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Kodak Wratten Filters

for Scientific and Technical Use

Since 1909, Kopak WraTTEN Filters have been recognized as occupying a
unique position for photographic, technical, and scientific work. This has
been due in part to the wide range of filters available, to their exact adjust-
ment for the purpose for which they were designed, and to the great care
exercised in their preparation. The standardization of each filter for color
and spectral transmission has been carefully worked out and the standards
adopted have been maintained rigidly.

This booklet is written primarily for the technical and scientific labora-
tory worker whose use of filters requires extensive spectrophotometric data.
Some information of a more general photographic nature is included. A
more complete treatment of the photographic use of filters is contained in
the Data Book, Kodak Filters and Pola-Screens. (For further information
on this and other Kopak publications, see Kopax Book List 2, Advanced
and Professional Photography and Book List 3, Specialized Photography,
available on request from the Sales Service Division, Eastman Kodak
Company, Rochester, N. Y. 14650.)

Norte: The filter recommendations given in this book are not intended to suggest that
other types of filters having proper transmission characteristics cannot be used.

FORMS AND TYPES OF FILTERS

Most Kopak WRATTEN Filters are prepared from organic dyes, of which a
large number have been investigated in the Kodak Research Laboratories.
The dyes are obtained from a number of sources, and many have been
specially synthesized.

The filters are made by mixing the dyes in gelatin, and coating the proper
amount on prepared glass. After the coating is dry, the gelatin film filter is
stripped from the glass. Each filter is standardized for spectral transmit-
tance and for total transmittance by special instruments which apply an
optical form of limit gauge to these characteristics. Notice: Dyes used in
filters, like other dyes, may, in time, change. Filters will therefore not be
replaced or otherwise warranted against change in transmittance.

With few exceptions, Kopak filters are supplied either as lacquered
gelatin film, or as gelatin film cemented between pieces of “B” glass. The
exceptions are: WRATTEN filters No. 18A and 39 which are supplied only as
glass filters containing no gelatin film; WRATTEN filters No. 76, 77, and 77A,
compound filters composed of combinations of gelatin film filters, or gelatin
film filters and glass filters. Filters in “B” glass are cemented between sheets
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of plane-parallel glass, which is surfaced in quantities and is of sufficient
accuracy for general photographic work and for most scientific purposes,
such as spectrography or photomicrography. This glass is not of sufficiently
good surface for use in photography with large-aperture lenses of long
focal length, such as those used on process cameras, in map-making equip-
ment, and on large copying cameras. Unmounted gelatin filters should be
used for this purpose.

There are over one hundred varieties of Kopax WRATTEN Filters. They
include groups of filters suitable for experimental work in scientific pho-
tography, contrast photography of colored objects, color photography and
color cinematography, photomicrography, graphic arts, spectroscopy, and
photometry. Recommended groups are given on pages 5 to 16. Other
filters can be selected from the list for a variety of scientific purposes.

Pages 24 through 69 of this book present the following data on each
filter:* (1) a spectrophotometric absorption curve; (2) a table of percent-
age transmittance at wavelengths from 400 to 700 mp in intervals of 10 mpu;
(3) dominant wavelength (Illuminants “A” and “C”) ; (4) percentage of
excitation purity (Illuminants “A” and “C”); (5) percentage luminous
transmittance (Illuminants “A” and “C”); and (6) colorimetric coordi-
nates Xa, ¥a, Xc, and yc.

The Eastman Kodak Company welcomes opportunities to suggest filters
for any special purpose and to“put the knowledge and resources of its
Research Laboratories, as far as possible, at the service of investigators.

ORDERING FILTERS

When filters are ordered, the number of the filter, its shape, and its size
should be given, with a statement as to whether it is wanted in the form
of gelatin film or cemented in “B” glass.

Most WRATTEN gelatin filters are stocked in 2- and 3-inch squares, but
it is not possible to stock them in all listed sizes. Special sizes of gelatin filters
are made up on order. Stocks of 2- and 3-inch square filters cemented in “B”
glass are maintained only in filters usually used for general photographic
work. Therefore, most other sizes of filters cemented in “B” glass, except the
series sizes, are special-order items and require several weeks for delivery.

For size and price information on filters and photographic filter acces-
sories, write to the Special Sensitized Products Sales, Eastman Kodak
Company, Rochester, N. Y. 14650.

*Data at 700 to 1,100 mu (infrared) for No. 87, 87A, 87B, 87C, 88A, and 89B are on
pages 70 and 71. Additional infrared transmittance data (700 to 850 mgu) is given
for those filters which have a significant amount of absorption in this range in the
Spectrophotometric Absorption Curves on pages 72 through 75.




THE CARE OF FILTERS

Although the gelatin film filter is protected by a- thin lacquer coating, the
filter should be handled only by the edges or at the extreme corners.

Gelatin film filters should be kept flat and dry. Continued stress can
deform them permanently, and moisture tends to cloud them. Storage in
clean paper between the leaves of a book, immediately after use, is safe
and convenient.

If it is necessary to cut the filter, it should be placed between two pieces
of clean, fairly stiff paper and cut with a pair of sharp scissors.

Cemented filters should be treated with care equal to that accorded to
lenses. They should be kept in their cases, and on no account allowed to get
damp or dirty. Cemented filters are lacquered on the edges to resist the
entry of moisture. However, a filter should never be washed with water
under any circumstances. If water should come in contact with the gelatin
at the edges of the filter, it will cause it to swell and separate the glasses so
that air can enter between the gelatin and the glass. Even if the swelling
does not cause air to enter in this manner, the filter might be strained and
its optical surface changed.

Filters are cleaned when packed for distribution. With reasonable care,
they can be used indefinitely. If, for any reason, a cemented filter becomes
so dirty that it cannot be cleaned by simply rubbing after breathing on it,
a piece of soft cloth or Kobaxk Lens Cleaning Paper moistened with Kopax
Lens Cleaner (which should not be permitted to touch the cemented edges
of the filter) can be employed for the purpose of cleaning the glass surfaces.
Before attempting to clean a filter, it is well to make sure that the surfaces
of the glass and the tissue or cloth are free from grit which might scratch
the glass.

It is difficult to classify the stability of either gelatin film filters or those
cemented in glass when subjected to high temperatures. We recommend
that WRATTEN filters should not be subjected to temperatures higher than
120 to 130 F, and then for only relatively short periods. The factors of time,
temperature, and humidity are quite closely related in their effect on filter
stability. Since individual dyes respond quite differently when exposed
under identical conditions, some WRATTEN filters undoubtedly will retain
their absorption characteristics at temperatures above 130 F, but others will
not. For this reason, precautionary measures should be taken, if possible, to
avoid subjecting WRATTEN filters to high temperatures. See statement about
“Filter Stability” on page 22.

When used under tropical conditions, filters should be treated with
utmost care. They should be cleaned frequently, as described above, to
prevent damage from fungus. Dry, cool storage conditions are desirable;
a desiccated, hermetically sealed container is usually satisfactory.
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FILTERS FOR BLACK-AND-WHITE PHOTOGRAPHY
No. 6, 8, 11, 13, 15, 25, 29, 47B, 58. For description and uses, see page 18.

Filters for Photomechanical Work

WRrATTEN gelatin filters, especially selected for uniform thickness, are avail-
able for critical photomechanical work. These filters are designated “Kopax
WRrATTEN Photomechanical Filters” and are particularly useful in cases
where partial exposures are to be made through each of several filters. The
Kobak WRrATTEN Photomechanical Filters are PM8, PM23A, PM25,
PM?29, PM33, PM47, PM47B, PM58, PM61, PM85B, and PM96.

FILTERS FOR COLOR PHOTOGRAPHY
Filters for Exposing KODAK Color Films

No. 1A, 80A, 80B, 80C, 80D, 85, 85B, 85C, 85N3, 85N6. For description
and uses, see page 18.

KODAK Color Compensating Filters

Peak Yellow Exposure Magenta Exposure Cyan Exposure
Density (Absorbs Increase (Absorbs Increase (Absorbs Increase
Blue) in Stops* Green) in Stops* Red) in Stops*
.025 CC 025Y — CC 025M —_ CC 025C —_
.05 CC 05Y — CC 05M P72 CC 05C s
.10 CC 10Y 3 CC10M 3 Cc 10C s
.20 CC 20Y 3 CC 20M 3 CC 20C b7
.30 CC 30Y 13 CC 30M 2/ CC 30C 2/
.40 CC 40Y b CC 40M 24 CC 40C 2/
.50 CC 50Y 2/ CC 50M 2/ CC 50C 1
Red E Green E Blue E
Peak (Absorbs prosure (Absorbs Xxposure (Absorbs prosure
Density Blue and Jcrease Blue and .lncreasi Red and screase
Green) in Stops* Red) in Stops Green) in Stops*
.025 CC 025R —_ —_ —_ —_ —_
.05 CC O5R 3 CC 05G 3 CC 05B 3
.10 CC 10R P CC 10G 3 CC 10B P
.20 CC 20R 3 CC 20G 13 CC 20B 24
.30 CC 30R 24 CC 30G 2/ CC 30B 24
.40 CC 40R 24 CC 40G 24 CC 40B 1
.50 CC 50R 1 CC 50G 1 CC 50B 115
*These values are approximate. For critical work, they should be checked by practical
test, especially if more than one filter is used.

Kopak CC Filters can be used singly, or in combination, to introduce
almost any desired correction in various phases of color photography. If
several filters are used together over a lens, definition may be affected




adversely by (1) scattering of the light, (2) combined errors of several
glass surfaces. It is best to use the minimum number of filters which will
produce the desired correction.

The term “peak density” in the table on page 5 is the density measured
at the wavelength of maximum absorption. The density-values do not
include the density of the gelatin in which the filter dye is coated or the
density of the glass in which a filter may be mounted.

Color Printing Filters

The acetate-film Kopaxk Color Printing (CP) Filters are recommended for
use in enlargers which provide a convenient means for placing the filter
pack between the light source and the negative. These filters are less
expensive than gelatin-film filters, but they cannot be used in the path of
image-forming light without affecting print definition. The CP filters are
supplied in cyan, magenta, red, and yellow, and in density values of 0.05,
0.10, 0.20, and 0.40. There is also a No. CP2B to absorb ultraviolet
radiation. All are available in 5-, 6-, 8-, and 12-inch squares and in an
8 by 10-inch size.

Cyan Magenta Red Yellow
CP05C CPOSM CPO5R CPO5Y
CP10C CP10M CP10R CP10Y
CP20C CP20M CP20R CP20Y
CP40C CP40M CP40R CP40Y

CP2B (Equivalent to Kopak WRraTTEN No. 2B)

The CP filters are not supplied in green or blue, because the number of
filters above the negative is not important. Hence, these colors can be ob-
tained by using the proper combinations of cyan, magenta,and yellow filters.

Filters for Three-Color Separation

Direct Color Separation: No. 25 (Red), No. 58 (Green), No. 47B (Blue)

Color Transparencies: No. 29 (Red), No. 61 (Green), No. 47B (Blue)

When used for projected color-separation work, filters should be used
in the gelatin form, not cemented. Small variations in thickness or paral-
lelism of cemented filters may throw the projected image out of register.

For details, write to the Special Sensitized Products Sales Division,
Eastman Kodak Company, Rochester, N. Y. 14650.

Filters for additive projection and other special purposes are described
in the list on page 18.
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Three-Filter Densitometry of Color Films and Papers

No. 92 (Red), No. 93 (Green), No. 94 (Blue)

Since all three filters transmit in the infrared, a physical densitometer
using these filters should be equipped with an infrared rejecting filter,
such as a dichroic interference filter which transmits in the visible and
reflects much of the near infrared. Such a filter will restrict measurements
to the red, green, and blue regions.

COLOR-TEMPERATURE CORRECTION

Color films are usually designed for use with a specific type of illuminant.
Ideally, the specific illuminant should be used ; but, when this is not practi-
cal, a conversion filter can be placed over the camera lens to adjust the
color quality of the illuminant to that for which the film was designed.
The color quality of some illuminants can be expressed in terms of “color
temperature”—a measure which defines the color of a light source by
reference to the visual appearance of the light radiated by an ideal radiator,
that is, a black body heated to incandescence. When the color of the illumi-
nant is the same, or very nearly the same, as that of the ideal radiator at a
given temperature, this temperature is defined as the color temperature
and is expressed in degrees Kelvin (K).
The following table shows the approximate color temperatures of
various standard and practical light sources.

Standards of Luminous Intensity and Their Color Temperatures

Source Color Temperature (in K)
Standard British candle ......... ... .. ... . o il 1930
I efer W et s s & e 510 s 160 S0 558 8 S50 565 § 6561 & W68 HBESE 3548 5156 § B4 1880
Harcourt pentane . ...........iuiiininiiinineneneneanenens 1920
ACEEYLEIIE oo cone s w56 wsnsiomiios o8 oum avompns o 8.ibuss s ik o <o e 8-kl o Jon 6 Bl 's o 2415
Incandescent carbon (4 watts/candle) ............ .. ... ..., 2080
Incandescent tungsten (1.25 watts/candle) .................... 2400
Freezinig point of platinum ...iccieescvsavsovsnmssnssnss s 2042
Practical Sources of lllumination and Their Color Temperatures

Source Color Temperature (in K)
Sunlight (mean NOON) « s s sirs s oo sus s wm s ww o v ¢ 50 s o0 8 016 s 5400

SKYLIGRE. & e olesore o o monse swinns woeis ®ar o wisrs s foser s semars Sums o 6500 o o 5 oior s st o 12000 to 18000
Photographic: Daylight® . s sume s s mme s s s w5 oo 5550 006 § sdbamin s 5500
Crater of carbon arc (ordinary hard-cored) .................... 4000
White-flame carbon arc ..........o it 5000
High-intensity:carbon arc: (SUn: are) s s s s s siorm s s 5 5 & o555 8055w s 5500
Glear foil-filled flash. . : suwee st o ommsioie s wvs s wie s win s wow s o0 5 500 s w58 3 w0 & 3800
500-watt (photoflood) approx 34.0 lumens/watt ............... 3400
500-watt (3200 K photographic) approx 27.0 lumens/watt ....... 3200
200-watt (general service) approx 20.0 lumens/watt ............ 2980
100-watt (general service) approx 17.5 lumens/watt ............ 2900
75-watt (general service) approx 15.4 lumens/watt ............. 2820
40-watt (general service) approx 11.8 lumens/watt ............. 2650

*Condition of daylight which best represents that encountered in typical photographic situations.




Each color temperature can have assigned to it a “mired” (micro-recip-

1,000,000 ’
color temperature in degrees Kelvin
Kopak WRATTEN Photometric Filters and Kobak Light Balancing Filters
have the power to shift the color temperature, and hence the mired value,
of any one light source by a definite amount. Each filter can therefore be

. 106 106
represented by the expression T. ~ T,
2 1

rocal degrees) value. Mired value =

given a “mired shift value,”
when T represents the color temperature of the original light source, and
T the color temperature of the light through the filter. This value will be
either positive or negative, depending on the color of the filter. Yellowish
filters, which lower the color temperature and therefore increase the mired
value, will have a positive mired shift value; those in the bluish series,
which raise the color temperature and therefore reduce the mired value,
will have a negative mired shift value.

Thenomograph on page 9 is designed to simplify the problem of selecting
the proper conversion filter. The original light source, Ty, is listed in the
left column and covers the practical range of color temperatures from
2,000 to 10,000 K. The right-hand column lists the color temperature of
the light through the filter—that is, the converted source, Ts. The center
column shows the scale of mired shift values. To find the mired shift value
and consequently the filter required for a particular conversion, it is only
necessary to place a straightedge on the points corresponding to the color
temperature of the available source, Ty, and the color temperature of the
desired source, T, respectively. The straightedge crosses the center column
and indicates the mired shift value of the required filter. It is clear that the
zero point on this column indicates that no filter is required and that
mired shift values above the zero point (+ ) require yellowish filters and
those below the zero point (—) require bluish filters.

The mired shift values of WRATTEN filters which may be used for color-
temperature conversion are listed in the following tables: page 10, Kopax
Light Balancing Filters, and page 11, Kopax WRATTEN Photometric Filters.

Filters can be combined, the desired combination being calculated by
adding the mired shift values of the filters, with due regard to the sign. If
more than one filter is used, it should be remembered that the reflection
loss due to the multiple surfaces may become considerable. This, however,
can be partly eliminated by cementing the filters together in pairs.

It should be noted that the color-temperature specification for the color
quality of a light source is adequate only for those sources whose spectral-
radiation characteristics are not markedly different from those of the ideal

thermal radiator.
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MIRED NOMOGRAPH FOR LIGHT SOURCE CONVERSION

ORIGINAL SOURCE MIRED SHIFT CONVERTED SOURCE
T, VALUE (urd) L 1
10000 —— 400 2000

9000 -
8000 — —— 350
7000 —5 =
3 —F— 300
6000 — =
E —— 250
= Yellowish -
. 5000 —] p— —— 200 2500
- — 150
4000 —f— 100
- 3000
— s0
— —0
—— —50
3000 E
—F—100 4000
———150 =
Bluish [ =
2500 Filters ———200 — 5000
—— —250 =
- = 6000
—F——300 3
- E— 7000
———350 = 8000
= 9000
2000 — 400 10000




KODAK Light Balancing Filters

These filters enable the photographer to adjust the color quality of the
illumination in order to obtain cooler (bluer) or warmer (yellower) color

r

rendering.

Biitar WEATIE Increass | 'szoox | "sso0k | ‘smi
in Stops* from: from: Value
82C + 82C 114 2490 K 2610 K —89
82C + 82B 114 2570 K 2700 K 77
82C + 82A i 2650 K 2780 K —62
Bluish 82C + 82 1 2720 K 2870 K =5b
82C 24 2800 K 2950 K —45
82B 2/ 2900 K 3060 K —~32
82A s 3000 K 3180 K —18
82 3 3100 K 3290 K —10
No Filter Necessary 3200 K 3400 K —_
81 3 3300 K 3510 K 10
81A 3 3400 K 3630 K 18
Yellowish 81B 13 3500 K 3740 K 27
81C P72 3600 K 3850 K 35
81D 2/ 3700 K 3970 K 42
81EF 2/ 3850 K 4140 K 53
80A 21 3200 to 5500 ~131
Bluish 80B 2 3400 to 5500 =112
80C 1 3800 to 5500 —81
80D 1 4200 to 5500 ~—56
85C 3 5500 to 3800 81
Yellowish 85 2/ 5500 to 3400 112
85B 2/ 5500 to 3200 131
*These values are approximate. For critical work, they should be checked by practical
test, especially if more than one filter is used.

COMPLEMENTARY FILTERS

. 8 =
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No.44A ... ... Minus Red
INO, 292 S o e B e Minus Green
INO: A2 st st siean 5o 15 on 500555 555 53 08 Minus Blue

WRATTEN PHOTOMETRIC FILTERS

When light sources of different colors are compared on the visual photom-
eter, the color difference introduces difficulty in making an accurate
balance. This difficulty can be eliminated, or at least lessened considerably,

10
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THE NO. 78 SERIES THE NO. 86 SERIES
Mired Mired
Filter No. Description Shift | Filter No. Description Shift
Value Value
78 2360 K to 5500 K —242 86 5500 K to 2360 K 242
78AA 2360 K to 4400 K —196 86A 3200 K to 2360 K 111
78A 2360 K to 3200 K —111 86B 2800 K to 2360 K 67
78B 2360 K to 2800 K 67 86C 2500 K to 2360 K 24
78C 2360 K to 2500 K —24 Dummy For Setting 0°
Note: See page 7 for color temperatures of practical light sources.

if a selectively absorbing filter is placed on one side of the photometer head
so that the difference in color between the two parts of the photometric
field is eliminated, or reduced to such an extent that it no longer interferes
with the precise judgment of brightness equality.

The transmittance of the selectively absorbing filter for light of the
spectral quality which is incident upon it in the photometer must, of course,
be determined. This calibration can be made by taking a sufficiently large
number of observations to obtain the desired precision.

These filters are designed primarily for visual use with a photometer to
reduce color differences between illuminants operating at different color
temperatures. The No. 78 series consists of bluish filters designed, in
general, to be placed on the standard-lamp side of the photometer or
illuminometer to raise the color temperature from the first to the second
value shown. The No. 86 series is yellowish and is designed to be placed
on the test or comparison side of the photometric instrument to lower
the color temperature from the first to the second value.

WRATTEN photometric filters are designed for the elimination of these
disturbing color differences in all types of photometric work. In present-
day photometric practice, the standard of luminous intensity is almost
invariably an electric incandescent lamp standardized for candle power.
In order that this standard will have a satisfactory, long life, it is necessary
that it be operated at a relatively low filament temperature. This means
that the light emitted by such standards is usually much “yellower” than the
illumination which is to be measured, which may come from commercial
tungsten incandescent lamps operating at much higher temperatures, arc
lamps of various kinds, or from natural sources, such as the sun or sky.

In the table above, the color difference, which can be compensated for
by the various photometric filters, is shown in terms of color-temperature
differences. Since some standard lamps operate at a color temperature of

11




approximately 2360 K, this value has been taken as the basis in showing
the color difference for which each member of the photometric group will
compensate.

It should be emphasized that the photometric filters are designed pri-
marily for visual use to reduce the color differences between illuminants
operating at different color temperatures. As a matter of fact, color tem-
perature is a purely psychophysical term and is meaningless in any other
than a visual sense.

Note: These filters are subject to the limitations of commercial produc-
tion, even though the tolerances have been reduced to the minimum
practical values; if they are to be used under circumstances where high
precision is required, they should be calibrated individually.

FILTERS FOR USE WITH MERCURY-VAPOR LAMPS

WRATTEN Principal Lines WRATTEN Principal Lines
Filter No. Transmitted Filter No. Transmitted
22 577 and 578 my 77* 546 my (70%)
50 436 my, 77A% 546 my (55%)
74 546 my 18A 310 to 390 my
*Filters No. 77 and 77A are available only as cemented glass filters.

The great intensity and wide separation of the mercury-vapor-lamp lines
make the lamp well suited to use as a monochromatic light source. The No.
22 transmits the yellow lines, 577 and 578 mp, and all longer wavelengths;
the No. 50 transmits the 436-mp violet line and, to a lesser extent, the
408-, 405-, and 398-mp lines. On account of its great intensity, the line of
wavelength 436 mp completely overpowers the other lines. The No. 74
transmits about 10 percent of the green 546-mpu line and 0.2 percent of
the yellow lines, 577 and 578 mp.

For the transmission of the green line of the mercury-vapor lamp, two
cemented filters, No. 77 and No. 77A, are available. No. 77 has an absorp-
tion band which almost completely absorbs the yellow lines. It transmits
74 percent of the green line and about 0.5 percent of the yellow line, an
amount negligible for most purposes. Filter No. 77A transmits 68 percent
of the green line and a negligible percent of the yellow lines. Where the red
lines of the quartz lamp are objectionable and must be eliminated, Filter
No. 58 should be superimposed on either the No. 77 or No. 77A.

For the isolation of the mercury line at 365 my, in the ultraviolet, filter
No. 18A is suggested. This filter transmits approximately 60 percent of the
365-my line, and, when it is used with a light source giving a continuous
spectrum, it affords a means of obtaining ultraviolet radiation of a fairly
narrow band having its maximum at 360 mp.

12



FILTERS FOR MICROSCOPY

These filters can be used singly or in pairs. By using them in pairs, the
spectrum can be divided into approximately monochromatic portions.

Number Visual Color Spectral Transmission
25 Red From 590 my into the infrared.
58 Green From 480 my to 620 my.
47 Blue From 370 my to 510 my.
35 Purple From 320 my to 470 my and from 650 my into infrared.
22 Yellow-Orange From 550 my into the infrared.
29 Deep Red From 610 my into the infrared.
15 Deep Yellow From 510 my into the infrared.
45 Blue From 430 my to 540 my.
11 Yellowish-Green For correct tone reproduction with tungsten light.

WRATTEN Visual M Filters

Number | Color Use

78AA | Blue A photometric filter which can be used to convert the color quality
of light from incandescent tungsten lamps of the common type to
that which is approximately visually equivalent to daylight. Often
employed for viewing colored specimens with their commonly
accepted standard daylight appearance.

38A Blue A filter for increasing the apparent contrast in faintly stained yel-
low or orange preparations. Helps in the resolution of fine detail.

45A Blue- Especially useful when the highest resolving power visually possi-
Green ble is required, as in the study of diatom structure. It has no red
transmission and its dominant wavelength range is 470-480 my.

66 Light A contrast filter for use with pink- and red-stained preparations.
Green Preferred by some workers for general use in place of No. 78AA.
58 Gieen {\io%c;ntrast filter for use with faintly stained pink or red prepara-
15 Deep
Yellow For increasing the contrast in blue preparations and for helping in
the observation of detail in insect mounts by reducing the con-
22 Yellow- trast between the preparation and the background.
Orange
25 Red Contrast filter for use with preparations stained with Methylene
Blue, Methyl Green, etc.
96 Neutral A filter for reducing the intensity of the illumination. The density

supplied (1.0) transmits ten percent of the incident light.
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NARROW-BAND FILTERS
No. 70, 72B, 73, 74, 75, 76.

These filters isolate relatively narrow bands of the spectrum. With the
exception of WRATTEN Filter No. 76, all are available as gelatin film filters
or as cemented filters in “B” glass. The No. 76 filter is a compound filter
and is available as a cemented-glass filter only.

Narrow-Band Viewing Filter No. 90

This filter, No. 90, of a pure yellow color, transmits a narrow region of the
spectrum. Although it is possible to distinguish between a red and a green
viewed through this filter, the difference between the colors is so dulled that
they no longer materially affect judgment as to their relative luminosity.

NEUTRAL DENSITY FILTERS AND WEDGES

Neutral density filters and wedges are of use in many branches of optical
work since they permit the reduction of light intensity in a known and
definite manner. Those now made by the Eastman Kodak Company are
for the visual region. The neutral density filters and wedges are made to
have certain definite values of optical density which are measured as diffuse
density upon approved types of photometers.

Experience has shown that the transmission of a neutral density filter
may vary as much as 3 percent, depending on the optical system with
which it is used. These variations are caused by interreflections and by
scattering of the light. The Kopax WrATTEN Neutral Density Filter, No. 96,
is supplied within an accuracy of == 5 percent of the stated diffuse optical-
density value for sizes less than 3 inches square (% 10 percent on 3-inch
square or larger sizes) . It is recommended for special work that such filters
be calibrated by direct measurement under the conditions of use.

The Neutral Density Filter, No. 96, is supplied as gelatin film in thirteen
standard densities and as a No. 0 plain gelatin filter (see table, page 15).
It will be furnished in “B” glass only, on special order.

Special calibrated filters can be furnished on order. Requests for quota-
tions on such filters should be accompanied by complete statements of size
and precision required.

A neutral density filter (solid glass) for camera use is supplied in sizes for
use with the Kopak Combination Lens Attachments. It is termed Kopak
ND-3. The density of this filter is 0.90. The ND-3 filter reduces exposure by
three lens stops.

Wedges are listed with or without calibration; calibrated wedges can be
supplied with a balancing wedge which should be ordered at the same
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STANDARD NEUTRAL DENSITIES
i Percent ’ Percent
Density Transmittance Pensity Transmittance
Dummy* 90.0 0.70 20.0
0.10 80.0 0.80 16.0
0.20 63.0 0.90 13.0
0.30 50.0 1.00 10.0
0.40 40.0 2.00 1.0
0.50 32.0 3.00 0.10
0.60 25.0 4.00 0.010
“Undyed gelatin.

time as the wedge. Balancing wedges, which can be supplied to fit any
wedge, are short wedges designed to give a uniform intensity across the
field of view in any instrument in which the working wedge is employed.
The balancing wedge is fixed with regard to the instrument. This wedge
is identical with the lightest portion of the working wedge, and its wedging
direction is opposite to that of the working wedge.

All wedges are supplied within an accuracy of == 5 percent of the stated
diffuse optical density at the dense end of the wedge. Calibrated wedges
are supplied with the densities calibrated within an accuracy of = 2 percent.

All wedges are larger than the size given, which is that of the darkened
area. A margin of 2.54 cm of clear glass is left at the thick end of all
wedges, 2.00 cm of clear glass at the thin end of large wedges, and 1 cm at
the thin end of small wedges. Up to 2 mm wide clear area is maintained
along both sides of standard wedges to insure edge seal and lengthen the
life of wedges.

The absorption of filters and wedges may be defined in terms of their
transmittance or of their density. The density is the logarithm of the re-
ciprocal of the transmittance and may be expressed as follows:

1

Density = logyg ————*
4 =10 transmittance

Sizes of Tinted Area of Neutral Density Wedges
10x 1% em 15x2cm 20x 3 cm

Special Neutral Density Wedges can be made to order. Inquiries should
be directed to the Special Sensitized Products Sales, Eastman Kodak
Company, Rochester, N. Y. 14650.
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SENSITIZING CLASSES AND TYPES

The negative materials supplied by the Eastman Kodak Company may be
divided into classes and types for purposes of description and for con-
venience in the assignment of filter factors. Aside from certain special
sensitizings, such as the infrared and those for scientific purposes, there are
three general classes as follows:

Non-Color-Sensitized materials possess only the ultraviolet and blue-
violet sensitivity inherent in any silver-halide emulsion.

Orthochromatic materials possess sensitivity to green, in addition to the
ultraviolet and blue-violet.

Panchromatic materials are sensitive to red light as well as to the above
colors. They thus respond to all visible colors and to ultraviolet. Panchro-
matic materials differ somewhat with respect to their relative sensitivities
to blue, green, and red light.

The materials coming under these classes and types are described in other
Kopaxk publications, such as the Data Book Kodak Films in Rolls for Black-
and-W hite Photography. A wide range of plates sensitive to special regions
of the spectrum is available for spectroscopic and astronomical work. Partic-
ulars are given in the booklets Kodak Plates and Films for Science and
Industry and Kodak Materials for Emission Spectrography.

MULTIPLYING FACTORS OF FILTERS

Since a filter absorbs part of the light, its use in photography involves an
increase in exposure corresponding to the proportion of effective light
absorbed. The number of times by which the exposure must be increased for
a given filter with a given material is called the multiplying factor of the
filter or the filter factor, and this factor will depend both upon the photo-
graphic material and upon the light source used. A red filter, for instance,
may require an increase in the exposure of thousands of times with a
material having very little sensitivity to red, while with a very red-sensitive
material the increase in exposure may be only three or four times. The same
considerations apply to the use of different light sources. It is meaningless,
therefore, to refer to filters as “two times” or “four times” filters.

The values in the tables and in the direction sheet included in each box
of films or plates should be taken as approximate guides only. The factors
apply strictly to the particular lighting conditions used in determining them
in the laboratory. In practice, where the quality of light may be different,
a slightly different factor may apply.

To determine the filter factor that applies to actual working conditions,
choose a subject having a neutral-gray area, or place a Kopak Neutral
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Test Card or a photographic gray scale in the scene. In photomicrography
the illuminated field without a slide in place can be used. Make one expo-
sure without a filter. Then, with the filter, make a series of exposures
ranging by half-stops through a 2- to 4-stop range of greater exposure,
depending on the filter. Match the density of the unfiltered shot to the
comparable density of one of the filtered series either visually or with a
densitometer. The filter factor can be figured from the difference in expo-
sure between the two.

FILTER FACTORS FOR
GENERAL CLASSES OF Kobak FILMS AND PLATES*
KODAK Non-Color- Ortho- Pan-
WRATTEN Color of Sensitized chromatic chromatic
Filter Filter
Number Sunl’t Tung. | Sunl’t Tung.| Sunl't Tung.
3 Light Yellow 4 3 2 1.5 1.5
4 Yellow 8 5 2 1:5 1.5 1.5
6 K1—Light Yellow 4 3 2 1:5 1.5 1.5
8 K2—Yellow 12 10 25 2 2 1.5
9 K3—Deep Yellow 20 16 25 2 2 1.5
11 X1—Yellowish-Green s w0 oy — . 4
12 Yellow L C 3 2.5 2 1:5
13 X2—Dark Yellowish-Green - - A B s 5 4
15 G—Deep Yellow : i .y 5 3 3 2
23A Light Red 6 3
50 Very Dark Blue L - L S 20 40
25 A—Red 8 6
58 Green . S35 8 5 8 8
478B Blue s g $sn 6 8 8 16
29 F—Deep Red N - A . 25 12
61 Green 12 12
478B Blue 5 o 6 8 8 16
For darkened sky effects, use a factor of 2.5
KbDaK (in addition to the exposure increase required
PoLA- Gray for side lighting), or increase the exposure four
SCREEN times as compared to the exposure for the
same subject with front lighting and without
a KoDAK POLA-SCREEN.
*The filter factors for a specific film or plate may vary somewhat from this listing. See
individual product instructions.
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DESCRIPTIONS AND USES OF FILTERS

Number Description and Use
COLORLESS 0 For compensating thickness of other gelatin filters in optical
systems
1A KopAk Skylight Filter—Reduces excess bluishness in outdoor
color photographs in open shade under a clear, blue sky
YELLOWS 2A Absorbs radiant energy below 405 my
2B Absorbs ultraviolet below 390 my
2C  Absorbs ultraviolet below 385my,
2E  Absorbs radiant energy below 415 my
3 Light yellow (Aero No. 1)
3N5 No. 3 plus 0.5 neutral density
4 Yellow—Approximate correction on panchromatic materials
for outdoor scenes, including sky
6 K1—Light yellow—~Partial correction outdoors
8 K2—Yellow—Full correction outdoors on Type B panchro-
matic materials. Widely used for proper sky, cloud, and
foliage rendering
8N5 No. 8 plus 0.5 neutral density
9 K3—Deep yellow. Moderate contrast in outdoor photography
(with black-and-white films)
11 X1—Yellowish-green. Correction for tungsten light on Type B
panchromatic materials; also for daylight correction with
Type C panchromatic materials in making outdoor por-
traits, darkening skies, or lightening foliage
12 Minus blue. Haze cutting in aerial photography
13 X2—Dark yellowish-green. Correction for Type C panchro-
matic materials in tungsten light
15 G—Deep yellow. Overcorrection in landscape photography.
Contrast control in copying and in aerial infrared photog-
raphy
16 Blue absorption
18A Transmits ultraviolet and infrared only (glass)
ORANGES AND 21 Blue and blue-green absorption
REDS 22 Yellow-orange. For increasing contrast in blue preparations
in microscopy. Mercury yellow
23A Light red. Two-color projection—contrast effects
24 Red for two-color photography (daylight or tungsten). White-
flame-arc tricolor projection
25 A—Tricolor red for direct color separation. Contrast effects
in commercial photography and in outdoor scenes. Two-
color general viewing. Aerial infrared photography and
haze cutting
26 Stereo red
29 F—Deep red. Red color separation from transparencies.
Strong contrast effects. Copying blueprints. Tungsten
tricolor projection
92 Red. For densitometric measurement of color films and papers
MAGENTAS 30 Green absorption
AND VIOLETS 31 Green absorption
32 Minus green
33 Strong green absorption
34 Violet
34A Blue separation
35 Contrast in microscopy
36 Dark violet
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Number Description and Use
BLUES AND 38 Red absorption
BLUE-GREENS  38A Red absorption. Increasing contrast in visual microscopy

39 Contrast control in printing motion-picture duplicates (glass)

40 Green for two-color photography (tungsten)

44 Minus red—Two-color general viewing

44A Minus red

45 Contrast in microscopy

45A Blue-green. Highest resolving power in visual microscopy

46 Blue projection (experimental)

47 C5—Tricolor blue for direct color separation and from KobAk
EkTAcoLOR Film for Dye Transfer. Contrast effects in com-
mercial photography. Tungsten and white-flame-arc tri-
color projection

47A Light blue. Used for medical photography

47B Tricolor blue for direct color separation, separation from
transparencies and from Kobak EkTAcoLor Film for graphic
arts

48 Green and red absorption

48A Green and red absorption

49 C4—Dark blue

49B Dark blue

50 Very dark blue. Mercury violet

94 Blue. For densitometric measurement of color films and papers

98 Blue. For use with Kobak EKTACOLOR Paper—equivalent to a
No. 47B plus a 2B filter

GREENS 52 Light green

53 Medium green

54 Very dark green

55 Stereo green

56 Very light green

57 Green for two-color photography (daylight)

57A Light green

58 B—Tricolor green for direct color separation. Contrast ef-
fects in commercial photography and microscopy

59 Green for tricolor projection (white-flame-arc)

59A  Very light green

60 Green for two-color photography (tungsten)

61 N—Green color separation from transparencies and Kobpak
EkTAcoLOR Film. Tricolor projection (tungsten)

64 Red absorption (light)

65 Red absorption

65A Red absorption

66 Light green. Contrast effects in microscopy and medical pho-
tography

93 Green. For densitometric measurement of color films and
papers

99 Green. For use with KopAak EKTACOLOR Paper—equivalent to a
No. 61 plus a No. 16 filter

NARROW-BAND 70 Dark red. For use with KobAak EKkTACOLOR Paper and color sep-
aration from Kobak EkTacoLor Film (with tungsten)

72B Dark orange-yellow

73 Dark yellow-green

74 Dark green. Mercury green

75 Dark blue-green

76 Dark violet (compound filter)

77 Transmits 546 my mercury line (glass plus gelatin)

77A  Transmits 546 my mercury line (glass plus gelatin)
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Number Description and Use

PHOTOMETRICS 78

Bluish. Photometric filter (visual)

78AA Bluish. Photometric filter (visual)
78A Bluish. Photometric filter (visual)
78B Bluish. Photometric filter (visual)
78C Bluish. Photometric filter (visual)
86 Yellowish. Photometric filter (visual)
86A Yellowish. Photometric filter (visual)
86B Yellowish. Photometric filter (visual)
86C Yellowish. Photometric filter (visual)
LIGHT  80A Blue. Kopak 3200 K filter for Kobpak Daylight Type Color
BALANCING Films
80B  Blue. Kopak Photoflood Filter for Kobak Daylight Type Color
Films
80C Blue. Kopak Photoflash Filter for Kobak Daylight Type Color
Films and clear flashbulbs
80D Blue. Kobak Photoflash Filter for Daylight Type Color Films
and AG-1 (clear) flashbulbs
81 Yellowish. For warmer color rendering
81A Yellowish. For Kopak Type B Color Films with photoflood
lamps
818 Yellowish. For warmer color rendering
81C Yellowish. For Kopbak Type A and Type B Color Films with
clear flashbulbs
81D Yellowish
81EF Yellowish
82 Bluish. For cooler color rendering
82A Bluish. For KobacHroOME II Film, Type A, with 3200 K lamps
82B Bluish. For cooler color rendering
82C Bluish. For cooler color rendering
85 Orange. Kopbak Daylight Filter for Kopak Type A Color Films
85B Orange. Kopbak Daylight Filter for Kopak Type B Color Films
85C Light orange. Kopbak Daylight Filter for Kopak Type F Color
Films
85N3 For daylight exposure of EAsTMAN Color Negative Film at
relatively large apertures
85N6 For daylight exposure of EAstmMAN Color Negative Film at

relatively large apertures

MISCELLANEOUS 79
87
87A
87B
87C
88A
89B
90
96
97

102
106

Photographic sensitometry. Corrects 2360 K to 5500 K
For infrared photography. Absorbs visual

Absorbs visual and near infrared, transmits infrared
Absorbs visual and near infrared, transmits infrared
Absorbs visual, transmits infrared

For infrared photography. Absorbs visual

For infrared photography

Monochromatic Viewing Filter

Neutral filters for controlling luminance

Dichroic absorption

Conversion filter for Barrier-layer photocell (to luminosity)
Conversion filter for S-4 type photocell (to luminosity)

Spectrophotometric Absorption Curves

The absorption curves on pages 24 through 75 show density plotted against
wavelength. Wavelengths are expressed in terms of millimicrons (mp),
one my being equal to 0.000001 millimeter. Density is the common log-
arithm of 1/transmittance. A density of 1 corresponds to a transmittance of
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10 percent, a density of 2 to a transmittance of 1 percent, and a density of 3
to a transmittance of 0.1 percent. See table on pages 76 and 77.

The curve of Filter No. 58 on page 43 shows a density of a little less than
0.3 at wavelength 520 mu. This indicates a transmittance of a little more
than half the incident light. This is confirmed by the table of transmittances
on the same page. The transmittance at 520 mp is 52.5 percent. At wave-
lengths of 494 and 579 mp, the curve shows a density of 1, indicating a
transmittance of 10 percent of the light at this point. Similarly, the trans-
mittance drops to approximately 1 percent at wavelengths 478 and 604 mp.
Thus, from these curves the transmittance at any point can be seen, while
the general shape of the curve gives a very good idea of the transmittance
ata glance.

Where the spectra extend into the ultraviolet, the absorption has been
determined either photographically or photoelectrically in a quartz spectro-
photometer. Transmission in the ultraviolet at wavelengths less than 330
mpu will be eliminated in the case of cemented filters, as glass absorbs ultra-
violet radiation of wavelengths shorter than about 330 mp. This is shown
in the first absorption curve (page 23).

Nearly all dyed gelatin film filters transmit freely in the infrared.

The absorption curves and transmittance data are given as representing
standard unmounted samples of Kopak WrarTeN Filters. They are in-
tended only for the information of users in choosing filters which will meet
their requirements. Values read from the curves or taken from the tables of
data should not be used by research workers as representing precisely the
absorption characteristics of a particular filter. If such precise data are
needed, they should be determined for the particular filter being used. If
facilities are available, this can be done by the user of the filter. The
Eastman Kodak Company will be pleased to quote prices on calibrated
filters, or such calibrations can be obtained from commercial or national
standardizing laboratories.

Colorimetric Specifications

In addition to spectral transmittance data at wavelength intervals of 10 my,
the tables give dominant wavelength in millimicrons, percentage of excita-
tion purity, percentage of luminous transmittance, and the colorimetric
coordinates x and y, for both the standard source A (incandescent tungsten,
2854 K) and the standard source C (artificial daylight). Chromaticity
diagrams showing the plots of the colorimetric coordinates are also in-
cluded (see pages 60 through 63).

Values of wavelength followed by ¢ indicate the complementary wave-
lengths of purple filters which do not have a dominant wavelength. In the
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case of the extreme red and near infrared filters No. 18A, 87, 88A, and 89B,
dominant wavelength is indeterminate (because all wavelengths greater
than 700 mp are coincident at x = 0.7347, y = 0.2653). For these filters,
the wavelength centroid, weighted according to luminosity, is given in place
of dominant wavelength.

All of these colorimetric specifications are based on the 1931 CIE stand-
ard colorimetric and luminosity data. (Reference: The Science of Color,
OSA Committee on Colorimetry, T. Y. Crowell, N. Y., 1953). The tab-
ulated values were determined from the tabulated spectral transmittance
data. Their accuracy and applicability to particular samples are subject to
the limitations stated for the spectral transmittance data.

Filter Stability

For purposes of filter manufacture, it is necessary both to select a standard
and to establish limits within which a filter coating will be acceptable for
use. These limits, as well as the standard, are represented by material
samples and also by spectrophotometric data taken from the actual samples.
After the limits have been established, the physical data—the spectral-trans-
mittance curves—become the permanent records of the characteristics of
any given filter. In general, these curves represent a == 5 percent variation
in total transmittance from the standard.

The stability of a filter is arbitrarily related to the manufacturing toler-
ances. In establishing the stability classifications, each filter is exposed to a
selected light source for a specific time interval. The extent of change is then
expressed as a fraction or multiple of the difference between the light and
dark limits that define acceptability in the spectral region from 400 mpu
to 700 mp.

Class A—Stable. The filter shows a change no greater than one-half the
difference between the limits.

Class B—Relatively Stable. The filter shows a change which may be
equal to but not greater than the difference between the limits.

Class C—Somewhat Unstable. The filter shows a change greater than
the difference between the limits, but not more than twice this difference.

Class D—Unstable. The filter shows a change greater than twice the
difference between the limits.

The filter-stability classification is shown under each spectrophotometric
curve. The classification letters are given in the order of the following
stability-tests:

1. Two weeks’ exposure to daylight in a south window.

2. Twenty-four hours’ exposure to a “Fade-Ometer.”

3. Two weeks’ exposure at two feet from a 1000-watt tungsten lamp.
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Example of Stability Rating: ABA means that the filter was stable to the
daylight test, relatively stable to the Fade-Ometer test, and stable to the
tungsten-lamp test.

Notice: The dyes used in filters, like other dyes, may, in time, change.
Filters will therefore not be replaced or otherwise warranted against any
change in transmittance.

Thickness of WRATTEN Filters

Kopak WraTTEN Gelatin Filter film has a thickness of 0.1 mm plus or minus
0.01 mm. Because of its uniform thickness, the gelatin filter is desirable for
precise work that can tolerate little effect on definition and no increase in
length of the optical path. Kopak WraTTEN Filters cemented in “B” glass
squares and circles are approximately 4.7 mm in thickness. The Kopak
WraTTEN Filters in series sizes for use with Kopax Combination Lens At-
tachments are also cemented in “B” glass and vary in thickness according
to the diameter or series designation. They range in thickness from 2.7 mm
(Series IV) to 4.7 mm (Series IX).
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WAVE PERCENT TRANSMITTANCE

- 0 50 0 LENGTH No. 0 No. 1A No.2A
400 880 590 —
10 885 760 4.0
20 839 820 420
30 89.3 846 74.0
40 89.6 860 827
50 89.8 868 85.6
60 89.9 872 87.0
70 9.1 875 88.1
80 90.3 87.3 888
90 90.4 868 89.4
—~ “ = e 500 905 863 89.7
Stabilty: AAA 10 90.6 855 90.0
20 90.7 848 90.2
30 9.7 843 90.3
40 9.8 840 904
50 90.8 839 905
60 90.9 841 90.6
70 90.9 848 90.6
20 ™ 0 70 80 9.9 860 90.7
90 91.0 874 907
600 91.0 885 90.8
10 91.0 895 90.8
20 91.0  90.2 90.9
30 91.0 906 90.9
40 91.1 90.8 90.9
50 91.1 91.0 91.0
60 91.1 911 91.0
70 91.1 911 91.0
80 91.1 911 911
— 90 91.1 911 911
300 400 500 700
Stability: ACA 700 9.1 911 911
Wominant (M) 578.5 507.5¢ 579.5
plton oy L5 20 78
FoLuminous (1) 909 865 90.5
300 400 500 700
T 0.4484 0.4524 0.4519
Ya 0.4080 0.4042 0.4131
Novanant (€) 573.5 497.6c 568.6
Pajates 46y 07 12 68
foruminous (¢)  90.8  85.9 90.3
Xc 0.3112 0.3132 0.3177
ye 0.3177 0.3147 0.3310
300 400 500 700
Stability: AAA



WAVE PERCENT TRANSMITTANCE
LENGTH No. 2B No. 2C  No. 2E

400 19.0 380 —
10 480 605 —
20 67.0 742 87
30 753 798 511
40 80.0 831 758
50 830 851 822
60 85.2 865 84.8
70 86.7 87.8 86.4
80 88.1 885 87.6
90 888 89.2 884

500 895 89.8 89.0
10 89.9 900 894
20 90.3 902 897
30 90.5 904 89.9
40 906 905 90.1
50 90.7 906 90.2
60 90.8 907 904
70 90.9 90.8 905
80 90.9 909 90.6
90 91.0 91.0 90.6

600 91.1 911 907
10 91.2 912 908
20 91.3 913 909
30 91.3 914  90.9
40 914 915 910
50 914 915 91.0
60 91.5 916 911
70 915 916 91.2
80 91.6 917 913
90 91.7 917 914

700 91.8 917 914

Dominant

Wave Lgth. (A) 581.0 581.0 580.2

pioum ) 70 50 120

% Luminous (n) 998 90.8 90.3

Transmit.

Xp 0.4526 0.4512 0.4557
Ya 0.4126 0.4113 0.4169

Dominant  (C) 569.8 570.2 569.0

e il

Y Luminous (0) 905 90.5 89.9

Transmit.

xc 0.3178 0.3158 0.3238
ve 0.3298 0.3259 0.3426

TRANSMITTANCE
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£

TRANSMITTANCE
*®

8

— DENSITY

200

3¢
— DENSITY ~

TRANSMITTANCE
E

100% 0
200

300 400 500 600 700

300 400 500 600 700
Stabiity: ACA

300 400 500 600 700

30 40 500 600 700
Stability: AAA

300 400 500 600 700

BRI

300 400 500 600 700

Stability: BCA
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WAVE PERCENT TRANSMITTANCE

LENGTH No.3 No.3N5 No.4
300 400 500 600 700
400 > - =
10 - - -
20 - - =
30 036 — -
40 178 — -
50 1.5 159 —
60 380 940 6.9
70 68.0 185 42.0
80 80.8 235 74.0
90 852 255 847
300 400 500 600 700 500 86.9 263 875
Stability: CCD 10 87.8 26.7 885
20 884 27.0 89.1
30 89.0 272 894
40 89.5 275 89.6
50 89.8 27.8 89.8
60 90.1 27.9  90.0
70 %0.4 280 90.2
0 0 500 60 0 80 90.6 284 904
90 90.7 29.0 90.6
600 90.8 295 90.8
10 90.9 295 90.9
20 91.0 293 91.0
30 91.0 291 911
40 91.1 29.0 912
50 912 294 913
60 91.3 296 914
70 914 29.8 915
80 915 30.0 915
90 916 302 916
300 400 500 600 100
Stability: AAA 700 91.7 31.0 91.6
Naminant . (A) 580.0 581.2 580.0
Fachation (a) 50.0 520 64.0
Joluminous (p) 97 281 89.5
) ) 500 00 10 Transmit. ()
Xa 0.4803 0.4851 0.4887
YA 0.4470 0.4447 0.4579
Naminant . (C) 569.4 570.5 569.6
Pasigtiom [¢) 503 6.3 65.1
forumisut in) 88,3 274 BT.Y
xc 0.3752 0.3873 0.3955
ye 0.4382 0.4485 0.4734
ST
300 400 500 600 700
Stability: CCC



WAVE PERCENT TRANSMITTANCE

LENGTH No.6  No.8 No.8N5
400 740 — -
10 832 — =
20 104 — -
30 135 — -
40 189  — -
50 276 — —
60 39.0 025 0.16
70 523 550 2.0
80 65.8 190 6.3
90 76.8 41.0 132
500 835 63.5 20.0
10 87.0 780 243
20 884 841 267
30 89.0 865 28.0
40 89.4 877 286
50 89.7 884 29.0
60 89.9 888 293
70 90.1 892 295
80 90.3 895 296
90 90.5 898 29.8
600 90.6 90.1 29.9
10 90.7 903 296
20 90.8 905 29.4
30 90.9 907 29.1
40 91.0 909 288
50 91.1 910 289
60 91.2 911 292
70 91.2 912 294
80 91.3 913 295
90 914 914 297
700 915 915 302
Dominant () 580.3 581.2 581.1

Excltion ) 475 835 840

% Luminous (A) 89.2 86.6 28.3

Transmit.

XA 0.4796 0.5078 0.5077
YA 0.4444 0.4670 0.4673

Dominant

it (&) 570.2 5718 5720

Facitation  (c) 447 852 85.2

Yo Luminous (o) g75 827 27.0

Transmit.

xXc 0.3704 0.4353 0.4362
Yc 0.4225 0.5088 0.5079

TRANSMITTANCE

TRANSMITTANCE

TRANSMITTANCE

200 300 400 500 600 700
1% 3
|
1% 1
2
a
0% 1
100% 0
200 300 400 500 600 700
Stability: BBA
200 300 400 500 600 700
% 3
1% 2
2
=
0% 1
100% 0
200 300 400 500 600 700
Stability: AAA
200 300 400 500 600 700
% 3
1% 2
=z
0% 1
100% 0
200 300 400 500 600 700
Stability: AAA

27

(K1)

(K2)
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w 1%
=
9 =
=
(K3) £
=
= 0%
100%
1%
w 1%
=
n E
{—
=
x =
S
= 10%
100%
1%
w 1%
=
=
S
12 2
=
=10%
100%

~

—  DENSITY

200

~

—  DENSITY

200

~

—  DENSITY

200

28

WAVE

PERCENT TRANSMITTANCE

) w 500 600 700 EENGTR o e
400 o - =
10 - - -
20 - 016 —
30 - 029 -
40 - 056 —
50 - 132 —
60 - 400 -
70 178 120 -
80 831 260 —
90 207 437 -
300 400 500 600 700
Stability: AAA 500 She aBi0 kb
10 488 600 17.3
20 620 602 55.0
30 760 57.8 778
40 838 542 86.0
50 87.0 500 884
60 883 448 894
70 888 389 897
300 400 500 600 700 80 89.1 331 901
90 893 276 903
600 895 227 904
10 89.7 19.0 905
20 89.8 149 907
30 899 114 908
40 90.0  9.10 90.9
50 90.1  8.05 91.0
60 90.1  7.50 91.1
70 902  7.05 91.2
80 902 650 91.2
90 903  6.10 91.2
300 400 500 600 700
Stability: AAA 700 90.3 6.20 91.3
Nominant. () 582.8 552.5 583.6
Pocitation  (g) 905 50.0 965
o Luminous (p) 824 363 81.2
300 400 500 600 700
Xa 0.5223 0.3833 0.5331
Ya 0.4623 0.5421 0.4610
Wordnant . (C) 5744 550.3 576.3
Picliation () 915 607 97.7
foLuminous (¢) 76,6 40.2 73.8
Yo 0.4605 0.3063 0.4825
ye 0.5068 0.5435 0.5083
e AU ]
300 400 500 600 700
Stability: AAA



WAVE

PERCENT TRANSMITTANCE

LENGTH  No.13 No.15 No. 16
400 = = -
10 o= = _
20 - — -
30 018 — -
40 050 — —
50 135 — _
60 408 — _
70 110 - _
80 235  — -
90 390 — _
500 508 - -
10 552 1.0 —
20 56.5 19.4  3.00
30 550 56.2 22.0
40 51.0 77.6 48.0
50 46.0 856 69.5
60 39.2 882 795
70 320 893 840
80 25.1 89.8 863
90 182 90.1 87.8
600 135 904 89.0
10 9.60 90.5 89.6
20 6.40 90.6 90.0
30 366 907 90.2
40 220 90.8 90.3
50 158 90.9 90.4
60 174 910 905
70 262 91.1 90.6
80 355 91.1 90.7
90 448 911 90.8
700 525 91.1 90.8

Dominant ~ (A) 537.1 585.9 588.7

Excitation (p) 460 98.0 99.0

Yo Luminous (1) 300 755 67.9
xa 0.3381 0.5485 0.5667
Va 0.5741 0.4481 0.4314

Qominant (C) 542.0 579.2 582.7

Bontion () 57.6 990 994

% Luminous () 345  66.6 57.7
xc 0.2723 0.5048 0.5289
Yo 0.5618 0.4905 0.4684

200 300 400 500 600 700
% 3
w % 2
= B
3z
s s
bl (1 S|
100% 0
00 300 400 500 600 700
Stability: ABA
200 300 400 500 600 700
% 3
w 1% 2
=
= >
: Z
= =)
=
=%
00% 0 sl
200 300 400 500 600 700
Stability: AAA
00 300 400 500 600 700
1% 3
w 1% 2
=
= >
= g
5 a
=% 0
oz 0 Ep R
200 300 400 500 600 700
Stability: AAB

29
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(X2)

15

(6)

16



18A

(Glass)

21

22

TRANSMITTANCE

TRANSMITTANCE

=3
®

*
~

— DENSITY

Bl
~

—  DENSITY

0% 0

TRANSMITTANCE

=
~

—  DENSITY

=3
®

100% 0

30

WAVE

PERCENT TRANSMITTANCE

- 0 50 60 700 LENGTH  No.18A No.21 No. 22
400 - =~ =
10 - - -
20 - - -
30 - - -
40 - = =
50 - - -
60 - - -
70 - - -
80 - - -
90 - - -
300 400 500 600 700
Stability: AAA 5[1]3 Sl
20 - - -
30 - - -
40 - 250 —
50 — 290 025
60 — 650 19.0
70 — 806 60.0
30 400 500 600 700 80 - 85.4 81.0
} [ 90 - 873 870
600 — 8.1 885
10 — 887 89.0
20 —  89.0 895
30 — 895 89.8
40 - 89.9 900
50 — 902 90.1
‘ 60 — 904 902
» 70 — 905 903
1 80 — 905 904
300 400 500 600 700 90 — 90.6 90.5
Stability: CBB
700 0.36 90.6 90.6
Nominant. (A) 7200 593.7 598.8
Facitation (1) 100.0 100.0 100.0
foLuminous () 0.0011 57.4 48.2
300 400 500 600 700
X4 0.7347 0.5955 0.6214
Va 0.2653 0.4037 0.3780

n
Wave Lgth. (c)

720.0 588.9 595.1

Excitation
Purity (c)

100.0 999 99.9

9% Li i
Fapamitos ()

0.0004 456 358

Xc
Yo

0.7347 0.5686 0.6030
0.2653 0.4304 0.3964

300 400 500 600 700

Stability: BAC



WAVE PERCENT TRANSMITTANCE

LENGTH  No. 23A No.24 No. 25
400 - = -
10 - - -
20 = = -
30 = i -
40 = - -
50 - - -
60 = — -
70 = = -
80 - - —
90 - - -
500 — - -
10 - s -
20 - - -
30 s = =
40 - = -
50 - - -
60 — = -
70 110 - -
80 470 455 —
90 69.6 37.3 12.6
600 827 723 500
10 85.8 829 75.0
20 87.2 864 826
30 87.9 87.8 855
40 885 885 86.7
50 89.0 89.0 876
60 89.4 89.3 882
70 89.6 89.7 885
80 89.8 89.9 89.0
90 90.0 90.2 89.3
700 90.2 90.3 89.5
pumiiet M) 6055 6125 617.2
Frcitation  (8) 100.0 100.0 100.0

9% Luminous (A) 36.3 27.5 22,5

Transmit.

Xp 0.6498 0.6735 0.6850
YA 0.3498 0.3263 0.3147

Dominant

Wave Lgth. (C) 602.6 610.6 615.3

Excitation  (6) 999  99.9 100.0

urity

FoLuminous (6) 250 177  14.0

Xc 0.6386 0.6675 0.6808
yc 0.3610 0.3322 0.3190

TRANSMITTANCE
=

=3
®

— DENSITY

100% 0

*®
~

TRANSMITTANCE
—  DENSITY

100% 0

TRANSMITTANCE
B

=)
»®

—  DENSITY

100% 0

300 400 500

300 400 500
Stability: BAB
300 400 500
300 400 500
Stability: AAB
300 400 500
300 400 500
Stability: AAA

600 700
600 700
600 700
600 700
600 700
e
600 700

31

23A

24

25

(A)



26

29

(F)

30

TRANSMITTANCE
B

=3
B

100%

TRANSMITTANCE
5

=3
E

100%

TRANSMITTANCE
i

&

—  DENSITY

~

—  DENSITY

~

— DENSITY

200

32

WAVE

PERCENT TRANSMITTANCE

30 00 500 400 700 LENGTH No. 26 No.29 No. 30
400 = — 505
10 — — 14838
20 = — 492
30 - — 506
40 = — 497
50 = — 452
60 & - 268
70 = - 126
80 = = 4.73
90 - - 0.62
300 400 500 600 700
v 500 ey = =
Stability: AAA 10 =K _ _
20 - = —
30 = - =
40 — — -
50 = = =
60 = = =
70 N — 150
300 400 500 600 700 80 — — 53.8
90 290 — 795
600 300 — 872
10 63.2 105 89.2
20 789 450 89.9
30 840 735 90.3
40 86.1 842 905
50 87.2 878 906
60 83.1 89.2 908
70 885 89.8 90.9
80 889 903 91.0
™ 0 500 0 ™ 90 89.2 904 91.0
Stability: AAA
ability 700 89.5 905 91.1
Wominant . (A) 620.6 6327 505.5¢
Fackation () 100.0 100.0 58.5
Tonemit'® () 19.1 110 37.8
500 600 700
= - xy  0.6926 0.7116 0.6023
Ya 0.3073 0.2883 0.3175
Novanant. (C) 618.9 631.6 498.6¢
Fachation  (€) 100.0 1000 62.5
foluminous @) 116 63 26.6
x 0.6894 0.7102 0.4520
C
0.3105 0.2898 0.2270
Yc
300 400 500 600 700
Stability:BBC



WAVE PERCENT TRANSMITTANCE
LENGTH No. 31 No. 32 No. 33

TRANSMITTANCE

400 138 380 0.85
10 145 379 071
20 164 400 117
30 255 430 1.9
40 427 555  5.36
50 50.2 660 14.3
60 404 660 124
70 226 570  5.00
80 820 40.0  0.50
90 185 210 —

500 012 956 —
10 — 2Bl —
20 — 043~
30 - - -
40 = = =
50 - - =
60 - - -
70 - - -
80 - - -
90 063 - -

600 260 6.0 —
10 67.2 410  0.80
20 840 750 24.9
30 88.1 86.1 60.8
40 89.8 89.0 78.0
50 902 90.0 85.0
60 904 90.6 87.5
70 90.5 907 887
80 90.7 90.8 89.4
90 90.8 90.9 89.8

700 91.0 91.0 90.0

Dominant () 512.6c 546.8c 506.6¢

Excitation (A) 80.0 77.0 90.0
Purity

% Luminous (A) 19.8 16.9 8.9

Transmit.

Xa 0.6095 0.5410 0.6733
YA 0.2623 0.2281 0.2641

3,";\‘;‘;"@;{“. (C) 513.2c 551.8¢c 498.0c

Excisie (o) 818 795 883

Yo iumlnodsie) 129 125 5.2

TRANSMITTANCE

=3
*»

Xc 0.4044 0.3079 0.5198
Yc 0.1572 0.1179 0.1947

Bl
~

— DENSITY

100% 0
00 300 400 500

Stability: CCB

200 300 400 500 600 700
J% 43
w 1% 2

g
=
:
2 B
=

=0% 1
100% 0

200 300 400 500 600 700

Stability: CCA

200 300 400 500 600 700
1% 3
1% 2
2
a
0% 1
100% 0

200 300 400 500 600 700

Stability: CCD
500 600 700

33

31

32



34

34A

35

TRANSMITTANCE

100%

TRANSMITTANCE

TRANSMITTANCE
=

S
B

100%

WAVE

PERCENT TRANSMITTANCE

- i 0 - o 0 LENGTH No. 34 No. 34A No. 35
3
' 400 640 — 480
10 70.1 45 57.0
20 720 400 57.6
2 30 68.4 69.7 47.5
= 40 582 687 29.5
g 50 423 562 123
e 60 252 405 3.5
: mE 70 121 238 025
|| 80 27 90n TR
— 90 012 |1 2:30 MRS
0
m 0 40 50 600 700 500 = 033 -
Stability: DDD 10 = = =
20 = = =
30 = — %
40 = = =
50 - = =
60 s - =
70 = N -
80 = = =
3 90 = = .
600 = — -
: 10 - 013 -
20 = 1.0] 55
S 30 - 63 —
2 40 04 220 —
1 50 40 450 0.1
60 207 650 3.0
70 452 773 19.0
p 80 66.5 85.0 435
20 300 400 500 700 90 78.8 88.2 66.0
Stability: DCC
700 85.0 89.8 77.7
oinant. (A) 577.5c 574.0c 577.2c
e ltation 940 915 97.0
9% Luminous
200 300 400 500 600 700 Transmit. T2 0.47
3
x 0.2764 0.3917 0.2863
Ya 0.0692 0.1286 0.0650
2 # Wawinant . (€) 427.0 565.6c 566.9¢
z & R - 947 906 96.6
] u Jo.Laminouy 124 29 043
] ] Xc 0.1772 0.2060 0.1813
Yo 0.0230 0.0432 0.0168
0
200 300 400 500 600 700
Stability: CDD

34




WAVE PERCENT TRANSMITTANCE

LENGTH No. 36

No. 38 No. 38A

400 36.5 605 33.9
10 455 66.5 435
20 455 725 531
30 327 753 575
40 152 762 58.1
50 3.7 175:9 567
60 035 748 54.2
70 = 734 510
80 — 716 475
90 L 69.5 438
500 =, 66.7 39.7
10 et 63.9 35.7
20 = 60.8 31.8
30 = 57.0 -27.71
40 - 526 2238
50 — 480 182
60 - 42.8 13.7
70 - 370 96
80 - 30.6 6.3
90 - 25.5 3.9
600 - 209 26
10 - 168 16
20 — 12.9 1.0
30 = 10.0 0.5
40 - 779 02
50 — 6.68 —
60 021 620 —
70 5 §oy =~
80 29.0 541 —
90 550 490 —
700 71.3 5,00 —
3“;’:;"&""". (A) 576.9c 494.3 489.3
i w %0 w5 s
Slumimows () 029 361 12.6

x4 02969
ya  0.0673

0.3062 0.1934
0.4038 0.3263

Romlnent  (¢) 566.6¢

483.5 4788

Excitation € 97.6

urity

41.7  69.7

Yolsmisem @y 0.23

425 17.3

xc  0.1837
ye  0.0154

0.2122 0.1606
0.2583 0.1796

TRANSMITTANCE
DENSITY

100% 0
200

TRANSMITTANCE
=

£

—  DENSITY

100% 0

TRANSMITTANCE
5

=3
®

— DENSITY

100% 0

30 40 500 600 "
300 400 500 600 0
Stability: CCC
300 400 500 600 70
300 400 500 00 ™
Stability: BCA
300 400 500 600 700
]
" e 50 600 700
Stability: BBB

35




39

(Glass)

40

44

TRANSMITTANCE
*®

£

TRANSMITTANCE
=

£

TRANSMITTANCE
=

8

m k) ) 50 600 )
3
7
=
2
=]
|
0
m 0 ™) 500 60 0
Stability: AAA
m k) 40 500 ) 0]
3
1
=
£
=
1
0
) 00 40 50 60 0
Stabllity. CBC
m ) 40 500 600 )
3
?
=
2
=
1
0
) ) 0 500 0 700
Stability: DDD
36

WAVE

PERCENT TRANSMITTANCE

LENGTH No. 39 No. 40 No. 44
400 852  — 0.43
10 782 - 0.27
20 705 — 0.40
30 633 — 3.24
40 53:6: = 18
50 425 - 247
60 285 316 357
70 173 216 455
80 102 447 533
90 400 614 567
500 1.33 702 554
10 035 724 499
20 — 705 410
30 - 648 293
40 — 555 17.0
50 - 442 758
60 — 325 240
70 - 203 036
80 - 956 —
90 - 320 -
600 - .10 -
10 - 032 -
20 - — —
30 - - =
40 - - -
50 —~ - =
60 - - -
70 - - -
80 050 080 -
90 406 699 0.32
700 17.8 235 248
omitath. () 4545 513.4 495.1
pittien () 98.0 535 765
o Luminous (n) 039 262 103
A 0.1570 0.2229 0.1236
Ya 0.0287 0.6165 0.4126
o fath. (C) 450.8 516.2 488.7
Ficiation () 939 486 734
Joluminous 1oy 115 3316 . 156
Xc 0.1574 0.1823 0.1200
ye 0.0216 0.5611 0.2807




WAVE PERCENT TRANSMITTANCE

LENGTH  No. 44A No. 45 No. 45A
400 155 — —
10 141 — =
20 339 — -
30 135 — 1.00
40 307 420 881
50 430 182 174
60 495 302 209
70 523 359 216
80 53.3 372 205
90 523 351 18.0
500 49.1 288 144
10 443 188 10.1
20 376 89 560
30 289 235 252
40 19.1 033 0.64
50 107 — 0.10
60 468 — =
70 138 — -
80 019 — —
90 a - -
600 - - —
10 2 - -
20 = - -
30 - - -
40 - - -
50 - = -
60 - = -
70 E N =
80 E - -
90 021 — 0.20
700 071 049 2.24

pominant () 4919 486.6 4835
Eratation (%) 76.0 90.0 90.5
% Luminous (A) 10.1 28 15

Transmit.

0.1348 0.0998 0.1122

XA

Va 0.3549 0.2451 0.1996
ominant(C) 484.2 4815 477.6
Fachation (¢) 752 886 89.6
Joluminous;(py 152 52 2.8

xc 0.1314 0.1108 0.1222

Yo 0.2199 0.1692 0.1305

200 300 400 500 600 700
J% 3
w 1% 2
=
E E
= = 44A
_Z( e
=
x
100% 0
200 300 400 500 600 700
Stability: DOD
1% 3
- 1% 2
=
= .
= =
2 B 45
0% 1
100% 0
400 500
Stability: DDD
200 300 400 500 600 700
J% 3
w 1% 2
=
-
E =z
:E 45A
-
=% 0
100% 0
200 300 400 500 600 700
Stability: €CB

37




1%
w 1%
=
E
4 3
=
=10%
100%
1%
w 1%
47 &
©5) =
=
0%
100%
A%
w 1%
Z
=
47A =
2
=
i (173
100%

200 300 400 500
3
?
= =
2
s
1
0
200 300 400 500
Stability: DDD
200 300 400 500
3
4
=
g
a
1
0
200 300 400 500
Stability: BBB
00 300 400 500
: ]
2 d

DENSITY

400 500
Stability: AAA

600

600

700

700

700

WAVE PERCENT TRANSMITTANCE
LENGTH No. 46  No. 47 No. 47A

400 1.20 7.80 26.4
10 0.60 174 403
20 0.80 340 545
30 598 47.0 62.1
40 19.0 503 635
50 30.1 483 618
60 33.8 434 582
70 321 362 53.0
80 270 285 464
90 202 196 386
500 1.1 113 295
10 439 564 20.3
20 1.66 191 11.9
30 035 036 544
40 = = 1.95
50 — L lesdiisg
60 = =08
70 . — TR
80 _
90 I
600 x = =
10 I
20 = o
30 £ e
40 PR <
50 S
60 = e
70 = = “ode
80 - - 033
90 025 — 059
700 085 — 0.96

agvme"tag"'ﬁ_ (R) 475.1 470.1 4775

E::ii::ﬁt’" (A) 955 96.0 917

Joluminous (py 105 12 34

Transmit.

Xy 0.1245 0.1371 0.1322
YA 0.1014 0.0724 0.1361

wowaant - (C) 470.4 463.8 469.7

Bitation (0) 949 957 918

Yoluminous (¢) 94 28 66

Transmit.

xc 0.1327 0.1451 0.1410
yc .0.0727 0.0485 0.0790




WAVE PERCENT TRANSMITTANCE

LENGTH No. 47B  No. 48 No. 48A
400 160 096 4.51
10 29.5 3.16 9.32
20 43.6 8.25 16.9
30 50.0 15.0 224
40 47.2 226 259
50 36.0 303 271
60 250 332 232
70 13.2 296 16.6
80 45 224 9.78
90 1.3 141 4.57
500 017 7.30 162
10 - 264 0.26
20 ul 050 —
30 - = -
40 - = ey
50 - - =
60 - - -
70 - — -
80 = - -
90 = - -
600 = - -
10 - — —
20 - - -
30 - — N
40 — — -
50 - - -
60 - - =
70 - - -
80 — — —
90 - — -
700 - - -
Dominant

Domisaat  (x) 4527 4711 4625

Excitatinn (A) 99.0 96.5 98.0

urity

% Luminous (n) 023 075 (.31

Transmit.

XA 0.1554 0.1320 0.1453
Ya 0.0220 0.0743 0.0407

Dominant

Wave Leth. (C) 449.4 466.5 458.0

s:fiittyaﬁo" () 994 96.1 98.2

FoLuminous () 079 1.86 0.88

xXc 0.1579 0.1393 0.1499
yc 0.0187 0.0547 0.0318

5
~

TRANSMITTANCE
—  DENSITY

10%

100% 0
200

TRANSMITTANCE
3

3
®

—  DENSITY

100% 0

TRANSMITTANCE
3

3
®

—  DENSITY

100% 0

300 400 500

300 400 500
Stability: BBB
300 400 500
l
300 400 500
Stability: CBC
300 400 500
300 400 500
Stability: AAA

600

600

600

700

700

700

700
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478

48

48A




49

(C4)

498

50

00 300 400 500 600 700
% 3
w 1% 2
=
-
E E
= 2
= H
=
0% —
100% 0
200 300 400 500 600 700
Stability: BCB
0 300 400 500 600 700
% 3
w 1% 2
=
E =
= g
£ 8 o
=
=%
100% 0
200 300 400 500 600 700
Stability: AAA
200 300 400 500
| .
w %02
=
=<
E & .
g 2
=
il 3 |
100% 0 .
200 300 400 500 600 700
Stability: CCB

WAVE
LENGTH

PERCENT TRANSMITTANCE
No. 49 No. 49B  No. 50

400 3:30° 1.5 =
10 428 2500
20 6:93 il e
30 1120 7.8¢ 16
40 189 141 82
50 256 182 137
60 240 148 105
70 15:70 4720t
80 693 22 09
90 2.14 101235 =

500 046 — -
10 - = =

20 o can g
30 R
40 v, i
50 = e
60 N
70 = e =
80 TR
90 = .

600 - - -
10
20 N =
30 - ==
40 R
50 B R
60 — sl
70 — el
80 = i
90 = o

700 = = =

Dominant
Wave Lgth.

(A) 461.0 457.7 457.7

98.5 99.0

Excitation (A) 99.5

Purity

% Luminous

Transmit. (A) 0.23

0.11  0.079

0.1457 0.1492 0.1488

XA

y,  0.0353 0.0285 0.0279
Dominant  (G) 457.8 455.3 4557
Eucitation ) o35 992 994
YoLuminous (6) 069 0.36 0.26

Xc 0.1491 0.1517 0.1509
Yc 0.0299 0.0252 0.0254




WAVE

PERCENT TRANSMITTANCE

LENGTH No. 52 No. 53 No. 54
400 2.18 030 —
10 1.51 022 —
20 0.80 009 -—
30 044 — —
40 041 — —
50 069 — -
60 145 — —
70 270 010 —
80 49 071 —
90 850 214 —
500 13.3 447 —
10 18.2 7.24 0.10
20 23.7 107 0.31
30 285 14.0 0.64
40 32.1  16.6 0.89
50 334 - 1733 0.93
60 31.0 154 0.62
70 25,6 114 0.21
80 19.1 6.90 —
90 12.6 3.60 —
600 7.78 141 —
10 4.17 040 —
20 234 015 -—
30 1.38  — -
40 080 — -
50 0.54 — -
60 036 — —
70 027 -— —
80 023 — =
90 0.19 -— —
700 017 - -

ominent (A) 554.9 552.0 545.8

Excitaton () 710 825 940
JoLuminous () 183 81  0.027

x
YA

0.3684 0.3382 0.2829
0.5875 0.6327 0.6997

a';"""e“l'i’;:" (C) 553.2 551.0 546.1

Excitation
Purity (C)

17:2

89.2

97.1

9% Lumin
T:'anls‘mit.‘ms [c)

20.1

9.0

0.032

Xc
Yc

0.3213 0.3090 0.2746
0.5902 0.6459 0.7060

TRANSMITTANCE

TRANSMITTANCE
B

=
R

100%

Ed

TRANSMITTANCE

£

100%

) 30 40 500 600 700
3 11
2 o
= 52
=
s
!
0
0] 300 0 500 600 700
Stability: AAB
0 30 400 500 600 700
3
2
S 53
: k
1 —
0
0 30 0 500 600 700
Stability: AAB
3
2
=
2
g 54

0

Pl 300 400 500 600 700
Stability: AAA
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55

56

57

TRANSMITTANCE

S
®

®

100%

TRANSMITTANCE

8

100%

TRANSMITTANCE

WAVE PERCENT TRANSMITTANCE

LENGTH No. 55 No.56 No. 57
200 300 400 500 700
: 400 = = =
10 o L —
20 = - .
] 30 — - -
= 40 - - =
= 50 = - =
= 60 0.20 036 044
! 70 290 29 310
80 131 125 131
90 342 322 319
; m 300 400 500 700 500 56.0 55.2 505
Stabllity: BBC 10 67.0 71.5 60.6
20 69.3 788 633
30 65.1 80.3 61.0
40 567 77.6 55.0
50 450 724 471
60 331 657 37.3
70 207 569 265
0 ) ) 500 700 80 9.00 447 166
t 90 270 320 869
600 040 231 370
; 10 — 181 160
= 20 - 129 049
: B 30 - 70 -
g <] 40 — 219 e
1 u 50 — 17 e
60 - 230
70 = BT e
: - 80 0.66 200 —
0 30 400 500 700 90 6.90 42.2 -
Stability: BCB
700 278 633 —
Romimant (&) 524.1 5555 530.5
Focation (n) 615 685 59.0
foLuminous (1) 252 47.7  26.9
200 300 400 500 700
3 x5 0.2379 0.3746 0.2772
Ya 0.6669 0.5777 0.6413
2 Nomnant  (€) 530.1 552.2 536.3
% Eucitation (c) 684 783 692
1 Toluminous (@) 3151 52.8 +132:8
Xc 0.2043 0.3164 0.2355
0 Yo 0.6512 0.5988 0.6339
200 300 400 500 700
Stability: BBC
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WAVE PERCENT TRANSMITTANCE

LENGTH No. 57A No. 58 No. 59
400 012 — -
10 0.14 — B
20 0.16 — -
30 025 = @ =
40 047 -— 2
50 17— 0.40
60 363 — 1.90
70 1.1 023 770
80 257 138 21.0
90 447 490 415
500 59.4 177  59.0
10 675 388 67.7
20 69.7 522 69.8
30 67.2 /536 67.2
40 60.9 ‘476 615
50 520 384 54.0
60 417 278 450
70 300 174 350
80 188 9.0 240
90 9.8 350 14.0
600 469 150 7.95
10 222 041 4.90
20 092 - 2.70
30 029 — 1.00
40 2L - 0.17
50 £ = =
60 . = =
70 — - 0.63
80 - — 400
90 032 — 120
700 1.80 053 226

a‘;':;';_’g“t:‘. (R) 526.8 538.2 5323

g;gii;;"o" (A) 535 77.0 525

foLuminous (n) 308 19.8 326

XA 0.2774 0.2693 0.3028
YA 0.6277 0.6831 0.6118

Bomiasl - (0) 533.8 540.3 5383

E::ii:;m" (c) 61.8 86.2 639

% Luminous (6) 375 237 387

xc 0.2325 0.2425 0.2507
Yc 0.6076 0.6923 0.6023

=
~

=3
3

TRANSMITTANCE
DENSITY

100% 0

S

TRANSMITTANCE
3

S
2

— DENSITY

100% 0

TRANSMITTANCE
=

=3
¥

— DENSITY

100% 0

300

400 500 600 700
Stability: BBC
40 500 600 700
400 500 600 700
Stability: BBC
400 500 600 700
400 500 600 700
Stability: BBB

43

57A

58

(B)

59




59A

60

61

(N)

TRANSMITTANCE

100%

TRANSMITTANCE

100%

3

TRANSMITTANCE

=
32

100%

~

—  DENSITY

~

—  DENSITY

200

—  DENSITY

44

300 400 500 600 700
|

30 0 500 600 700
Stability: BBB

300 400 500 600 700

|

300 400 500 600 700
Stability: BDC

300 400 500 600 700

300 40 500 600 0
Stability: ABC

WAVE PERCENT TRANSMITTANCE

LENGTH  No. 59A No. 60 No. 61
400 013 - =
10 015 - =
20 022 = =
30 039 - i
40 095 — L
50 2:37 101950
60 639 138 -—
70 159 538 —
80 32.5  15/0:4:0:33
90 521 320 4.0
500 66.2 484 16.6
10 73.6: 57i2 91303
20 755 59.2  40.0
30 73.6 /555 /39.6
40 69.1 475 345
50 62.7 368 26.3
60 552 252 17.3
70 46.1 144  9.70
80 344 63 440
90 233 182 166
600 16.6 048 0.38
10 1220 - 0.100=
20 83 — =
30 43 — A
40 162, = =
50 074 — =
60 129 — -
70 3.98 — =
80 108 — e
90 213 210 -
700 311, - 870 —
ot (A) 536.2 520.0 533.8

;;giig;'“’" (A) 480 595 76.5

Yoluminous (n) 395 207 137

Transmit.

XA 0.3300 0.2249 0.2457
Ya 0.5838 0.6616 0.6989

Dominant

Wave Lgth. (C) 541.5 525.7 536.8

g::ii:;ﬁ“" () 595 624 853

JoLuminous (o) 458 261 16.8

Transmit.

X 0.2685 0.1917 0.2213
ye 0.5718 0.6328 0.7053




WAVE PERCENT TRANSMITTANCE
LENGTH No. 64 No. 65 No. 65A

400 030 - -
10 150 — -
20 330 - -
30 640 — 0.6
40 115 020 132
50 178 204 550
60 263 9.0 130
70 36.5 191 249
80 471 273 366
90 557 319 451

500 61.5 336 458
10 63.1 324 397
20 60.2 281 297
30 537 213 17.8
40 444 133 7.90
50 298 66 240
60 157 182 032
70 790 043 —
80 370 — o~
90 120 — -

600 o = =
10 - - -
20 - - -
30 - - -
40 e e
50 - - -
60 - - -
70 - - -
80 - - -
90 ~. = 020

700 - - 218

Dominant (o) 503.0 501.3 497.3

R

foluminous (p) 180 6.6 6.2

X 0.1682 0.1215 0.0952
YA 0.5344 0.5266 0.4584

Nomitant (C) 497.2 496.6 492.7

sun ™ @ 557 678 715

Yoluminous (¢) 246 96 9.8

Transmit.

xXc 0.1451 0.1116 0.0953
yc 0.4041 0.4090 0.3483

TRANSMITTANCE

=
®

— DENSITY

100% 0

%
g

TRANSMITTANCE
3
DENSITY

=3
B

0% 0
00 300
0 300
%3
s XY
=
E =
= g
= a
o
S% 0
0% 0
M 30

400 500 600
400 500 600
Stability: CDA

400 500
Stability: BDB

400 500
Stability: CDD

g

64

65

65A




66

70

728

TRANSMITTANCE
=

=
E

100%

TRANSMITTANCE
5

=3
2

100%

5

TRANSMITTANCE

=
B3

100%

~

—  DENSITY

~

—  DENSITY

~

—  DENSITY

200

46

WAVE

PERCENT TRANSMITTANCE

LENGTH No. 66 No. 70 No. 72B
300 400 500 600 700
400 132 — =
10 134 1 i i
20 148 — -
30 179 - —
= 40 28 - —
] 50 301 - -
— 60 a2 - =
] 70 545  — o
80 670 — =
90 764  — -
w W 500 60 0 500 819 — -
Stability. DDC 10 842 — =
20 847  — =
30 833 - -
40 797 — -
50 746  — <
60 676  — -
70 586  — -
300 400 500 600 700 80 46.7 = -
‘ 90 338 - 1.26
600 246 - 5.89
10 194 - 5.25
L1 20 13.7 - 2.88
T 30 73— 1.26
Bl 40 292 — 0.48
L] 50 136 063 0.14
u 60 194 105 —
] 70 84 350 —
80 265 552 @ —
300 400 500 600 700 90 49.7 70.0 .
Stability: ABB 700 68.1 79.0 s
ot (A) 5115 678.0 605.7
Paciiation (a) 26.5 100.0 100.0
0/ Li i
300 400 500 600 700 Transmit.* (A)  50.6 0.68 1.09
X4 0.3333 0.7331 0.6506
Ya 0.5050 0.2668 0.3490
| Norinamt (C) 5123 676.0 605.0
Fachation (C) 215 1000 99.9
foluminoss i) 533 031 094
Xc 0.2486 0.7328 0.6481
Yo 0.4169 0.2672 0.3515
300 400 500 600 700
Stability: cCC



WAVE

PERCENT TRANSMITTANCE

LENGTH No. 73 No.74 No. 75

400 - 5 -

10 - - -

20 - - -

30 - - -

40 — — =

50 - - -
60 - — 1.97

70 - - 100

80 - - 174

90 - — 180

500 - - 130
10 — 0.96 7.35
20 - 7.95  3.20
30 — /146 083
40 - 129 014

50 - 760 —

60 224 306 —

70 597 083 —

80 456 012 —

90 200 - -

600 056 — -

10 010 - —

20 - - -

30 - - -

40 — - -

50 — - -

60 - - -

70 - - -

80 - - -

90 B — —
700 — - 0.14
Nonant. (A) 576.0 538.0 490.5
Fichation  (a) 100.0 935 925
foluminous (p) 141 334 1.01
¥4 0.4853 0.2301 0.0732
Ya 0.5134 0.7421 0.3139
Nominatt. (C) 574.9 538.6 487.7
pacitation (c) 100.0 967 90.6
Jotominousey <13 40 19
X 0.4780 0.2227 0.0801
ye 0.5208 0.7473 0.2542

TRANSMITTANCE

100%

TRANSMITTANCE

100%

TRANSMITTANCE

— DENSITY

g

~

—  DENSITY

200

g

~

— DENSITY

400 500

Stability: ABB

400 500
Stability: BBC

400 500
Stability: ACC

700

700

47

73

74

75




76

Gelatin)

77A

(Glass
Plus

Gelatin)

TRANSMITTANCE

TRANSMITTANCE

TRANSMITTANCE

WAVE PERCENT TRANSMITTANCE

LENGTH No. 76 No. 77 No. 77A
% 3
400 022 - —
10 018 -— i
20 029 — i
L 30 138 — =
z 40 350 — <
2 50 350 —
- 60 198 i k=
70 051 — —
80 = = -
90 o - =
o 500 = = =
Stability: DDD 10 . 0.30 0.10
20 - 9.10 5.35
30 — 135  1.90
40 — 461 350
50 — 780 718
60 — 758 63.1
70 = 800 —
" 32!.'!0 300 400 500 [l600 700 80 i 1.00 =
i 90 . 032 —
600 = 162011160
% 2 10 — 5251 #3281
20 — 830 780
z ] 30 — 849 795
S | 40 — 81 865
0% 1 — 50 — 898 892
B 60 — 898 89.0
70 — 855 795
80 — 761 625
ad ozm 300 400 500 600 700 90 0.13 . 75.0: . 62:4
e 700 124 865 830
Nominant. (A) 448.0 589.8 591.7
Piciiatien (a) 930 - 98.0 985
" - - " s " foLuminous (a) 0,015 36.8  29.4
.2 x5 0.1628 0.5715 0.5832
Ya 0.0220 0.4254 0.4143
Lt ] Dominast  (C) 449.3 579.9 5815
z Ewiston () 926 980 851
LI 10 Luminous (0) 0,046 32.3 25.5
xc 0.1578 0.5099 0.5208
- ye 0.0181 0.4854 0.4753
100% 0
200 300 400 500 600 700
Stability: AAA
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WAVE PERCENT TRANSMITTANCE
LENGTH No. 79
m 400 24.0
10 26.0
20 29.0
=S 30 31.0
40 322
50 32.7
60 31.4
70 28.8
80 25.6
90 22.2
B 50 193
10 16.8
20 14.2
- e 30 12:7
! 40 11.8
50 11.0
60 9.76
p— 70 8.81
80 8.50
90 8.29
p— 600 7.56
10 6.45
20 5.13
— 30 4.17
40 3.47
50 3.16
60 3.09
— 70 3.16
80 3.16
90 3.16
—_— 700 3.31
Wave Lgth. (A) 485.9
TRy W 365
Tanmn W) 96
™ Xy 0.3085
Ya 0.3378

Dominant

™ Wave Lgth. (C) 474.8

Excitation ()

Purity

52.7

% Luminous (©)

™ Transmit.

1143

Xc
Yo

0.2047
0.1949

TRANSMITTANCE

1=
R

—  DENSITY

100% 0

Filters 78, 78AA, 78A, 78B,
78C
See page 54

Filters 80A, 80B, 80C, 80D
See page 56

Filters 81, 81A, 81B, 81C, 81D,
81EF
See page 58

Filters 82, 82A, 82B, 82C
See page 58

Filters 85 ,85B, 85C, 85N3,
85N6
See page 56

Filters 86, 86A, 86B, 86C
See page 54
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300 400 500 600 700
300 400 500 600 700
Stability: AAA

79

78

80

82

85

86




WAVE PERCENT TRANSMITTANCE
LENGTH No. 89B  No. 90

400 = =
10 — —
20 = s
30 = i
40 — -
87 50 . -
60 — —
88A '
Filters 87 70 = —
80 - -
87A s = B
87B
87C 500 = =
88A 10 o .
X 20 — -
No Transmittance 400-700 30 - —
See page 70 40 - e
50 — -
60 — 9.00
70 — 30.5
80 - 34.3
90 — 252
1% 3
600 - 161
10 - 11.3
W o2 20 — 7.40
= 30 = -394
=
898 % 2 40 - 076
sla ® 50 ~ 02
o 60 04l
70 - 2.30
80 0.10 9.52
100% 0 90 1.58 28.5
200 300 400 500 600 700
Stability: AAA 700 11.2 519
Bominest (8) See 585.6
Fucitation  (p) page 100.0
% Luminous (p 70 11.6
20 300 400 500 600 700 Transmit. ( )
i x5 0.5484
Ya 0.4507
g™ ! Wowa Lath,  (©) 583.2
-
E = Excitation
= 2 b (C) 99.9
90 g a Purity
= Tosamiens () 98
xc 0.5329
ye 0.4662

100% 0

Stability: CCD



WAVE

PERCENT TRANSMITTANCE

LENGTH No. 92 No. 93 No. 94

400 ST

10 - - -

20 - - -

30 - = 1.2

40 - - 4.9

50 - - 85

60 - - 8.3

70 - = 47

80 - - 1.4

90 - - 03

500 .

10 - - -

20 - .05 -

30 - 407 -

40 - 602 -

50 - 437 -

60 - 200 -

70 - 068 -—

80 - 024 -

90 - - -

600 = B =

10 - - -

20 040 — -

30 174 - -

40 512 - -

50 722 - -

60 807 — -

70 848 — -

80 865 — @ —

90 874 — -

700 880 — -
et (A) 646.2 544.8 460.2
Pictation  (A) 1000 95.5 99.3
Poluminous () 48 14  0.06
x5 0.7237 0.2729 0.1459
Ya 0.2763 0.7110 0.0324
Wominant (C) 645.2 544.8 458.0
Fochation  (C) 99.9 98.0 99.3
Yolmow ©) 26 16 0.9
% 0.7231 0.2655 0.1483
ye 0.2768 0.7173 0.0289

TRANSMITTANCE

=
®

—  DENSITY

100% 0

g

TRANSMITTANCE
3

=
R

— DENSITY

0

g2

TRANSMITTANCE
3

=
®

—  DENSITY

100% 0

400 500
Stability: ABB

400 500
Stability: ABB

400 500

400 500
Stability: AAA

600

700

700

70

700

51

92

93

94




WAVE PERCENT TRANSMITTANCE
LENGTH No. 96 No. 97 No. 98

1% 3
400 428 = 6.1
10 491 — 172
20 550 — 317
w 1% 2 30 6.17 — 40.0
% = . 40 692 — 397
(Density = % 50 750 — 32,5
s & 60 781 - 217
L 70 8.15 022 11.2
80 847 043 338
90 8.60 039 0.7
100% 0
200 300 400 500 600 700 500 8.73 0.15 =
Stability: AAB 10 8.85 — —
20 890 — =
30 9.01 — =
40 9.07 -— =
50 920 — —
60 930 — =
70 920 — =
80 919 — =
%3 0 9.54 — -
600 9.64 — o
10 973 — =
j 1 1 20 9.56 — =
97 E = 30 927 — =
g £ 40 910 — -
2
S 50 9.07 — a2
60 9.00 — =
70 9.13 — =
80 9.08 044 —
100% 0 90 9.21 502 -
200 300 400 500 600 700
Stability: AAA 700 952 18.7 o
ot (A) 582.5 516.0c 452.0
Preffation (o) 155 83.0 99.4
Joluminous (n) 92  0.06 0.19
200 300 400 500 600 700
%3 N 0.4602  0.60 0.1553
Ya 0.4170  0.25 0.0216
g m 2 Dominant  (C) 572.7 540.0c 449.7
e £ % Ecitation () 121 460 993
B 7 i % Luminous (C) 9.1  0.04  0.66
%c 0.3286  0.33 0.1577
0.3430  0.21 0.0187
ol Ye
200 300 400 500 600 700
Stability: ACB
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WAVE PERCENT TRANSMITTANCE
LENGTH No. 99 No. 102 No. 106

400 = 20 -
10 - 16 -
20 - 13 0.10
30 - 14 020
40 = 17 035
50 - 25 058
60 - 43 098
70 - 76 15
80 - 126 23
90 - 195 35
500 — ' BT 52
10 - 394 77
20 112 503 107
30 7.95 592 15.1
40 186 648 20.2
50 19.9 672 257
60 151 66.8 310
70 87 636 356
80 3.80 582 43.2
90 112 51.6 53.8
600 022 439 65.6
10 - 365 770
20 - 298 828
30 — 243 860
40 ~ 198 876
50 - 167 887
60 - 143 895
70 — 130 900
80 - 120 905
90 — 114 908
700 - 110 910

pominant  (A) 554.6 571.5 596.1

s::ii:;""" (R) 96.5 77.5 96.5

Joluminous (n) 64 502 43.2

Transmit.

XA 0.3384 0.4534 0.6019
Ya 0.6530 0.5132 0.3916

Dominant  (€) 553.6 564.9 589.3

l!;I)u:itatiun (c) 987 799 951

urity

Yo Lluminous 0y 70 508 34.4

Transmit.

xXc 0.3268 0.3882 0.5583
ye 0.6637 0.5355 0.4228

TRANSMITTANCE
—  DENSITY

TRANSMITTANCE
B

]

— DENSITY

TRANSMITTANCE

=3
®

—  DENSITY

100% 0

Stability: ABC
400 500 600 700
400 500 600 700
Stability: AAA
400 500 600 700
400 500 600 100
Stability: AAA

53

102

106




WAVE

PERCENT TRANSMITTANCE

LENGTH No. 78 No. 78AA  No.78A  No. 788 No. 78C No. 86  No.86A No.86B No. 86C
400 365 427 575 689 791 050 800 200  44.0
10 404 461 602 709  80.2 081 122 261 550
20 436 494 626 725 812 155 167 316  62.0
30 441 500 633 729 816 288 215 375  66.6
40 432 494 631 728 818 550 27.8 440 708
50 409 474 615 718 816 910 342 501 743
60 36.7 436 585 698 809 135 404 554 7638
70 316 385 546 670 797 178 450 595 787
80 264 331 505 639 785 213 487 625  80.2
90 217 284 461 608  76.9 245 512 646 812
500 180 244 424 577 754 268 528 660 817
10 149 211 386 549 739 279 534 664 819
20 126 182 354 522 726 286 537 666 820
30 1.0 162 333 502 717 304 550 676 824
40 100 151 319 490 711 325 565 690  83.0
50 91 138 305 477 705 350 585 702 835
60 81 126 289 461  69.7 412 630 730 846
70 74 116 276 449  69.0 530 709 781 8638
80 72 111 273 444 688 675 790 840 889
90 69 108 270 441 689 765 852 875  89.9
600 62 100 260 430 682 850 881 893  90.6
10 5.2 88 242 412 670 881 898 903 910
20 4.2 74 220 389 655 896 905 907 911
30 34 60 199 367 640 904 908 909 912
40 2.9 51 184 352 631 907 911 911 913
50 26 48 177 346 628 91.0 912 912 914
60 26 49 178 348 628 91.1 913 913 915
70 2.7 50 181 351  63.0 91.2 914 914 916
80 2.7 49 182 352 630 913 914 915 916
90 26 48 180 354 632 91.3 915 916 916
700 2.8 50 184 364 641 913 915 916 916
Sominant.  (A) 4820 484.6 4868 4885 4911 593.6 590.7 589.0 587.7
Excation  (n) 450 370 195 115 35 760 460 315  13.0
Joluminous (p)  gg 135 291 444  69.2 578 722 789 8638
A 0.2836 0.3083 0.3715 0.4029 04330 05607 0.5083 0.4859 0.4618
ya 02953 0.3288 0.3736 0.3916 0.4044  0.4045 0.4132 0.4145 0.4112
o, (C) 471.0 4736 4764  477.3  479.8 585.8 580.7 5795 5777
Exctation  (0) 631 544 337 207 - 67 69.6 360 242 9.0
foluminous (6) 107 158 316 467  70.4 496  67.1 755 854
xc 0.1911 0.2035 0.2418 0.2670 0.2954  0.4773 0.3849 0.3584 0.3270
yc 01563 0.1857 0.2406 0.2725 0.3039  0.4093 0.3757 0.3582 0.3330
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Kopak WRATTEN PHOTOMETRIC FILTERS

TRANSMITTANCE

100%

TRANSMITTANCE

100%

78 Series (Bluish)
400 500 600 700
3
2
5
=
(%]
2 Py
o
78 =T T
1
[78AA
/
B
- 1 788
— L —+—T"71 |
— 1| 78C
0 1
400 500 600 700
86 Series (Yellowish)
400 500 600 700
3 3
2 \ 2
. |
2 [\ i -
= 86 RN
1 \ 1
NEAW N
N
86A | | T
s~ | |
o 86C T —
400 500 600 700

10%

100%

10%

100%

Stability:
78—BAB
78AA—BAA
78A—AAA
78B—AAA
78C—BAA

Stability:
86—BBA
86A—AAA
86B—BCA
86C—AAA
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WAVE PERCENT TRANSMITTANCE
LENGTH No. 80A  No. 80B  No. 80C No. 80D No. 85 No. 85B  No. 85C No. 85N3 No. 85N6
400 636 656 71.0  77.8 6.0 159  18.0 1.78  1.01
10 689 702 746 799  18.0 932 355 7.5 3.9
20 726 737 771 812 284 155 441 123 6.5
30 735 745 777 816 334 190 473 148 8.0
40 724 736 769 812 362 208 492 164 9.0
50 702 712 752 802 381 221 506 176 9.8
60 669 680 727 788 404 243 525 190  10.6
70 628 641 696 770 430 275 553 210 11.8
80 580 59.2 657 748 453 309 57.0 227 128
90 530 540 61.7 723 472 343 586 244  13.9
500 477 488 576 697 489 383 605 262 149
10 425 437 534 669 492 407 606 270 155
20 382 394 502 646 482 406 600 271 156
30 346 363 477 630 483 407  60.6 274 159
40 31,3 335 457 615 492 416 616 281 164
50 284 312 436 600 51.0 432 630 290 17.0
60 265 299 426 592 558  47.1  67.0 311 182
70 252 294 424 593 645 560 741 352 203
80 237 289 420 590 750 681 816 399 227
90 222 279 406 580 830 781 864 433 244
600 208 268 388 567 872 850 888 450  25.1
10 201 259 374 555 889 880 899 455 250
20 193 248 358 544 900 896  90.3 453 245
30 185 235 345 536 905 90.3  90.6 450  24.0
40 179 225 334 532 907 907 90.8  44.8 2338
50 179 222 331 532 909 909 909 449 237
60 183 224 331 535 910 91.0 91.0 450 2338
70 186 225 332 533 910 912 911 450 238
80 182 219 327 527 910 913  91.1 450 237
90 175 212 319 526 910 913 911 453 239
700 177 214 321 538 910 913  91.1 462 249
Rinast (A) 486.0 483.0 4860 487.0 5950 593.8 593.2 590.9 589.2
Eretation () 274 213 129 67 415 585 300 455 455
Topamifous (o) 26.9 304 436 597 680 623 753 361 204
N 0.3472 0.3690 0.3971 0.4215 0.5120 0.5353 0.4913 0.5081 0.5034
Va 0.3554 0.3605 0.3829 0.3957 0.4030 0.4047 0.4070 0.4126 0.4172
S (C) 475.0 4740 4750 476.0 587.3 5857 5853 5825 580.7
Facltation (©) 433 372 252 138 305 480 210 356 362
Y%luminoss () 307 331 458 615 625 555 7.1 335 191
%o 0.2237 0.2367 0.2608 0.2820 0.3860 0.4247 0.3600 0.3881 0.3850
ye 0.2170 0.2259 0.2586 0.2857 0.3542 0.3805 0.3450 0.3712 0.3762
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KobAk LIGHT BALANCING FILTERS

TRANSMITTANCE
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WAVE PERCENT TRANSMITTANCE
LENGTH No. 81 No. 81A No.81B No.81C No. 81D No. 81EF No. 82 No.82A No.82B No. 82C
400 777 651 551 46.1 382 307 830 801 767 734
10 78.1 659 558 466 384 315 837 808 780 75.0
20 79.0 676 577 49.0 410 343 846 816 792 764
30 80.5 702 61.0 525 455 386 8.1 822 797 772
40 819 728 645 572 50.0 432 854 824 797 772
50 83.0 748 672 605 539 474 854 824 792 766
60 83.7 760 691 630 565 502 850 817 780 752
70 843 771 706 642 581 520 846 807 763 73.2
80 846 778 713 650 59.0 530 840 793 744 707
90 849 783 718 657 600 540 833 780 721 681
500 853 786 726 664 608 554 826 766 702 657
10 854 79.0 729 665 611 562 820 753 683 635
20 855 795 732 670 616 570 814 740 665 615
30 86.0 804 745 688 635 595 810 731 655 59.9
40 86.5 815 760 71.0 66.1 627 80.8 727 650 59.1
50 86.8 823 770 720 673 645 806 724 645 583
60 87.0 826 776 725 680 653 804 718 638 57.2
70 87.1 827 778 727 683 658 802 715 632 56.2
80 87.1 828 780 730 685 660 802 715 632 56.1
90 874 831 782 740 695 665 803 717 634 56.0
600 87.6 840 791 756 720 681 80.2 715 63.0 550
10 88.1 850 81.0 785 750 716 793 703 615 53.0
20 88.8 861 831 80.8 780 747 784 685 59.0 502
30 89.2 870 842 81 798 770 775 669 569 474
40 89.4 874 851 830 808 784 768 655 550 452
50 89.5 877 856 835 815 792 765 648 541 441
60 89.8 88.0 8.0 841 821 80.1 762 646 537 436
70 90.0 882 865 848 8.0 809 761 645 537 435
80 90.1 885 870 855 837 818 761 644 535 431
90 90.3 890 875 861 846 829 762 642 534 428
700 90.5 89.2 880 8.8 855 840 771 646 541 435
. () 587.2 587.5 588.0 589.0 589.4 588.4 490.8 489.6 488.6 489.4

5;:;:;'“" (A) 40 90 120 16.0 205 26.0 15 30 50 75

%Luminous  (p) 879 829 781 736 694 661 801 715 633 56.2

Transmit.

X 0.4522 0.4573 0.4620 0.4675 0.4729 0.4778 0.4416 0.4350 0.4275 0.4171
YA 0.4089 0.4102 0.4108 0.4110 0.4116 0.4142 0.4061 0.4035 0.4003 0.3981

Dominant (¢) 577.2 577.5 578.0 5790 579.4 578.7 477.8 4766 4760 4773

£ rablon (¢ 29 60 87 115 147 189 29 63 101 143

%Luminous (o) gg8 820 769 72.0 674 639 806 725 646 581

Transmit.

xXc 0.3154 0.3213 0.3266 0.3329 0.3393 0.3468 0.3041 0.2970 0.2894 0.2803
Yo 0.3218 0.3275 0.3322 0.3367 0.3418 0.3501 0.3107 0.3028 0.2941 0.2863
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Kopak LIGHT BALANCING FILTERS
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T8¢ o,
78
g 85N
llluminant "A" W34 610 mu
li =X
620 m;.s/\ﬁ\ 1

SNy “’;2\ 2
w2 700ms

Chromaticity diagram for Standard Source ‘A’ (tungsten light). This diagram
shows the colors of various WRATTEN filters when they are illuminated by the
Standard Source ‘A"’ specified by the International Commission on lllumina-
tion (CIE). The Standard Source ‘A" has a color temperature of 2854 K,
equivalent to high-wattage tungsten light. The coordinates x, and y, for
each filter are given in the data tables on pages 24 through 71. The rectangu-
lar outlined portion in the middle of the diagram shows the area covered by
the enlarged section on page 61.
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Chromaticity diagram for Standard Source ‘A’ (enlarged section). This dia-
gram is an enlargement of the portion indicated by the small rectangle in the
diagram on page 60. It shows the colors of certain filters which are grouped
closely together near white. Filters of this nature, such as Kobak Color Com-
pensating Filters and Kopak Light Balancing Filters, are frequently used in

color photography and photometry.
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86A +858
. wan “85N3, 85N6
llluminant "C 1868 g5
2e28  e85¢C
.86C
‘s 2A,28,2C
78C 1A
+80D
788

Chromaticity diagram for Standard Source ‘‘C” (artificial daylight). This
shows the colors of various WRATTEN filters when they are illuminated by the
Standard Source ‘‘C’’ specified by the International Commission on lllumina-
tion (CIE). The Standard Source ‘‘C"’ is approximately equivalent to average
daylight, having a color temperature of 6750 K. The coordinates x¢ and y¢
for each filter are given in the data tables on pages 24 through 71. The
rectangular outlined portion in the middle of the diagram shows the area
covered by the enlarged section on page 63.
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Chromaticity diagram for Standard Source “‘C"’ (enlarged section). This dia-
gram is an enlargement of the portion indicated by the small rectangle in the
diagram on page 62. It shows the colors of certain filters which are grouped
closely together near white. Filters of this nature, such as Kobak Color Com-
pensating Filters and Kopak Light Balancing Filters, are frequently used in
color photography and photometry.
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WAVE PERCENT TRANSMITTANCE
LENGTH CCO5R  CCIOR CC20R  CC30R CC40R CC50R  CCO5B CCIOB CC20B CC30B CC40B  CC50B
400 792 720 581 471 381 304 870 855 822 802 77.0 741
10 792 716 573 460 367 291 875 864 840 825 803 784
20 793 714 566 450 355 282 877 872 850 840 822 807
30 794 713 563 445 347 278 80 875 853 843 825 8l1
40 795 715 563 444 344 277 881 875 850 835 8L3 798
50 796 716 565 446 345 280 8.1 872 839 819 787 766
60 799 719 572 452 352 289 879 864 825 795 759 729
70 805 729 587 470 372 311 875 853 803 762 720 67.9
80 813 744 612 502 407 347 8.0 840 778 725 675 627
90 821 759 634 530 440 376 862 824 742 683 623 5656
500 822 762 640 537 450 380 8.2 805 712 638 567 501
10 817 754 626 520 435 358 844 786 677 587 510 445
20 81.0 741 605 493 407 327 8.5 77.0 640 544 460 386
30 80.4 728 584 468 380 297 826 752 615 507 416 341
40 80.0 721 571 452 363 279 821 739 595 483 390 313
50 799 719 567 447 358 273 815 730 580 466 369 295
60 80.4 726 576 457 369 282 814 727 575 459 359 286
70 81.3 743 605 489 403 314 814 730 579 463 361 287
80 832 773 651 545 463 376 819 739 593 479 378 305
90 85.2 807 712 624 549 471 827 751 61.6 503 408 334
600 87.0 840 776 707 645 580 834 763 635 530 435 360
10 884 867 826 780 733 688 836 767 645 546 447 378
20 895 886 8.2 833 805 777 835 765 643 544 443 375
30 90.1 897 884 869 849 834 832 756 631 532 425 356
40 90.4 904 897 889 877 868 828 745 616 515 402 337
50 90.7 906 904 89.9 89.2 887 825 740 606 503 390 324
60 90.8 907 90.6 904 89.9 897 825 738 601 495 384 318
70 90.9 909 907 90.6 903 902 823 733 59.6 490 377 310
80 91.0 910 909 908 905 904 820 728 586 482 365 300
90 91.1 910 910 909 907 906 819 725 581 472 354 290
700 91.1 911 910 91.0 909 908 822 730 585 475 356 290
Aoy, (A) 610.0 607.0 6110 6135 6135 6155 478.9 460.0 443.0 4480 463.0 4610
Exctation (1) 40 80 150 215 290 345 1.0 25 50 85 120 160
Joluminous (n) 846 787 681 596 517 461 811 750 615 509 413 341
Xa 0.4562 0.4649 0.4813 0.4965 0.5140 0.5290 0.4449 0.4404 0.4328 0.4235 0.4100 0.3995
Ya 0.4044 0.4021 0.3956 0.3895 0.3830 0.3764 0.4053 0.3985 0.3871 0.3751 0.3624 0.3481
Dominant (C) 604.0 598.0 604.0 6058 6055 608.5 458.0 4625 460.5 461.0 464.0 46238
Ecfation () 21 47 86 124 174 214 27 63 132 201 276 342
Joluminous ) 37 770 653 559 473 412 828 755 623 520 428 357
xc 0.3170 0.3246 0.3385 0.3522 0.3695 0.3851 0.3057 0.2994 0.2881 0.2763 0.2626 0.2519
ye 0.3171 0.3194 0.3199 0.3206 0.3222 0.3213 0.3087 0.2987 0.2789 0.2592 0.2393 0.2201

64

- .

=



<

B W ® 8 & @

- -

3 @ @

-

Kopak COLOR COMPENSATING FILTERS
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WAVE PERCENT TRANSMITTANCE
LENGTH CCO05G CC10G  CC20G CC30G  CC40G  CC50G CCo5Y  cCloy  cc2oy CC30Y  CC40Y  CC50Y
400 796 713 574 452 361 294 788 723 582 471 383 313
10 797 715 564 448 355 289 786 716 568 453 363 29.2
20 799 718 559 450 355 290 786 714 559 443 353 279
30 80.1 722 556 456 357 296 788 716 557 442 350 27.5
40 80.6 728 559 46.6 366 308 79.2 724 563 449 357 27.9
50 811 737 571 483 381 325 797 733 574 453 373 292
60 81.8 749 599 510 408 355 80.6 747 597 49.0 402 318
70 831 771 643 558 462 411 822 772 639 541 459 37.2
80 848 80.1 692 629 545 499 844 804 706 622 556 47.1
90 866 831 748 703 640 600 8.6 841 774 715 66.6 59.7
500 87.7 8.4 806 762 715 681 8.1 868 829 794 766 718
10 884 866 837 792 756 727 851 884 863 843 826 80.0
20 887 870 848 804 771 745 896 893 881 869 859 844
30 886 87.0 844 802 771 742 89.9 899 890 883 87.5 867
40 885 8.7 834 791 758 724 902 90.1 896 89.0 884 87.9
50 882 861 822 77.6 738 702 904 903 899 895 890 886
60 87.9 8.4 806 753 713 669 90.6 905 90.0 89.8 894 89.2
70 874 8.4 788 724 683 630 907 906 904 900 897 896
80 86.8 832 765 694 646 586 908 907 905 90.3 89.9 899
90 86.2 819 740 662 611 546 909 90.8 90.6 90.5 90.1 90.0
600 85.6 806 717 632 57.3 504 909 90.8 90.6 90.6 90.3 90.2
10 848 793 69.1 598 537 462 910 909 907 90.6 90.4 90.4
20 838 777 662 559 49.6 415 910 909 908 907 905 905
30 829 761 634 523 457 374 910 910 90.8 907 90.5 90.5
40 823 741 611 498 425 343 911 910 90.9 90.8 90.6 90.6
50 820 738 595 482 405 326 911 91.0 909 909 90.7 90.7
60 817 734 588 473 395 317 912 911 910 910 90.8 90.8
70 81.5 730 583 466 388 308 912 911 91.0 91.0 90.9 909
80 8l.1 725 575 455 377 297 913 912 911 911 910 910
90 811 721 567 447 366 288 913 912 912 911 911 9Ll
700 814 725 569 456 365 293 914 913 913 912 911 911
Ao, (A) 554.6 559.0 559.0 558.0 558.5 557.0 5816 5814 581.0 580.8 580.7 580.7
frgtstion ) 25 55 105 155 210 245 © 75 130 235 345 420 430
JoLuminous () g6.8 837 763 70.2 653 605 909 907 90.3 89.8 894 89.1
Xa 0.4451 0.4434 0.4386 0.4333 0.4292 0.4232 0.4531 0.4567 0.4643 0.4716 0.4767 0.4808
Va 0.4131 0.4193 0.4319 0.4439 0.4556 0.4670 0.4125 0.4166 0.4249 0.4332 0.4388 0.4432
Wonre, (o) 5530 5555 5550 5540 6544 5533 .572.0 5715 5712 5712 E7L2 6712
Faition (¢) 23 52 108 158 212 259 54 95 188 284 356 420
foluminous (c) 87.2 845 77.8 722 677 633 904 901 89.1 882 874 869
Xc 0.3105 0.3117 0.3131 0.3134 0.3151 0.3143 0.3181 0.3239 0.3369 0.3506 0.3610 0.3699
Ye 0.3245 0.3340 0.3533 0.3716 0.3900 0.4078 0.3283 0.3382 0.3597 0.3816 0.3985 0.4131
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Kobak COLOR COMPENSATING FILTERS
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CC10Y—AAA
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WAVE PERCENT TRANSMITTANCE
LENGTH CCO5M CCIOM CC20M CC30M CC40M CC50M  CCOSC CCl0C  CC20C  CC30C  CC40C  CC50C

400 876 866 856 842 823 809 8.3 86.0 839 823 804 7838
10 88.2 877 866 857 846 836 882 875 852 845 834 827
20 886 880 870 859 852 844 887 881 865 860 853 8438
30 887 880 89 8.6 844 836 890 8.6 875 870 863 859
40 88.7 879 860 847 825 814 8.3 8.0 877 873 866 86.1
50 886 875 849 828 80.0 781 8.5 831 878 875 86.6 86.0
60 884 865 831 800 761 737 8.6 8.1 877 873 864 857
70 878 852 808 764 713 680 8.7 83.0 875 870 858 852
80 87.0 836 779 721 658 61.7 897 89.0 872 865 853 843
90 86.0 818 744 670 60.0 550 8.7 83.0 870 860 844 834

500 85.0 797 705 61.7 537 481 896 89.0 865 852 835 823
10 838 775 66.7 565 477 416 896 887 860 844 824 80.8
20 827 753 634 520 428 363 895 885 852 835 8lL1 79.2
30 81.8 - 737 605 486 390 319 894 880 843 824 796 773
40 81.3 725 586 466 367 298 89.2 875 834 810 777 750
50 81.2 722 580 46.0 360 291 8.9 8.0 823 79.0 753 722
60 815 728 583 465 367 297 885 8.1 805 767 727 69.0
70 825 746 605 498 402 323 880 850 785 740 693 650
80 840 773 649 556 462 390 875 838 761 709 654 605
90 858 808 706 633 549 487 87.0 825 739 675 616 558

600 880 845 771 716 649 599 8.4 810 712 641 576 513
10 89.3 87.0 822 792 749 707 8.5 795 685 604 534 462
20 90.2 889 861 4.1 814 792 845 779 655 567 492 423
30 90.6 900 887 874 860 845 838 763 627 531 450 380
40 90.8 905 900 893 887 876 833 751 608 504 42.0 349
50 91.0 90.7 905 902 90.0 89.7 828 744 595 488 402 329
60 91.1 91.0 908 90.8 904 904 825 740 585 480 394 320
70 91.2 912 91.0 91.0 907 907 824 736 579 472 386 31.0
80 91.3 913 91.2 911 910 91.0 820 73.0 575 46.0 375 299
90 914 914 914 913 913 91.3 820 728 574 455 367 29.1

700 915 915 915 915 915 915 825 740 585 464 373 298

a‘;’:e"}_‘g",‘h. (A) 535.4c 543.0c 549.0c 547.5c 548.0c 549.0c 499.7 498.6 497.6 497.4 4969 496.7

Peqgton (a) 35 70 130 195 255 310 10 30 60 9.0  120.. 45

Yoluminous (1) 849 791 69.0 60.8 532 475 874 838 764 714 664 619

Transmit.

Xp 0.4524 0.4563 0.4628 0.4706 0.4779 0.4833 0.4422 0.4350 0.4211 0.4084 0.3970 0.3846
Ya 0.4004 0.3929 0.3787 0.3647 0.3509 0.3387 0.4090 0.4102 0.4117 0.4133 0.4137 0.4141

Dominant  (€) 541.0c 547.5¢ 551.2c 550.0c 550.3c 551.2c 489.0 487.5 486.4 486.3 485.8 4856

Pication (c) 35 74 145 214 282 339 17 41 88 128 164 202

Yoluminous (o) g42 779 67.1 580 49.9 440 880 851 789 748 705 66.7

Transmit.

Xc 0.3114 0.3114 0.3104 0.3112 0.3112 0.3101 0.3058 0.2997 0.2882 0.2786 0.2699 0.2609
ye 0.3082 0.2986 0.2808 0.2634 0.2467 0.2320 0.3156 0.3135 0.3084 0.3044 0.2997 0.2950
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Kobak COLOR COMPENSATING FILTERS
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CC10M—AAA
CC20M—ABA
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CC50M—ACA

Stability:
CC025C—AAA
CCO5C—AAA
CC10C—ABA
CC20C—ABA
CC30C—ACA
CC40C—ACA
CC50C—BDA
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WAVE PERCENT TRANSMITTANCE
LENGTH No. 87  No.87A No.87B No.87C No. 88A No. 89B*
700 — — — — — 11.2
10 — — — — — 324
20 — — — — — 57.6
30 — — — — 3.16  69.1
40 0.10 — — — 19.0 77.6
50 2.37 — — — 37.8 83.1
60 8.82 — — — 55.2 85.0
70 21.0 — — — 69.5 86.1
80 36.2 — — — 78.4 87.0
30 52.0 — — — 81.5 87.7
800 63.8 - - 0.32 826 88.1
10 72.2 — — 3.20 83.0 88.4
20 78.0 — 0.10 890 83.8 88.6
30 82.2 — 0.60 17.8 84.5 88.8
40 84.5 — 1.86 28.2 85.0 89.0
50 86.2 - 4.07 41.0 85.4 89.2
60 87.7 — 7.58 53.8 85.8 89.4
70 88.7 - 12.7 61.6 86.2 89.6
80 89.5 0.10 18.0 69.2 86.5 89.8
90 90.0 0.28 245 74.1 86.8 89.9
900 90.4 0.73 31.2 78.5 87.0 90.0
10 90.6 1.55 38.0 81.5 87.2 90.1
20 90.8 295 441 83.6 87.4 90.2
30 91.0 4.89 49.5 85.1 87.5 90.3
40 91.1 7.33 53.7 86.0 87.6 90.4
50 91:2 10.2 58.2 87.0 87.7 90.5
60 - 14.0 61.7 - - -
70 - 17.8 64.6 — - —
80 — 21.8 67.6 — - -
30 — 26.3 70.0 — — —
1000 — 30.2 733 — — —
10 — 33.8 75.8 — — —
20 - 38.0 78.5 — — -
30 - 42.1 80.2 — - -
40 - 46.7 82.2 — — —
50 — 50.6 84.1 — — —
60 — 54.3 87.2 - — —
70 — 58.3 88.1 — — —
80 — 60.9 88.2 — — —
90 - 63.1 89.1 - — -
1100 — 64.5 89.1 — — —

*For transmittance below 700 mu, see page 50.
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WAVE LENGTH (mu) Stability: AAA
No. 87 No.87A No.87B No.87C No.88A No. 89B
Dominant  (A) 757.0  None  None  Nome 746.0 718.0
Picltation  (a) 1000  None  None  Nome 100.0  100.0
JoLuminous (p) 00002 None  None  Nome 0.005 0.034
XA 0.7347 None None None 0.7347 0.7347
VA 0.2653 None None None 0.2653 0.2653
Aominant. (C) 757.0 None  Nome  None 748.0 718.0
Fictation  (€) 1000  None  None  Nome 100.0  100.0
o Luminous (g) 00001  None  None  Nome 0.002 0.013
xXc 0.7347 None None None 0.7347 0.7347
k76 0.2653  None  None  None 0.2653 0.2653
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DENSITY-TRANSMITTANCE TABLE

DENSITY
7‘3%5 0 a 2 .3 A 5 .6 7 8 9

0 3.00 270 252 240 230 222 215 210 2.05

1 200 196 192 1.89 1.85 1.82 1.80 177 174 1.72

2 170 168 166 164 162 160 159 157 155 1.54

3 152 151 150 1.48 147 146 144 143 142 1.41

4 140 1.39 1.38 1.37 136 135 134 133 132 1.31

5 130 129 128 128 127 126 125 124 124 1.23

6 122 121 121 120 119 '1.19 118 1.17. Ti7 1506

7 115 1.15 134 114 143 113 1.12 1.11 1.11  iio

8 1.0 1.09 1.09 1.08 1.08 1.07 1.07 1.06 1.06 1.05

9 1.05 1.04 1.04 1.03 1.03 1.02 1.02 101 1.01 1.00
10 100 100 99 99 98 98 .97 .97 .97 .96
11 9 95 95 95 94 94 93 93 .93 .92
12 92 92 91 91 91 90 90 .90 .89 .89
13 8 88 88 88 8 .8 .8 .8 .86 .86
14 8 8 8 8 84 84 .84 .83 .83 .83
15 82 82 8 .82 .81 81 .81 .80 .80 .80
16 8 79 79 79 78 78 78 | 78 77wl
17 77 77 76 76 76° 76 g5 | .75 . .75 75
18 J4 74 TFA FA.  F3% - 73, J3 | 730730 g5
19 Rl O R R A G C AR A T e ] 705 70
20 J0 70 69 69 69 69 .69 .68 .68 .68
21 68 68 67 67 67 67 67 66 .66 .66
22 66 66 65 65 65 65 65 .64 .64 .64
23 64 64 63 63 63 .63 63 .63 .62 .62
24 62 62 62 61 .61 61 61 .61 60 .60
25 60 60 60 60 59 59 59 59 59 .59
26 58 58 58 58 58 58 57 57 .57 .57
27 57 57 57 57 56 56 56 .56 .56 .56
28 55 55 55 55 55 54 54 54 54 54
29 54 54 53 53 .53 53 53 53 53 .52
30 52 52 52 52 52 52 51 51 .51 51
31 51 51 .51 50 50 .50 .50 .50 .50 .50
32 49 49 49 49 49 49 49 49 48 48
33 A8 48 48 48 A8 47 47 AT AT 47
34 47 47 A7 46 46 46 46 46 .46 .46
35 46 A5 A5 A5 A5 45 A5 A5 A5 44
36 A4 44 A4 A4 A4 A4 A4 A4 43 43
37 43 43 A3 43 43 43 42 42 42 42
38 42 42 42 42 42 A1 41 AL AT
39 41 41 41 41 .40 40 .40 40 .40 .40
40 40 40 40 40 39 39 39 39 .39 .39
41 39 39 39 38 .38 .38 .38 .38 .38 .38
42 38 38 38 37 37 .37 37 .31 .37 . 3
43 37 37 37 3 36 .36 .36 .36 .36 .36
44 36 3 3 35 3 35 3 35 .35 .35
45 35 35 34 34 34 34 34 34 34 34
46 34 .34 33 .33 .33 33 33 33 .33 .33
47 33 .33 ~ 33 .32 . .32, 320 .32 .32 . 32,6030
48 32 32 .32 .32 .32 317 i3l 31, ..310a 23l
49 31 .o .31 @B1 31 3 31 ©+=830  30: - 30,30
50 30 30 .30 .30 .30 30 29 29 29 .29

0 1 7 3 4 5 .6 7 8 9

Locate the density reading in the table. The whole number of the extreme left plus the
decimal number at the top or bottom of the column in which the reading is located is the
percent transmission of the density. For example, the percent transmission of a density of
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DENSITY-TRANSMITTANCE TABLE

DENSITY
TﬁéNS- 0 1 2 3 4 5 6 7 .8 9 %
%)
51 29 29 29 29 .29 29 29 29 29 .28
52 28 28 28 .28 .28 .28 .28 .28 .28 .28
53 28 .28 27 27 .27 27 .27 27 .27 .27
54 27 27 27 27 26 .26 .26 .26 .26 .26
55 26 26 .26 .26 .26 25 25 25 25 .25
56 25 25 25 .25 .25 25 25 25 25 .24
57 24 24 24 24 24 24 24 24 24 24
58 24 24 24 23 .23 23 23 23 .23 .23
59 23 23 23 .23 .23 23 22 22 22 .22 |
60 22 22 22 22 22 22 22 22 22 22
61 21 21 21 21 .21 21 21 .21 .21 21
62 .21 21 .21 21 .20 20 .20 20 .20 .20
63 20 20 20 .20 .20 .20 .20 .20 .19 .19
64 19 .19 .19 .19 .19 19 .19 .20 .19 .19
65 19 .19 .19 .19 .18 .18 .18 .18 .18 .18
66 18 .18 .18 .18 .18 .18 .18 .18 .17 17
67 17 17 17 a7 a7 17 a7 a7 a7 a7
68 17 17 17 17 .16 16 .16 .16 .16 .16
69 16 .16 .16 .16 .16 16 .16 .16 .16 .16
70 15 .15 .15 .15 .15 15 .15 .15 .15 .15
71 15 .15 .15 .15 .15 15 .14 14 14 14
72 14 14 14 14 .14 14 14 14 14 14
73 14 14 14 13 a3 13 .13 .13 .13 a3
74 13 .13 .13 .13 .13 .13 .13 .13 .13 .13
75 12 12 12 12 12 120 120 12 12 12
76 12 .12 12 12 12 12 12 11 11 a1
77 1 pdd 11 11 .11 a1 .11 .11 11 11
78 A1 11 .11 A1 11 0 .10 .10 .10 .10
79 10 .10 .10 .10 .10 0 .10 .10 .10 .10 |
80 10 .10 .10 .10 .09 09 .09 .09 .09 .09 |
81 09 .09 .09 .09 .09 09 09 .09 .09 .09
82 09 .09 .08 .08 .08 08 .08 .08 .08 .08
83 08 .08 .08 .08 .08 08 .08 .08 .08 .08
84 o8 07 07 07 07 .07 .07 .07 .07 .07
85 07 .07 07 .07 .07 07 .07 07 .07 .07
86 07 .06 .06 .06 .06 06 .06 .06 .06 .06
87 06 .06 .06 .06 .06 06 .06 .06 .06 .06
88 06 .05 .05 .05 .05 05 .05 .05 .05 .05
89 05 05 .05 .05 .05 05 .05 .05 .05 .05
90 05 .04 .04 04 04 04 04 .04 04 .04
91 04 04 04 .04 .04 04 04 04 04 .04
92 .04 .04 .04 .03 .03 .03 .03 .03 .03 .03 ‘
93 03 .03 .03 .03 .03 03 .03 .03 .03 .03
94 03 .03 .03 .03 .02 .02 .02 .02 .02 .02
95 02 .02 .02 .02 .02 02 02 .02 .02 .02
96 02 .02 02 .02 .02 02 01 .01 .01 .01
97 .01 .01 01 .01 .01 01 .01 01 .01 .01
98 .01 .01 01 .01 .01 01 .01 .01 01 .00
99 00 .00 .00 .00 .00 00 .00 .00 .00 .00
100 00 .00 .00 .00 .00 00 .00 .00 .00 .00 |
|
0 1 2 3 A4 5 .6 7 8 9

1.29 is 5.1 percent. For a density that appears more than once in the table, use the middle
density number. For example, the percent transmission of the density .44, which appears 9
times, is 36.3; the percent transmission of the density .32 is either 47.8 or 47.9.
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