0.604
5000 G.G025 0.0035
4800

4600

L0

L2060

- 508

0.330
0.425
0.4G0
0.375
0.360
8.300
D3a230

Oel 70
$.0%0
0,050
3.0E40
3,008
0005
9.004
03,004
G0

0.350
0.360
0.250
0.240
U.230
0.280
04245
0.15%
0.595
0.043
0.026
03.006
6004
0003



Wavelength
(40)

8000
7800
7600
7400
7200
7000
6800
6600
6400
6200
6000
5800
5600
5400
5200
5000
4800
4600
L4400
4200

TABLE XTI

Transzission for Pilm w3y

5893 AU, Uncorrected

Trunsmission (cotzg}

1505

0.125
0.105
0.100
0.080
0.080
00080
0.0065
0.050
0.035
0.020
0.010
0,008
0.005
0.605
0.005

£ 0

0.095
0.085
0.080
C.070
0.065
0,050
0.042
0.026
0.015
0.008
0.006
0.005
0.005
0.005

5893 AU, Corrected

0.260
0 e 27(3
0.305
04300
0.280
0,2¢

0.26G
0.240
0.180
0.100
0.040
0.019
0.010

0,280
0a280
04290
0.300
0.290
0.285
0.265
0.250
0.190
0.120
0.075
02.050
0.035
G.030
0.020
0.018

-50%

0.130
0.08Q
0.075
0.060
0.050
0.045
0.045
U.040
0.030
0.020
0.010
0.006
U.005
0. 004
00001"'
0.00L

0.250
0.260
0.260
0.24G
0.230
0.210
0.180
0.135
0.008
0.04L5
0.026
Q.020
0.015
0.011
0.010

3



Hevelength
(40)

8000
7800
2600
THOO
7200
7000
£800
600
6400
6200
6000
5800
5a00
5L00
5200
5000
4800
LEOD
LAGD
1250

TABLE XIT

Pranszisgion for Film “BP

5780 AU, Uncorrected

Pransmission (eotzg)

+ 50%

0.680
0.650
0.670
0.650
0,640
0.625
0.630
0.620
0.580
0490
0.420
0.220
0.113
0.055
0.025
0,050

L %

0.6%
0.640

- 504

0550
0.530
0.580
0.560
0.580
0.620
0.600
0.580
0.560
0.550
0.470

.20

0.320
0.225
G.125
2.050
0.022
0.025
0.040



Wavelength
(ab)

8000
7800
7600
74,00
7200
TOO0O
6800
6600
61,00
6200
:
5800
5600
5400
5200
5000
4800
4600
1400
L2006

TaBLE XIII

Tranemission for Film ngt

5461 AU, Uncorrecited

Transmission (cai',?'@}

+ 50%

0.450
0.370
0.350
0.335
0.340
0.330
0.350
0.360
0.360
0.320
©.260
0.195
0.110
0.045
0.020
0.020

L 0%

0.330

0.290
0.290
0.280
0.265

04300

0.330

0.300

0.280

0.190
0.100

0.042

0.019
0.020
0.030

- 50z

s



TABLE XIV

Transmission for Film "BY

44772 AU, Uncorrected

ad
A

Transmission (cotzﬁ)

Havelength
(88} 1 50% Lo
8000
7800
T600
7400
7200
7000
6800
6600
6400
6200
600C 0.001 0.0005
5800 0.001 0.001
5600 0.0015  0.0015
5400 0.0015  0.0015
5200 0.002 0.002
5000 0.00k  0.0045
4800 0.005 0.012
4600 0.030 0.012
4400 0.032 0.030
4200 0.02¢

L4772 MU, Corrected
7800
7600
TL00
7200
7000
6800
6600
64,00
6200
6000 0.0005  Q.0005
5800 0.001 0.001
5600 0.0015 -  0.0015
5400 0.0015 0.0015
5200 0.002 0.002
5000 0.004 0.0035
4800 0.010 0.009
4600 0.024 0.022
L500 0.035 0.030
4200 0.050 0.045

- 50%

0.0005
0.00L
0.041
00015
0.002
0.003
0,006
0.011
0.017
0022

0.0005
0.001
0.001
0.001
0.0015
0.003
0.007
0.017
0.020
0.040



TABLE XV
Transmission for Film "BY

4358 LU, Uncorrected

Wiavelength Prunsnission {cot“@)
(aU)} L 50% t 0% - 50%

B0OQ0
7800
7600
THO0
7200
7000
6800
6600 0.004 0.002 0.0005
6400 0.005 0.003 - 2.001
6200 0.0075 0.00 0.0015
6000 0.014 5,010 0004
5800 0.025%  0.018 3.005
5600 G045 0.028 0.010
5400 2.072 0.04L0 0.015
5200 2.100 0.060 2.025
5000 0.118 0.090 0.040
4800 : 0.130 G.110 0.060
5600 0.150 0.125 0.070
§LOC 0.130 G.138 O.07
; £

4200 0.135 0.100 0.08C



TERLE IVI
Transnission for Film "C©

6563 Al, Uncorrected

Viavelength Transmission (cetzg)
{au) 1 504 L 0% -50%

8000
T800 0.270 0,240
7600 0.260 0.200
7500 0.260 0.195
7200 G245 0.185 0.060
7000 0.235 0175 0.065
6800 0.230 D160 0.066
6600 0.215 0.150 0.066
6400 0,180 0.135 0.065
6200 0.130 0.105 0.062
6000 0.086 0.070 0.060
5800 0050 0.039 0.045
5600 0.0L2 0.012" 0.018
5400 000k G004 2.008
5200 ‘ 0.0035 3,003 G004
5000 G.08 0.0G35 £.0G3
4800 0.005 00048 £.0035
LE00 0.0035 O 004 0.0045
L4400 C.004
4200

6563 A1}, Corrscbed

8000

7800

7600 0,260 0135

ThOO 0270 G140 3.095

7200 D270 3150 0075

7000 2.£50 0.150 0.065

6800 Qo243 Geldl 0.068

6600 0.215 i 33 Q.00

6400 0.180 0.120 0.0065

6200 0.140 0.300 0.055

5000 0.085% 0.065 0.040

5800 Q040 Q.@El 0024

5600 0.012 GO0 0.015

5400 0.004 0.004 0.004

5200 0.003 G.1KI35 3.0025
5000 0.0035 0.004 0.004

4800 0.004 00045 G045
4,600 0.0045 0.004 0.0035
400

5200



Havelength
(40)

8000
7800
7600
7400
7200
T390
6800
6600
6400
6200
6000
5800
5600
5400
5200
5000
4800
4600
L4G0
1200

8OO0
7800
7600
7400
7200
7000
6800
6600
6500
6300
6000
5800
5600
5&90
5200
50@0
4800
4600
L4000
L2600

TABLE XVII

Transpission for Film "C©®

6158 AU, Uncorrected

Pransmission (cotzg)

* 508

0.390 -
0.L60
0460
0490
0.450
ki
0-§1}5
0.270
0.190
3.&.(.
0.055
0.015
0.004
00003
0.0035
0.0C45
0.0025

& 0%

04310
0.450
0,430
0.400
0,350
0.280
0.200
0.140
0.055
0.010
0.0045
0.4G03
0.004
0.005

6158 AU, Corrected

0.430
0450
0.475
0460
0430
0.360
0.300
0.180
0.120
00013-3
0.010
0.0045
0.0035
0.004
G.0045
0.0035

Oeliiy5
Q4450
055
0460
0400
0340
0,275
0.190
0.12%
Q.050
0.014
0.004
0.003
C.004
0.005
0.0035

- 50%

0,340
24310
0.340
0.330
0.310
D.215
0.160
0,100
0.045
8.012
0.004
0.003
$.0035
0.004
0.004




Wavelength
\fﬁl)

8000
T800
7600
7400
7200
7000
6300
6600
6400
6200
6000
5800
5600
5400
5200
5000
4300
4600
14,00
4,200

8O0
TBOG
7600
7400
7200
7000
6800
5600
5400
5200
6000
5800
5600
5400
5200
5000

4600
4400
4200

TEBLE XVIIX

Transmission. for PL

im nCn

5893 AU, Uncorrected

Transmission (cot<s)

L 502

0.140
D.150
©.150
0.138
3340
Q.$J)
0.130
0.115
(.0

0.060
0020
.00

W 006 .
$.0075
(.008
.03

%

Q.

¢
v

G'B
O
O

O

0.07

&

0%

110
095
100
105
1395
105
095
0
L5

G.019

)
Y]
0

e

0007

'GC)E
005
008

0,003

5893 AU, Corrscted

G201

VW0
Y "
82 .Ql,«

B3.007
é}e(}Zﬁé

>0 C}C/CB

LA
G b b £
o

> G
«

U
&

0
°

O
a
&

Py
W

> 8

10

D Se L
LR

55

090
o75
L] 01‘&3
L0

0.009

A
o LAID

N
3,007

PR

.
LA e WAL

0,003

- 50%

0.140
0.115
0.200
0.085
0.090
0.0%0
0.085
0.078
0.060
0.038
0.015
0.0055
0.0045
0.0045
2.0055
2,004

00045
0.005
0.006
0.003



Havelength
(A1)

8000
7800
7600
7400
7200
7000
6800
5600
6400
6200
6000
880

5600
5400
5200
5000
4LB00
4600
K500
L200

TABLE XIX

Tronsmission for Filw "C#

5780 sl Uncorrected

Transmission (cotzg)

L 50%

0.540
04540
0.575
0.600
0.640
0.640
0.650
0.640
0.620
0.590
0.560
0.500
0.405
0.280
0.150
0.055
0.020
0,008

0%

- 50%

0.610
0.620
8.600
0.580
0.620
0.620
0.5%
0.5%
0.550
0.520
0.470
0.380
0.265
0.140
0.055
0.016
0.0075



Wavelength
(a0)

8C00
7800
7600
400
7200
7000
6800
6600
600

6220

6000
5800
5600
5400
5200
5000
4800
L4600
440G
4200

TaBLE XX

Transaission for Film YCP

5461 i, Yncorrected

Transmission (cotggj

L 508

L 0

0.208
0,200
0.210
0,245
0.245
0.280
0.315
0.340
C.405
0.405
0.355
G260
G.150
0.05%
0.009

- 50%

3.170
0.180
0.210
0220
0.265
O’o 295
0.360
0.390
0.355
0.260
0.150
0.060
0.015
0.009

b5



Yavelength
(ab)

8000
7800
7600
Th00
7200
7000
6800
6500
AL00
6200
£000
5600
5400
5200
5000
4800
4,600
L4000
4200

8000
7300
7600

TLOO
7200
7000

6600
6400
6200
6000
5800
5600
5400
5200
5000
L300
L600
LHGO
4,200

TABLE XXI

Transmission for Film won

Li72 iU, Uncorrected

45

Transmission (catgc)

L 50% L OF
0,002 3,002
0.0025 0.003
0.003 0.063
0.0025  0.,0025
C.0015 0.0015
2.0015 G.0015
£.003 0.002
0.008 0.006
0,025 - 0.025
G.042 0.033
0.025 0.025
4472 2, Corrected
0.0015 0.002
0.0025 0.0025
0.003 0.003
0.0025 0.0025
0.002 0.0015
0.0015 0.0015
0.0025 0.0025
0.007 0.009
0.030 0.030
0.035 0.040
0.025 0.025

- 50%

0.0015
0.002
0.0025
0.002
0.0015
0.001
0.0025
(007
0.023
0$.032
©.018

0.002
0.003
0.003
0.0025
0.0015
0.001
0.0025
0.006
0.025
0.034
0.032



TasLE XXIT
Transmission for Filam wgo

4358 AU, Uncorrected

Wavelength Transmission (cotzg)

(am) L 50 L 0F - 50%

8000

7800

7600

7560

F200

7000

6800

6600 00045 00045 0.003

6500 Q.007 0.006 0.0045

6200 0.015 G.015 ¢.009

6000 5.030 0.028 0,020

5800 0074 0.0064 0.050

5600 0.246 0.145 0.105

5600 Q.240 2.250 0.180

5200 0.3:20 0320 0.215

5000 0.375 G380 0.295

4800 0.380 Q400 (3.320

600 0.380 0.370 0.320

LEGG 0.330 0.320 0.260

4200 0.250 0.230 0.180



davelength
(a0)

8000
7800
7600
7400
7200
7000
6200
6600
64,00
6200
6000
5800
5600
54,00
5200
5000
4800
4600
L0
1200

8000
7800
7600
400
7200
7000
6800
6600
6400
6200
6000
5800
5600
5400
5200
5000
1800
1,600
4400
1,200

TaBLE XXTIIX

Transmission for Film D9

6563 .U, Uncorrected

. 2; AN
Trensnission {cot™9)

+ 508

0,150
0. 140
0.13¢
0.125
0.125
.110
0.110
0.105
0.085
0.055
0.038
0.010
0.004
0.003
0.004
0.007
0.006

L 0%

0.120
0.0%0
0.085
0.080
0.072
0.078
0.063
0.045
0.023
0.00%
0.004
0.0035
0.005
$.007
0.006

0563 4U, Corrected

0.17G
0.180
Oolf)@
0.160
G145
0,140
0.130
€.1200
0.053
0.032
0.011
0 .00!5
0.0035
0.005
0.008
00 w?
53,004

0,150
0.125
0.110
0.110
0.105
0.100
0.074
0.058
0.030
0.008
0.004
0,005
0.006
0.0075
0.004,

- 50%

0.050
0.038
0.038
0.033
0.040
0.040
0.035
0.030
0.018
0.007
000035
0.003
0.0045
0.006
0.006
0.004

0,055

0.050
0.050
0.050
0.050
0.045
0.033
C.020
0.009
0.0035
0.003
0.00‘0-
0.006
0.005
0.004




Wavelengbh
( Jevil )

8000
7806
7600
T4HCH
7200
7000
6300
6600
6400
6200
6000
5800
5600
5400
5200
5000
L8800
L6060
LL00
4200

TABLE XXV

Trunamigsion for Film "p¢

5158 AU, Uncorrected

Transznission (cotzg)

L+ 504

(.160
0,180
0,220
0,200
0.185
0.185
0.160
0.140
0.110
0.090
0,031
0.012
C.00L
0.0035
0.0045
0.006
0,006
0.004

x O

0,164
0,160
0,170
0,165
J.160
Qe 140
U.l125
(.105
£.060
.03,
Deids
0.0G45
0.004
G.0045
2.004
0.006
0,00

6158 all, Corrected

Q20
0.250
20220
0.220
0.210
()3170
0.150
0.0%90
0.045
0-00'7
0.005
0.009
0.013
0.010

0.365

0.140
G.140
0.130
0.120
0.110
0.090
0.060
0,034
0.010
0.004
0.0035
0.005
0.007
0.007

~ 50%

0.240
0,225
U.220
0.220
0.200
3.190
0.160
0.115
3.080
0.040
0.019
0.006
0.005
0.008
0.013
G.013
0.010

0.085
0.085
0.085
0.085
0.085
0.082
0.076
0.070
0.050
0.010
0.004
0.0035
0.005
0.007
0.007

49



Yavelength

(a40)

8000
7830
7600
7400
7200
7000
6800
66G0
6400
6200
6000
5800
5600
5,00
5200
5800
1800
4600
4400
K200

8000
7809
7600
TAC0
7200
7000
680
6600
6400
6200
6000
5800
5600
5406
5200
5000
- 4800
4600
4400
41200

Tadle TV

Trensmission for Film "p¥

5893 AU, Uncorrected

Transmissicn (cot?0)
L 50% & 0% - 503
0.094 0.090 0.0%0
0,090 0.072 0.065
0.090 0.072 0.050
0.088 $.070 2,650
0.088 0.07¢ 0.048
0.082 6.070 0.050
0.072 0,065 0.045
0.055 C.0h8 0.038
0.936 0.025 0,021
0.4510 0.0095 G.008
0.0045 0.C04L5 0,004
0.004 204 304
0.005 $.005 2.005
0.008 0.009 - G.0075
0.0075 0.006 0,008
0.003
5893 AU, Corrected

0,160 0.125

0.140 0.095

0.130 .020 0.042
0.125 0.078 0040
0.120 0.075 Q040
0.126 0075 00y
0,115 0.075 0,044
0,095 0.065 0.040
0.060 0,048 G.033
0.040 0.02L 0.020
0.015 0.010 0.059
0.0055 0.0045 0.0045
0,005 0.004 0.034
0.006 0.0055 0.0055
0.006 0.006

0,006

A%

St



Wavelenghh
(AU)

8000
7800
7600
7400
7200
7000
6800
6600
6400
6200
6000
5800
5600
5400
5200
5000
4800
4600
4400
£200

8000
7800
7600
7400
7200
7000
6800
6600
6400
6200

5800
5600
5400
5200
5000
4800
4600
4400
5200

THBLE XXV

Transmission for Film "D"

5780 AU, Uncorrected

1 50%

D475
0.480
0475
Dediel
035
U490
0.490
0,420
0460
De435
{Jc 39@
0330
0o 2102
0.160
0.080
G.CLD
0.023
0.023

L 0%

0.425
0,440
0.440
0 ulls0
0uis50
0450
0,450
0,460
04460
010
0.375
04230
0.150
0.075
0,032
0,020
0.023

5780 AU, Cerrected

0425
0kt0
0470
Oc“{v?_ﬁ'
D475
G20
0480
0470
0.440
0.380
0.320
Olﬂ:‘ﬁ
0160
0.080
0.033
0,020
0.023

0,340

0425
0455
050
0.450
0460
Teli50
04450

0.400

0370
0.305
030
03145
0.070
Q4330
0.020
G.020

.. 2
Transtission {cot 8)

- 507

D25
0.425
Ookd5
Qo4O
(VA
Oulilsd
0.425

0.280
04220
0.140
0.075
0,030
0.023
0.023

0.330
0.410
Oadpid)
0440
0 4h0
0440
Q450
IV
D420
0.3530
Da345
0.284
Q210
Del25
0.074
0.03
0,020
$.,020



Wavelsngth

(1)

8000
7800
7600
400
7200
700G
6800
6600
6400
6200
6000
5600
5400
5200
5000
5800
1,600
L4500
4200

8000
7800
7600
TH00
7200
7000
6800
6600
64,00
6200
6000
5800
5600
5400
5200
5000
4800
LEQO
B400
4200

TABLE ¥XVIX

Transsission for Film npv

5461 iU, Uncorrected

Transuission (cotzg)

L 504

0.175
0,180
0.190
0.20%
0.245
0.270
0.325
0.365
0.290
0.200
0.115
0.050
0.023
0.030

& OF

0.160
0.160
0.145
0.160
0.190
‘0.21)0
0.255
0.305
00350
0.360
0.355
0,285
0.185
0.110
Ej.Ol{.5
0.030

5461 iU, Corrected

0.115
0.110
0.123
0.140
0.165
0.200
0.260
0.300
06320
0,315
0.250
G.l&)
0.080
0.035
0.025

0.080
0.085
0.100
3.110
0.15G
0.190
0.200
0.270
0.310
0.335
0.265
0.175
0.085
C.038
0.625

- 50%

0,110
0.095
0.105
0.115
0.135
G160
0.210
0.255
0.285
0.300
0.310
0.250
0.080
0.035
G.018
0.030

0.100
C.105
0.110
0,115
0.170
0200
0.220
04305
G.310
0.320
0.260
0.180
0.095
0.035
0.025
G.023

L
v



Wavelength

(40)

8000
7800
7600
7400
7200
7000
6800
6600
64,00
6200
6000
5800
5600
5400
5200
5000
4800
4600
4400
4200

TABLE XXVIII

Transeission for Film WDM

Li72 AU, Uncorrected

w
Wl

Tronsalssion (cotzg)

+ 50%

0.003
0.0025
0.0035
0.004
0.0045
0.00L5
Q.00L5
0.003
0, OGI#
0.005
0.025
0.043
0.043
0.038

L 0%

0.0015
0.002
0.003
0.00%
0 .00&}
0,004
(}.OO3
0.0025
0004
0.009
0,028
0.039
0.039
0.039

LLT72 AU, Corrected

0.001%
0.002
0.003
0.0035
- Q L] OOJ}
0.004L
0.003
0,002
0.003
0.007
0.022
0.036
0.030.

0.0015
0.0025
0.003
0.0035
Q.00
Oo(}{)h-
00003
00002
0.007
0.025
0.036
0.035

C)CDCDCDC)C)?)CBCJC>C>€>

- 50%

WA AR

sBEBEEEE

(AYCE R Ol 5

(@]

3
075

o

o
o R

0.048
0.048

0.0015
0.0015
0.0025
0.004
0004
.00k,
0.002
0.003
0.0065
0.020
0.030
G.028
0.028



Wavelength
(a0)

8006
7800
7600
74,00
7260
7000
6800
6600
61,00
6200
$000
5800
5600
5400
5200
5000
4800
K600
4400
4200

8000
7800
7600
7400
7200
7000
6800
6600
64,00
6200

5800
5600
5400
5200
5000
4800
4600
4400
4200

THBLE XXIX

Trensmission for Pilm #om

4360 4Y, Uncorrected

Transpission {cot

L 507

0.019
0.018
0.022
0.034
0.050
0.080
0.130
0.200
0.250
G290
0.325
0.340
0.305
0.255
0.170

L 0F

0.004
0.00%
0.008
G.018

0.039

0.072

- 0.140

£2.190
0245
0.290
0.305
0.290
0.235
0.200

4360 AU, Corrected

0.029
0.033
0.050
0.075
0.110
0-190
0.260
0.310
0.350
0.385
0.385
0.360
0.320
0.210

0.004
0.005

0.014
0.030
0.06)
0.110
0.170
0.270
Ge280
G270

2,190

0.130

0.150
0.155
0.160
3,200
CL2L0
D20
0.270
0.315
(3,380
U430
Goﬁé@
0450
0410
0410
0.330
0.290

£2.004
0.004
0.005
0.010
0.022

 0.045

0,086
3,140
£.185
2.215
Geh0
0,245
42058
0180

Wi
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