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PREFACE

This is one of a series of NBS reports of

spectrophotometrie and colorimetric work done

under NBS Project 0201-20-2325 entitled Color

Reconnaissance Studies, financed by the Aerial

Reconnaissance Laboratory, Wright Air Develop-

ment Center, Wright-Patterson Air Force Base,

Ohio, under Air Force Contract No. AF 33(616)

52-21. It was coordinated with Air Force

Contract No. AF 33(6l6)-262 under Dr. Hugh T.

0* Neill, 0* Neill Associates, Annapolis, Maryland.

The present report resulted from several requests

for spectrophotometrie and colorimetric tests of

color transparencies of some natural objects.

Harry J. Keegan
Project Leader
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SPECTROPHOTOMETRIC AND COLORIMETRIC

STUDY OF COLOR TRANSPARENCIES

OF SOME NATURAL OBJECTS

HariT- J. Keegan, John C. Schleter, Gladys M. Haas"^, and

Wiley A. Hall, Jr.

Abstract

This is a coinparison of the effect that natural formations

or objects have upon the various emulsion layers that coirqarise

color positive and color negative photographic films. Spectral

transmittance measurements and colorimetric computations are

made and reported on these effects. In addition, visible and

near infrared spectral directional reflectance measurements are

reported for one of these photographed natural objects; namely

sand, together with several other soils, sands, and barks of

trees. Also reported are C.I.E. chroma ticity coordinates,

Munsell renotatLons, daylight reflectances or daylight trans-

mittances, ISCC-NBS color designations, Lovibond notations of

these materials, and color differences between wet and dry sand

and their corresponding color transparencies.

* Miss Haas is at present employed at the Mare Island Naval
Shipyard, San Francisco, California.
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I. Introduction

The overall objective of this Air Force investigation is stated as

follows; “To develop by visible, near infrared, and near ultraviolet
spectrophotometry, methods for the detection of objects from color recon-
naissance; to study the colors, tonal contrast, and color separation neces-
sary in aerial photography to yield maximum information; to determine the

wavelength region at which the film manufacturer should strive to obtain
maximum sensitivity to yield clear separation of an object from its adjacent
area rather than to yield true color fidelity; to determine the character-
istics required in a sensitized material for the rapid and accurate extrac-
tion of this information”*

This particular report pertains to the spectral transmissive and color-
imetric properties of color transparencies of various types of natxiral

formations usually seen in grcxind and aerial photographs when reprod\iced on

one-, two-, and three-emulsion color positive and color negative films.
These are some of the same films reported by Dr. 0* Neill [_1, 2].*

Also included in this report are the visible and near infrared spectral
directional reflectance measurements of several natural objects; such as,

sand, soil, and barks of trees.

The method of measurement and con^Dutation is that requested in the

original project proposal and used in six previous reports of this project

[3 “ 8] . A con^janion report (NBS Report U953^ in preparation) will deal
in the same manner with photographs of man-made objects of the same types
of color films [9]] •

II. Material

All of the material of this report was furnished by Dr. Hugh T. 0*Neill,

0*Neill Associates, Annapolis, Maryland. The reflecting materials, bark of

trees, sands, and soils, were selected by him and removed from his property
at the head of Broad Creek, South River, Chesapeake Bay, Maryland. The sands
and soils were brought to the NBS by him on June 13, 1953^ and the barks of
trees on March 3, 1956.

The transparent materials of this report are in the form of cdor trans-
parencies. When received from Dr. 0*Neill the films had been processed and
numbered. Acconpanying the color transparencies was a notebook containing
information on them, such as exposure number, kind of Ansco film, identifica-
tion of the object, Weston lightmeter reading, aperture, shutter speed, date
of photography, and occasional notes. The pertinent parts of this informa-
tion are included in Table I of this report together with a “sample number"
which will be used to identify the sairple whenever it is used either in text,
tables, or figures.

* Numbers in brackets refer to bibliography on page 86 of this report.
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According to Dr, 0* Neill, the types of films used to photograph
natural formations were: (1) three one-color, one-emlsiai films (red,

green, and blue sensitive emulsions used in Ansco Daylight Color);

(2) three two-color, two-emulsion films (red and green, green and blue,
and blue and red sensitive emulsions used in Ansco Daylight Color);

(3) one three-color, three-emulsion film (Ansco Daylight Color); and
(li) one three-color, three-emulsion, color negative film (Ansco Plenacolor),

In this report, these films will be identified as follows: RGB (Ansco
Daylight Color), RG (red and green sensitive emulsions used in Ansco Daylight
Color), GB (green and blue sensitive emulsions used in Ansco Daylight Color),
BR (blue and red sensitive emulsions used in Ansco Daylight Color), R (red
sensitive emulsion used in Ansco Daylight Color), G (greesn sensitLie emulsion used in
Ansco Daylight Color), B (blue sensitive emulsion used in Ansco Daylight
Color), and Plena (Ansco Plenacolor color negative film).

These films were used to photograph: gray and white clouds; wet gravel;
green leaves of black walnut and locust trees; seaweed in water; blue and
gray sky; yellow and green sycamore tree leaves; green vegetation leaves;
muddy water; water under niirtous clouds; and wet and dry yellowish quartz
sand from Rodger *s Quarry near Annapolis, Maryland. Most of the photographs
were made with the same film but with different shutter speed, aperture
setting, or both. Only the yellowish quartz sand, wet and dry, were photo-
graphed at normal exposure and at two settings of overexposure, and on all
eight types of color film.

In Dr. 0*Neill*s report , five other films were stated to have been
used on other objects, but they were not used on this study of sands. These
were: “Magenta layer (color negative)*', “Cyan layer (color negative)",

"D-3U2 Special 2-layer film 10“ , and “Ansco Tungsten (3-layer) factor li|“,

and later in the same report “Three-layer, three-color film (Anscochrome)".
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Sample
Nurnber

(3)

( 1*)

(5)

( 6)

(7)

( 8 )

(9)

(10 )

(11 )

(12 )

(13)

(lU)

(15)
(16)

(17)

(18)

(19)

(20 )

(21 )

(22 )

(23)

( 22|)

(25)

(26)

(27)

(28)

(29)

(30)

i31)

Table I. Identifications of Natural Objects (*) and Color
Transparencies of Natural Objects.

Shutter
Esq^osure Speed Aper- Date
Number Description (seconds) ture Film Taken

(*)White Sand, Rodger *s Quarry (Wet)
— (*)Yellowish Quartz Sand, Rodger *s — — — —

Quarry (Wet)
— (^ ) Commercial (Zonalite) " Vermiculite" —

-

— —
(Wet)— (*)White Sand, Rodger *s Quarry (Dry) — — —

— (* )lellowish Quartz Sand, Rodger *s — —

-

— —
Quairy (Dry)— (*)Commercial (Zonalite) " Vermiculite‘'(liy) —

— (“W-) Collington Sandy Loan (DaiqD) — — — —
W-68 Blue Sky 1/50 f/l6 RGB 7-20-53
W-69 Gray Cloud 1/50 fA6 RGB It

W-70 Gray Sky, Thunderstorm Coming (to NE) 1/50 fA6 RGB II

W-71 Gray Sky, Thunderstorm Coming (to S) 1/50 fA6 RGB II

W-72 Water Under Nimbus Clouds 1/50 fA6 RGB II

W-73 Seaweed; Scene of Seaweed in Water 1/50 fAi RGB U

(telephoto; sunlight, hazy, gray
clouds)

W-73 Water; Scene of Seaweed in Water 1/50 f/11 RGB u

(telephoto; sunlight, hazy, gray
clouds)

W-300 Muddy Water, Normal Exposure RGB 7-7-53
W-301 Muddy Water, Over Exposure RGB II

W-302 Muddy Water, Over Exposure
1/100 f/22

RGB n

W-177 Cumulus White Cloud, Under Exposure BR 7-3-53
W-178 Cumulus White Cloud, Normal Exposure 1/100 fAi BR H

W-179 Cumulus White Cloud, Over Exposure 1/100 f/8 BR n

W-180 Blue Sky, Under Exposure l/lOO f/22 BR II

W-181 Blue Sky, Normal Exposure 1/100 fAi BR II

W-182 Blue Sky, Over Exposure 1/100 f/8 BR It

W-80 Leaves of Sycamore (Platanus RGB 7-20-53
occidentalis, L. ) Yellow

W-81 Leaves of Sycamore (Platanus RGB II

occidentalis, L. ) Yellow, Close-up
W-121 Leaves of Sycamore (Platanus RGB 7-2U-53

occidentalis, L.) Green
W-122 Leaves of Sycamore (Platanus RGB U

occidentalis, L. ) Green, Close-up
W-123 Leaves of Black Oak (Quercus velutina. RGB II

Lam. ) Green
W-131 Leaves of Black Oak (Quercus velutina. RGB 7-29-53

Lam. ) Gb:*een, Close-up
1/100 fA6 7-2-53W-1U3 (i’eoi Vegetation, Leaves in Light, GB

Normal Exposure
V(-lU3 Green Vegetation, Leaves in Shade, 1/100 fA6 GB II
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Table I (Ccjntinued)

Shutter
Sample
Number

Exposure
Number Description

^eed
(seconds

)

Aper-
ture Film

Date
Taken

(32) Green Vegetation, Leaves in Light,
Over Exposure

1/100 f/8 GB 7-2-53

1(33) W-liil* Green Vegetation, Leaves in Shade,
Over Exposure

1/100 f/8 GB II

(3li) W-1U5 Green Vegetation, Leaves in Light,
Over Exposure

1/100 f/5.6 GB II

(35) w-il*5 Green Vegetation, Leaves in Shade,
Over Exposure

1/100 f/5.6 GB II

(36) W-17I* Green Ifedge of Black Walnut (Juglans
nigra, L. ) and Locust (Robinia
pseudoacacia, L. ) Leaves in Light,
Under Exposure

1/100 fAi BR 7-3-53

(37) W-171* Green Hedge of Black Walnut (Juglans
nigra, L.) and Locust (Robinia
pseudoacacia, L.) Leaves in Shade,
Under Exposure

1/100 f/11 BR II

(38) W-175 Green Hedge of Black Walnut (Juglans
nigra, L.) and Locust (Robinia
pseudoacacia, L. ) Leaves in Light
Normal Exposure

1/100 f/5.6 BR n

^39) w-175 Green Hedge of Black Walnut (Juglans
nigra, L. ) and Locust (Robinia
pseudoacacia, L.) Leaves in Shade
Normal Exposure

1/100 f/5.6 BR n

(I4O) w-176 Green Hedge of Black Walnut (Juglans
nigra, L.) and Locust (Robinia
pseudoacacia, L, ) Leaves in Light
Over Exposure

1/100 f/1* BR II

(Ul) w-176 Green Hedge of Black Walnut (Juglans
nigra, L. ) and Locust (Robinia
pseudoacacia, L. ) Leaves in Shade
Over Exposure

1/100 f/1* BR II

(i*2) w-872 Wet Sand, Normal Exposure 1/100 f/8 RCB 7-15-5

0*3) w-873 Wet Sand, Over Exposure 1/100 f/5.6 R(B u

(UU) w-871* Wet Sand, Over Exposure 1/100 f/i* RGB II

(li5) w-890 Wet Sand, Normal Exposure 1/100 f/8 RG II

(U6) w-891 Wet Sand, Over Exposure 1/100 f/5.6 RG It

fc(U7) w-892 Wet Sand, Over Exposure 1/100 f/1* RG II

^ (U8) w-899 Wet Sand, Normal Exposure 1/100 f/8 GB II

(1*9) W-900 Wet Sand, Over Exposure 1/100 f/5.6 GB II

(50) W-901 Wet Sand, Over Exposure 1/100 fA GB II

(5X) w-681 Wet Sand, Normal Exposure lAoo f/8 BR II

(52) W-882 Wet Sand, Over Eq^osure 1/100 f/5.6 BR II

(53) W-883 Wet Sand, Over Exposure 1/100 f/1* BR II

(51*) W-935 Wet Sand, Normal Exposure 1/200 f/22 R II

^55)
156)

W-936 Wet Sand, Over Exposure 1/200 f/l6 R II

W-937 Wet Sand, Over Exposure 1/200 f/11 R H

(57) w-926 Wet Sand, Normal Exposure lAoo fA6 G H
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Table I (Continued)

Shatter
Sample
Number

Exposure
Number Description

Speed
(seconds)

Aper-
ture Film

Date
Taken

(58) W-927 Wet Sand, Over Exposure 1/100 f/11 G 7-15-53

(59) W-928 Wet Sand, Over Exposure 1/100 f/8 G II

(60 ) W-908 Wet Sand, Normal Exposure 1/100 f/11 B It

(61 ) W-909 Wet Sand, Over Exposure 1/100 f/8 B II

(62) W-910 Wet Sand, Over Exposure 1/100 f/5.6 B II

(63) W-917 Wet Sand, Normal Exposure 1/100 f/11 Plena It

(61.) W-918 Wet Sand, Over Exposure 1/100 f/8 Plena II

(65) W-919 Wet Sand, Over Exposure 1/100 f/5.6 Plena II

(66) W-875 Dry Sand, Normal Exposure 1/100 f/U RGB II

(67) W-876 Dry Sand, Over Exposure 1/100 f/8 RGB II

(68) W-877 Dry Sand, Over Exposure 1/100 f/5.6 RGB II

(69) W-893 Dry Sand, Normal Exposure 1/100 £/ll RG II

(70) W-891. Dry Sand, Over Exposure 1/100 f/8 RG II

(71) W-895 Dry Sand, Over Exposure 1/100 f/5.6 RG It

(72) W-902 Dry Sand, Normal Exposure 1/100 f/8 GB II

(73) W-903 Dry Sand, Over Exposure 1/100 f/5.6 GB II

(7U) W-90U Diy Sand, Over Exposiare 1/100 f/l. GB II

(75) W-881* Dry Sand, Normal Exposure 1/100 fAi BR II

(76) W-885 Dry Sand, Over Exposure 1/100 f/8 BR II

(77) W-886 Dry Sand, Over Exposure 1/100 f/5.6 BR It

(78) W-938 Dry Sand, Normal Exposure 1/200 f/22 R II

(79) W-939 Dry Sand, Over Exposure 1/200 fA6 R II

(80) W-91.0 Dry Sand, Over Exposure 1/200 f/n R It

(81) W-929 Dry Sand, Normal Exposure 1/100 f/l6 G II

(82) W-930 Dry Sand, Over Exposure 1/100 f/11 G II

(83) W-931 Dry Sand, Over Exposure 1/100 f/8 G It

(8U) W-911 Dry Sand, Normal Exposure 1/100 f/11 B II

(85) W-912 Dry Sand, Over Exposure 1/100 f/8 B II

(86) W-913 Dry Sand, Over Exposure 1/100 f/5.6 B II

(87) W-920 Dry Sand, Normal Exposure 1/100 f/11 Plena II

(88) W-921 Dry Sand, Over Exposure 1/100 f/8 Plena II

(89) W-922 Dry Sand, Over Exposure 1/100 f/5.6 Plena It

(90) W-91.1. Wet Gravel, Normal Exposure 1/100 f/5.6 RGB It

(91) W-91.5 Wet Gravel, Over Exposure 1/100 f/i. RGB II

(92) W-9U6 Wet Gravel, Over Exposure 1/100 f/2.8 RGB II

(93) (*)Bark, Outer, Scrub Pine (Pinus
virginiana. Mill .

)

**** **** 3-3-56

(91.) (*)Bark, Inner, Scrub Pine (Pinus
virginiana. Mill,

)

— — * II

(95) (*)Bark, Outer, White Oak (Quercus
alba, L ,

)

***** **** 11

(96) (-J^)Bark, Inner, White Oak (Quercus
alba, L.)

II
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III» Preparation of samples

The reflecting materials such as the bark of trees were placed against
the integrating sphere of the spectrophotometer and held there with the usual
spring fastener furnished with the instrument. The sands and soils were
poured into special clear glass containers which in turn were fastened to

the integrating sphere of the instrument. Distilled water was later added to

the glass ccxitainer of dry sands and soils for the wet sample measurement.
The Collington Sandy Loam, Sample No. (7) was dair^) when received at the NBS.

The sample was measured under the moisture condition in which it was received
no additional distilled water was used.

Two devices were designed (JCS) and constructed for the measurements of
color transparencies. The first device illustrated in Figure 1 is used to

assist in trimming the color transparencies to proper size for measurement.
This rectangular plastic box is connected to an air suction line. The top

cover of the box is perforated, and when the valve to the air suction line
is opened, the film placed over the perforaticxis is held flat and firmly in
place. A plastic plate, made to the correct dimensions desired for the
trimmed film (2-l/U by 2-l/U inches), is placed on the film and the color
transparency is trimmed with a razor blade, using the plastic plate as a
guide. The plywood base upon which the plastic box and the valve are located
is cut away beneath the box so that the device may be placed over a light
table allowing the color transparency to be fully illuminated during the

trimming operation.

The second device illustrated in Figure 2* js used to position the color
transparency and hold it flat during measurement on the spectrophotometer.
It is attached to the base plate of the integrating sphere of the spectro-
photometer, in place of the transmission sample compartment. By the use of
this device, the position of the color transparency during measurement can
be accurately set in three dimensions by means of racks and pinions or a

screw, and the position noted accurately by means of three scales attached
to the device. The color transparency and the felt covered film holder
plates can be oriented so that the light beam can pass through any of the

four quadrants or through the center of the transparency. The scales indi-
cated in the figure are as follows: V indicates the up-down position of the

color transparency for measurement; H indicates the left-right position; and
S indicates the position away from and toward the integrating sphere. In
use, the positions of the V and H scales were first set and the holder moved
as close to the integrating sphere as possible along the S scale. The posi-
tions of measurement were accurately noted and recorded (GMH), together with
the orientation of the film in the holder, so that at any future date the
exact position of the color transparency during measurement could be redeter-
mined. These data are given in Appendix D of this report. Also included in
Appendix D is a diagram (Figure 31) which can be used to indicate the area of

the color transparency actually measured.

* This device was constructed in the machine shop of the NBS Photometry and
Colorimetry Section by Mr. G. H. Liir^Daris.
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Figure 1<» Suction de*vice to hold color

transparency accurately in place while being

trimmed to 2-l/U x 2-l/U inch size required

for san?)le holder.

Figure 2. Positioning device to hold photo-

graphic transparency firmly in place and to

note accurately the three dimensional place-

ment of the film during measurement. This is

especially important for the measurement of a

field scene



• *• ... ••
V..M

»•
-. .'

•i

't, u

•

'••'Kt

(»<< *’ I-**

V * *

;r

•i&fod blod ol Vc>i#a6 nctltrfaiSi ».( A* ;*iS^

^tiedi 6Xi:iiK soslq rti 1^006
+|

‘

-
.

.lisbi'.’rri ’ID It

'i'n'

'!M

‘.l .*4

-c*^orfq, 0lori *jiybJ9b

ot him 9 *‘^Sjci ii± i:Janc'i v*t ••w^'ygMV oiriqiTjj

•as^4 e/lt % &t ;3 fr

aiMT lali't *ffX V .-

#

av

T i s-^

ji



I

FIGURE I

FIGURE 2



f



- 11 -

I Vo Spec trophotometrie Measurements

For the eleven reflecting materials such as the barks of trees, the white
and yellow sands, and the soils, measurements of spectral directionkl re-
flectance were made for the visible and near infrared spectral ranges (UOO
to 1080 millimicrons) on the General Electric recording spectrophotometer

[10, TL] • These spectral directional reflectance measurements were made for
the condition of included specular conponent of the reflected radiant energy.
Slits of approximately 10 millimicrons of spectral width were used for the
measurements in the visible spectrum, UOO to ?50 millimicrons, and 20 milli-
microns of spectral width for the near infrared spectrum, 730 to IO8O milli-
microns .

For the eighty-five color transparencies of natural objects, measurements
of spectral transmittance for the visible spectrum (i|00 to 750 millimicrons)
were made on the same General Electric recording spectrophotometer, equipped
with slits approximating 10 millimicrons of spectral width. For these spectral
transmittance measurements, recordings were made with calibration curves
(didymium, zero, and 100^ curves) for making wavelength and photometric scale
corrections [12, 13]

•

Each of the eight curve sheets for the eleven reflecting materials was
read and tabulated at each ten millimicron interval between UOO and IO8O milli-
microns. Each of the thirteen curve sheets for the eighty-five color trans-
parencies was read and corrected at each ten millimicron interval between UOO
and 750 millimicrons.

V. Spectrophotometric Results

The results of the spec trophotometrie measurements of spectral directional
reflectance or spectral transmittance of this report are shown on the twenty-
one Ozalid copies of the original recordings fi*om the General Electric recording
spectrophotometer. These Ozalid copies are a part of Appendix C of this report;
seventeen of them are for the visible spectrum, I4OO to 750 millimicrons, and
four of them are for the near infrared spectrum, 730 to IO8O millimicrons.

Values of spectral directional reflectance were read at 10 millimicron
intervals from UOO to IO8O millimicrons for each of the eleven determinations
of the six specimens of sand, soil, and bark of trees. These eleven sets of

spectropho tometric data are listed in Appendix B of this report, and are illus-
trated in Figures 3 and U.

Values of spectral transmittance were corrected and read at 10 millimicron
intervals from UOO to 750 millimicrons for each of the eighty-five determina-
tions made on the seventy-eight color transparencies of clouds, sky, water, sand,

seaweed, gravel, green and yellow vegetation, and other natural objects. These
eighty-five sets of spectrophotometric data are listed in Appendix B of this
report, and are illustrated in Figures 5 through I6 .
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Figure 3. ^sible and near infrared spectral

directional reflectance of wet sands (solid curves),

dry sands (dashed curves), and damp soil (variable

dashed curve).

(1) Wet White Sand, Rodger's Quarry

(2) Wet Yellowish Quartz Sand, Rodger's Quarry

(3) Wet Commercial (Zonalite) "Vermiculite"

(U) Dry White Sand, Rodger's Quarry

( 5 ) Dry Yellowish Quartz Sand, Rodger's Quarry

(6) Dry Commercial (Zonalite) " Vermiculite"

(7) Damp Collington Sandy Loam
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Figure k» Visible and near infrared spectral

directional reflectance of the inner and outer

barks of scrub pine and white oak trees.

(93) Outer Bark, Scrub Pine (Pinus virginiana,

(9ii) Inner Bark, Scrub Pine (Pinus virginiana,

(9?) Outer Bark, White Oak (Quercus alba, L.)

( 96 ) Inner Bark, White Oak (Quercus alba, L.

)

Mill.)

Mill.)
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Figure J. Spectral transmittance of color

transparencies of sky, clouds, water, and

seaweed on Ansco daylight color film. (For

shutter speed and aperture, see Table I).

(8) W-68 Blue Sky

(9) W-69 Gray Cloud

(10) W-70 Gray Sky (to NE)

(11) W-71 Gray Sky (to S)

(12) W-72 Water under Nimbus Clouds

(13) W-73 Seaweed, Seaweed in Water

(ll<) W-73 Water, Seaweed in Water

(Note. When the same exposure number

is repeated, more than one spectrophotome trie

curve was made of that exposure).
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Figure 6. Spectral transmittance of color

transparencies of water, clouds, and sky.

a) On Ansco Daylight Color Film

(15) W-300 Muddy Water, Normal exposure

(16) W-301 Muddy Water, Over exposure

(17) W-302 Mud(^ Water, Over exposure

b) On Special Ansco Blue and Red Sensitive Film

(18) W-177 Cumulus White Cloud, Under exposure

(19) W-178 Cumulus White Cloud, Normal exposure

(20) W-179 Cumulus White Cloud, Over exposure

(21) W-180 Blue Sky, Under exposure

(22) W-181 Blue Sky, Normal exposure

(23) W-182 Blue Sky, Over exposure

(For shutter speed and aperture of

Sample Nos. (I8) to (23), see Table I.)
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Fig-ure 7* Spectral transmittance of color

transparencies of green and yellow leaves of

trees cn Ansco daylight color film.

(2ii) W-80 Yellow Leaves of Sycamore (Platanus
occidentalis, L.)

(25) W-8l Close-up of Yellow Leaves of Sycamore

(26) W-121 Green Leaves of Sycamore (Platanus
occidentalis, L.

)

(27) W-122 Close-up of Green Leaves of Sycamore

(28) W-123 Green Leaves of Black Oak (Quercus
velutina, Lam.

)

(29) W-I 3I Close-up of Green Leaves of Black Oak
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Figiare 8. Spectral transmittance of color trans-

parencies of a scene of green vegetation on special

Ansco green and blue sensitive film. (For shutter

speed and aperture, see Table I).

(30) W-lli3 Green Vegetation,
Normal exposure

Leaves in Light,

(31) Green Vegetation,
Normal exposure

Leaves in Shade,

(32) w-lUU Green Vegetation,
Over exposure

Leaves in Light,

(33) Green Vegetation,
Over exposure

Leaves in Shade,

(3U) w-ili5 Green Vegetation,
Over exposure

Leaves in Light,

(35) W-1U5 Green Vegetation,
Over exposure

Leaves in Shade,

(Note. When the same exposure number

is repeated, more than one spectro-

photometric curve was made of that exposure).
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Figure 9* Spectral transmittance of color trans-

parencies of a scene of green leaves of a hedge of

Black Walnut and of Locust trees on special Ansco

blue and red sensitive film,

aperture, see Table I).

(36) W-17U Green Hedge
Leaves in

(37) -W-17U Green Hedge
Leaves in

(38) W-173 Green Hedge
Leaves in

(39) W-175 Green Pfedge

Leaves in

(UO) W-176 Green Hedge
Leaves in

(Ul) W-176 Green Hedge
Leaves in

(Note. When the

(For shutter speed and

of Black Walnut and Locust,
Light, Under exposure

of Black Walnut and Loctist,

Shade, Under exposure

of Black Walnut and Locust,
Light, Normal exposure

of Black Wadnut and Locust,
Shade, Normal exposure

of Black Walnut and Locust,
Light, Over exposure

of Black Walnut and Locust,
Shade, Over exposure

exposure number is

repeated, more than one spectrophotometrie

curve was made of that exposure).
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Figure 10, Spectral transmittance of color trans

parencies of wet sand.

a) On Ansco Daylight Color Film

(U2) W-872 Wet Sand, Normal exposure

(ii3) W-873 Wet Sand, Over exposure

(UIi) W-87U Wet Sand, Over exposure

b) On Special Ansco Plenacolor Film

(63) W-917 Wet Sand, Normal exposure

(6ii) W-918 Wet Sand, Over exposure

(65) W-919 Wet Sand, Over exposure

(For shutter speed and aperture, see Table I).
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Figure 11. Spectral transmittance of color trans-

parencies of wet sand.

a) On Special Ansco Red and Green Sensitive Film

(ii5) W-890 Wet Sand, Normal exposure

(U6) W-891 Wet Sand, Over exposure

(U7) W-892 Wet Sand, Over exposure

b) On Special Ansco Green and Blue Sensitive Film

(U8) W-899 Wet Sand, Normal exposure

(ii9) W-900 Wet Sand, Over exposure

(50) W-901 Wet Sand, Over exposure

c) On Special Ansco Blue and Red Sensitive Film

(9l) W-881 Wet Sand, Normal exposure

($ 2 ) W-882 Wet Sand, Over exposure

(53) W-883 Wet Sand, Over exposure

(For shatter speed and aperture, see Table I).
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Figure 12 * Spectral transmittance of color trans

parencies of wet sand,

a) On Special Ansco Red Sensitive Film

( 5U) W-935 Wet Sand, Normal exposure

( 55 ) W-936 Wet Sand, Over exposure

( 56 ) W-937 Wet Sand, Over exposure

b) On Special Ansco Green Sensitive Film

( 57 ) W-926 Wet Sand, Normal exposure

(58 ) W-927 Wet Sand, Over exposure

( 59 ) W-928 Wet Sand, Over exposure

c) On Special Ansco Blue Sensitive Film

(60) W-908 Wet Sand, Normal exposure

(61) W-909 Wet Sand, Over exposure

(62) W-910 Wet Sand, Over exposure

(For shutter speed and aperture, see Table I)
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Figiire 13* Spectral transmittance of color trans

® parencies of dry sand.

a) On An SCO Daylight Color Film

(66) W-875 Dry Sand, Normal exposure

(67) W-876 Dry Sand, Over exposiire

(68) W-877 Dry Sand, Over exposure

b) On Special Ansco Plenacolor Film

(87) W-920 Dry Sand, Normal exposure

(88) W-921 Dry Sand, Over exposure

(89) W-922 Dry Sand, Over exposure

Id (For shutter speed and aperture, see Table I).

I
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Figure lU. Spectral transmittance of color trans

parencies of dry sand.

a) On Special Ansco Red and Green Sensitive Film

(69) W-893 Dry Sand, Itormal exposure

(70) W-89U Dry Sand, Over exposure

(71) W-895 Dry Sand, Over exposure

b) On Special Ansco Green and Blue Sensitive Film

(72) W-902 Dry Sand, Normal exposure

(73) W-903 Dry Sand, Over exposure

(7U) W-90U Dry Sand, Over exposure

c) On Special Ansco Blue and Red Sensitive Film

(75) W-88h Dry Sand, Normal exposure

(76) W-885 Dry Sand, Over exposure

(77) W-886 Dry Sand, Over exposure

(For shutter speed and aperture, see Table l).
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Figure l5 . Spectral transmittance of color trans-

parencies of dry sand.

a) On Special Ansco Red Sensitive Film

(78) W-938 Dry Sand, Normal exposure

( 79 ) W-939 Dry Sand, Over exposure

(80) W-9U0 Dry Sand, Over exposure

b) On Special Ansco Green Sensitive Film

(81) W-929 Dry Sand, Normal exposure

(82) W-930 Dry Sand, Over exposure

(83) W-931 Dry Sand, Over exposure

c) On Special Ansco Blue Sensitive Film

( 8U) W-911 Dry Sand, Normal exposure

( 85 ) W-912 Dry Sand, Over exposure

( 86 ) W-913 Dry Sand, Over exposure

(For shutter speed and aperture, see Table I).
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Figure l6 . Spectral transmittance of color trans-

parencies of wet gravel on Ansco daylight color

film,

(90) W-9Uli Wet Gravel, Normal exposure

(91) W-9U5 Wet Gravel, Over exposure

(92) W-9ii6 Wet Gravel, Over exposure

(For shutter speed and aperture, see Table l).



c

ap^ : ^ ,r ,'^m
xoXoor fjo IssvjiX;^ ^ow. l^a^iDooijaq

c

,

I* V;j,.l-* „
^i‘‘L'

'V '

"
li<^ . s;

V \ ftiu/eoqxs laenoVI ^Xtinrsxs} ^dW

a;;m

a*txfaoqX9 tWo ;tl9v£'ic/ cf«W ^ii^'-4f (X^)^“
'

S19i^
«iA,^k>qx© iwO .I«w/rxO i®»V (5^) *’

,(I «IdaT *598 iein/d-x^bii ixri b»sq0 xa^cfiiric lo'l) *1^
'

'
'*

. B .>

'
" r



100

80

60

40

20

0

- 39 -

T T T

COLOR TRANSPARENCIES
OF

GRAVEL

FIGURE 16





VI* Coloriinetric Computations

The spectral-directional-reflectance or spectral-transmittance data
of each of the ninety-six determinations of specimens related to natural
objects or to color transparencies of natural objects listed in Appendix B
for the visible spectrum (hOO to 750 millimicrons) were converted into
terms of luminous reflectance or luminous transmittance, Y, and chroma-
ticity coordinates, x and y, of the C.I.E. colorimetric system by integra-
tion according to the C.I.E. standard observer and coordinate system [lU]

for C.I.E. source C, representative of average daylight. In addition to
the chroma ticity coordinates, x and y, the dominant wavelength, , and
excitation purity, p, of each of these ninety-six determojiations of the
specimens of this report have been derived.

Dominant wavelength and excitation purity are alternate standard speci-
fications for color. They are more or less suggestive of the appearance of

the color of the object and thus help to form a part of the chromaticity
specification of the color of that object. This sometimes is more easily
understood than the chromaticity coordinates, *• x and y. The dominant wave-
lengths and excitation purities of this report were determined from the
chromaticity data by means of graphs showing the conversion of C.I.E. chroma-
ticity data into these terms [l5] . This method is recognized by the American
Standards Association [l6].

The chromaticity coordinates, daylight reflectance, dominant wavelength,
and excitation purity of the eleven reflecting determinations are listed in

Table II of this report and illustrated in Figures 17 and l8.

The chromaticity coordinates, daylight transmittance, dominant wave-
length and excitation purity of the eighty-five determinations on the color
transparencies are listed in Table III and illustrated in Figures 19, 20,

and 21.
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Table II

Reflecting Nataral Objects

Chromaticity Coordinates, Daylight Reflectance, Dominant Wavelength, and
Excitation Purity, for Source C, of the Indicated Samples.

Chromaticity Daylight Dominant Excitation
Sample Coordinates Reflectance Wavelength Purity
Nuirber X y A(nu) v {%)

Sand and Soil

(1) 0.359 0.356 21.8 580.U 23.7

(2) .392 .373 21.0 582.7 37.2

(3) .351* .3U8 16.5 582.0 20.3

(U) .350 .31*9 37.7 580.3 19.5

(5) .373 .363 36.9 581.6 29.1*

(6) .337 .337 27.7 580.0 13.0

(7) .31*9 .31*5 ll*.9 582.0 18.0

Barks of Trees

(93) .358 .31*6 11.9 581*. 2 20.8

(9U) .372 .31*9 11*. 7 586.i4 25.1*

(95) .326 .31*2 27.7 571.1 11.1

(96) .357 .350 7.5 580.2 23.1
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Figure !?• CIE chromaticity diagram showing dominant

wavelength, excitation poirity, and chromaticity

coordinates, for Source C, of wet sands (solid circles),

dry sands (open circles), and damp soil,

(1) Wet White Sand, Rodger's Quarry

(2) Wet Yellowish Quartz Sand, Rodger's Quarry

(3) Wet Commercial (Zonalite) " Vermiculite"

(U) Dry White Sand, Rodger's Quarry

( 5 ) Dry Yellowish Quartz Sand, Rodger's Quarry

(6) Dry Commercial (Zonalite) "Vermiculite"

(7) Damp Collington Sandy Loam
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Figure 18* CIE chromaticity diagram showing dominant

wavelength, excitation purity, and chromaticity

coordinates, for Source C, of the inner and outer

bark of scrub pine and white oak trees.

(93) Outer Bark, Scrub Pine (Pinus virginiana. Mill.)

(9h) Inner Bark, Scrub Pine (Pinus virginiana. Mill.)

(95) Outer Bark, White Oak (Quercus alba, L.)

( 96 ) Inner Bark, White Oak (Quercus alba, L.

)
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Table III

Color Transparencies of Natural Objects

Chromaticity Coordinates, Daylight Transmittance, Dominant Wavelength, and
Excitation Purity, for Source C, of the Indicated Samples*

Chromaticity Daylight Dominant Excitation
Sample Coordinates Transmittance Wavelength Purity
Number X y y(?) A(ini) P(5«)

Sky, Clouds, and Water

(8) 0.207 0.197 2.6 U7U.8 51.7

(9) .25U .21*8 6.U 1*73.6 28.7
(10) .298 .322 5U.6 1*97.0 l*.o

(11) .257 .253 5.9 U7i;.3 26.9
(12) .22U .232 1.5 1*77.9 la.o

(13) .220 .2^8 1.1 1*81.2 1*0.2

(lU) .297 .313 3.6 i|88.0 5.1

(15) .316 .323 7.7 575.6 3.ii

(16) .293 .320 33.6 1*93.1 7.2

(17) .298 .328 1*9.1* 502.9 l*.o

(18) .157 .301* 13.1 1*90.0 57.9
(19) .231* .311 Ui.U 1*90.2 28.8

(20) .275 .319 59.9 1*91.9 12.9

(21) .1U6 .362 8.2 1*91*. 3 57.8
(22) .1U6 .208 13.6 1*82.6 71.1*

(23) .175 .21*5 25.5 U81*.l* 56.9

Green Vegetation

(2U) .389 .507 2.2 566. U 73.1*

(25) .319 .1*71* 2.0 5Ul*.o 1*5.1

(26) .278 .U6U 1.5 537.5 32.8

(27) .285 .398 3.U 531.0 16.8

(28) .260 .337 2.0 1*96.0 17.3

(29) .21*2 .335 1.3 1*91*. 3 21*.

0

(30) .670 .330 1.7 6L1.1* 100.0

(31) .682 .318 0.5 615.8 100.0

(32) .627 .350 8.1 6OU.8 91*. 0

(33) .637 .31*0 6.5 608.7 91*. 0

(3li) .575 .363 12.5 600.0 83.6

(35) .585 .31*1* 8.8 605.2 81.0

(36) .179 .51*0 7.3 513.3 1*6.7

(37) .192 .570 7.1 519.1* 1*9.1

(38) .177 .1*35 10.3 501.1 U3.6
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Table III (Continued)

Chromaticity Daylight Dominant Excitation
Sample Coordinates Transmittance Wavelength Purity
Number X y r(%) A(nu) p(^)

Green Vegetation (Continued)

(39) 0.175 0.U61 9.3 50I4.6 UU.i
(iiO) .199 .3814 15.3 I498.I4 37.3
(Itl) .203 .395 15.1 500.0 35.14

Wet Sand

042) .500 .1420 2.0 586.0 78.8

(U3) .14I49 .1405 6.U 583.8 61.1m .lao .396 13.0 580.7 I48.I

(U?) ,1146 .132 6.0 I475.I4 81.3

046) .173 .189 13.0 I478.7 6h .2

(17) .218 .252 26.5 I482.I hO.h

(148) • 6U0 .355 8.5 603.9 98.8

(149) .610 .373 12.1 599.6 95.14

(50) .5149 .3814 19.0 59I4.6 82.1

(51) .291 .559 19.3 5U6.8 61.2

(52) .3142 .509 314.2 558.5 60.5

(53) .350 .U55 1|8.1 562.8 i;8.0

(514) .139 .1146 12.2 U77.6 81.6

(55) •iia .156 114.1 I478.I4 79.7

(56) .162 .206 23.1 I48I.9 65.8

(57) .37I4 .236 17.7 507.1c 14I4.3

(58) .3514 .263 30.3 506. 7c 29.7

(59) .31a .287 14I4.2 502.9c 17.6

(60) • U86 .U95 60.7 577. 14 95.1

(61) .1477 .I493 63.0 576.8 92.2

(62) .U58 .U86 65.7 575.7 85.2

(63) .219 .316 5.2 I490.9 33.9
(6I4) .206 .312 3.0 I490.5 39.1

(65) .190 .300 1.14 I489.3 I45.9

Dry Sand

(66) .I4I46 .1402 3.5 58I4.O 59.6
(67) .1;18 .395 7.8 582.0 50.1
(68) .37I4 • 373 15.9 579.I4 32.3

(69) .II49 .1140 7.7 I475.9 79.1

(70) .181; .213 18.3 I48O.3 57.3

>
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Table III (Continued)

Sample
Chromaticity
Coordinates

Daylight
Transmittance ^

Dominant
Wavelength

Excitation
Purity

Number X y Y(^) A(n»i) p(^)

(71) 0.235 0.277

Dry Sand (Continued)

35.3 1*8U.5 31.6

(72) .573 .375 15.1* 597.1* 86.2

(73) .525 .380 21.1* 59U.O 7U.6
(71*) • U68 .369 28.5 592.6 56.1*

(75) .316 .U83 36.7 553.0 i;6.8

(76) .323 .U26 1*9.7 556.6 33.1

(77) .311* .371 61.9 551*. 8 15.8

(78) .139 .11*1* 12.6 1*77.1* 82.0

(79) .191 .188 20.5 1*80.5 72.0
(80) .155 .191* 21.6 1*80.8 69.8

(81) .31*5 .271* 38.7 506.7c 23.5

(82) .331* .301* 57.8 1*97. 3c 9.6

(83) .328 .326 73.8 586.0 7.5

(81*) .U66 .1*92 61;.

9

575.9 88.9

(85) .iUi3 .1*79 69.0 571*.

8

79.1*

(86) .397 .1*33 73.7 573.7 51*. 9

(87) .207 .320 1.5 1*91.1* 38.0

(88) .186 .312 0.6 1*90.6 1*6. u
(89) .093 .21*3 0.1 i;86.

8

86.9

(90) .358 • 356

Wet Gravel

10.5 580.1 23.5

(91) .336 .31*7 19.8 575.1 15.2

(92) .322 .31*8 35.6 565.3 11.7
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Figure 19* CIE chromaticity diagram showing dominant

wavelength, excitation purity, and chromatic ity coor-

dinates, for Source C, of color transparencies of sky,

clouds, water, and seaweed.

a) On Ansco Daylight Color Film

(8) W-68 (13) W-73

(9) W-69 (lU) W-73

(10) W-70 (15) W-300

(11) W-71 (16) W-301

(12) W-72 (17) W-302

b) On Special Ansco Blue and Red Sensitive Film

(18) W-177 (21) W-180

(19) W-178 (22) W-181

(20) W-179 (23) W-182

(For identification of samples, shutter speed, and

aperture, see Table I. Note, when the same exposure

number is repeated, more than one spectrophotometrie

curve was made of that exposure).
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Figure 20, GIF chromaticity diagram showing dominant

wavelength, excitation purity, and chroraaticity coor-

dinates, for Source C, of color transparencies of green

and yellow leaves of trees and green vegetation,

a) On Ansco Daylight Color Film

(214) w-80 (27) W-122

(25) w-81 (28) W-123

(26) W-121 (29) W-131

b) On Special Ansco Green and Blue Sensitive Film

(30) W-IU3 (33) W-lUli

(31) W-ll*3 (3U) W-1U5

(32) W-IUI4 (35) w-lli5

c) On Special Ansco Blue and Red Sensitive Film

(36) W-171* (39) W-175

(37) w-171* (UO) w-176

(38) W-175 (la) w-176

(For identification of samples, shutter speed, and

aperture, see Table I. Note, when the same exposure

number is repeated, more than one spectrophotometric

curve was made of that exposure).
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Figure 21. CIE chroma ticity diagram showing dominant wavelength,
excitation purity, and chromaticity coordinates, for Source C, of

color transparencies of wet sand (solid circles), dry sand (open

circles), and wet gravel (solid squares).
\

a) On Ansco Daylight! Color Film

(U2) W-872 (66) W-875 (90) W-9l4U

(U3) W-873 (67) W-876 (91) W-9U5
(Ui) W-87U (68) W-877 (92) W-9U6

b) On Special Ansco Red and Green Sensitive Film

(U5) w-890 (69) w-893

(U6) W-891 ho) W-89I*

(h7) W-892 (71) W-895

c) On fecial Ansco Green and Blue Sensitive Film

(U8) W-899 (72) W-902

(1*9) W-900 (73) W-903

(50) w-901 (7U) W-90U

d) On Special Ansco Blue and Red Sensitive Film
(51) W-881 (75) W-68U
(52) W-882 (76) W-885

(53) W-883 (77) W-886

e) On Special Ansco Red Sensitive Film
(51i) W-935 (78) W-938

(55) W-936 (79) W-939

(56) W-937 (80) W-9U0

f) On Special Ansco Green Sensitive Film

(57) w-926 (81) w-929
(58) W-927 (82) W-930
(59) W-928 (83) W-931

g) On Special Ansco Blue Sensitive Film
(60) W-908 (8U) W-911
(61) W-909 (8$) W-912

^2 ) W-910 h6 ) W-913

h) On Special Ansco Plenacolor Film
(63) W-917 (87) W-920
(6U) W-918 (88) W-921
(65) w-919 (89) w-922

Shown also are the data for the wet sand, Sanple No. (2), and
the dry sand, Sanple No. (5).

(For identification of the sanples, shutter speed, and aperture,
see Table I).
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Figure 21. CIE chroma ticity diagram showing dominant wavelength,
excitation purity, and chromaticity coordinates, for Source C, of

color transparencies of wet sand (solid circles), dry sand (open

circles), and wet gravel (solid squares).
I

a) On Ansco Daylight' Color Film
(1|2) W-872 (66) W-875 (90) W-9ltU

(U3) W-873 (67) W-876 (91) ¥-9U5
(14t) W-87U (68) W-877 (92) W-9U6

b) On Special Ansco Red and Green Sensitive Film

(U5) ¥-890 (69) ¥-893

(1*6) ¥-891 (70) W-89U
(U7) ¥-892 (71) ¥-895

c) On fecial Ansco Green and Blue Sensitive Film
(lj8) ¥-899 (72) ¥-902

(1*9) ¥-900 (73) ¥-903

(50) ¥-901 (71*) ¥-901*

d) On Special Ansco Blue and Red Sensitive Film
(51) ¥-881 (75) ¥-881*

(52) ¥-882 (76) W-885

(53) ¥-883 (77) ¥-886

e) On Specieil Ansco Red Sensitive Film

(51*) ¥-935 (78) ¥-938

(55) ¥-936 (79) ¥-939
(56) ¥-937 (80) ¥-91*0

f) On Special Ansco Green Sensitive Film

(57) ¥-926 (81) ¥-929

(58) ¥-927 (82) ¥-930

(59) ¥-928 (83) ¥-931

g) On Special Ansco Blue Sensitive Film
(60) ¥-908 (81*) ¥-911
(61) ¥-909 (85) ¥-912

(62) ¥-910 (86) ¥-913

h) On Special Ansco Plenacolor Film
(63) ¥-917 (87) ¥-920
(61*) ¥-918 (88) ¥-921

(65) ¥-919 (89) ¥-922

Shown also are the data for the wet sand, Sanple No. (2), and
the dry sand, Sanple No. (5).

(For identification of the san^iles, shutter speed, and aperture,
see Table I).
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VII « Munsell Renotations and ISCC-NBS Color Designations

From the above-mentioned determinations of the C.I.E. chromaticity
coordinates and of daylight reflectances or of daylight transmit tances
of the ninety-six determinaticns of the specimens of this report, the
Munsell renotations (H V/C) were determined from graphs of conversion
from the C.I.E. system to the Hinsell renotation system [l7, 18^ . These
Mansell renotations were then converted into terms of the ISCC-IES (Inter-
Society Color Council - National Bureau of Standards) color designations |^19j .

The Munsell renotations and ISCC-NBS color designations for the eleven
determinations on natural objects of this report are listed in Table IV
and illustrated in Figures 22 and 23.

The Munsell renotations and ISCC-NBS color desigiations for the
eighty-five determinations on the color transparencies of natural objects
are listed in Table V and illustrated in Figures 2U, 25, and 26.
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Table IV

Reflecting Natural Objects

Munsell Renotatians and ISCC-NBS Color Designations of the Indicated
Samples.

Sample
Number

Munsell
Renotations ISCC-NBS Color Designations

Sand and Soil

(1) 0.21 5.2/2.

3

Grayish yellowish brown

(2) 8.6YR 5.1/3.

7

Moderate yellowish brown
(3) 9.2YR U.6/1.8 Grayish yellowish brown

a) 9.8YR 6.6/2.

2

Light grayish yellowish brown

(5) 8.9IR 6. 6/3.

6

Light yellowish brown

(6) 9.0YR 5. 8/1.3 Light grayish yellowish brown

(7) 9.6YR 1*. 14/1*5 Grayish yellowish brown

Barks of Trees

(93) 8.0YR U.0/1.7 Grayish yellowish brown
(9U) 5.6YR I4 .I4/2.5 Grayish brown

(95) 0.9C5Y 5.8A*1 Light olive gray

(96) 9 . 7IR 3 . 2A .5 Dark grayish yellowish brown
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figure 22





Figure 23# Schematic illustration of the vertical

and horizontal projecticxis of the ’’ideal” Munsell

system showing the Munsell Value (upper diagram)

plotted against the Munsell Hue and Chroma points

projected from the lower diagram of the inner and

outer bark of scrub pine and white oak trees,

(93) Outer Bark, Scrub Pine (Pinus virginiana,

(9U) Inner Bark, Scrub Pine (Pinus virginiana,

(95) Outer Bark, White Oak (Quercus alba, L,

)

(96) Inner Bark, White Oak (Quercus alba, L.)

Mill.)

Mill.)
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FIGURE 23
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Table V

Color Transparencies of Natural Objects

Munsell Renotations and ISCC-NBS Color Designations of the Indicated
Samples •

Sample
Number

Munsell
Renotations ISCC-NBS Color Designations

Sky, Clouds, Water

(8) U.9PB 1.8A.9 Dark blue

(9) 5.6pB 3. 0/3.

2

Dark blue

(10) li.OBG 7.7/l.U Very pale green

(11) 5.UPB 2.8/2.

9

Dark grayish blue
(12) 2.1PB 1.2/2.

7

Dark blue

(13) 7.7PB 0. 9/2.1 Dark purplish blue

(Ih) 9.6BG 2. 2/0.6 Dark grayish green

(15) 6.0Y 3.2/0.

2

Dark gray
(16) 5.6bG 6. 3/1.

6

Pale green

(17) 9.5g 7 .I4/1.7 Pale green

(18) 6 .I4BG 1*.2A0.3 Strong bluish green

(19) 8.7BG 6. 9/7.1 Brilliant bluish green

(20) 7 . 8BG 8. 0/3 .

6

Very light bluish green
(21) 2.UBG 3.UAI .3 Vivid bluish green

(22) 5.3B h.2/11.1 Vivid greenish blue

(23) U.3B 5 . 6AO.6 Brilliant greenish blue

Green Vegetation

(2U) 3.2GT 1.6/h.O Very dark green
(25) 7.6GY 1 . 5/U.O Dark olive green

(26) 0.3G 1 . 2/3 .

9

Very dark yellowish green

(27) 5.7G 2. 1/2.

5

Dark green

(28) 1.3BG 1. 5/2.5 Very dark bluish green

(29) 2.2BG 1.0/2.

6

Very dark bluish green

(30) 2.7YR 1 . 3/8 .

6

Deep brown
(31) 3 .I4YR O. 5/U .3 Dark brown

(32) 0.2YR 3 . 3/12.6 Strong reddish brown
(33) 0 . 3'rR 3 . 0/12.2 Strong reddish brown

(31*) O.UYR U. 1/11.

8

Deep reddish orange

(35) 9.5R 3 . 5/11.2 Strong reddish brown
(36) 3.UG 3 . 2/12.3 Vivid green

(37) 2.2G 3.1/12.1* Deep yellowish green

(38) 7.6G 3 . 7/11.2 Vivid green

i
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Table V (Continued)

Sample
Number

Munsell
Renotations ISCC-NBS Color Designations

Green Vegetation (Continued)

(39) 6.2G 3.6/11.6 Vivid green
(Uo) 0.3BG U.5/9.8 Strong bluish green

(la) 9.3G Ii,U/9.8 Strong bluish green

Wet Sand

(1*2) 9.1IR 1.5/3.

7

Dark yellowish brown
(1*3) 9.3YR 3. 0/1*. 5 Deep yellowish brown
(1*1*) 1.2Y l*.2/3.9 Moderate olive brown

(U5) 3.9PB 2.9A2.1 Vivid blue

(1*6) l.jpB U. 2/10.

5

Strong blue

(U7) 8.5b 5.7Z7.5 Brilliant greenish blue
(1*8) 0.6IR 3.I4/13.5 Strong reddish brown
(1*9) 1.5XR U.oAl*.o Vivid reddish orange

(50) 1.8R li.9/11.8 Strong reddish orange

(51) 0.2G 5.0/11.7 Vivid yellowish green

(52) 7.8GY 6.3AO.O Strong yellow green

(53) 6.7GX 7. 3/8.0 Strong yellow green

(51*) 2.0PB U. 0AU.9 Vivid blue

(55) 1.3PB 1*.3A1*.5 Vivid blue

(56) 7.8b 5.1*A2.3 Vivid greenish blue

(57) 3.2RP U.8A1.7 Strong purplish red

(58) 2.9RP 6. 0/9.6 Deep purplish pink

(59) 3.1*RP 7.1/6. h Moderate purplish pink

(60) U.ll 8. 1/16. It “^^vid yellow
(61) U.6l 8.2A5.1 Vivid yellow

(62) 5.6x 8.U/I3 .I Vivid yellow
(63) 5.2BG 2. 7/5.

2

Dark bluish green

(6U) 5.2BG 2. 0/1*. 7 Very dark bluish green

(65) 5.8bg 1.1/3.

8

Very dark bluish green

Dry Sand

(66) 9.5XR 2.1/3.

6

Dark yellowish brown

(67) o.5y 3. 3/3.

6

Dark yellowish brown
(68) 2.1Y U.5/2.7 Light olive brown

(69) 3.8PB 3.2A2.3 Strong blue
(70) 9.9B U.8/9.9 Strong blue

§
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Table V (Continued)

Sairple Munsell
Nuir±>er Renotations ISCC-NBS Color Designations

Dry Sand (Continued)

(71) 6.QB 6.1;/6.1

(72) 1.11R U.5A2.6
(73) 1.6YR 5 . 2A0.8

(7h) 1.3YR 5. 9/7.1
(75) 9.6GT 6. 5/9.

8

(76) 8.8GY 7.U/7.2

(77) lO.OGY 8. 2/3 .

8

(78) 2.0PB li.1/15.0

(79) 9.CB 5 .1A3.5
(80) S.ljB 5 . 2/13.2

(81) 2.8RP 6. 7/7.

9

(82) 5.2RP 7 . 9/h.h
(83) 3.2YR 8.8A.5
(8ii) 5.31 8.3/lli.2

(85) 6.6y 8 . 5/11.8

(86) 7.6y 8. 8/7.

5

(87) U.IBG 1 . 2/3 .

6

(88) li.3BG 0.5/2. 1*

(89) 6.0BG 0.1/l.U

Wet Gravel

(90) I.IY 3 . 8/1 .

7

(91) 5.6y 5.OA .3

(92) 5.9GY 6.U/1.6

Light greenish blue
Deep reddish orange
Moderate reddish orange
Moderate reddish orange
Brilliant yellowish green

Brilliant yellowish green
Light yellowish green
Vivid blue
Vivid blue
Vivid greenish blue

Moderate pur*plish pink
Pale purplish pink
Faint pink
Vivid yellow
Vivid yellow

Light greenish yellow
Very dark bluish green
Very dark bluish green
Blackish green

Moderate olive brown
Light olive gray
Grayish yellow green
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Figure 2ii. Schematic illustration of the "vertical

and horizontal projections of the “ideal” Munsell

system shovjing the Munsell Value (upper diagram)

plotted against the Munsell Hue and Chroma points

projected from the lower diagram of color trans-

parencies of sky, clouds, water, and seaweed:

a) On Ansco Daylight Color Film

(8) W-68 (13) W-73

(9) W-69 (111) W-73

(10) W-70 (1?) W-300

(11) W-71 (16 ) W-301

(12) W-72 (17) W-302

b) On Special Ansco Blue ;and Red Sensitive Film

(18) W-177 (21) W-180

(19) W-178 (22) W-181

(20) W-179 (23) W-182

(For identification of the samples, shutter speed, and

aperture, see Table I. Note, when the same exposure

number is repeated, more than one spec tropho tometrie

curve was made of that exposure).
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1^

Figure 2 $, Schematic illustration of the vertical

and horizontal projections of the "ideal” Mansell

system showing the Munsell Value (upper diagram)

plotted against the Munsell Hue and Chroma points

m

projected from the lower diagram of color trans-

parencies of green and yellow leaves of trees and

green vegetation:

a) On Ansco Daylight Color Film

(2U) W-80 (27) W-122

(25) W-81 (28) W-123

(26) W-121 (29) W-131

b) On Special Ansco Green and Blue Sensitive Film

(30) W-1U3 (33) W-lUl*

(31) W-1U3 (3U) W-1U5

(32) (35) W-1U5

c) On Special Ansco Blue and Red Sensitive Film

(36) W-17U (39) W-175

(37) W-17U (1<0) W-176

(38) W-175 (Ul) W-176

(For identification of samples, shutter speed, and

aperture, see Table I. Note, when the same exposure

number is repeated, more than one spectrophotometric

curve was made of that exposure).
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COLOR TRANSPARENCIES
OF

LEAVES OF TREES AND GREEN VEGETATION

MUNSELL HUE

FIGURE 25
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Figure 26. Schematic illustration of the vertical and
horizontal projections of the "ideal" Munsell system show-

ing the Munsell Value (upper diagram) plotted against the

Munsell Hue and Chroma points projected from the lower
diagram of color transparencies of wet sand (solid circles),
dry sand (open circles]>, and wet gravel (solid squares)

:

a) On Ansco Daylight Color Film
(1*2) W-872 (66) W-875 (90) W-9l*l*

(1*3) W-873 (67) W-876 (91) W-9l*5

(1*1*) W-871* (68) W-877 (92) W-91*6

b) On Special Ansco Red and Green Sensitive Film

(1*5) W-890 (69) W-893

(1*6) Vf-891 (70) W-891*

(1*7) W-892 (71) W-895

c) On Special Ansco Green and Blue Sensitive Film
(1*8) W-899 (72) W-902

(1*9) W-900 (73) W-903
(50) W-901 (71*) W-901*

d) On fecial Ansco Blue and Red Sensitive :Film

(51) W-881 (75) W-881*

(52) W-882 (76) W-885

(53) W-883 (77) W-886

e) On Special Ansco Red Sensitive Film
(51*) W-935 (78) W-938
(55) W-936 (79) W-939
(56) W-937 (80) W-9l*0

f) On Special Ansco Gteen Sensitive Film
(57) W-926 (81) W-929
(58) W-927 (82) W-930

(59) W-928 (83) W-931

g) On Special Ansco Blue Sensitive Film
(60) W-908 (81*) W-911
(61) W-909 (85) W-912
(62) W-910 (86) W-913

h) On Special Ansco Plenacolor Film
(63) W-917 (87) W-920
(61*) W-918 (88) W-921
(65) W-919 (89) W-922

(For identification of the samples, shutter speed, and
aperture, see Thble l).
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yril. Lovibond Notations

In order that a comparison may be made between the color

transparencies of this test and a standardized system of transparent

media, conversions were made from the above-mentioned C.I.E. chroma-

ticity coordinates, x and z, of the color transparencies to the

Lovibond designations by means of the large scale graphs printed on

alundnnm, for C.I.E. source C, of the ’’ideal” Lovibond system as

derived by Scofield [20] and sold by the Tintometer Ltd., Salisbury,

England [2l] . A similar C.I.E. graph, for source C, for the NBS

standard set of the Lovibond glasses is also available in this

country [22]. This and other information on the Lovibond Color

System have been published by Judd [23].

The Lovibond analyses and daylight transmittance s of the eighty-

five color transparencies of this test are listed in Table VI of this

report and are illustrated in Figures 27, 28, and 29.
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Table VI

Color Transparencies of Natural Objects

Lovibond Analysis and Daylight Transmittance, for Source C, of the
Indicated Samples.

Daylight
Sample Lovibond Analysis Transmittance
Number R Y B n%)

Sky, Clouds, Water

(8) 0.0 0.2 7.2 2.6

(9) 0.3 0.0 3.5 6. h
(10) 0.0 0.9 1.1* 51*. 6

(U) 0.3 0.0 3.2 5.9

(12) 0.0 0.8 6.3 1.5

(13) 0.0 1.7 7.U 1.1

(lU) 0.0 0.5 1.1 3.6

(15) 0.1 0.3 0.0 7.7

(16) 0.0 1.2 2.0 33.6

(17) 0.0 1.5 2.0 U9.U

(18) 0.0 20. 28. 13.1

(19) 0.0 5.0 8.5 hl.li

(20) 0.0 2.2 3.7 59.9
(21) Outside Gamut 8.2

(22) 0.0 11.2 2h.h 13.6

(23) 0.0 7.9 16.9 25.5

Green Vegetation

(2U) 0.0 18.0 2.6 2.2

(25) 0.0 13.6 6.3 2.0

(26) 0.0 17.2 10.8 1.5

(27) 0.0 7.9 6.5 3.1*

(28) 0.0 li.5 6.2 2.0

(29) 0.0 5.1* 8.0 1.3

(30) U6. 100. 0.0 1.7

(31) 58. 100. 0.0 0.5

(32) 27. Ik. 0.0 8.1

(33) 31.5 10. 0.0 6.5

(3U) 16.7 12. 0.0 12.5

(35) 21.5 6.U 0,0 8.8

(36) Outside Gaimit 7.3

(37) Outside Gamut 7.1

(38) Outside Gamut 10.3
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Table VI (Continued)

Daylight
Sample Lovibond Analysis Transmittance
Number R Y B Y (?)

Ctreen Tfegetation (Continued)

( 39 ) Outside Gainat 9.3m 0.0 20.0 19.8 15.3m 0.0 20.0 19 . 1* 15.1

Wet Sand

m 7.0 13.9 0.0 2.0m 5 . 1* 7.0 0.0 6 .Um 3.1 5.0 0.0 13.0
(!i5 ) 0.0 6.3 2U . 6.0

(U6 ) 0.0 3.7 iu.6 13.0

( li7 ) 0.0 6.7 10.9 26.5

( U8 ) 29 . 30 . 0.0 8.5

0*9 ) 19.2 25 . 0.0 12.1m 12.7 12 . 0.0 19.0

( 51 ) 0.0 33 . il*.5 19.3

( 52 ) 0.0 18 . 5.7 31*. 2

( 53 ) 0.0 9.1 2.8 1*8.1

( 5U ) 0.0 10.2 28.5 12.2

( 55 ) 0.0 9.9 27 . it(.i

( 56 ) 0.0 13.5 22 . 23.1

(57 ) 13.5 0.0 2.3 17.7

( 58 ) 7.2 0.0 0.8 30.3

( 59 ) u.i 0.0 0.2 1*1*. 2

(60 ) 3.0 60 . 0.0 60.7

( 61 ) 2.1* 1*5 . 0.0 63.0

( 62 ) 2.2 20.0 0.0 65.7

(63 ) 0.0 7.6 11.8 5.2

( 6U ) 0.0 8.8 13.8 3.0

( 65 ) 0.0 9 .ii 15.9 1 . 1*

Dry Sand

(66 ) U .8 7.0 0.0 3.5
(67 ) 3.3 5.6 0.0 7.8

( 68 ) 2.2 2.6 0.0 15.9
(69 ) 0.0 5.7 22.0 7.7

(70) 0.0 l*.o 13.2 18.3

#
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Table VI (Coitinued)

Sample Lovibond Analysis
Daylight

Transmittance
Nuirber R Y B X(^)

Dry Sand (Continued)

(71) 0.0 2 .ii 6.6 35.3
(72) 15.8 13. 0.0 15. U

(73) 11.0 9.5 0.0 21 .

u

(7h ) 7.9 5.5 0.0 28.5

(75) 0.0 lii.3 6.7 36.7

(76) 0.0 7.9 3.9 1*9.7

(77) 0.0 3.2 2 .U 61.9

(78) 0.0 10.5 30. 12.6

(79) 0.0 9.1 22.0 20.5

(80) 0.0 8.2 20.9 21.6

(81) 5.1 0.0 0.5 38.7
(82) 2.5 0.2 0.0 57.8
(83) 1.0 0.5 0.0 73.8
(8U ) 1.7 3h . 0.0 61*. 9

(85) 1.2 18.0 0.0 69.0

(86) i.u 6.2 0.0 73.7
(87) 0.0 9.7 ih-h 1.5
(88) 0.0 11.2 17.3 0.6

(89) Outside Gamut 0.1

Wet Gravel

(90) 2.0 1.8 0.0 10.5
(91) 0.6 1.2 0.0 19.8

(92) 0.0 l.U 0.5 35.6

i

#
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Figure 27. Schematic illustration of the ’’ideal” Lovibond

system showing daylight transmittance (upper diagram) plotted

against the units of the Lo-vibond color system, based on Red,

Yellow, and Blue glass standards, projected from the lower

diagram of color transparencies of sky, clouds, water, and

seaweed

;

a) On Ansco Daylight Color Film

(8) W-68 (13) W-73

(9) W-69 (lU) W-73

(10) W-70 (15) W-300

(11) W-71 (16) W-301

(12) W-72 (17) W-302

On Special Ansco Blue and Red Sensitive Film

(18) W-177 (22) W-181

(19) W-178 (23) W-182

(20) W-179

(For identification of samples, shutter speed, and aperture,

see Table I. Note, when the same exposure number is repeated

more than one spectropho tometrie curve was made of that ex-

posure).

Sample No. (21) is not shown on the diagram as this saturated

green color is outside the gamut of the Lovibond Color System.
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COLOR TRANSPARENCIES
OF

SKY» CLOUDS, WATER, AND SEAWEED
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Figure 28. Schematic illustration of the "ideal" Lovibond

system showing daylight transmittance (upper diagram) plotted

against the units of the Lovibond color system, based on Red,

Yellow, and Blue glass standards, projected from the lower

diagram of color transparencies of green and yellow leaves

of trees and green vegetation:

a) On Ansco Daylight Color Film

(2U) W-80 (27) W-122

(25) W-81 (28) W-123

(26) W-121 (29) W-131

b) On Special Ansco Green and Blue Sensitive Film

(30) W-1U3 (33) W-lUii

(31) W-1U3 (3U) W-1U5

(32) W-lUii (35) W-lii5

c) On Special Ansco Blue and Red Sensitive Film

(ho) W-176 (Ul) W-176

(For identification of samples, shutter speed, and aperture,

see Table I. Note, when the same exposure number is repeated

more than one spec trophotome trie curve was made of that ex-

posure).

Samples No. (36), (37), (38), and (39) are not shown on the

diagram as these satiirated green colors are outside the gamut

of the Lovibond Color System.
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Figure 29. Schematic illustration of the "ideal" Lovibond
system showing daylight transmittance (upper diagTcun) plotted
against the units of the Lovibond color system, based on Red,
Yellow, and Blue ^ass standards, projected from the lower
diagram of color transparencies of wet sand (solid circles),
dry sand (open circles), and wet gravel (solid squares):

a) On Ansco Daylight Color Film
(U2) W-872 (66) W-875 (90) W-9W*
(1*3) W-873 (67) W-876 (91) W-9l*5

(1*1*) W-871* (68) W-877 (92) W-9l*6

b) On Special Ansco Red and Green Sensitive Film
(1*5) W-890 (69) W-893
(1*6) W-891 (70) W-89I*

(1*7) W-892 (71) W-895

c) On Special Ansco Green and Bl\*e Sensitive Film
(1*8) W-899 (72) W-902

(1*9) W-900 (73) W-903

(50) w-901 (71*) W-90I*

d) On Special Ansco Blue and Red Sensitive Film
(51) W-881 (75) W-881*

(52) W-882 (76) W-885

(53) W-883 (77) W-886

e) On Special Ansco Red Sensitive Film
(51*) W-935 (78) W-938

(55) W-936 (79) W-939
(56) W-937 (80) W-9l*0

f) On Special Ansco Green Sensitive Film
(57) W-926 (81) W-929

(58) W-927 (82) W-930

(59) W-928 (83) W-931

g) On Special Ansco Blue Sensitive Film
(60) W-908 (81*) W-911

(61) w-909 (85) w-912

(62) W-910 (86) W-913

h) On Special Ansco Plenacolcr Film
(63) W-917 (87) W-92O

(61*) W-918 (88) W-921
(65) W-919

(For identification of the samples, shutter speed, and aperture,

see Table I).

Sample No. (89) is not shown on the diagram as this saturated
green color is outside the gamut of the Lovibond Color System.
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IX* Color Difference Coirputations

From the Mansell renotations of the two samples of wet and

dry yellowish quartz sand (samples 2 and and from the forty-

eight color transparencies of these sair^Dles on various types of

color films, color differences have been computed by means of the

Godlove color difference formula [ 2 I4], as follows:

A E,

NBS
5 r 2CiC2(^H)+ (AC)^ + (UAV)'

1/2

where (p (H) » 1 - cos 3*6 AH; and AH, AV, and AC refer to

differences in Munsell hue, value, and chroma, respectively.

These color differences between the wet sand and the twenty-

four color transparencies of the wet sand together with the color

differences between the dry sand and the twenty-four color trans-

parencies of the dry sand are shown in Table VII, and are illus-

trated in Figure 30.
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Table Vll

Color differences between wet and dry sand and their respective
color transparencies con^juted using the Godlove Color-Difference
Formula.

Color Differences
Between Samples

Nui±ier Color Difference
Reference Comparison A E

(2) (U2) 72.0

(2) (U3) 1*2.2

(2) (Ult) 18.3

(2) (U5) 89.8
(2) (U6) 73.0

(2) (U7) 57.2
(2) (W) 62.2

(2) (U9) 58.2
(2) (50) 1*3.0

(2) (51) 57.6

(2) (52) 52.6
(2) (53) 57.0
(2) (5U) 95.2
(2) (55) 92.2

(2) (56) 80.2

(2) (57) 62.1'

(2) (58) 55.2
(2) (59) 51*. 6
(2) (60) 88.14

(2) (61) 85.1*

(2) (62) 82.14

(2) (63) 63.0
(2) (61*) 72.9
(2) (65) 87.1

(5 ) (66) 90.0

(5) (67) 66.0

(5) (68) 1*2.1*

(5) (69) 10l*.l

(5 ) (70) 76.5
(5) (71) 1*8.5

(5 ) (72) 63.7
(5) (73) 1*7.8

(5) (7W 25.1*

(5) (75) 1*7.5

(5) (76) 38.5
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Table VII (Continued)

Color Differences
Between Samples

Naniber Color Difference
Reference Comparison A E

(5) (77) 39.3
(5) (78) io5.il

(5) (79) 90.6

(5) (80) 88.6

(5) (81) iUi.6

(5) (82) 37.7

(5) (83) U5.1i

(5) (8U) 614.

6

(5) (85) 58.0

(5) (86) 5o.i

(5) (87) 112.7

(5) (88) 125.0

(5) (89) 132.1
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Figure 30. Color differences computed by means

of the Godlo-ve col or-difference formula, converted

into NBS units of color difference, and plotted

against the indicated exposure for wet and dry

sand on the indicated types of Ansco color films.

Fach color difference indicated is relative to the

data on the wet sand, Sairple No. (2) or the dry

sand. Sample No. ( 5 ).
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X. Saimnary

Although an answer cannot be given to all of the questions asked by
Dr. 0*Neill in the work requests incident to these reports and included for
this report in Appendix A (page 88), some answers as follows can be given.

Wet sands and soils are darker in color than those in the dry state,
but the hue and saturation of those specimens studied for this report remain
approximately the same. The same effect apparently pertains, in nearly all
cases, to the photographs of the wet and dry sand regardless of the emulsion
layer or layers (See Figiires 21 and 26). The effect persists primarily for
the nearly correctly exposed films j while an increased variation in hue and
saturation results from overexposure.

The results of this study show that changes in exposure tend to cause
changes in lightness and saturation with constant hue except for the red
and the red and green sensitive emulsion layers^ which exhibit hue shifts
as well as lightness shifts when overexposed.

Color differences between the sand and the various color transparencies
of the sand vary linearly with overexposure and tend to decrease in color
differences with overexposure for the color reversal films and to increase
in color differences for the color negative films. (See Figure 30).

Overexposures tend always to become weaker in color than normal or near

normal exposures.

Photographs of a natural scene of tree leaves in the shade tend to have

a higher dominant wavelength than the same scene of tree leaves in the sun-

light.

In all cases studi.ed the spectral reflectances of the objects are far

from identical, with the spectral transmittances of the color transparencies

of the objects regardless of the emulsion used. Thus from this study we

find that the spectral reflectance of an object cannot be deduced from the

spectral transmittance of the color transparency of the object.

These and many other factors involved in color photography are dis-
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Appendix A* Work Requests,

Copies of the five work requests received from

Dr. 0*Neill authorizing studies on the natural objects

and the color transparencies of natural objects herein

reported are included in this appendix. It will be

noted that two of the requests also authorized measure-

ments of photographs of man-made objects. Because of

the large size of this report, the man-made objects will

be considered in another report of this same series (NBS

Report No. U953, in preparation).
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The following are copies of the original work requests received from
Dr, O’Neill for measurements and computations on some natural objects and
of some of their color transparencies.

-K-

Serial Number 2,1 WADC-23/53 June 13, 1953

“Information on the effect on the color of soil, subsoils and rocks
of wetting. The color of soils, subsoil and rocks is generally much darker
while wet than when dry. Changes in hue, chromaticity, etc,, also occur.

An example is the marble of the Lincoln Memorial which turns distinctly
green to the eye when wet. Is this caused by what? What spectrophotometric
data is available for this phenomenon?”

’’Colors of subsoils, wet and di*y, are important in the detection of

fox-holes, excavations, etc,, on color film; e,g. Eocene and other soils

in our area resulting from weathering of glauconite (ferrous potassium
silicate), turn from dull greenish to a rich raw umber. Some of Patuxent
gravels turn to rich burnt umber; others are various shades of ochre.”

-Hr -Hr

Serial Number 2,1 WADC-28/53 (A) July 17, 1953

“Please make spectrophotometric curves for several hundred 2-l/k x 2-l/k
inch color transparencies, showing color fidelity, of 8 types of color (Ansco
color reversal or color negative) films, as well as the spectrophotometric
curves of such important military backgrounds as: sky, haze, water, vegetatior
soil, airplanes, ariry uniforms, effect of water on the chromaticity of soil,
etc. “

“To enable us to compare the efficiency of the various types of color
photography, and of the individual layers, alone or collectively, with or

without filters in the field of military reconnaissance and intelligence.
Also to make use of these in conjunction with filters for increasing con-
trast with background when viewing such color transparencies on a light-
table.”

* ^ -ii- ^

lî
Serial Number 2,1 WADC-28/53 (B) July 23, 1953

’’Spectrophotometric curves and Munsell notations are requested on
samples of film (2-l/U x 2-l/U inches) whose purpose and function are more
or less explained on the tabulation sheet herewith. Film numbers W-132 to

W-236 are sent herewith with tabulation sheet. In a sense when these curves
have been made, it will enable a series of comparisons to be made of many

•
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of the factors involved in this study on the principle of solving for

a series of simultaneous equations."

"To test color fidelity over; 1. A range of underexposure and
overexposure of seven types of color re-versal film; 2, The possibility
of making suitable filters by overexposure, i.e., securing in this con-
venient and inexpensive way, a filter sufficiently thin but really exactly
representing on any particular film used, objects of military importance;

3 » When such a filter exactly representing a military object is compared
with a similarly prepared filter for any of the various backgrounds, the

following can be deduced with fair accuracy; a) degree of contrast
between object and background on the seven types of films studied, b) a
filter can be plotted that will best serve to give maximum contrast be-
tween object and background when used in photographing such a pair on any
kind of photographic film studied, and c) a similar filter or filtering
system can be planned that will give the maximum ccxitrast between the
background and the military object showing on a color transparency when
this filter is interposed between the eye of the observer and transparency
or between the source of light and the transparency."

"Note: The Project Director would like to have these films for
further study at some later date."

* * *

Serial Number 2*1 WADC-35/55 April 20, 1955

" Spec tr ophotome trie curves on color transparencies of wet and dry
sand and gravel, W-872 to W-9U6 (not complete). Totals 5l transparencies

* *

Serial Number 2,1 WADC-I42/56 March 3, 1956

"Spectrophotometry of bark specimens, I4.OO to IO8O millimicrons. Two
samples of tree barks Scrub pine (pinus virginiana. Mill.) and White Oak
(Quercus alba, L.). Measure inner and outer sides of tree bark specimens,
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Appendix B

Tables of Spec trophotometrie Data

Tables of visible and near-infrared spectral direc-

tional reflectance (UOO to 1080 millimicrons) of eleven

samples of natural objects^ such as sand, soil, and the

barks of trees.

Tables of the visible spectral transmittance (UOO to

7^0 millimicrons) of eighty-five samples of color trans-

parencies of natural objects | such as sky, clouds, water,

green vegetation, wet sand, dry sand, and wet gravel.

Values of spectral directional reflectance or of

spectral transmittance were read at 10 millimicron in-

tervals from the original copies of the 21 recordings

shown in Appendix C. For the overlapping segments of

the region 730 to 750 millimicrons, on the reflectance

measurements, an average of both determinations in each

case is reported.
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Reflecting Natural Objects

Spectral Directional Reflectance of the Indicated Wet Sands and Soil for the
l^sible and Near Infrared Spectruin, UOO to 1080 millimicrons. (See Appendix C,

GE Graph Sheets Serial No. GE 11-1393 and -139U*

)

(1) Wet White Sand (2) Wet Yellowish Quartz (3) Wet Commercial
(Rodger * s Quarry) Sand (Rodger’s Quarry) (Zonalite) ”Yermiculite”

Wave
Length

irvi

Rx

Wave
Length

mp.

Rx

Wave
Length

up.

Wave
Length

up.

Rx

Wave
Length

ip.

Wave
Length

Ip,

Rx

hOO 0.118 750 0.291* 1*00 0.086 750 0.332 1*00 0.101 750 0.21*7

10 .121* 60 .299 10 .090 60 .335 10 .105 60 .252
20 .128 70 .300 20 .093 70 .336 20 .107 70 .251*

30 .135 80 .301 30 .100 80 .336 30 .110 80 .257
ko .11*2 90 .302 UO .108 90 .336 Uo .111* 90 .259

h$0 .150 800 .302 1*50 .113 800 .336 1*50 .118 800 .260
60 .152 10 .303 60 .115 10 .335 60 .122 10 .262
70 .151* 20 .303 70 .116 20 .331* 70 .126 20 ,263
80 .157 30 .301* 80 .119 30 .332 80 .128 30 .261*

90 .162 Uo .301* 90 .125 Uo .330 90 .130 Uo .261*

500 .168 850 .303 500 .133 850 .327 500 .133 850 .265

^ 10 .176 60 .303 10 .11*3 60 .326 10 .136 60 .265
W 20 .185 70 .301* 20 .151* 70 .321* 20 .iia 70 .265

30 .196 80 .301* 30 .167 80 o323 30 .11*7 80 .26U
ho .206 90 .301* Uo .182 90 .322 Uo .151* 90 .261*

550 .216 900 .301* 550 .200 900 .322 550 .161 900 .263
60 .226 10 .301* 60 .219 10 .321 60 .168 10 .263
70 .236 20 .305 70 .236 20 .320 70 .171* 20 .263
80 .21*2 30 .305 80 .252 30 .320 80 .180 30 .262
90 .2U8 Uo • 301* 90 .262 Uo .320 90 .181* Uo .261

600 .252 950 .302 600 .270 950 .318 600 .190 950 .260
10 .256 6o .300 10 .276 60 .316 10 .191* 60 .256
20 .258 70 .300 20 .280 70 .315 20 .196 70 .256
30 .260 80 .300 30 .282 80 .316 30 .200 80 .256
ho .262 90 .302 Uo .281* 90 .320 Uo .201* 90 .256

650 .266 1000 .306 65o .288 K)00 .323 650 .208 1000 .257
- 60 .268 10 .308 60 .290 10 .326 60 .212 10 .260
P 70 .270 20 .310 70 .291* 20 .331 70 .216 20 .261

80 .271* 30 .311* 80 .299 30 .331* 80 .220 30 .262
90 .276 Uo .316 90 .301* Uo .337 90 .221* Uo .262

700 .280 K)50 .318 700 .309 1050 .31*0 700 .227 K)50 .261*

10 .282 60 .318 10 .311* 60 .3UU 10 o231 60 .26U
20 .285 70 .320 20 .320 70 .31*7 20 .235 70 .261*

30 .291 80 .320 30 .325 80 .31*9 30 ,2ia 80 .26U

i) Uo .293 Uo .328 Uo .214*

I
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Reflecting Natural Objects

Spectral Directional Reflectance of the Indicated Dry Sands and Soil for the

Visible and Near Infrared Spectrum, UOO to 1080 millimicrons, (See Appendix C,

GE Graph Sheets Serial No. GE 11-1391 and -1392.)

(I4 ) Dry White Sand
(Rodger *s Quarry)

( 5 ) Dry Yellovdsh Quartz ( 6) Dry Commercial
Sand (Rodger *s Quarry) (Zonal! te) " Vermiculite”

I

I

II

I

Wave Wave
Length R^ Length R^

nu nvL

1*00 0.230 750 0 . 1*79

10 .238 60 .1*81

20 . 2U6 70 . 1*83

30 .257 80 . 1*85

ho .268 90 . 1*86

l*5o .278 800 . 1*87

60 . 281* 10 .ii88

70 .287 20 . 1*89

80 .292 30 .1*90

90 .300 ho .1*90

500 .310 85o . 1*91

10 .322 60 . 1*92

20 .332 70 .1*92

30 . 3U6 80 . 1*93

ho .360 90 .1*91*

. 37U 900 .U96
60 .386 10 .U96
70 .Uoo 20 . 1*98

80 . 1*09 30 .500

90 .ia6 Uo .500

600 .1*22 950 .502
10 . 1*27 60 .50U
20 . 1*31 70 .506
30 . 1*35 80 .508
Uo . 1*38 90 .510

65o .iiU2 1000 .513
60 . 1*1*5 10 .515
70 .1*50 20 .516
80 . 1*53 30 .518
90 .U58 Uo .520

700 . 1*62 id5o .522
10 .U66 60 .525
20 .1*70 70 .525
30
ho

• l*7l*

. 1*76

80 .527

Wave Wave
Length R\ Length R^

mu mu

1*00 0.176 750 0.527
10 .183 60 .530
20 .191 70 .532
30 .205 80 .531*

Uo .219 90 .535

1*50 .228 800 .535
60 .232 10 .531*

70 .236 20 .533
80 . 21*0 30 .532

90 .250 Uo .530

500 . 26U 850 .530
10 .280 60 .528
20 .296 70 .527
30 .316 80 .526

UO .336 90 .526

550 .360 900 .526
60 .383 10 .527

70 .1*05 20 .528
80 .1*23 30 .530
90 . 1*38 Uo .531

600 .UU8 950 .533
10 .1*51* 60 .535
20 . 1*59 70 .537
30 .U63 80 .51*0

Uo .U66 90 .51*3

650 .1*71 1000 .51*5

60 .1*75 10 .550
70 .1*80 20 .552
80 .U86 30 .555
90 . 1*92 Uo .558

700 .500 1050 .561
10 .506 60 . 561*

20 .512 70 c 568

30
Uo

.518

.521*

80 .570

Wave Wave
Length R^ Length R^

iru nu

1*00 0.201* 750 0.36:

10 .208 60 .36,

20 .212 70 .36

30 .216 80 . 37 '

Uo .222 90 .37

1*50 .226 800 .37^

60 .232 10 . 37 '

70 .236 20 .37
80 .238 30 .37

90 .21*0 Uo .37

500 . 2UU 850 .38

10 .21*8 60 .38
20 .253 70 .38
30 .260 80 .38

Uo .266 90 .38

550 .271* 900 .38
60 .281 10 .38

70 .288 20 .38
80 .293 30 .38

90 .298 Uo .38

600 .302 950 .38
10 .306 60 .38;

20 .310 70 .38
30 .311* 80 .38

Uo .318 90 .38

65o .322 1000 .38
60 .326 10 .38

70 .330 20 .38,

80 .333 30 .38

90 .336 Uo . 38 ,

700 .31*0 1050 . 38
,

10 . 31*5 60 .38
20 .31*9 70 .38

30 . 35U 80 .38,

Uo .357
#
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Reflecting Natural Objects

Spectral Directional Reflectance of the Indicated Damp Soil for the Visible and
Near Infrared Spectrum, UOO to 1080 millimicrons. (See Appendix C, GE Graph
Sheets Serial No. GE 11-1395 and -1396o)

(7) Damp Collington
Sandy Loam

Wa*ve Wave
Length R\ Length R)^

ItVL HVL

1*00 0.100 750 0.210
10 .101 60 .212
20 .103 70 .211*

30 .106 80 .216

Uo .109 90 .216

U50 .111 800 .218
60 .113 10 .220

70 .111* 20 .220
80 .116 30 .221

90 .118 ho .222

500 .122 850 .222

10 .126 60 .222
20 .130 70 .223

30 .135 80 .221*

ho .11*1 90 .221*

550 .11*7 900 .221*

60 .152 10 .225
70 .158 20 .226
80 .162 30 .226
90 .166 Uo .226

600 .168 950 .228
10 .170 60 .228
20 .172 70 .229

30 .175 80 .230
ho .177 90 .231

650 .180 X)00 .232
60 .182 10 .233
70 .185 20 .235
80 .188 30 .236

90 .192 UO .236

700 .196 ]o5o .238
10 .199 60 .238
20 .201 70 .21*0

30
liO

.205

.207

80 .21*0
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Color Transparencies of Natural Objects

I

Spectral Transmittance of Color Trarisparencies of Sky, Clouds, Water, and
Seaweed on Ansco Daylight Color Film or Special Ansco Blue and Red S^sitive
Film. (See Table I i

and -1583.)

Wave

and Appendix C, GE Graph Sheets

Sample Numbers

Serial No. GE 11-1577

length
irp. (8) (9) (10) (11) (12) (13) (11*) (15) (16) (17) (18)

Uoo 0.071 0.106 0.355 0.091* 0.036 0.026 0 . 01*5 0.072 0.217 0.286 0 . 091*

10 .072 .110 .ia2 .097 .035 .021* . 01*2 .072 .253 .339 .113

20 .066 .103 .U58 .091 .029 .021* .035 .065 .271* .377 .136
30 .059 .095 .1*89 .083 .021* .015 .029 .057 .287 . 1*06 .11*3

liO • 05U . 088 .517 .077 .025 .012 .025 .052 .301 .1*33 .157

U50
60

70
80

90

060 .097 .51*7 .085 .022 .013 .028 .058 .328 . 1*69 .171

073 .115 .573 .102 .030 .018 .037 .073 .363 .500 .196
086 .131* .591 .121 .oUo .026 .050 .09U .1*01 .533 .236
090 .11*2 .601 .130 .0U8 .033 .063 .112 .1*22 .552 . 281*

080 .131* .601* .123 .oUo .033 .067 .117 .1*28 .563 .323

.061 .112 .591* .103 .037 .026 .061 .107 . 1*12 .551* .338

. 0U2 .086 .571* .080 .026 .019 .01*8 .091 .385 .531* .327

.030 .068 .571 .063 .018 .oil* .038 .076 .365 .528 .293

.022 .056 .575 .052 .oil* .010 .031 .067 .351 .525 . 21*3

.019 .050 .569 . 01*5 .010 .008 .028 .062 .337 .515 .186

I

I

I

I

550
60
70
80

90

600
10
20

30
ho

650
60
70
80
90

.017 .01*8 .566 . 01*1* .010 .006 .026 ,062 • 332 .510 .133

.018 .050 .561 . 01*6 .010 .006 .029 .066 .331 .501* .088

.020 .055 .551 .051 .012 .008 .033 . 071* .330 . 1*96 .056

.022 .060 .537 .056 .013 .008 .036 .081 .327 .1*82 . 03h

.021 .061* .519 .059 .oiU .009 .039 .086 .318 . 1*65 .018

.020 .063 . 1*99 .058 .013 .008 .039 .087 .305 . 1*1*1 .010

.018 .060 . 1*78 .056 .012 .007 .038 .085 .291 .1*26 .006

.016 .056 . 1*61* .052 .010 .006 .035 .081 .278 .ia3 .002

.OlU .052 .1*51* . 01*8 .008 .005 .033 .079 .270 .1*01* .000

.Olli .050 . 1*1*6 . 01*6 .008 .001* .031 .078 .265 .1*00 .000

.Olh .050 . 1*1*3 . 01*6 .008 . 001* .032 • 0 000 .266 .399 .000

.Olh .051* . 1*1*6 .050 .009 .006 . 03U .086 .272 .1*01* .000

.017 .060 .1*51* .056 .012 .008 .oUo .096 .286 .las .000

.022 .070 . 1*69 .066 .016 .011 .050 .112 .308 . 1*39 .ooU

.032 .089 . 1*93 .083 . 02h .017 .06U .137 .3I4O .1*69 .006

I

I

I

700
10
20

30
ho

750

. 01*6 .116 . 521* .109 .036 .028 .087 .172 .381 .506 .013

.070 .152 .558 .11*5 .055 . 01*5 .120 .219 .1*31 .51*9 . 021*

.105 .201 .598 .195 .087 .071* .165 .276 . 1*85 . 59U . 01*2

.155 .263 .636 .253 .132 . 111* .223 .31*0 .51a . 61*0 .072

. 211* . 321* .670 .315 .182 .165 .286 .1*06 .592 .678 .111

.279 .393 .702 .382 . 21*6 ,221* .351 .1*71* . 61a .711* .162162
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Color Transparencies of Natural Objects

I

II

Spectral Transmittance of Color Transparencies of Sky, Clouds, and Green arxi

Yellow Leaves of Trees of Ansco Daylight. Color Film or Special Ansco Blue and
Red Sensitive Film, (See Table I and Appendix C, GE Graph Sheets Serial No.

GE 11-1578, -1579, -1583, and -17U9.

)

Wave San^le Numbers
length

nvL (19) (20) (21) (22) (23) (26) (27) (28) (29)

Uoo 0.301* 0.1*21 0.01*2 0.11*0 0.21*0 0.006 0.009 0.009 0.021* ^0.022 '0.016
10 .368 .500 .052 .196 .318 .003 ,008 .008 .022 .020 .011*

20 .1*15 .552 .058 .251 .381* .000 .005 .005 .018 .016 .011

30 .1*50 .588 .061 .297 • UUU .000 .002 .002 .oil* .013 .009

Uo .1*76 .618 .063 .332 .1*87 .000 .000 .000 .012 .012 .008

k^o .501 .61*2 .069 .360 .518 .000 .001 .001 .oil* .012 .009

60 .529 .666 .081* .386 .5U1* .000 .005 .005 .019 .018 .012

70 .561* .690 .111* .Uio .566 .005 .010 .010 ,029 .028 .018

80 .597 .710 .156 .1*21* .577 .011 .019 .019 .01*3 .037 .026

90 .620 .722 .197 .1*20 .573 .019 .029 .027 .055 .01*2 .030

500 .628 .727 .221* .396 .552 .025 .031* .030 .059 .01*0 .029
10 .621 .726 .226 .351* .515 .027 .032 .027 .051* .033 .023
20 .598 .717 .201* .291* .U65 .026 .028 .022 .01*7 .026 .018

30 .566 .700 .165 .232 .Uoi .021* ,021* .018 .01*0 .021 .Oil*

Uo .522 .677 .121 .168 .337 .022 .020 ,016 .035 .018 .012

I

I

I

I

p

550
60
70
80

90

600
10
20

30
UO

650
60
70
80

90

1*70 . 61*6 .080 .115 .269 .022 .019 .oil* .032 .016 .011

ia3 .613 .0U8 .072 .201* .022 .019 .oil* .031 .016 .010

359 .567 .026 .oUU .155 .023 .019 .oil* .030 .016 .010

305 .539 .oiU .02U .110 .021* .019 .013 .030 .017 .010
261 .502 .006 .012 .078 .021* .018 .012 .030 .016 .010

218 .1*66 .000 .006 .055 .022 .016 .010 .026 .015 .009
186 . 1*35 .000 .002 .01*0 .020 .oiU .008 .022 .OlU .008

161
1
—1• .000 .000 .029 .018 .011 .006 .018 .012 .006

11*1* .39U .000 .000 .023 .016 .009 .001* .016 .010 .ooU

133 .383 .000 .000 .020 .Oil* .008 00• .OlU .010 .ooU

128 .377 .000 .000 .020 .Oil* .008 00• .OlU .010 .OOU
129 .379 .000 .000 .020 .015 .009 .001* .015 .010 .ooU

138 .389 .000 .000 .021* .018 .011 .006 .018 .012 .006

151 .U06 .000 .000 .028 .022 .015 .009 .022 .OlU .009

171* •U3U .000 .003 .038 .030 .022
1
—

1

0• .030 .020 .012

I

I

I

700

10
20
30
Uo

750

.206 .h69

.250 .516

.303 .557

.365 .605

.U28 . 6h9

ooU .008 .051* .01*2 .035 .021* • oUU .030 .020

010 .016 .080 .062 .051* .01*0 .066 .01*6 .033
020 .030 .116 .093 .086 .061* .100 .071 .05U
oUl .056 .161* .135 .131 .103 •lUU .106 .086
070 .091 .221* .190 .186 .153 .200 .155 .131

.h92 .690 ,112 .mo .288 .253 .252 .216 .268 .216 .187
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Color Transparencies of Natural Objects

Spectral Transmittance of Color Transparencies of Green and Yellow Leaves of
Ti*ees and Green Vegetation on Special Ansco Green and Blue Sensitive FUm
and Special Ansco Blue and Red Sensitive Filjn. (See Table I and Appendix C,

GE Graph Sheet Serial No, GE 11-1582.)

Wave
length

Sample Numbers

nVi (30) (31) (32) (33) (31*) (35) (36) (37) (38) (39) (140)

Uoo 0.000 0.000 0.019 0.019 0.01*0 '0.035 0.016 0.012 0.01*0 0.032 0.076
10 .000 .000 .011 .011 .029 .026 .016 .012 .01*7 .036 .091
20 .000 .000 .006 .006 .019 .017 .016 .012 .0i|8 .036 .096

30 .000 ,000 .002 .002 .012 .012 .015 .011 .01*7 .036 .099
ko .000 .000 .000 .000 .010 ,010 .Oil* .012 .01*7 .036 .101

h$0 .000 .000 .000 .000 .010 .010 .015 .012 .051 .039 .109
60 .000 ,000 .002 .002 .dl* .013 .020 .015 • 06U .01*9 .128
70 .000 .000 .006 .006 .022 .018 .031* .021* .092 .070 .166
80 .000 .000 .011 .010 .032 .025 .060 .01*2 .132 .106 .217
90 .000 .000 .016 ,010 .Ola .028 .100 .076 .1814 .156 .268

500 .000 .000 .016 .010 .01*1* .030 .11*2 .120 .225 .196 .305
10 .000 .000 .oil* .010 .Ola .027 .175 .156 .21*1* .221 .317
20 .000 .000 .013 .008 .038 .021* .179 .170 .235 .218 .302

30 .000 .000 .013 .008 .038 .022 .161 .158 .205 .191 .268

ho .000 .000 .oil* .009 .01*0 .022 .128 .128 .162 .1?2 .221*

550 .000 .000 .018 .012 .01*8 .026 0O90 .092 .117 ,109 .173
60 .001* .000 .027 .018 .063 .035 .058 .060 .078 .072 .136
70 .008 .000 .01*3 .030 .088 .050 .031* .037 .052 .01*2 .096
80 .013 .001* .072 .052 .128 .080 .020 .020 .032 .026 .069
90 .022 .007 .116 .089 .188 .123 .010 .010 .020 .016 .050

600 .036 .012 .171* .137 .253 .175 .001* .005 .012 .009 .037
10 .051* .018 .238 .191* .321* .238 .000 .001 .008 .005 .028
20 .071* .026 .305 .259 .393 .305 .000 .000 .005 .001 .022

30 .091* .032 .370 .325 .1*58 o370 .000 .000 .002 .000 .019

iiO .116 .01*1 .1*32 .386 .518 .1*33 .000 .000 .001 .000 .016

650 .136 .050 .1*98 .1*52 • 575 .1*98 .000 .000 .001 .000 .016
60 .155 .057 .552 .515 . 626 .552 .000 .000 .001 .000 .016

• 70 .176 .066 .611 .573 .671 .611 .000 .000 .002 .000 .018
80 .196 .072 .657 .62U .710 .657 .000 .000 .005 .002 .021

90 .212 .078 .700 .671 .714* .700 .000 .002 .007 .005 .026

700 .230 .085 .737 .711* .772 .737 .006 .007 .013 .010 .036
10 .21*3 .090 .767 .71*8 .795 .767 .oil* .016 .023 .020 .050
20 .255 .096 .791 .775 . 8IU .791 .026 .030 .01*0 .035 .073

30 .266 .100 .810 .797 .830 .810 .050 .055 •0^ .060 .107

ho .275 .lol* .821* .811* .838 .821* .081* .091 .103 .097 .11*9

750 .281 .106 .831I .825 .81*7 CO
• .128 .11*2 .152 .11*5 .198

«

c

• t

f

• c
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Color Transparencies of Natural Objects

Spectral Transmittance of Color Transparencies of Wet Sand on Ansco Daylight
Color Film and Special Ansco Red and Green Sensitive Film. (See Table I and
Appendix C, GE Graph Sheets Serial No. GE 11-1567 and -1568 .)

Wave
length

ny. (li2 ) (U3 )

1*00 o.ool* 0.015
10 .002 .015
20 .000 .013

30 .000 .010

ho .000 .010

1*50 .000 oOll

60 .002 .016

70 .006 .026
80 .010 .038

90 .oil* . 01*9

500 .016 .051*

10 .oil* .050
20 .012 . 01*6

30 .012 • Ohh
Uo .011 .01*1*

550 .012 .01*6

60 .oil* .052

70 .018 .062
80 . 021* .071*

90 .029 .087

600 . 031* .096
10 .037 .102

20 .038 .106
30 .01*0 .109
iiO .Ola .112

65o .oUU .119
60 .050 .127
70 .057

1
—1•

80 .069 .161
90 .086 .189

700 . 111* .226
10 .11*9 .271*

20 . 191* .326
30 . 21*9 . 381*

ho .308 . 1*1*1*

750 .373 .502

Sample Numbers

(liU) (li5 ) (U6 ) (U7 )

0.036 0.115 0.167 0.232
.039 .158 .221 .293

.037 .202 .272 .31*9

.031* .21*0 .316 . 1*00

.031* o 270 .351 . 1*1*2

.039 .306 .396 . 1*90

.050 .335 .1*30 .525

.069 .331 .1*35 .538

.091 .298 .1*09 .527

.111 . 2U6 .362 . 1*97

.120 .191 .308 . 1*55

.115 .138 .21*8 . 1*01

.109 .100 .203 .359

.101* .071* .167 .321*

.101 .051* .136 .291

.106 .039 .ul* . 261*

.116 .028 .096 .2ia

.130 .021 .081 .218

.11*8 .oil* .066 .196

. 161* .010 .053 .171*

.176 .006 .Ola .151

.182 .002 .032 .132

.186 .000 .026 .118

.190 .000 .022 .108

.191* .000 .020 .100

.201 .000 .020 .100

.212 .000 .021 .102

.230 .000 .021* .112

.252 . 001* .030 .126

.285 .006 .Ola ,150

.326 .oil* .058 .181

.375 .025 .O8I4 .225

.1*30 • Ohk .119 .279

.U85 ,072 .165 .339

.537 .113 .220 .397

.589 .166 .285 . 1|6U
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Color Transparencies of Natural Objects

I*

II

II

Spectral Transmittance of Color Transparencies of >fet Sand on Special Ansco
Green and Blue Sensitive Film and Special Ansco Blue and Red Sensitive Film.

(See Table I and Appendix C, GE (^aph Sheet Serial No, GE II-1568,)

Sample NumbersWave
length

liOO

10
20

30
Uo

h$0
60
70
80

90

500
10
20

30
1*0

550
60
70
60
90

600
10
20

30
1*0

650
60
70
80

90

700
10
20

30
1*0

750

(U8)

0.002
.000
.000

.000

.000

.000

.000

.000

.003

.008

.010

.010

.011

.012

.Oil*

.019

.029

.01*8

.079

.127

.189

.258

.326

• 391*

.U56

.519

.571*

. 621*

.666

.705

.736

.762

.781

.795

.807

.816

(U9)

0.013
.006
.003
.000

.000

.000

.001

.006

.oil*

.022

.027

.028

.028

.029

.033

. 01*1

.058

. 081*

.129

.186

.260

.337

.1*09

.1*75

.531*

.590

.638

.680

.711*

.71*1*

.770

.789

. 801*

.813

.823

.829

(50)

0 . 01*1

.032

.022

.016

.Oil*

.016

.023

.035

.052

.069

.079

.080

.077

.077

.081

.095

.121

.160

.219

.292

.371

. 1*1*6

.513

.571

.621

.668

.705

.738

. 761*

.786

.805

.820

.829

.838

.81*2

.81*7

(51)

0.022
.021
.018

.016

.015

.017

.025

. Ol*l*

.081

.11*2

.215

.281

• 319
.322

.306

.267

.221

.177

.138

.105

.080

.061

.050

.01*1

.036

. 031*

.035

.039

.01*6

.058

.076

.105

. 11*6

. 191*

.251

.319

(52)

0.052
.051
.01*7

.01*3

. 01*2

.01*6

.060

.091

.11*5

. 221*

.311*

.391
. 1*1*1

.1*62

.1*63

.1*38

.1*00

.358

.316

.275

.238

.209

.186

.170

.159

.151*

.151*

.161

.176

.199

.230

.271

.321*

.380

. 1*1*0

.500

(53)

0.110
.116
.115
.112

. 111*

. 121*

.11*9

.198

.267

.357

. 1*1*1

.512

.558

.580

.580

.56U

.536

.506

.1*71*

.l*Ui

.1*06

.378

.356

. 31*0

.329

.321

.320

.329

.31*5

.371

.U05

. 1*1*8

.1*95

.51*3

.590

.636



65V
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Color Transparencies of Ifetaral Objects

Spectral Transmittance of Color Transparencies of Wet Sand on Special Ansco
Red Sensitive Film and Special Ansco Green Sensitive Film, (See Table I and
Appendix C, GE Graph Sheet Serial No. GE II-1569 *)

Sample NumbersWave
length

iryi

Uoo
10
20

30
ho

60
70
80

90

5oo
10
20

30
Uo

550
60
70
80

90

600
10
20
30
Uo

65o
60
70
80
90

700
10
20
30
UO

750

(5U )

0.160

. 21*0

.336

. 1*32

.511

.559

.577

.566

.532

.1*80

. Ul7

. 31*1

.263

.188

.125

. 071*

.01*0

.019

.008

.001

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

. 001*

.013

.029

. 051*

.093

( 55 )

0.175
.255
.352
. 1*57

.538

.592

.615

.608

.576

. 521*

.1*60

.381

.300

.220

.153

. 091*

.056

.030

.015

.008

.001

.000

.000

.000

.000

.000

.000

.000

.000

.000

. 001*

.010

.021

.01*0

.069

.115

( 56 )

0.237
. 321*

. 1*17

.510

.586

. 61*2

. 6^

.672

. 65U

.620

.571

.506

.1*36

.360

.287

.216

.159

.111*

.079

. 051*

.038

.027

.020

.016

.Oil*

.013

.Oil*

.016

.020

.026

.038

.055

.088

.120

.166

. 221*

(57 )

0.339
.316
.287

.257

.237

.252

.276

.271

.236

.186

.136

.099

.078

.068

.066

.071*

.093

.126

.176

.238

.310

.380

.1*50

.509

.561

.616

.659

.691*

.726

.758

.778

.791

.808

.820

.825

.828

(58 )

0.1*03

.391*

.381

.366

.357

.379

.1*07

.1*09

.380

.330

.275

.223

.191

.175

.171

.183

. 211*

.259

.320

.390

. 1*61*

.528

.582

.631

. 671*

.707

.71*0

.770

.786

.805

.825

.835

.839

. 8U5

. 851*

.858

( 59 )

0 . 1*68

.1*70

.1*68

.U6U

.1*66

.1*91

.519

.526

.506

.1*67

.1*20

.370

.339

.325

.320

.331*

.366

.1*15

.1*72

.532

.590

. 61*0

.680

.715

.71*5

.770

.789

.809

.826

.837

. 81*5

. 851*

.862

. 861*

. 861*

.868
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Color Transparencies of Natural Objects

Spectral Transmittance of Color Transparencies of Wet Sand on Special Ansco
Blue Sensitive Film and Special Ansco Plenacolor Film. (See Table I and
Appendix C, GE Graph Sheets Serial No. G£ 11-1567 and -1569.)

r

Wave Sample Nuicbers

length
rrvi (60) (61) (62) (63) (61*) (65)

Uoo 0.013 0.023 0.055 0.019 0.012 0.006
10 .006 .015 .01*5 .026 .016 .008
20 .002 .009 .031* .032 .019 .009

30 .000 .006 .026 .039 .023 .010

liO .000 .001* .021* .OU6 .027 .012

Wo .000 .001* .025 .058 .035 .016
60 .001 .008 .033 .073 .01*5 .023

70 .008 .019 .057 .089 .056 .030
80 .026 . 0U8 .105 .100 .065 .036
90 .072 .109 .189 .101* .068 .036

500 .158 .207 .300 .097 .063 .033
10 .280 .339 .1*23 .08U .052 .026
20 .lao .1*61 .531* .075 .OU6 .021

30 .521* .566 .617 .070 .01*1 .018
UO . 6o6 .638 .671* .062 .036 .016

550 .666 .690 .712 .056 .032 .Oil*

60 .701* .721* .71*0 .050 .028 .012

70 .731 .71*9 .756 .oUU .021* .011

80 .752 .767 .773 .038 .021 .010

90 .772 .78U .781* .031 .017 .008

600 .788 .799 .798 .026 .oil* .006

10 .800 .809 .811 .020 .010 .003
20 .8lU .821 .821 .016 .006 .001

30 .819 .830 .830 .012 .001* .000

UO .832 .839 .831* .010 .002 .000

65o .835 .8U2 .81*1* .008 .002 .000

60 .8U0 .850 .850 .008 .000 .000

70 .851 .855 .852 .007 .000 .000
80 .850 .858 .861 .008 .000 .000

90 .856 .866 .86U .008 .001 .000

700 .865 .869 .867 .010 .002 .000

10 .862 .870 .875 .oil* .005 .000

20 .869 .878 .875 .020 .009 .002

30 .875 .877 .875 .030 .016 .006

UO .872 .878 .880 .01*5 .026 .oil*

750 .872 .882 CO00
• .068 .oUU .026
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Color Transparencies of Natural Objects

Spectral Transmittance of Color Transparencies of Dry Sand on Ansco Daylight
Color Film and Special Ansco Red and Green Sensitive Film. (See Table I and
Appendix C, GE Graph Sheets Serial No. GE 11-1570 and -l57lO

Wave Sample Numbers
length

nvL (66) (67) (68) (69) (70) (71)

1400 0.011 0.025 0.055 0.135 0.202 0.261
10 .010 .021* .061 .I8I; .262 .326
20 .008 .021 .062 .231* .321 .388
30 .006 .018 .060 .277 .371

ho .ooU .017 .061 .315 .ia6 .1*91*

U50 .006 .019 .070 .358 .1*63 .51*3

60 .009 .028 .090 .389 .1*98 .580
70 .016 ,01*2 .117 .388 ,507 .600
80 .025 .060 .151* .356 .U88 .597
90 .033 .075 .168 .302 .1*1*9 .578

500 • 03lt .079 .169 .21*1 .396 .5U6
10 .030 .072 .157 .179 .332 .501
20 .026 ,061* .11*5 .132 .282 .1*65

30 • 02lt .060 .136 .099 .21*0 .1*33

ho .022 .057 .129 .071* .201* • 397

550 .021* .058 .131 .051* .171* . 366
60 .027 .065 .11*1 .01*0 .11*7 .338
70 .03U .076 .156 .030 .126 .310
80 • oUi .089 .171* .020 .101* .281

90 .050 .102 .188 .oil* .086 .251

600 .051* .112 .198 .009 .069 .223
10 .058 .117 .202 .006 .051* .199
20 .059 .119 .205 .002 .01*5 .179

30 .060 .120 .207 .001 .038 .16U
iiO .060 .123 .209 .000 .031* .156

650 .063 .127 ,211* .000 .033 .151
60 .068 .135 .221* .000 .031* .155
70 .078 .11*9 .21*0 .002 .039 .161*

80 .091 .168 .263 .001* .01*8 .182

90 .113 .195 .291* .009 .062 .209

700 .11*3 .235 .338 .016 . 08ii .21*6

10 .185 .283 .385 .028 .111* .291*

20 .21*0 • 3hh •UU3 ,050 .159 .351
30 .298 .1*03 ,500 .081 .213 .1*11*

Uo .361* .U6U .553 0I23 .272 .1*71*

750 .1*31 .521* .601* .178 .31*2 .53li
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Color Transparencies of Natural Objects

Spectral Transmittance of Color Transparencies of Dry Sand on Special Ansco
Green and Blue Sensitive Film and Special Ansco Blue and Red Sensitive Film.
(See Table I and Appendix C, GE Graph Sheet Serial No. GE II-1571 *)

Wave Sanple Numbers
length

(72) (73) (71*) (75) (76) (77)

koo 0.030 0.062 0.120 0.076 o.llil 0.252
10 .021 .050 0IO9 .080 .159 .298
20 .Ollj .038 .091* .076 .166 .329
30 .010 .029 .080 .072 .169 .352
ho .008 .026 .071* .073 .176 .376

U50 .009 .028 .081 .081 .195 .1*07

60 .oiU .039 .102 .101 .229 .1*51

70 .023 .057 .130 .11*9 .290 .507
80 .036 .079 .162 .220 .370 .566

90 .050 .099 .182 .310 .1*56 .623

500 .055 .105 .185 .391* .521* . 660
10 .053 .101 .171* .1*65 .579 .688
20 .050 .096 .161* .501 .607 .700

30 .050 .095 .159 .510 .612 .699
ko .051* .100 .161* .1*9U .601 .688

550 .061* .115 .181 .1*60 .575 .669
60 .08ii • Ihh .216 .1*15 .51*1 .61*5

70 .119 .186 .265 .369 .505 .621
80 .172 .2ii8 .331 .322 .1*67 .591*

90 .239 .322 .1*06 .276 .1*26 .566

600 .318 .1*01 .ii8l .237 .391 .539
10 .391* .1*73 .5U6 .201* .360 ,516
20 .1*6U .5Uo . 60ii .180 .336 .500
30 .528 .596 .650 .160 .318 .1*90

ho .582 .6U2 .691 .150 .305 .1*82

65o .631* .688 .726 .11*2 .298 .U76
60 .678 .721* .756 .11*2 .298 .I4.8O

70 .716 .751* .780 .150 .308 .ii88

80 .71*7 .778 .800 .16U .321* .501*

90 .771 .799 .817 .188 .352 .529

700 .793 .815 .830 .220 .389 .560
10 .809 .827 .839 .266 .1*35 .595
20 .821 .837 .81*7 .320 .1*87 • 63I;

30 .828 .81*5 .851* .379 .539 .672

ho .835 .81*7 .855 • hhh .587 .707

750 . 8ii0 .851 .858 .501* .631* .735
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Color Transparencies of Natural Objects

I

I

Spectral Transmittance of Color Transparencies of Dry Sand on Special Ansco
Red Sensitive Film and Special Ansco Green Sensitive Film. (See Table I and
Appendix C, GE Graph Sheet Serial No. GE 11-1572.)

Wave Sample Numbers
length

ITp, (78) (79)

itOO 0.l6l 0.21*8

10 .21*7 .338
20 .31*8 .1*38

30 .1.53 .531
ho .538 .608

h$0 .592 .658
60 .609 .681

70 .596 .676
80 .555 .650

90 .501 . 6o6

500 .1*32 .551
10 .351 . U80
20 .270 .1*05

30 .191* .326
ho .125 .21*6

550 .071* .176
60 .01*0 .120

70 .019 .078
80 .008 .01*7

90 .001 .028

600 .000 .016
10 .000 .010
20 .000 .005
30 .000 .002
ho .000 .001

65o .000 oOOO
60 .000 .000

70 .000 .001
80 .000 .001*

90 .000 .008

700 .000 .oil*

10 .000 .021*

20 .008 .01*3

30 .020 .071
lo .Ola .111

750 .076 .165

(80) (81) (82) GO

0.21*8 0.1*51 0.518 0.528
.338 .1*51 .526 .551*

.1*38 .1*1*7 .51*1 .578

.531 .U38 .51*9 .603

.608 .U38 .561 .629

.658 .U62 .588 .658

.681 .1*92 .617 .688

.680 .1*96 . 626 .706

.657 .1*67 .617 .713

.619 .1*21 .591 .713

. 566 .363 .552 .701

.1*97 .309 .511* .683

.U26 .273 .1*90 .68ii

.31*6 .255 .1*78 .691

.269 .250 .1*76 .696

.197 .261* .1*93 .711

.136 .299 .525 .730

.092 .31*9 .566 .71*6

.059 .ia3 .613 .766

.036 • U8U .661 .785

.022 .51*9 .700 .799

.oil* .605 .731* .812

.008 .658 .761* .821*

.006 .697 .785 .832

.001* .727 .800 .8i;0

.002 .760 .816 .8148

.003 .782 .832 .852

.001* .798 . 8U0 .856

.006 .815 .8146 .862

.010 .831* .859 .869

.018 .8U2 .866 .870

.030 .8U6 . 866 .871*

.050 .856 .869 .881

.080 .861* .876 .879

.113 .865 .876 .879

.178 . 863 .876 .880
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Color Transparencies of Natural Objects

Spectral Transmittance of Color Transparencies of Dry Sand and Wet Gravel on
Special Ansco Blue Sensitive Film, Special Ansco Plenacolor Film, and Ansco
Daylight Color Film* (See Table I and Appendix C, GE Graph Sheets Serial No,

GE 11-1570, -1572, and -l573 .)

Wave Sample Numbers
length

ITp, (8U) (85) (86) (87) (88) (89) _(M (91) (9^

Uoo 0.035 0.081* 0.202 0.006 0.001 0.000 0.01*7 0.082 0.1'

10 .026 .070 .197 .008 .002 .000 .052 .099 .11

20 .017 .055 .183 .008 .002 .000 .052 .106 .1

30 .012 .0U5 .171 .010 .003 .001 .050 .110 .2

Uo .010 .Ola .169 .011 00• .000 .050 .116 .2

1j5o .010 • OiJi .181 .oil* .006 .000 .056 .133 .2

60 .018 .059 .211* .021 .009 .002 .070 .160 .3

70 .036 .097 .276 .029 .011* .006 .092 .191* .3

80 .080 .169 .367 .036 .018 .009 .115 .221* .3

90 .160 .270 .U66 .038 .019 .010 .127 .238 .1*1

500 .272 .387 .557 .031* .016 .008 .125 .233 .1*

10 .Uoo .501 .631* .027 .012 .001* .112 .211* .3

20 .512 .593 .690 .022 .009 .003 .099 .196 .3

30 .601 .662 .729 .019 .008 .001 .089 .181* .3

Uo .665 .710 .755 .016 .006 .000 .081* .171* .3

550 .708 .71*1 .770 .015 .006 .000 .081* .172 .3

60 .736 .762 .782 .oil* .005 .000 .090 .180 .3

70 .755 .111 .789 .013 .005 .000 .100 .191 .3

80 .771 .789 .799 .012 .001* .000 .112 .205 .3

90 .786 .801 .807 .010 .001* .000 .121* .216 .3

600 .799 .810 .816 .008 .002 .000 .130 .221 .3

10 .812 .823 .825 .006 .001 .000 .133 .222 .3

20 .821 .829 .831 .003 .000 .000 .133 .220 .3

30 .828 .839 .8ia oOOO .000 .000 .133 .220 .3

ho .838 ,81ili j=i
00

• .000 .000 .000 .131* .220 .3

650 .8Ii2 .81*8 .850 .000 .000 .000 .138 .225 .3
60 .81*9 .852 .857 .000 .000 .000 .11*6 .231* .3
70 .856 .856 .856 .000 .000 .000 .158 .250 .3

80 .856 .862 .862 .000 .000 .000 .179 .271* .3

90 .861* .868 .870 .000 .000 .000 .208 .307 .1*

700 .870 .870 .871 oOOO .000 .000 .2)48 .31*9 .1*

10 ,870 .871* .876 .000 .000 .000 .295 .399
20 .877 .878 . 880 .001* .000 .000 .352 .1*55 .5

30 .879 .879 .879 .008 .001* .000 .ia5 .513 .6

ho .879 .880 .881 .017 .009 .005 .1*71* .561* .6

730 .880 .881* .887 0cr\0• .020 .oil* .531* .616 .6
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Reflecting Natural Objects

1

1

I

Pi

II

Spectral Directional Reflectance of the Outer Bark and Inner Bark of Scrub
Pine (Pinus virginiana, Mill.) for the Visible and Near Infrared Spectrum,
liOO to 1080 millimicrons. (See Appendix C, GE Graph Sheets Serial No. GE I]

1736 and -1737.)

( 93 ) Outer Bark, Scrub Pine
(Pinus virginiana. Mill.)

Wave Wave
Length Length R^

m^ iru

1*00 0.072 750 0.252
10 .075 60 .260
20 .078 70 .269
30 .080 80 .277

ho .083 90 .286

U5o .085 800 .295
60 .088 10 . 301*

70 .090 20 .31I1

80 .093 30 .322

90 .095 Uo .330

500 .097 85o .338
10 .100 60 • 3h6
20 .102 70 . 351*

30 .106 80 .362
ho .110 90 .370

550 .113 900 .377
60 .U8 10 .385
70 .122 20 .393
80 .127 30 . 1*00

90 .132 ho .1*06

600 .138 950 . 1*12

10 •Ihh 60 .ia8

20 .150 70 .1*23

30 .156 80 ,1*28

ho .162 90 • h3h

650 .170 1000 .1*39

60 .178 10 . 1*1* 1*

70 .185 20 . 1*50

80 .193 30 . 1*56

90 .200 ho .1*61

700 .209 1050 • U68
10 .217 60 .1*70

20 .226 70 .1*77

30 . 231* 80 .U80

( 9U) Inner Bark, Scrub Pine
(Pinus virginiana. Mill.

)

Wave Wave
Length R^ Length R)^

nvL irp.

1*00 0.075 750 0 . U68
10 .080 60 . 1*96

20 .085 70 .521*

30 .089 80 .550
ho .091* 90 .577

1*50 .098 800 .600
60 .102 10 .622

70 .106 20 . 61*2

80 .109 30 .662
90 .112 liO .682

500 .115 85o .698
10 .118 60 .715
20 .122 70 .730
30 .126 80 .71*5

ho .130 90 .759

550 .136 900 .772
60 .11*2 10 .783
70 .11*9 20 .792
80 .156 30 .802

90 .165 ho .812

600 .175 950 .819
10 .186 60 . 821*

20 .199 70 .827

30 .213 80 .829
Uo .228 90 .830

650 . 21*1* 1000 . 831*
60 .261 10 . 81*0

70 .278 20 . 81*5

80 .298 30 .850
90 .318 ho .856

700 .339 1050 .861

10 .362 60 .866
20 .386 70 .868

30 .1*12 80 .870
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Reflecting Natural Objects

I

I

I

I

Spectral Directional Reflectance of the Outer Bark and Inner Bark of White Qi

(Quercus alba, L. ) for the ^sible and Near Infrared Spectrum, UOO to 1080
millimicrons. (See Appendix C, GE Graph Sheets Serial No. GE 11-1736 and -1’

(95) Outer Bark, White Oak
(Quercus alba, L.)

(96) Inner Bark, White Oak
(Quercus alba, L.)

lave

jngth

mp
Rx

Wave
Length

ITp,

Wave
Length

mp
Rx

Wave
Length

nu

1400 0.186 750 0.376 1*00 0.01*3 750 0.135
10 •195 60 .383 10 .01*5 60 .138
20 .203 70 .390 20 .01*6 70 .11*2

30 .211 80 .398 30 .01*8 80 .11*5

Uo .218 90 .U05 Uo .050 90 .150

1*50 .226 800 .ia2 1*50 .052 800 .151*

60 .232 10 .1*20 60 .051* 10 .157
70 .237 20 .1*26 70 .056 20 .162
80 .21*2 30 .1*33 80 .058 30 .166

90 .21*7 UO .1*39 90 .060 Uo .170

500 .252 85o .1*1*U 500 .061 85o .171*

10 .256 60 .1*50 10 .061* 60 .178
20 .261 70 .1*56 20 .066 70 .182

30 • 266 80 .1*61 30 .068 80 .186
Uo .270 90 .1*67 Uo .070 90 .190

550 .271* 900 .1*72 550 .073 900 .195
60 .279 10 .1*78 60 .075 10 .198
70 .282 20 .1*81* 70 .077 20 .202

80 .287 30 .1*90 80 .080 30 .206
90 .292 Uo .U96 90 .082 Uo .210

600 .296 950 .500 600 .085 950 .213
10 .300 60 .505 10 .088 60 .216
20 .305 70 .510 20 .090 70 .219

30 .310 80 .515 30 .091* 80 .222

Uo .311* 90 .520 Uo .096 90 .225

650 .318 1000 .521* 650 .100 1000 .228

60 .323 10 .529 60 .102 10 .235
70 .328 20 .531* 70 .106 20 .231*

80 .332 30 .539 80 .110 30 .237
90 .338 1*0 .51*1* 90 .113 Uo .21*0

700 .31*3 1050 .51*8 700 .116 1050 .21*2

10 .31*9 60 .551* 10 .120 60 .21*5

20 .356 70 .559 20 .125 70 .21*7

30 .362 80 .561* 30 .128 80 .250
UO .369 Uo .131
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Appendix C

Ozalid Prints of Original Spec tr opho tometrie Graph Sheets

Set of the Ozalid prints of the 21 original recordings of

the visible and near inft*ared spectral directional reflectance

of natural objects (UOO to 1080 millimicrons), and the visible

spectral transmittance of color transparencies of natural

objects (UOO to ?50 millimicrons) made on a General Electric

recording spectrophotometer. An index to the spectrophotometric

curves of this set are listed in the following table, together

with the dates of measurement. Note that the type of film used

is also indicated in parenthesis following the description of

the object of each color transparency. Exposure numbers W-132,

W-133 , W-I3U, and W-135 shown on (JE graph sheet Serial No. GE II-

1579 are of man-made objects and will be explained in NBS Report

U953.
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I

Index to Appendix C

Part I, Reflecting Ifeitural Objects

GE Graph Sheet Serial No.

and Date Measured

1

Sample
Number Description

Visible Near Infrared
Spectrum Spectrum

Curve
Nuiribei

(1) White Sand, Rodger's Quarry
(Wet)

GE 11-1393 GE
2-17-5U

II-139I* 1

(2) Yellowish Quartz Sand, Rodger *s

Quarry (Wet)
-1393

2-17-51i

-1391* 2

(3) Comeroial (Zonalite) "Vermicu-
lite" (Wet)

-1393

2-17-5U
-1391* 3

(I4) White Sand, Rodger’s Quarry
(Dry)

-1391

2-17-51i

-1392 1

!•

(5) Yellowish Quartz Sand, Rodger’s
Quarry (Dry)

-1391
2-17-51*

-1392 2

(6) Commercial (Zonalite) "Tferraicu-

lite" (Dry)

-1391
2-17-51*

-1392 3

(7) Collington Sandy Loam (Damp) -1395
2-18-51*

-1396 1

(93) Bark, Outer, Scnb Pine (Pinus
virginiana, Mill.

)

-1736
8- 3-56

-1737 1

II

(9U) Bark, Inner, Scrub Pine ( Pinus
virginiana. Mill.)

-1736
8- 3-56

-1737 2

II

(95) Bark, Outer, White Oak (Quercus
alba, L.

)

-1736
8- 3-56

-1737 3

H
(96) Bark, Inner, White Oak (Quercus

alba, L.)

-1736
8- 3-56

-1737 u
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Index to Appendix C (continued)

Part II, Color Transparencies of Natural Objects

GE Graph Sheet Serial
No. and Curve No.

Sample Exposure
Number Number Descriotion

'Visible
Spectrum

Curve
Number

(8) W-68 Blue Sky (RGB) GE 11-1577 1*

(9) w-69 Gray Cloud (RGB) -1577 5
(10) W-70 Gray Sky, Thunderstorm Coming

(to HE) (RGB)
-1577 6

(11) W-71 Gray Sky, Thunderstorm Coming
(to S) (RGB)

-1577 7

(12) W-72 Water Under Nimbus Clouds (RGB) -1577 8

(13) W-73 Seaweed^ Scene of Seaweed in Water
(telephoto; sunlight, hazy, gray
clouds) (RGB)

-1577 9

(II4) W-73 Water; Scene of Seaweed in Water
(telephoto; sunlight, hazy, gray
clouds) (RGB)

-1577 10

(15) W-300 Muddy Water, Normal Exposure (RGB) -1583 12

(16) w-301 Muddy Water, Over Exposure (RGB) -1583 11

(17) W-302 Muddy Water, Over Exposure (RGB) -1583 10

(18) W-177 Cumulus White Cloud, Under
Exposure (BR)

-1583 6

(19 ) ¥-178 Cumulus White Cloud, Normal
Exposure (BR)

-1583 5

(20) W-179 Cumulus White Cloud, Over
Exposure (BR)

-1583 1*

(21) ¥-180 Blue Sky, Under Ejq^osure (BR) -1583 9

(22) W-181 Blue Sky, Normal Exposure (BR) -1583 8

(23) ¥-182 Blue Sky, Over Exposure (BR) -1583 7

(2li) ¥-80 Leaves of Sycamore (Platanus
occidentalis, L.) Yellow (RGB)

-1578«*
-171*9

u
1*

(25) ¥-81 Leaves of Sycamore (Platanus
occidentalis, L.) Yellow
Close-ip (RGB)

-1578 5

(26) W-121 Leaves of ^camore. (Platanus
occidentalis, L.) Oeen (RGB)

-1578 6

(27) W-122 Leaves of Sycamore (Platanus
occidentalis, L. ) Green
Close-up (RGB)

-1579)h*
-171*9

1*

5

(28) W-123 Leaves of Black Oak (Quercus
velutina, Lam.) Green (RGB)

-l579*Ht
-171*9

5
6

(29) W-131 Leaves of Black Oak (Quercus
velutina, Lam.) Green
Close-up (RGB)

-1$79«
-171*9

6

7

(30) ¥-11*3 Green Vegetation, Leaves in Light, -1582 8

Normal Exposure (GB)

Mea;

3-1!

3-1!

3-1!

3-1!

3-1

3-1!

3-1!

3-1'

3-1
3-1'

3-1'

3-1'

3-1'

3-1'

3-1'

3-1
3-1!

8-2 ;

3-1!

3-1!

3-1!

8-2 :

3-1!

8- 2 :

3-1!

8- 2 :

3-1

**Spectrophotoraetric curve in error, see next indicated GE graph sheet.
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Index to Appendix C (continued)

GE Graph Sheet Serial
No, and Curve No,

Sample Exposure Usable'
Number Number Description Spectrum

Curve
Number

Date
Measur

(31) W-1U3 Green Vegetation, Leaves in Shade, GE
Normal Exposure (GB)

11-1582 9 3-17-5

(32) w-lUit Green Vegetation, Leaves in Light,
Over Exposure (GB)

-1582 6 3-17-5

(33) W-llilt Green Tfegetation, Leaves in Shade,

Over Exposure (GB)

-1582 7 3-17-5

(3U) w-i1j5 Green ^getation. Leaves in Light,
Over Exposure (GB)

-1582 1* 3-17-5

(35) W-1U5 Green Vegetation, Leaves in Shade,
Over Exposure (GB)

-1582 5 3-17-5

(36) w-171* Green Hedge of Black Walnut (Juglans
nigra, L,) and L0(3ust (Robinia
pseudoacacia, L. ) Leaves in Light
Under Exposure (BR)

-1582 li; 3-17-5

(37) w-171* Green Hedge of Black Walnut (Juglans
nigra, L. ) and Locust (Robinia
pseudoacacia, L.) Leaves in Shade
Under Exposure (BR)

-1582 15 3-17-5

(38) W-175 Green Hedge of Black Walnut (Juglans
nigra, L,) and Locust (Robinia
pseudoacacia, L, ) Leaves in Light
Normal Exposure (BR)

-1582 12 3-17-5

(39) W-175 Green Hedge of Black Walnut (Juglans
nigra, L.) and Locust (Robinia
pseudoacacia, L, ) Leaves in Shade
Normal Exposure (BR)

-1582 13 3-17-5

(liO) W-176 Green Hedge of Black Walnut (Juglans
nigra, L,) and Locust (Robinia
pseudoacacia, L, ) Leaves in Light
Over Exposure (BR)

-1582 10 3-17-5

(l4l) W-176 Green Hedge of Black Walnut (Juglans
nigra, L, ) and Locust (Robinia
pseudoacacia, L, ) Leaves in Shade
Over Exposure (BR)

-1582 U 3-17-5

(U2) W-872 Wet Sand, Normal Exposure (RGB) -1567 6 2-23-!

0t3) W-873 Wet Sand, Over Exposure (RGB) -1567 5 2-23-5

(U) w-871* Wet Sand, Over Exposure (RGB) -1567 h 2-23-5

(1*5) w-890 Wet Sand, Nonnal Exposure (RG) -1568 9 2-2U-J

(1*6) W-891 Wet Sand, Over Exposure (RG) -1568 8 2-2l<-‘

(1*7) W-892 Wet Sand, Over Exposure (RG) -1568 7 2-2ii-;

(U8) W-899 Wet Sand, Normal Exposure (GB) -1568 12 2-21*-;

(U9) W-900 Wet Sand, Over Exposure (GB) -1568 11 2-21*-;

(50) W-901 Wet Sand, Over Exposure (GB) -1568 10 2-21*-;

(51) W-881 Wet Sand, Normal Exposure (BR) -1568 6 2-21*-;

(52) W-882 Wet Sand, Over Exposure (BR) -1568 5 2-21*-;

(53) W-883 Wet Sand, Over Exposure (BR) -1568 h 2-21*-;
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i

Index to Appendix C (continued)

GE Graph Sheet Serial
No. and Curve No.

Sample Exposure
Number Number Description

Visible
Spectrum

Curve
Niiinber

Date
Measur

(5U) W-935 Wet Sand, Normal Exposure (R) GE 11-1569 12 2-2l*-5

(55) W-936 Wet Sand, Over Exposure (R) -1569 11 2-2l*-5

(56) W-937 Wet Sand, Over Exposiire (R) -1569 10 2-2U-5
(57) W-926 Wet Sand, Normal Exposure (G) -1569 9 2-2U-5
(58) W-927 Wet Sand, Over Exposure (G) -1569 8 2-2l*-S

(59) W-928 Wet Sand, Over Exposure (g) -1569 7 2-2U-5

( 60 ) W-908 Wet Sand, Normal Exposure (b) -1569 6 2-2U-5
(61) W-909 Wet Sand, Over Exposure (b) -1-569 5 2-2U-5
(62) W-910 Wet Sand, Over Expos\u?e (b) -1569 1* 2-2U-5
(63) W-917 Wet Sand, Nonnal Exposure (Plena) -1567 9 2-23-5

(61*) W-918 Wet Sand, Over Exposure (Plena) -1567 8 2-23-5

(65) W-919 Wet Sand, Over Exposure (Plena) -1567 7 2-23-5

(66) W-875 Dry Sand, Normal Exposure (RGB) -1570 6 2-28-S

(67) W-876 Dry Sand, Over Exposure (R®) -1570 5 2-28-5

(68) W-877 Dry Sand, Over Exposure (R®) -1570 h 2-28-5

(69) W-893 Dry Sand, Normal Exposure (RG) -1571 9 2-28-5

(70) W-891* Dry Sand, Over Exposure (RG) -1571 8 2-28-5

(71) W-895 Dry Sand, Over Exposure (RG) -1571 7 2-28-5

(72) W-902 Dry Sand, Normal Exposure (®) -1571 12 2-28-5

(73) W-903 Dry Sand, Over Exposure (GB) -1571 11 2-28-5

(71*) W-901* Dry Sand, Over Exposure (®) -1571 10 2-28-5

(75) W-881* Dry Sand, Normal Exposure (BR) -1571 6 2-28-5

(76) W-885 Dry Sand, Over Exposure (BR) -1571 5 2-28-5

(77) W-886 Dry Sand, Over Exposure (BR) -1571 1* 2-28-5

(78) W-938 Dry Sand, Normal Exposure (R) -1572 12 3- 1-5

(79) W-939 Dry Sand, Over Exposure (R) -1572 11 3- 1-5

(80) W-9l*0 Dry Sand, Over Exposure (R) -1572 10 3- 1-5

(81) W-929 Dry Sand, Normal Exposure (G) -1572 9 3- 1-5

(82) W-930 Dry Sand, Over Exposure (g) -1572 8 3- 1-.^

(83) W-931 Dry Sand, Over Exposure (G) -1572 7 3- 1-5

(8U) W-911 Dry Sand, Normal Exposure (b) -1572 6 3- 1-5

(85) W-912 Dry Sand, Over Exposure (B) -1572 5 3- 1-^

(86) W-913 Dry Sand, Over Exposure (B) -1572 1* 3- 1-5

(87) W-920 Dry Sand, Normal Exposure (Plena) -1570 7 2-28-5

(88) W-921 Dry Sand, Over Exposure (Plena) -1570 8 2-28-5

(89) W-922 Dry Sand, Over Exposure (Plena) -1570 9 2-28-5

(90) W-9l*l* Wet Gravel, Normal Exposure (RGB) -1573 6 3- 1-5

(91) W-9li5 Wet Gravel, Over Exposure (RGB) -1573 5 3- 1-5

(92) W-9l*6 Wet Gravel, Over Exposure (R®) -1573 1* 3- 1-5

m
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Appendix D

Table Indicating Measured Area of Color Transparencies

Table of orientation and film holder scale values

for eighty-five samples of color transparencies of

natural objects; such as^ sky, clouds, water, green

vegetation, wet and dry sand, and wet gravel. In-

cluded is Figure 31> used to indicate the actual area

of the color transparency which was measured.
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Figiire 31. Grid to indicate the actual area of

the color transparency which was measuredo To

use the diagrain and data 2 (1) Place the color

transparency on the coordinate grid^ (2) Check

that the correct side of the film is towards the

observer^ (3) Check that the positioning of the

number is correct, (U) Move lower right corner

of film to indicated H and V values, and (5)

The position of the measured area of the color

transparency is indicated by the open area

within the cross-hatched square above and to the

left of the grid.
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AREA OF COLOR TRANSPARENCY MEASURED

6.0 4.0 2.0

H

FIGURE 31
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Color Transparency Orientation and Film Holder Scale Values for the Indicate
Color Transparencies.

Sample
Number

Exposure
Number

Side of
Film Toward

Source

(8) W-68 Base

(9) W-69 Base

(10) W-70 Base

(11) W-71 Einulsion

(12) W-72 Qnulsion

(13) W-73 Base
(lU) W-73 Base

(15) W-300 Base

(16 ) W-301 Base

(17) W-302 Base

(18) W-177 Base

(19) W-178 Base

(20) W-179 Base

(21) W-180 Base

(22) W-181 Base

(23) W-182 Base

(21*) K-80 Emulsion

(25) W-81 Emulsion

(26) W-121 Emulsion

(27) W-122 Emulsion
(28) W-123 Emulsion

(29) ¥-131 Emulsion

(30) W-ll*3 Emul sion

(31) W-ll*3 Emulsion

(32) w-ll*l* Base

(33) W-ll*l* Base

(31*) w-il*5 Base

(35) W-ll*^ Base
(36) W-171* Base

(37) W-171* Base

(38) W-175 Base

(39) w-175 Base

(1*0) W-176 Base
(1*1) W-176 Base
(1*2) W-872 Emulsion
(1*3) W-873 Emulsion
(l*lt) W-871* ©mils ion

Position Film Holder
of Inked Scale Value

Exposure No. H V s

Upper Right i*.i* U.2 U.3
Upper Right U.l* 1*.2 1*.3

U^er Right i*.i* 1*.2 U.3
Lower Right U.l* U.2 1*.3

Lower Right hoh 1*.2 1*.3

Lower Right 3o6 3.7 1*.2

Lower Right 5.2 1*.7 1*.2

Upper Right 5.6 2.9 1*.2

Top 5.6 2.9 1*.2

Top ^e6 2.9 1*.2

Lower Left 5.U 1*.7 1*.3

Lower Left 5.1* 1*.7 U.3

Lower Left 5.0 1*.7 1*.3

Lower Left 5.6 2.9 1*.2

Lower Left 5.6 2.9 1*.2

Lower Left 5.6 2.9 1*.2

Lower Left 1*.6 U.7 U.3

Lower Right U.l U.6 1*.2

Lower Left U.6 1*.6 1*.2

Lower Left U.6 U.5 U.3
Lower Left 1*,0 l*.o U.3
Lower Left l*.o l*.o U.3

Bottom 6.8 2.8 U.2
Bottom 6.U U.U U.3
Lower Right 5.6 3.0 U.2
Lower Right 5.2 U.6 u.3
Lower Right 5.6 3.0 U.2

Lower Right 5.2 U.6 U.3
Lower Right 5.8 2.8 U.3
Lower Right l*.o l*.o u.3
Lower Right 5.1* 3.5 U.3
Lower Right l*.o U.6 U.3

Lower Right 5®U 3.5 u.3
Lower Right l*.o U.6 U.3
Right UoU U.3 U.3
Right l*.l* U.U U.3
Right u.u l*.l* U.3
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Sairple

Nuniber

Exposure
Number

Side of

Film Toward
Source

(U5) W-890 Emulsion

( 1*6 ) W-891 Bmlsion
(1*7) H-892 Emulsion

(U8 ) W-899 Emulsion

(1*9) W-900 Emulsion

(50) W-901 Ermilsion

(51) W-881 Emulsion

(52) W-882 Emulsion

(53) W-883 Emulsion

(51*) W-935 Emulsion

(55) V-936 Emulsion

(56) W-937 Emulsion

(57) W-926 Emulsion

(58) W-927 Emulsion

(59) w-926 Emulsion

( 60) W-908 Emulsion

(61) W-909 Emulsion

(62) W-910 Emulsion

(63) W-917 Emulsion

(61*) W-918 Emulsion

(65) W-919 Emulsion

(66) W-875 Emulsion

(67) W-876 Emulsion

(68) W-877 Emulsion

(69) YJ-893 Emulsion

(70) W-89h Emulsion

(71) W-895 Emulsion

(72) W-902 Emulsion

(73) W-903 Emulsion

(7U) W-90lt Emulsion

(75) W-88li Emulsion

(76) W-885 Emulsion

(77) >f-886 Emulsion

(78) W-938 Emulsion

(79) W-939 Emulsi(^

(80) W-9l*0 Emulsion
(81) W-929 Emulsion
(82) W-930 Emulsion

(83) W-931 Emulsion
(81*) W-911 Emulsion

Position Film Holder
of Inked Scale Value

Exposure No* H V S

Right hoh ho3 h.2
Right i*.i* h.3 h.2
Right i*.i* U.3 h.2
Right h.2 h.2 h.3
Upper Left h.2 h.2 h.3

Upper Left h.2 h.2 h.3
Right h.h 1*.3 h.2
Right koh h.3 h.2
Right h.3 h.2
Right i*.5 U.O h.3

Right 1*.5 h.O h.3
Right lt.5 h.O h.3
Right 1*.5 h.O h.3
Right 1*.5 h.O h.3
Right 1*.5 U.o h.3

Lower Right U.9 3.8 h.2
Lower Right t*.9 3.8 h.2
Lower Right h.9 3.8 h.2
Upper Left U.It h.3 h.3
Upper Left hoh h.3 h.3

l^)per Left hoh h.3 h.3
Lower Right h.h h.l h.3
Lower Right hoh h.l h.3
Lower Right h.h h.l h.3
Lower Right U.5 3.9 h.2

Lower Right 1*.5 3.9 h.2
Lower Right 1*.5 3.9 h.2
Lcfwer Right ho 3 h.l h.3
Right U.3 i*.i h.3
Right h.3 i*.i h.3

Lower Right hoh l*.o h.2
Lower Right hoh 14.0 h.2
Lower Right hoh l4.0 h.2
Top h.2 h.3 h.3
Top h.2 h.3 h.3

Top ho 2 1*.3 h.3
Right h.l li.O h.3
Right U«i I4.0 h.3
Right h.l l*.o h.3
Right hoh 3.6 h.3
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Si(3e of Position Film Holder
Sample Exposure Film Toward of Inked Scale Value
Number Number Source Exposure No, H V s

'(85) W-912 Emulsion Right UoU 3.6 U.3

(86) W-913 Snulsion Right h*h 3*6 h.3

(87) W-920 Emulsion Upper Left h.k h.l h.3
(88) W-921 Emulsion Upper Left hoh h.l h.3
(89) W-922 Emulsion Upper Left koh h.l h.3

(90) K-9l»U Qnulsion Top U.i h.2 h.3
(91) W-9li5 Emulsion Top h.l U.2 h.3

(92) V-9h6 Emulsion Top h.l h.2 h.3
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THE NATIONAL BUREAU OF STANDARDS
I

Functions and Activities

The functions of the National Bureau of Standards are set forth in the Act of Congress, March

3, 1901, as amended by Congress in Public Law 619, 1950. These include the development and

maintenance of the national standards of measurement and the provision of means and methods

for making measurements consistent with these standards; the determination of physical constants

and properties of materials; the development of methods and instruments for testing materials,

devices, and structures; advisory services to Government Agencies on scientific and technical

problems; invention and development of devices to serve special needs of the Government; and the

development of standard practices, codes, and specifications. The work includes basic and applied

research, development, engineering, instrumentation, testing, evaluation, calibration services, and

various consultation and information services. A major portion of the Bureau’s work is performed

for other Government Agencies, particularly the Department of Defense and the Atomic Energy

Commission. The scope of activities is suggested by the listing of divisions and sections on the

inside of the front cover.

Reports and Publications

The residts of the Bureau’s work take the form of either actual equipment and devices or

puhlisherl j)apers and reports. Reports are issued to the sponsoring agenev of a particular project

or program. Published papers appear either in the Bureau’s own series of publications or in the

journals of j)rofessional and scientific societies. The Bureau itself publishes three monthly peri-

odicals, available from the Government Printing Office: The Journal of Research, which presents

complete papers reporting technical investigations; the Technical News Bulletin, which presents

sumrnarv and preliminary reports on work in progress; and Basic Radio Propagation Predictions,

which provides data for determining the best frequencies to use for radio communications throughout

the world. There are also five series of nonperiodical publications: The Applied Mathematics

Scries, Circulars, Handbooks, Building Materials and Structures Reports, and Miscellaneous

Publications.

Information on the Bureau’s publications can be found in NBS Circular 460, Publications of

the National Bureau of Standards (SI.25) and its Supplement ^SO. 75), available from the Superin-

tendent of Documents, Government Printing Office. Vi ashington 25, D. C.

Inquiries regarding the Bureau’s reports should be addressed to the Office of Technical Informa-

tion. National Bureau of Standards. Washington 25, D. C.
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