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The brightness of the light from the sun, sky and sea are
analyzed to bring out the principles of day sky camouflage of air-
planes. Rules are formulated, Chapter 111, Section 3, which in
simplest form are: pazint upper surfaces with & dark gray blue;
paint underneath surfaces, vertical surfaces, protuberances, with
a light gray blue; all paint should be mat. Specific directions
for painting the plane and experiments are outlined, Chapter VI.

Night sky camouflage is discussed merely by presenting the
Army report of June 21, 1932, as & satisfactory solution, Chapter IV.

It is pointed out, Chapter V, that translucent fabric offers

greater possibilities of low visibility camouflage than can be
achieved by painting opaque fabric.
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CHAPTER 1

INTROLUCTION

Ay Authorizetion - In & letter of August 1, 1934, file Aer-E-
22-EP F39-5, from the Chief of the Bureau of Aeronautics to the
Director, Naval Research Laboratory, the investigstion of Naval Aircraft
was directed with main attention to the visibility of aircraft when
viewed from the ground.

2 Definitions - "Camouflazging" a plane means painting it
with suitable colors and patterns to make it as invisible as possible.
A plane viewed from the ground is seen against the sky as a background,
so that this aspect of camouflage is usually referred to as "sky
camouflage®”. Similerly, when the plane is viewed from above the ground
or sea as & background and is painted to match the background, the
cemouflage is referred to as "ground camouflage" and "sea camouflage™.

T Scope of Present Report - In the following report various
references have been consulted and from these together with the physics
of the problem the general principles of sky camouflsge are outlined
and detailed recommendations are made for painting a Navy plane to
achieve as far as possible a low visibility against the sky during the
day and night.

A number of measurements of sez and sky brightness have been made
and samples of color have been investigated under various lighting
conditions. However, practically no experiments on painting planes
have been done znd therefore this report must be regarded as essentizlly
preliminary.

Le Recording Color - In various places throughout this report
the color and brightness of paints, natural scenes, etc., are referred
to. In certain of the plates are given samples of various colors. These
samples mey fade or change with time, and at a later date may give the
reader an erroneous impression. To insure as far &s possible that the
present work be reproducible and permenent, all colors are given in terms
of the Munsell Book of Color, Abridged Edition, 1929, Mumsell Color
Company,Inc., Baltimore, Marylend, This little book contains on twenty
pages twenty different colors. On each page are from five to thirty
little paper rectangles painted with the color in various gradéd degrees
of brightness and saturation. The notation is simple, for example, to
specify that a certain sample of paint was "Wunsell PB 6/4" means that
under daylight illumination it matched in color and brightness the little
colored rectangle in the Munsell Book of Color on page "Purple Blue",
row 6, colwm 4.
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CHAPTEE 11

HISTGRY #ND REFERENCES

¥ Historical - Camouflage was initiated during the World War
and dealt with terrsin and structures on lend, ships and aircraft. In
the case of sircraft the mein emphuasis was on ground camouflage, or
painting the upper surfaces of the aircraft to render them of low visi-
bility when seen against the ground. ‘The United States Army entered on
the problem and in addition to ground camouflage experimented with the
possibilities of sky camouflage with, as indicated by the reports, some
success. The work of the Army falls into two periods, one from 1918
to about 1922, a gap of inactivity, and a recrudescence of activity be-
ginning about 1930 and continuing until the present time. As far as is
known, the U.S. Navy has done no work on air camouflage.

As may be supposed, practically all literature on the subject of
air camouflage is to be found only in military reporis. In the next
section is given & 1ist of the titles of the reports and references
which have been consulted in the present connection. Most of these
were assembled by the Bureau of Aeronsutics. After each title is a
short sentence or comment on the essential gist of the report. The
references fall into two categories, those which deal with airplene
camouflage, end those which deal with other types of camouflage such
as of ships, terrain, hangars, etc., and therefore &re of no interest
here.

The references which treat of sirplsne camouflege fall into two
classes, those which describe work accomplished during the VWorld Var
snd shortly thereafter, and those of work since sbout 1930. The first
class comprise much preliminary work dealing with general principles.
The second class is made up entirely of a series of recent Army reports
and mey be regarded &s the most important here. Three of them, of
dates Februsry 16, 1933, June 21, 1932, and April 3, 1931, reproduced
in full in Appendices A, B and C, respectively, give the most recent
experience and comments of the Army on sky camouflege of airplunes for
dey snd night conditions.

2e List of References

(4) Most important references:

Reference 1 - War Department Air Corps Material Division
Engineering Section, Serial No. #-56-2272,
February 16, 1933. "To determine from & ser-
vice test conducted by & tactical unit the sult-
ability of camouflage water paint and in-
structions contained in Technical Order No.
01-1-16 for preparation and use of this water
paint”.,

Reproduced in full in Appendix A. 5
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deference 4 - War Department Air Corps Material Division

pngineering Section, Serial M-56-2291, lecember

19, 1932. "To observe the tests of :

water paint, and confer with un

at Langley Field relative to Lhe su

of water paint in the camouilage oi

aircrafu', '
Freliminary to kefereuce 1, OUtuerwise of
no interest.

\n
I

lieference WWar LUepartmenl air Lorps late:
Engineering Seetion, oerial b=-56-:
10, 1932, "To determine suitable
shades of water paint for day camouflage

Preliminary to Heference 1. UOtnerwise of
no interest,

7]
w

O‘-.
1

Referen War Depariment sir Uorps katerial Livision
kngineering Section, Serisl M-56-2272, January
22, 1932, "A sumuery and bibliography of

available iniormztion on aeronautical camouf

411 of tne references cived are given here.

ment Air

worps Meterial Din
vection, U.5. Army opecification
April 3, 1931. ‘YWater uoler!.

n oraering waler color paint, ne-

in full in appendix C.
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(B) Clder references
Reference 8 -

Reference 9 -

Reference 10 -

Reference 11 -

Reference 12 -

Reference 13 -

of general importence.

war Department Air Corps Hateriel Division

Engineering Section, Serial No. 1591, March
22, 1921. "Preliminary report on laboratory
investigation of colors used as a camouflage

for the Breguet Airplane".

Description of leboratory photometric
measurements of various paints. Of no

interest.

Wiar Department Air Corps Materiel Division
Engineering Section, Serial No. 1498, Janusary
12, 1921. "Report on Camouflage of Day

Airplanes™.

Only of general interest. The first report
of the Army on sky camouflage, in which it

is pointed out that the under surfaces should

be of light color, that the paints used

should be mat and not shiny, etc.

War Department Air Corps Materisl Division
Engineering Section, Serisl No. 1299, June

17, 1922. "Factors of Camouflage".

Deals mainly with ground camouflesge. Of

no direct interest.

fiar Department Air Corps Materizl Division

Engineering Section, Serial No. 1090, December

3, 1920. "Report on Aeronacutical Cemouflage".
Deals mainly with ground and terrsain
camouflage. Of no direct interest.

Weigler, Mheronautical Camouflage", Aerlal Age

Weekly, May 10, 1920, puges <88-300.
Of no interest.

Bureau of Construction and Repuir, "The Develop-

ment of Marine Camouflage and Tests Relating
Thereto" by Lieut. Harold Van Buskirk, Con-

struction Corps., U.S.N.R.F., ey 1,

1919,

Volume 1I, Chapter G, "Aviation Cemouflage".
Mostly ground cemouflage. A sirngle experi-
ment on sky camouflege is mentiocned (page
179) in which the under surface of & plene
was peinted black with white edges. At 4000
yerds elevation the white blended out

ageinst the sky and the plene looked smsller,

a8 though higher.
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Reference 14 - Research Informztion Committee, Confidential
Report No. 1. "The Visibility of Airplanes™ by
M. Luckiesh, 1918, 78 pages, 35 figures.
Assembles much useful data on brightness
of land, sez and sky, the reflectivities of
paints, febrics, and materials. Gives a
good theoretical discussion of the general
principles of sky camouflsge. No experiments
on sky camouflage of airpleanes.

Reference 15 — "Mdeasurements of the Brightness of the Sky"
by Kimball and Hand, Monthly Vieather Review,
49, 483, 1921; 50, 618, 1922.
Gives measurements of the brightness of
the sky at all points for various weather
conditions snd altitudes of the sun.

(C) Camouflage references of no interest to the present problem.

Reference 16 - War Department Air Corps Material Division I
Engineering Section, Seriel 1646. "Report
on Secret Insignia", June 14, 1921. '

Mentions that under surfaces of planes |
should be painted a light color for day sky }
camouflage. For night camouflzge the under '
surfaces should be painted with black.

Reference 17 - Priest, "Preliminary note on the relations ;
between the quality of color and the spectral |
distribution of light in the stimulus",

Journal Cptical Society of America, 4, 388, I
1920.
Of no interest.

Reference 18 - War Department, Engineer Field Manusl, Vol.
11, Militery Engineering, Part two, Defensive
Measures, 1932. '
Nothing on sky camouflage.

Reference 19 - War Department, Training Reguletions, No. 195-
45, February 1, 1926. "Fortification, Camouflage
for Artillery". |
Nothing on sky camouflage. M
Reference 20 — Luckiesh, "Color aend its Applications". Book b
published 1915.
A condensed treatment of the science of
color. Of no interest.

Reference 21 = Bureau of Standards, Division IV=3. "Final Report to

the Director on Military Work during 1917 and 1918",
0f no interest.
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Bureau of Stendards, Division IV-3. MMilitary
and Naval Correspondence, 1917-1919. Visibility
and Cemouflsge, Green Tape, Brock Goggles".

S.J. Solomon. "OStrategic Camouflzge", Book
published 1920, E.P. Dutton &nd Company. A
Deals entirely with terrain camouflage

The Submsrine Defense Association, confidential
report No. 467, 1918. "The science of low
visibility and deception &s &n aid to the de-
fense of vessels against stiack by submarines®
by L.A. Jones.

Of no interest.

Naval Research Laboratory Report No. H-1036,
March 7, 1934, "Report on the Problem of
Visibility".
Deals mainly with visibility of ships. Of
no interest.
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CHAPTER 111

DAY SKY CAMOUFLAGE OF AIRPLANES

Tis General Princinles of Day Sky Camouflage — En airplene aloft
in the deytime is lighted from two sources of light: (1) 1ight which
comes down from above from the sun and the sky, i.e., the sunshine
plus the sky shine, and (2) light which comes up from below from the
surface of the earth, i.e., the earth shine. The earth shine is, of
course, the sunshine and sky shine diffusely reflected by the earth.
Since the reflectivity of the earth, either land or sea, is fairly
low, the eerth shine is always much less than the sunshine and sky shine.

In painting & plane to reduce its visibility when viewed from be-
low the upper horizontal surfaces, as well as the under horizontal
surfaces, must be considered, for the upper surfuces often come into
the view of the ground observer due to the tilt of the plane and the
slant of the wings. In order that the plane be of low visibility
against the sky the under horizontesl surfaces, being subjected to the
fairly weak earth shine, must be painted a fairly light color, and
the upper horizontal surfeces, being under more intense illumination,
must be & somewhat darker color. Vertical surfaces present an almost
unsolvable situastion. Painting them dark enough to be correct in
sunlight would make them too dark in shadow, and painting them light
enough to be as satisfactory as possible in shadow would make them
too bright in sunlight. It is suggested that the vertical surfaces be
painted a light color.

2. Numerical Values of See and Sky Brightness and Re-
flectivities of Some Materiels — In very clear, cloudless weather the
sunshine falling on the surfece of the earth is about 10 times the sky
shine, i.e., the light from the totel sky. This means that the shadow
cast on the ground by an object is 10 times less intense than the '
region in sunshine around the shadow. Thus, of the total light coming
doym from above 9/10 comes from the sun and 1/10 from the blue sky.
Haze mekes the sky brighter snd with slight haze the sky shine may con-
tribute 1/4 of the total downward illumination, the sun contributing the
other 3/4. It is usually stated that for a normally clear sky the sky
shine is about 1/5 or 0.2 of the sunshine. Of course, when the haze
and clouds zre thick enough to obscure the sun, the sunshine is zero
and the sky shine provides all of the down-coming light.

The brightness of an area of the normally clear blue sky varles
with the engle from the sun, being theoretically darkest the farthest
from the sun. Actuelly, as the horizon is neared the sky is ususlly
brighter because of the finite thickness of the atmosphere and of haze
which is usually present in the lower levels even on the clearest day.
For exemple, with the sun at 45° altitude bearing south, the relative
brightness in arbitrary units of & clear blue sky observed along a
north-south meridian is given in Table 1. Many measurements of the

=
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brightness at various points in the sky for various positions of the

sun are given in reference 15, and merely show, in agreement with Table
1, that the brightness of a clear sky varies by & factor of 10 depending
upon the position of the sun.

Table 1
Angle from sun measured Relzstive sky
toward north brightness
0° at sun —

15° 8

30° 4

45° zenith 2

60° 1.6

752 1.8

90° 1.0
105° = kg
120° 7
135° horizon 25

The color and brightness of the blue sky overhead in clear weather
is matched fairly well by Munsell PB 4/6, when the Munsell book is
held in full sunlight. The sky near the horizon is brighter and whiter,
as Munsell PB 7/2 or PB 8/2, the amount of brightness &nd whiteness
depending on the amount of atmospheric haze and position of the sun.

A cloud illuminated by the sun, and hence white, is something
like 10 times the brightness of the blue sky alongside of it.

The brightness of the sea is roughly 0.7 or 0.8 of the brightness
of the darkest paert of the blue sky, as showm by our own measurenments
end by Reference 14, Section 9, pages 23 to 26. This is only true for
a wavy surface of the sea. If the seas is mirror celm, & case of perhaps
no great importance, for such & sea is rare, the sea is a mirrorfor
the sky of reflectivity 2% looking vertically dowm on the sea, In-
creasing to 100% as one increeses the angle of view to grazing incidence.

The color of the surface of the sea ruffled by moderate to fresh
breezes as seen by an observer looking out over the surface from 2 sur-
face ship is matched in cloudless weather by Munsell PB 3/6 to 3/10, the
Munsell book being held in full sunlight. No measurements are availuble
of the color and brightness of the ses made by an observer at a height
looking down on the sea in various kinds of weather.

The diffuse reflectivity r of the surface of the earth is usually
put down as about 1/10 or O.l. This means that 0.1 of the light
felling on the surface of the earth is diffusely reflected back again.
The reflectivity verles with the nature of the surface us Indicated
in Table 2 given by Luckiesh, Reference 14, page 19. He further ob-

panirad +hat v Arnmarm madran +lha sreaT 1 W - 1/1ﬁ e e Poadem arrave s
& . -

DECLAL SiFlED

=g



DEC. ASSIFIED

Table 2

Diffuse reflectivity r

Ploughed and barren land 0.10 - 0.20
Grass fields, etc. 0.05 - 0.10
Hoods 0.03 - 0.05
fiater 0.05 — 0.10

The diffuse reflectivity r of white paper and white paint are
0.7 to 0.8, Mixing colors with the paint reduces the reflectivity so
that a light blue paint will probably not have reflectivity greater
than 0.5 to 0.6. For "battleship gray™ r is sbout 0.Z.

2 Rules for Day Sky Camouflsge - From the numerical values
of the preceding section one can lay down the rules for day sky
camouflage and discuss to what extent such camouflage can be effective.

Rule 1 - Upper Surfaces
Paint the upper horizontal surfaces a dark gray blue of
diffuse reflectivity r about 0.1l5 to 0.20, as Munsell PB
5/2 or 5/4L. A sample is shown in Plate la.

Bule 2 - Underneath Surfaces

Paint the underneath horizontal surfsces a light gray, or

& light blue, or a light gray blue, of diffuse reflectivity
r about 0.40, as Munsell PB 7/2 or 7/4. 4 sample is shown

in Plate lb.

Bule 3 -~ Vertical Surfaces
Paint verticel surfaces the light color of Rule 2.

Rule 4 - Miscellaneous Surfaces
Paint all miscellaneous structures, such as struts, etc.,
the light color of Rule 1l. In case of doubt concerning any
surface, protuberance, propeller, cowling, etc., use the
light color rather than the dark color.

Rule 5 - Mat Paint
All paint should be mat, not glossy, and all visible portions
of the plane which might exhibit shiny areas should be covered
with the mat paint.

be Discussion of Rule 1, Upper Surfaces - The dark gray blue
paint of Plaete la was chosen to be effective under sunlight illumination

in clear weather. It was arrived at in the following way. The upper
horizontel surfaces recelve light from the sun and the blue sky, about
5 arbitrery units of light from the sun and 1 unit from the total sky,
or 6 units sltogether, see Section 2. The paint should have a re-
flectivity r = 16-2/3%; it will then have & brightness of 6 x 0.16-2/3

= 1 unit, and in sunlight will match epproximately the average brightness

S hbe Ml g e
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Seen against a white cloud, or agelnst the brighter regions of
the sky near the sun, the dark gray blue paint will be darker than the
background. This can not be avoided. To match a white cloud one should
use pure white paint, which would perhaps be too visible against the
blue sky.

The dark gray blue paint viewed from above against the sea should
matceh the color and brightness of the sea surface fairly well, being
a little brighter than the sea.

Perhaps a pure dark gray of r = 0.20 would be just as effective
as the dark gray blue of Plate la. One cannot decide the question
without experimental test. In all probability the exact shade of
blue or gray is not important as long as the reflectivity, or brightness,
is correct. A similar instance is found in the colors of the uniforms
of the World War. The French used "bleu horizon", the Germans "field
gray" and the English and Americans "olive drab". All were of about
the same brightness and although differing in tint, were probably of
equal average effectiveness for protective coloration.

In a biplane it is thought to be best to use the lighter paint
on the upper surfaces of the lower wings.

54 Discussion of Rule 2, Underneath Surfaces - The light gray
blue, Plate 1lb, chosen for the underneath horizontal surfaces is the
result of a compromise.

One should use as bright a psint as possible for the under sur-
faces and even then they will be darker than the sky background. The
under surfaces receive the sky shine and the sunshine which is re-
flected by the sea. For sky shine 1 unit, sunshine 5 units and a re—
flectivity of the sea 1/10. This amounts to 0.6 units. If the under
surfaces were painted with an ideal white pazint of r = 1, their
brightness would be 0.6 wnits, which is darker than the 1 unit bright-
ness of the average blue sky. If the reflectivity of the paint is
0.4, as that of Pl&te 1b, the brightness of the under surfaces is

0.6 x 0.4 = 0.24 which is about 1/4 the brightness of the sky. Hence
the under surf&ces painted with the light gray blue paint of Plate
1b will glways be darker than the sky.

Using pure white paint on the under surfaces would make them
nearer to the brightness of the sky than the light gray blue paint
does. But if the under surfaces got into the sunlight they would be
very brilliant.

Thus the light gray blue paint of Plate 1b represents the com-
promise between the wish for & very light colored pzint in the
shadow and the fear of its being too conspicuous in the sunlight.

The color selected by the Army (Appendix A) is shown in Plate
Yd, Just why the color was chosnn is not known' perhaps the color

e T S | b . L e X A
T vlav.l.v\.-&d_*‘; s bk e WPl edaeh s s e e vl ik el bl e , ..\.\...‘..‘,

availability commercially, etc.
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Standard Navy gray, or battleship sray, is shown in Plate lec.
Colors b, ¢ and d, Plate 1, all have the szme brightness. Only
tests ecan show whether there is any choiee between them for the under

surfaces. Probably they are equally satisfactory.

In cloudy weather there is no direct sumshine and the light

coming upward from the sea is about 1/10 of the light coming down
from the clouds. ©OSo that the under surfaces, even if painted with
white paint r = 1, will be 10 times as dark as the cloud background.
This is illustrated in Plate 2, in which the smzll dark gray square
is 10 times darker than the large lizht gray square. Therefore a
plane seen overhead in cloudy weather always is much darker than the
cloud background no matter what color the plane is painted. It needs
only a glance at & plane or a white sea-gull under these conditions
to confirm this statement.

6. Discussion of Rule 3, Vertical Surfaces - The vertical

surfaces present & well nigh impossible problen.
is directly overnead, some wvertical surfaces, or those more or less
s be visible. And, since the sun in & majority
of cases will not be directly overhead, the vertical surfaces will

vertical, will alway

either be in sunshine or in shzadow.

Unless the plane

In the sunshine they will be

about 4 times as bright as in the shadow, as illustrated in Plate

3. Either condition could be met separately with some success, the
one would call for a darkish color as Plate la and the other for as
light & color as possible, but to cope with both conditions with the

seme paint can not be done with much success.

Thus, in Rule 3 the

light gray paint of Plate 1lb with r = 0.40 was chosen as a poor sort

of compromise.

The situation is much the same as the painting of surface ships

to reduce their visibility.

In sunny weather the sides of the ships

in sunshine are too bright end in shadow are too dark. The "battleship
grey", Plate lc, now in use was chosen apparently not because it met
sunny weather conditions particularly well, but because it gave the
lowest visibility in thick, hazy or misty weather (Reference 13,

Chepter H).

7 The Question of Pattern - In the pust camoufleurs have

often advocated a pattern of light &nd dark shades or of different
colors for low visibility against a uniform background, based on
plausible theories of "breaking up the outline", of "scintillation"
The Army made use of a spot pattern in its sky

or "yibration", etec.

camouflage experiments (see Appendix A).

1t is true, however, that

no empirical evidence exists to indicate that pattern is of real

value. In a recent conference the Army stated that the pattern of
smallish spots used on the underside of the plene was probably un-
important and that perheps it would not be used in future experi-

ments.

NECLAY TiFIED
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In an atteapt to find out about pattern on the vertical surfaces
a stripe of the dark gray blue of Plate la about 30 inches wide was
painted on the fuselage of an aluminum painted plane. A photograph of
the plane and stripe is given in Plate 4. When viewed in flight in a
light gray day, the sky being covered with thin ciouds, the stripe be-
came indistinguishable to the unaided eye at about a mile and with six
power binoculars at about four miles. The stripe did not appear to
have much effect on the visibility of the plane. However, little con-
fidence can be placed in & conclusion derived from a single experiment
of this sort.

8. Illustrations of & Camouflaged Plane with Pattern - If
pattern is used it should be bold and simple and made to compensate for
shzdows. All spots or stripes of the pattern should be at least 2 feet
across. Plate 5 gives a photograph of paintings in plan and elevation
of a plane with a pattern camouflage. (The original paintings of Plates
5, 6 and 7 accompany one copy of this report.) Only two paints a and b
of Plate 1 are used, on the idea that the work of painting be &s simple
as possible and that the use of more shades of paint be useless anyhow.

In plates 6 and 7 are shown photographs of paintings of a biplane
in flight in sunny weather camouflaged according to the rules of
Section 3 and the pattern of Plate 5. In the paintings the attempt was
mede to depict, as far as imagination permitted, the correct relative
brightnesses of the sea sky scene and the various portions of the plane.
In Plates 6 and 7 there are to be noted the fairly good match of the
upper horizontal surfaces with the sky, and the darkness of the under
portions and the areas in shadow even though these are painted with the
light paint., If the reader is somewhat disappointed with the ef-
fectiveness of the camouflage he will have received the impression
which we wished to convey.

9. Discussion of Rule 5, Mat Paint - Assuming that camouflage
is a temporary measure to be adapted to the particular mission of the
plane, a paint is needed which can be readily applied &nd removed. For
surfeces which do not get into salt water, water color paint is satis-
factory. 1t has the desired mat surface; it is easy to put on and get
off. Just what adhesive characteristics the paint should have will de-
pend upon the conditions under which the camouflage ls employed. With
only a little adhesive the paint is easily removed but 1s also readily
washed off by rain; with more adhesive the paint stands up better in
rain but is more difficult to get off. The Army developed specificatlons
(see Appendix C) for a water paint with a certein amount of adhesive,
which would stand & half hour in heavy rain and which could be washed
off from & plane by 3 men in 1 day (Appendix A, pages 6 and 13).

Water color paint in accord with the Army specifications, Ap-
pendix C, would seem to be suitable for Naval purposes. This can be ob-
tained commercially in any color. For example, samples are shown in
Plste 8, prepared by the Murallo Company, Staten Island, New York,
which match the colors of Plate la and b. The water color paint in
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quantity costs not more than 20 ceats & pound and not more than 50
pounds, or §£10 worth, are required for the largzest plune.

Fater color paint, of course, cannot be used on portions of the
plane wetted by salt water. These must be covered with mat oil paints
which are available comuaercially.

10. The Coloration of Scaring Birds of Prey — A bird which
soars in the open watchingz for its prey would seem to be in much the same
situztion as the military plane. The one wishes to be of low visibility
to small animals and the other to men; the visibility es of the
eyes of small beasts and of men are known to be similar<®, Plates 9

- e —

26 Nagel, Handbuch der Physiologie, Vol. 4, page 99, 190

e - ——— - —— e —

and 10 are photographs of sketches of birds as seen overhead in soaring
flight?7. The swallow-tailed kite and vulture, Plate 9, are not birds
of prey and are omitted from discussion. It is secn that the hawks are
all & lighter color, usually grayish, underneath. They are darker on

— = - ——

27 Roberts, The Birds of Minnesota, Vol. 1, page 330, 1932

top. It is interesting to note that they possess the coloration proper
for low visibility. The eagles, Plate 9, are black underneath and are
more visible; this may be explained away by saying that the eagle is so
powerful that concealing coloration is not important in his case.

The hawks possess no marked pattern on their under surfaces except
a majority have dark tips to the wings. Whether this is an aid to sky
camouflage or whether 1t is for some other reason, such as coloration
when at rest, can not be said.

About the only conclusion that can safely be drawn i1s that certain
soaring birds of prey do possess low visibility coloration, and it may
be inferred that such coloration, although it can certainly not be very
effective under all conditions, nevertheless is of some value.,
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CHAPTER IV

HIGHT SKY CAMOUFLAGYH

1 Hatural Illumination — Under nizut conditions with the
netural illumination of the stars, moon or clouds, the day sky
camouflage of Chapter III would, of course, be satisfactory.

B Searchlizht Tllumination — Under searchlight illumination at
night the light paint of day sky camouflage, Plate 1lb, would be much
more visible than a black paint. The Army experimented with a dull
black water color paint spread on the under surfaces. I1ts excellent
report, given in full in Appendix B, seems to cover the matter completely;
we have nothing to add. The conclusions, stated in the firsti page of the
report, are as follows:

"An intense black water pzint having a relative reflection
of 0.035 was found to give a dull mat finish that was
capable of rendering an observation airplane invisible
wnile in the beam of & 36 inch, 150 ampere, arc searchlizht
at a range of about 3800 yards.

"ifhen the sky is overcast the airplane may be located if
it passes between the observer and the illuminated area
on the clouds produced by the searchlight begam.

"When the sky is overcast the airplane may be located if
it passes through the beam by the shadow cast on the il-
luminated area of the clouds, even though the color of the
airplane is such as to render it invisible in the beam by
direct illumination.”

oy S
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CHAPTER V

LO¥ VISIBILITY BY TRANSLUCENT
EL'PIG AND BY AFTLFICIAL ILLUMINATION

T3 Low Visibility by Trenslucent Fabric — It was realized from
the beginning that & translucent fabric on the wings and fuselage where
possible would yield brighter under surfaces and & lowered sky visibility.
Recently & transparent fabric has been under development 28 which consists
of a stainless steel wire mesh coated with a more or less transparent

28 Naval Aircraft Factory, Philadelphia. "Report on Wire Mesh Fabric
for the Covering of Naval Aircraft", May 8, 1933, and "Report on
Wire Mesh Fabric for the Covering of Naval Aircraft - Investigation
of", January 20, 1933.

dope or varnish. It was developed primarily for its fire resisting
qualities. The fabric possesses, however, optical properties which have
possibilities from the standpoint of low sky visibility.

A sample of the fabric is given in Plate lla of 30 mesh wire of
diameter 0.0037 inch coated with Dulux varnish. On turning the sample
up from the page and holding to the light, it is seen to be fairly
transparent and somewhat yellowish in color. The light transmission
of the undoped wire mesh is 78%, and of the doped mesh, as Plate 1ls, is
about 60% for red, yellow and green light, and a llttle less for blue
light. For light incident at 30° the light transmission of the doped
fabric is about 35% becoming less es the light approaches grazing angles
of incidence.

In the case of an airplane wing covered with the fabric there are
two coatings of fabric, one on the upper and one on the lower surface.
Light passing through these at angles not too near grazing is reduced
0.60 x 0.60 = 0.36 in intensity, or about 1/3 of the light is transmitted.
Such a wing seen against the sky would appear about 1/3 as bright as the
sky. The underneath brightness would be increased a little by any sun-
light scattered by the meshes of the fabric., If, however, the fabric
on the lower surface were made translucent, as a sheet of ground glass
or white paper, the underneath brightness of the wing in sunlight would
be much increased. For example, suppose, as is readily possible, that
the translucency were such that 30% of the incident light were scattered
upward and 30% downward, 40% being lost by absorption, ete. In sunay
weather there are 6 units of light falling on the transparent upper
fabric, 5 from the sun and 1 from the blue sky. 6 x 0.60 = 3.6 units
pass through to fall on the lower translucent fabric. From the lower
surface of this 3.6 x 0,30 = 1.08 units emerge scattered in all directions.

SF5e

ECLASSIFIED



YECLASSIFIED
DECLASSIFIEL

Thus the lower surface, and hence the wing seen from below in suanshine
against the sky, would be of brightness 1.03 units, which is about the
same as the 1 unit average brightness of the blue sky. In short, what
the translucent fabric really does is to divert, by scattering, some of
the sunlight to the eye of the observer which, if the lower fabric were
transparent, would pass directly through and be lost to the observer.

In Plate 1llb is given a sample of the fabric made translucent by
sandpapering one side. It transmits diffusely about 30% of light in-
cident on it. To simulate an airplane wing two squares of the mesh
fabric were placed together, one half of one of them being made trans-
lucent by sandpapering. These were put in the sunlight and viewed
against the blue sky. The transparent half was darker than the sky,
end the translucent half was as bright as, or brighter than, the sky,
the brightness depending on the angle of the sun and the angle of view.
A photograph is shown in Plate 12, in which a is the two layers of the
transparent fabric, Plate 1la, and b is two layers, one being the
transparent fabric Plate lla and the other the translucent fabric
Plate 1lb.

—r

Plate 12 illustrates the very simple point that the under sur-
faces are made brighter if some of the sunlight incident on the upper |
surfaces is allowed to diffuse through. The color of b, Plate 12, was ‘
of course wrong, being yellowish against the blue sky. If a trans- !
parent dope for the wire mesh could be prepared impregnated with a .}
slightly blue scattering pigment, low sky visibility could be achieved
to & much greater extent than can be done with opaque fabrics. Of
course, certein portions of the wings and fuselage will always be
opaque, but any light which can diffuse through is so much clear

gain. L_

2e Low Visibility by Artificial Illumination - The suggestion
has often been made that the darker portions of a plene overhead, such

as the under surfaces and the other regions in shadow, be lighted
artificially so that they have approximately the brightness of the sky.
Calculation (Reference 1, page 61) indicated that to do this would
require from 100 to 300 pounds of electric light and power equipment.
Besides, there would be difficulties of installation and operation to
insure the desired effects. On the whole the suggestion has never seemed
to be & very practical one.

b
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CHAPTER VI

RECOMMENDED EXPERIMENTS

s #Mlaterizl — The first experiments would be planned to demon-
strate what colors and patterns are the most effective, and for this
purpose it is not necessary to use puints which are somewhat troublesome
to get off, as those of the Army Specifications, Appendix C. Ordinary
commercial pigments mixed with water with a small amount of water
soluble glue, less than 1/10 percent by volume, yield a paint with
satisfactory adhesive qualities for dry weather. Tests have shown
that it can be readily washed off and that it does not harm the fabric
or other surfaces of the plane.

The following cuantities are sufficient for water paint for at
least 10 planes of the largest size:

Zinc white 200 pounds
Ivory black 80
Ultramarine blue 40
Light red 20
Yellow ochre 20
Purple 20

Fish glue (as LePage's) 20

TOTAL. ...+ 400 pounds
Estimated price, $100 or less.

From these materials paint to match the colors of Plate 1, a, b, and
¢ can readily be mixed. The materials can be obtained from any paint
company, ass

The Muralo Company,
Staten Island,
New Yorke.

The Alabastine Company,
Grand Rapids,
iichizan.

The Reardon Company,
2200 North 2nd Street,
St.Louis, Missouri.

For the wetted surfaces, such as the lower portions of pontoons, a
mat oil paint is recommended. This would be made from any commercial
mat white, with addition of Standard Navy gray and small amount of oil
colors. Such paint probably would be available at any Navy depot.

<L
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2e Experiments on Day Sky Camouflage - It is recommended that '
three planes be painted as follows:

1lst plane Paint entirely with Standard Navy gray color,
&s Plate lc.

2nd plane Paint in accord with the rules of Section 3, Chapter
I1II, i.e., paint all upper surfeces with the dark
gray blue, Plate la, and all vertical and umder
surfaces, protuberances, struts, propellers, with the
light gray blue, Plate 1b. In the case of a biplane
paint the upper surface of the lower wing with the
lizht color.

3rd plane Use the two paints a and b, Plate 1, and paint with
the pattern of Plate 5, which is aimed to compensate
for shadow effects to some extent.

Observe the three planes, either all three or two at a time, in
the air simultaneously many times under various conditions of flight and
weather.

The tests will point the way to further tests with such modifica-
tion of color and pattern as may seem desirable.

It is believed that the best results will be achieved by having
& person experiended in color advise during the painting and take part
in the observations.

3. Egggg%ggg&g_gg_ﬂ;gh& Sky Camouflage - It is recommended that
Army experiments,(Appendix B) be repeated. This amounts to painting a
plane entirely with mat black and observing at at night under natural
illumination and search light illumination. If it could be arranged,
it would be best to have a second plane, painted in the present standard
color, accompany the black plasne, in order that the relative visibilities
of the two planes be compared.

4o Experiments on Translucent Fabric - It is recommended that the
low vieibility possibilities of translucent covering of a plane be borne

in mind, With the view that, 1f transpareat or partislly transparent
febrics are developed, experiments should be instigated to give them the
proper color and translucency for low visibility purposes. It is probable
that this suggestlon is 10 years in advance of its time.

5. Suggested Experiment with Paint with Concealed Spectral
Difference - An experiment may be mentioned which is a little outside

of the immediste province of the present camouflage problem. 1f the
camouflage experiments should be carried out at Coco Solo and if ilr,
Bittinger should go there to assist in the work, it would seem to be of
advantage to carry out the experiment. Especlally so, since iir. Bittinger
is familiar with the experiment and since no additional material is re-

.:“4“.-“-1 +ha+t e nat alwasdr availahle in this [aharatarv.
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The experiment consisis in preparing a paint which matches exactly
the color of the dark gray blue of Flate la and the color of the sea,
yvet which has in it & certain amount of red. If some upper surfaces of
a plane were painted with this color, the plune viewed from ebove
aguinst the sea would be barely visible. Un looking through the proper
filter the sea would appear dark blue and the plane light red, so that
the plane would be much more visible. It would be of interest to do
the experiment in order to find out to what extent the visibility of
an otherwise invisible plane could be increased by this method.

3.
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ENGINEERING SECTION MEMORANDUM REPORT

CAMOUPLAGE WATER PAISY, WITH suRVICE TRe?
REPORT FROM IANGLEY PIELD, VA,

" Feb, 18, 1988 i
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To determine frem & service Sest conduoted by s tmotical unit the
suitablility of samouflage water paint sand instrustions emtained in
Teohnionl Order No, Olel-l6 for preparstion s nd use of this water paint.

Conolusions and Recommendations

The system of eamouflage deseribed in Teshnieal Order No. 0l-l-18
(1ssued under date of Jamuary 23, 1933 as Techniosal Order No, 0T=1«1) san
be readily understood and earried out by unskillasd persomuel.

Water paint is now being prosured and will be aweilable from Alr .II
Corpe stooks for use by tactioal units in measuvers and for speeial projects. ;

A shade of red which was requested by Fisld for groumd :
samouflage in the fall seasom will be added te basle eolers stooked. i

A mew projeet has been opened to determine the colers best suited for 0
wrious sestions of the United States snd its fereiga pessessiomms for :
differsnt seasons of the year, and alse includes designs for all taétisal
typea of alreralft. The data seoured from this investigstion will be ineluded
in a revised teclmiosl order No. 07-1-1 as soon oz it has been determined.

The use of a leng handled brush is being investigated to apply waber .
paint to alreraft surfeces snd it is belisved this will eliminate to & great
extent the requirenents of ladders and seaffolding. i

Under the new projest memtioned above, additiomal testa are to be "
made %o lmprowe sky day eamocuflage and the use of seintillaticn effest with

|
|
night Mhp ol ||
— ! !
[l @. P, YOUNG, Awso.Aero.Chenist. {
{ - . B}' & Tk A SaE I| l
Ce ﬁm lh » Alr Corps J. B, JORNSON i |
t Tn Taees u-m Hrctlm c;;},_"""""m—"'_' H;.::;" i |
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Jenaral

The problas of night osmouflege divides itself ints two aareots

somewhat similar to ihose of day samcullags, Me sondition iz She visibility
of The airplare whien viewsd from abeve, illuminatod bv tha 1i-hé of the moon
or sky: She other for ths wisidility o0 the airplans wher §n the bhean of a

powerful searchlizht and viewed from the ground. 14 iy +he latter ssse thas
is the problen for this itvestigation.

The visibllity of any sbjest depends upon ilree faoters, nsmely, (1)

he size of the abjeor or the amngis subtepded by ths sbjest from ghe point

of observation; {2) tha brightness of the objest or its ability $a refleet

light frea some souree of illumination to She eye of tae cbasrver; (3) the
sontrast of tne objeet with the background against whish it iz viewed,

The size of the objeot, sn airplane in this study, caunot be reduced
out the angzle esm bs raedused by inereasin; the distanse from the object %o
the point of cbservetion, It is desired ko have this distenes as amall asg
possible snd the value of the scamouflaze is judged by the distence required
£o causs the airplane to become invisiblae.

The brightness of the airplane depends upoa the relative refleetion of
the pisments used in the camouflage pailnt and the intensity of the illuminetion
reseived from the searchlight at the distancs of the object from the light
sourve. Iz these tesis the paint waus warisd but the same light was usged for
all flight tests. The smount of illumination received from the lizht seurse
veries inmversaly as the square of the distemse and direotly as the intensity
of the sourse.,

The sontrast depends upon th; oolor of the paint used in camouflaging,
the light illuninating the surface, and the daskground. Exoept in ome oase,
that mhare the sky is slouded or cvercast, the baokground at night is blsolk,

4, Haterdal snd Yguipment

The peint used for the $ests wes a material similer to calsemine,
colored with inert pigments and mixed with watsr es a vshicle. This paint is
readily nized from a éry powder end applied sither by brush or spray gun. It
can be washed from the surfases at any time with 0old water and lisht rubbing.

The airplane used for the flight testz was an 028-4 end the unfer surfroes
of the wings, fuselage and ¢eil group wers finished in the water paint.

- The searchlight used was p Oeneral Zleoiric 36 inch, 130 smpere are,
rated at 300,000,000 bean csddle~-power. :

5. Methods af Test

The first eolor used wes made by adding lemp blask ¢o an olive drab,
giving a dark gray color. This color sad the stendard oolors, :-¥ yellow,
sad A=-¥ ollve drab were msasured with the Xeuffel & Esser uslor Analyser for
reflection sharsoteriatiss, and the results ecompared with those of blmok
velwet, Black velvet being the blaokest material aveilable it was used es a

T
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{1} Ferailel to %the ssiuth ~bssrvtion point - sun towards the surn.

Y2) 2% 45 derrses %o the mzmuith sbservation point - sun towards the sur.,
{3) At 90 dezrees tc the szwith observation point - aun

{4) A% 45 degress to ths sznubl, obsarvation point - sun amy from the sun.
(5) Parallel %> the emmuith, observation point - sun swsy from the mun.

Day Sanouflla
g “sfhli;tj Apminst the Uround

A formation of three airplansa, two finished for day oamcuflagze and one
in the standard ysllow and olive drad, should be piloted at 1000 feet altituds
~ver & predetermined assurse &nd observed from anckher alrplane fliing over the
aane gourss st gradually inorsasing sltitude, until the samcuflazed airplanes
are not longer visible. There will be an altitude at whioh the camouflaged
sirplanes can only be loeated by the shadows ocas¥ on the ground,

Teats should be made of this typye on days of different atmospherio
conditions, i.e. elear, no oloudsy olouds at high altitude; nnd scattered
Gloud'a

Chenge in the design layout may be mede for both types of day samouflage
in an effort to improve on the desizms suimitted or origineally applisd to the
sirplanes undsr %est. Skebtehes of the designz ussd and ohanges made should be
inoluded in %he final rtpart Outlined blusprints are included for these
sketohes,

Night Ctnoufltgg

Night samouflaze tests are 45 determine the effestivensss of the blask
vater paint as & corssalment for airplanes whem in the beam of a powsrful
ssarchlight. The ssarahlight should be fixed to throw its beam at 45 degrees

elsvation ss at this angle the largest arses is visidble and 111umlnated by the ]
1izht, _ {

This ezt should be sonducted slong the sane lines as the dey camouflage [
tests, the formation béimg piloted to fly through the searshlizht beam at 1
inoreasing insrenents of altitude uatil ceiling is resshed or the planes i
become invisible. The nevigation lights should be durned out just prior %o |
the formation entsrimg the beam at sash sltitude snd laft burainz at other 1
times so that the ground obssrver may lmow their looation and when %o watsh
the beam for their passage.

Fhaes tasts ahonld has e\andaet‘d on a alaar nia-H- wldh ma manma n!mr

ﬁléﬂ- WA Bl SMIUR WAT T S s W wies mw g S w em ek e W meem

ey lg oversaeh absvs 10,000 feet. DECU‘SSET 'ED"" AR

In order te save time and labor the day camcufla ;s testes should be
mada fimat and +ha hlaalk matar naint annliasd direatly Aawew &tha lisht bhlus
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1 advbras gop. of lephnictl Tder Ne. Ul-1-<18 revised to Anslude
sanaufisce desdign and sppiisatisa of ihs watar patat was forsmrded with
ha stowve Lnstrusilons. Tl 5 ,\Eﬂt ilan i ﬁ‘d&r hag 'm' ﬁi"n Pruud m
taged o8 Tsshmioml Opdsr No. 07-1=1: X oopy iz attached sz Appendix X

e thig tregnrd.

Tae Pailowing is & copy of Bhs report subsleted by the ¥nd Bamdardsent
angley Flsld, 7irzinia,

RURVICE TEST 5Dony

S I S A T T T SRR

famoallaze wier jaint

THE MABRAT TN,

PR————— S A

la ‘-; view »{ the inorsaszsd dralalng sotivities of ths Group at
¢ seuson Tsutoun) 1% wma not oonsldered prastisable ts samouflage a
ey of P-fa airplazes for this test as propossd oy the lateriel Divisian,
vtz perdsd of Yime that theas planes would navwe o be divertsd from norsal
erivities and She lador inwvolved was an impsriant sonsideration in view of
= fpot $hat planse of this typo will not partisipste in the anti-aip-opaft
sreiase b} Damp Xnax, Ly, duplng May 1933, I% was felt that imfermation
5 Le htained by uwiing one or mere TiB=%a mirplanes {or thess tests would
iw 3t prestar walge, This policy necessitated s delay w=mtil Hovenber when

ber af these sirplanes were assizned to the OGroup.

f_i‘

‘f%er a brief preliminary: servics test, one of these planss

flnw=ds 81«30, wan oade available 24 was palnted with top and bottom

L n&aﬂuflaga. ine inetrustions eonfained in 7, . 01-1-16 and acoompanying
tagrams were fellowed except for the following ohazzess late autumn
srodases s large proportion of reddish tints in the landsocaps of tastera
virzinia; =8 ns sultatle solor was ineluded with ths watsr paint revsived

tr duplioats thils sint, some "Venetlen” or “Srick™ red pigment ves pro-
ourad lesally sad nixed with a srall quaniisy of the 1,0, paint to produce
& 3i:hs “reddish - browm” shade. Thic eolar wae spplisd to approximately

5 peraent of the area indlsated for dark sreen on the diagram furnished

; the Materiel Miwvision. In adilbion, e sﬂﬂll quantity of white wase

1ized with the 3,0, provided ts produse an "0.D, - tuff" approximsting the
ozlar sf the soll of open plouzhed Tislds whish prevali in the losality -
sround langley Flelid, The undersids of wings snd fuselage wers painted with
unadultopated lizht blue plsment, as furnished, end a ssalley sffeat of
wrpls wns added alons tne leading and trailin: sduss of the wings and gides
T the {usslsge a3 recommended iz ths direstiva,

SiUer o TIE TR8T8:

e A W

2, In ths ease nf both day snd night teste the plans was flown lask
wod Torth along & desipated eourss ot inereasing altitudes up to the
“ervisw eelling, $he tlaw of passase swer the £3ieid baing noted by both
Tilot sud ebservers in spder that the altitude swulsd be sosuratsly cheaked.
Lasrvatisng wers made for 4000, 6500, 8009, 19,000 and 12,000 fest and
Cor ol 1000 Feasd therealter until st tr view.
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Toservationa af the tep samoufllage m. made [vam another plene
»hile tha oanoufleged plane wags flying ag titudes varying from 1000 to
WU foot and when parked on the g.md%’mmr&h. & set of whioh are
appeadad ms Bxhibit "1°, were takew of the mouflaged plase to illustrate
the pattern used and the degree to which the plane: . with the pre-
veiling baskground. F .a‘ 4 La 1o s

'f'-_ﬂ‘

Por observatisn of bgttom oanouflage the plane wap {lown
alterpately toward and away rrom the sun 30 that the widest range of baek-
zround coaditions was cbSalined, The following results are swxsepriged froa
the notes of the observers wh, witneaged the various testa: .

A. Bottom Caxruflaze (na‘:!
Test I
meather: Clawdless, sky deep blue. Atmispheres Clear., Time:  2:30-3:30 P....
o e - -'_f.

R :
ﬁltltﬁd.ﬁ fEu ﬂ‘ihilit‘! of Plane reduged to 75%
L n o .

80uQ v - " 70%
8000 “ 5 " " " 0%
1m - " “ " " " m
12000 " % T . " 40%
lm ¢ " " " n " " m
14000 " y " " " ¢0%
15000 " “ o= " " 40%
16000 " Qsermtion ceaned.

Remarks:

At altitudes below 12,000 feet the ecamouflsze was of fective., As
the altitude inoreased, however, 1t was noted that the plane eppeared to
insrease in brightness to an sxtent that balanced the diminished vieibility
due to the inoreased perspective. It was evident that a great deal of light
was being reflested by the Propellers and the aide of the fuselage as well aa
from the wing nearest the sun whish, by reeason of dihedral, received more
direet 11"!‘-' .

|
| Test II
feather: ﬂoudhll. sky deep blue, Atmosphere: Clear. Time: 2:30-3:50 P.u.
mihﬁmcmnmmruMmur..t 1, under
exaatly similar conditions and without ahange in the camouflege. Y1B-9a

#31-304, un-camouflaged, was flown in wide formstionm with the ommouflaged
plane. Results obtained wery substantially the same ms in Test I,

Goservers stated that at the higher altitudes the mmhe

;hl. we s EF%& % or %o plek the oamouflaed °
orusr a . Ga g a ’ ® the o shene
as bright speek. This observai an nevsessity feor painting the

propellers of the eamouflsged plane to redusce refleetion and to darken the
blue of the under-side of wings and side of faselage.

g -
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¢f feotiveness of the

>t rer A ~gultes wers .uaatlnf&orwd as the
CASas TeTr por spd It wmas Y poaslible to get above SO0 fast,
tituds the DARY. 8 & AT & “5 & Ars gire .11?!_..t§_. .E‘LM‘» t]"
1 oo kground of elouda and pt The samouf lage wagy inelfeotive undasr
these acndltions plain white, silver, or 1i. nt- roy camouflapge mi ght
ye raed i Lhe alb_.]li% f %ha ANS
uring this flight geveral liea Yy shuwers wers flown through,
[t was md that the water palnt »as entirely wmahed aff ti.e isading odge
of wings, stablliser and fing, but intuot elaowhere though wolst. ™ «

latter date this plane wes Tlown for b lf-an~hour in a down-pour of tropical
T P e RO

violence without serious dexage fo the oamouflaze srcept at I

JEOS I awnous 8 o 005,
RS NJNed ALETS.
lest IV

leathers Cloudless, siy deep Llue. Atmngphers Clear. Timer 2:130-4y0 P,
Atitude 4000 . vislbility of plana reducsd to 80%

8000 't " " ) N v 8K

8000 " 2 . ) = " 80K

10000 " " " 40K

12000 ™ ) : . " 1 {

18000 * B n g S U 4

14000 g . : " R 1

18000 " - - " : Loest

Hemmrics

Frier te this test a quastity of parple and blue pigment was mixed
tq make & pale "blue-msuwe."” The underside of wings and faaelage wers
lapoled with this eolor in irregular patehes of 2 to 4 square faek. About
5¥% of the total ares was doversd. This work was asoemplished by three mem,
using 4" bruehes, in 15 minutes. The propellers were painted with a eoating
f standard weroon sati-glare paint. The sides of the fuselagze were darkeced
by use of the blue-mauve mixture. This samcuflege proved very offective.
The plane gradually logt visibility until sround 10,000 feet it was vory
diffioult to plek up if the eys was removed. hen turnlng towmrd the sun it
dlsappsared completely owing to the angle of bank. The plane was finelly
loat to view about 15,000 feet.

This test established the walue of tha darker Sone. 1% wms
lenided te further darkem the plane by the addition of = lerger proportion
2f purpla, pertionlarly the aide of the Tuselisge whioh apreared to reflsct

Ilght at the higher altitudes.

' 4
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Test V
“eather: Cleudless, sky deep blue. Atmosphere ¢lear. Times 3:00-4:00 P.M.
tomris

Oa this test the un-camouflaged Y1B-9a was flowm in cempamy with
the eamouflaged plane. The latter hmd been further darkened in tone as
degoribed in the preseding "Remarks." The results ocbtained were mueh the
same &3 in the previous test and the further darkeming did not appesr te
rave resulted im notiseable lsmprovement. It was remsrked by several
sbservers, however, that at all times during the test the lane

appearsd to be uomidouhlf ME.;' than the other though were, >
2t the ssme altitude at al P :

Both planes were still visible at 16,000 feet due, probably to the
faot that they reached that altitude late in the afternoon and the sun was

approaching the horigen, giving a greater volume of light to the wnderside
a3 contrasted %o the dark blue of the sky baockground.
This test eonsluded the day tests of bottom eanouflage.

b. ZTop Camouflage

During the intervals between the foregoing tests, observations
sad photegraphs were made of the teop camouflage while the plane was in flight
snd on the ground. This ecamouflage appesrsd to be very effeetive and it was
not eonsidered nesessary to make say changes with regard to the colors used
or the relative proportien of the ares covered. It i3 evident that for best
results the semouflage must be varied with the sessons and the pature of the
. terrain over whioh the plane is operated.

8. Bottom Camcuflsge (Hight)

The under surfaces of the eamouflaged Y1B-Sa were completely
finished with black water paint. The propellers had previousiy beem painted
front and resr with standard mereem sntl-glare paint. An 800,000,000 e.p.
60 inch, glass reflectoer ssarshlight, Sperry ire, 150 amp. frem Fert Mouree
=g used for illumination. The searchlight bean was set ot 45° elevation,
270° asimuth, in fixed positiom, Ho sttempt was made to follow the airplene
in flight, the pilot being instructed to fly through the beam. He was
further instrucfed to keep rumning light burning until just befors entering

Ceam,

Teat I

‘eather: Cloudy 5/10 thin alto-stratus at approximately 12,000 feet. A P
aoom 5/8 full wes visible through the olouds, having sbout 50% penstration. £
Time: 6115«7:00 P.4, ik

The plans was observed from 4000 fest to 9000 feet, It was vi

st all altitudes up to 7000 feet as & grey object in the beam. At 8000 amd
J000 1t was doubtful whether or not the plane itself was visible, The shal

DECLASSIFIED
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the searchlight appeared, however, as 2 black fmage.

= gsed for this test sa defore.
. As in the previous test the plane was visible in the beam at sll cbaerved

. impoessible for the crew operating ome light to follow the very indistinet
~ gbjeet afforded by the plane.

-. CONCLUSIONS «

: *he oonditions were unusually diffieult from peint of wiew of oonmesaluent

 of his runsing 1ights to indieate his positioen.

TY

DECLASSIFIED —~— Wee—

j.ot.d by the plane against the white selllag of oloud illuminated by
The test was ourtalled
Ly 1ight rain which ccamended to frll after the plans had resohed 9000 feet,

and 1t 1is doubkful i any system of ommoufllage would have Leen efTected.
Test II

Cloudleas. Atmosphere clear. No moon. The same msesrohlight wes
However, instead of waing & fixed bean &w

pleae was followed as olosely as possible by nommal eomtrol of the light.

Peather:

altitudes, appearing es an indistinet brown-grey shape of extremely low
vieibility. The searchlight operators had the greatest difficult in keeping
the bean on the plane and it was negessary for the pilot to meke repeated use

The teat demonstrated that it will be neosasary te use several
searchlighte %o keep a plans constantly flluminated for it sppears almost

8+ That the system of camouflage dessribed in T,0. 01l-1-18 is
very effefitive for top camouflage if applied with an understanding of the
probles involved.

b That the bottem samouflage for day use deserided in Test IV
is effeotive, redusing the general visibility of the plane about 50X end
ereating the illusion that the plane is 500-1000 feet higher than is
sotually the case, ' _

5« That a mottled pattern is wmore effective than wniform color.

d. That further experimentation should be earrisd an with the
objeet of arriving at the color which 1s most effective ngainst a varied
:fv baokground of different shades of bdlue and with different proportions

eloud.

0. That the dull black finish for night camouflage makes it
sxtrevely ult for erew to oatoh sand hold a plane in the
bean and that more than one » will have to be used to keep a
plane oonstantly illuminated; that & oloud background against whioh the
plane iz silhoustted by the light makes 1t much essier to follow a plane,
though mey be sonfused to an extent that make it
diffioult to determine its ocorrect altitude.

e. That the water paint is satisfscotory for eamouflage
use and iteelf to wariations which oan be rapidly and easily applied
by anyone who umderstanda the basic prinoiples of the art; that the latter
oan be published in the form of T.)."s whioh can be readily understeod Yy

unskilled persennel,
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Boubardment Aviation i2 interested in the redustion of visibility
thr-"u&ri c:‘murhﬂ. AL fﬂllwl'

- #:. Fromabeve. For condéalment when parked on the ground and
when in flight at low altitudes.

o 5. From delow. For reduced vieibility sgainst the beekgreund of
ghe sky by day.

'_ 8. From below, For reduced reflsetion of the light of search-

. 1ight beams st night,

Consenlunent when parked on the ground is most important te prevent
disoovery and destruotion by attack of hostile airoraft, Mioh oan be
aooomplished by sosttering sireraft in irregular fashion and by making use

of mettling, tree bLranches, ete, it is also prestieable, om cossslion, %o

" place aireraft in the shade of trees. A system of top eamouflage sulSable

. to the terrain will contribute more than any other iten to effective

L somoealment. A sultables system sppears to have been sohieved in 7.0, 01-1-18
" whioh ean be mpplied by fellowing simple prineiples readily understood by

. anyons, It appears desirsble that a table be established to show the

 yariations in camouflage for warious sestions of the U.5, at different

seasons of the year. It would then a desirable to standardise =

" neutral color such as dull or matt « with whioh the upper surface of all

. adreraft should be painted in time of war, This sclid color would then be

~ breken by the application of water paint in sccordanse with the instructions
~ gamtained in 7,0, 0l=l<l6 as mmplified by the above menticned table.

) The determination of a satisfastory system of ‘day ocamouflage

. against ground observation involves & much greater prodlem in view of the

. Peoct that the heavens ere the sowroe of light wheress the plane is cpague

~ objess. loreover an extremely wide range of sky backgrounds from white

- olouds to deep blue are encountered and a system suitable €0 the foreer

~ would enhanoe rathér than detrsot from vileibllity when viewed sgninst the

- latter, Thus; if the plane is paiated a light oolor which will blend with

~ the eloud beokground, it will refleot light whioch will make it inoreasingly

. visible against the olear blue sky. The solution would appear te be a color
- and pattern of painting whioh will inslude both light and dark shades in

equal propertions. The visibility of the plane should by this means be

reduced by at least 50%,

The tests recently condusted eppear to indicate that = dappled
pattern of two shades 1s more effective than the two shedes nixed to form

& single oolor. It is bellieved that this should be further investigated

&nd it is suggested that in the event a deolsion is arrived at as to whieh
color is generslly most effeotive, thnt this golor be broken into its
components of blue, red, green, eto..and that these colors be applied, purs,
in » large checker pattern to areas proportionate to the pereentage of these
¢olors present in the baslo shade., Vhile at high altitude these solors
will appear to blend to form the basio solor, each one has a distinet wave
length whish may produce a "sointillation” more confusing to the sye of the

observer than that produced by the component colors whem blended and spplied
L2 & 29144 coalow.

s

—— e — ———
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Fight eamouflage sppears %o have been established by the use of
the dull matt dead blask which reduses & refleetion to a minimum. Purther
improvement zight be made by analysinmg the light of the pearehlight beam I
%o determine {ts prewsiling shade (which to the eye appeare to be & |
creenish-blue). When this has been determined a test might be made mixing
with the blask a proportion of the somplimentary color (red) whish might
tend to neutralise the reflection of blue frem the plane and rendsr its
sppearance more Gonfusing if not actually less visible.

The service test of water paint demonstrated that this material
sen be quiekly and easily applied and ls sufficiently durable for prustisable

purposes. I

RECOMMENDATIONS

1. That water paint de furnished EIEROCISRMpmnAte for use in e

comneetion with Alr Corps mensuvers and speoial projeats.

2. That a shade of briek red be added to the eclars provided for
the service test.

5. That T7.0. 0l=1«18 be revised to inelude a table showing the
eolors best suited to the terrain of the warious seotions of the U, 8.
end its foreign possessions, for the wvarious seasons of the year,

4. That long handled (about 3' 8") brushes such aa are used by
paper hangers be furnished for applying the water paint in the fleld.

5. That experimemtation be continued at ¥ri Field %o determine
the most satisfaetory shade of blue (blue-mauve), (blue-green, eto.) whieh
will provide best conoeslment under average oonditions eof sky background.

6. That the walue of “seintillation®™ effect suggested under
"Diseussion”™ be investigated.

7. That wster paint similar to that provided for these service teats
be provided for day and night bottom camouflage for the Camp Knox anti-
aireraft exercises and thet for daylight use s dappled camcuflage similar
te that develeped in Test IV be utilized.

8. That for this end similer projects end individuel fepiliar with
the p:‘}m;.plu send problems involved be available to supervise the
 applioation of the samouflage and that he be provided the necessary assistance
 %c effeot changes 22 mey appear desirable in sccordance with westher forecasts,

(Signed)

P. IBLVILIE,

Ceptain, A. C.,

#nd Romb. Gp. Emg. 5’ 2 o
Euuuuomm)
Photographs)
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Exhibit ‘A"

1.

4.

Ts

QUESTIONNAIRE

PREPARATION OF WATER PAINT AND ITS APPLICATION

Tas eny diffisulty experimmsed in mixiag the dry water paint with
water to a satisfactory oconsistency?

oo

Vas any diffioulty experiemced with the spplisatiom by brush?
oo

Give estimated amounts of dry water eolor required for {inishing

one LB=8 airplane for somplete day ocamouflage.
mfi'ght in Pounds - Light Blue
- o

- Dark QGreen
. o " - Purple
i 3 . = Qlive Drabd

No lB-8s airplsnes were camouflaged for reasons etated in the body
;itu:mﬂpﬂ- One Y1B-S5e was oamouflaged using approximately the
'

30 Pounds Light Blue

= : Dark Green
10 Purple
10 " o.0,

1 "  TVhite

§ ®  Brick Red

mu'mmumhmmuummmumrmq'
for day camouflage.

Approximately 16 man hours.

Was it applied by brush or spray gun?

Started with szall spray gun. Finished with 4" drushes. Brush is
mach faster snd does not require such careful mixing of paint to 2,
Give the number of man hours required to finish for might samouflage.
Approximetely xdm hours.

¥ae it spplied by brush or spray gunt

By brush.
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RESUL®S OF CBSERVATIGN

Day Sy Camoullage

1. Vhat was found to be the effective altitude Ffor day sky ocamoullage?

4s osmoullaged for Test IV the plane dissppeared from view of the
naked eye at 12,000 fect.

g, That effest did the direotion of appresch have upon the ef feotive
altitude?

The plane was most visible againat the desp blue of the sky in the
gquarter away from the sun. It eppeared as a bright speck besause of
reflooted light, It is belleved thet the most effeetive system of

samouflage will be that whioh reduces visibility in theat quarter of
the sky.

5, Did the results of these tests indicate that sky camouflage would be
an aid in earrying out a day bombardmsnt mission?

Yes. Will make the plane very diffisult to pick up and keep under

observation. It further makes plane appear higher than it sotuslly
ise

4., State any comments or eriticism you may have formed relative to the
spplioation and use of this scheme of camouflage.

See remmrks under "Discussion™ in body of repert.

Day Ground Csmouflage

1, What was found to be the effective altitude for ground camouflage?

This sltitude should be expressed as the difference between the altitude
of the samouflaged ship and the observation ship.

Thie ia not & good guestion ma it is not 80 mush a matter of deoreasing
vieibility with altitude, as it is of comcealment by blending with the
prevelling background., If looated the plane oould be observed at
sltitudes up teo 8,000 feet or more. However, it was extremely diffieult
to locate and keep it under observation due to the wmnner in which 1t

tended to blesd with the prewailing backgrowund, The schene of onmouflage
used was very effesotive in this regard.

2. Give statenent as to the relative visibility of the ommouflaged sirplane
and the airplane with stendard finish when viewed from sbeve while the
airplanes are at rest on the flying line.

The camouflaged plans was relatively 50X less visible than the plane
with standard finlsh at 8,000 fest.

DECL” _3IFIED
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Whet was the effective range for night camouflaget Altitude of the

ship $imes 1.4 zives range or dietance from light scurce whea the
pearohlizht bean 1s elovatad 45 degrees.

ipproximmtely 18,000 feet.

st offect did moonlizht have ss compared %o dark nightt

Speeial gonditions existed (high layer of olouds) which prevented
ebsearvation under the moonlight condition referred to, However, if
the plane is flying in the vioinity of the woon it is bDelisved that
the greater luminosity in the sky whioh makes it appear blue-grey will

favar the oamouflage whish in the searchlight bean appeared to pive &
mouse oolor,

If different weather oonditions gave different results, state results
for each and the corresponding weanther sonditions.

Ses¢ "Conduo$ of the Tests" in the body of the report.

Give the mumber of man hours required to wash the water paint from
one LB=8 airplane.

With the 2id of a Jemny cleaner 1% took three men one day %o clean the
plane of all water paint.

P. KELVILIE,
Captain, Air Corps,
Znd Bomb. Gpo hzo off.

1) ';.‘L. Aﬁ\, b lE '
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SECTION 11
AIRPLANE CAMOUFLAGE

Camoutfage . . .
ind Camouflage ...
wuflage for Various Ty
it To Be Used ..
aration of Surfaces

coval of Water .I-‘nin'i R

eneral.—Cuanmaoutiage, as applied to airplanes, is divided into the

i classes

Sy camontlage-—day.
sky camouilage--night,
Cround camoutlage.

C ky Camouflage.—v. Sky Camouflege—Day—The  Dottom

of the wings, empennage, atd fuselage will be colored light
stfed with frregalar patches of purple as shown in Figo 1. 1f
age section is oval or round, the purple mottling will also extend
on the tower portion of the sides, with the upper portion of the
fored for grownd camoutlage (see par. ), [uselages  with
v orectanenlar cross-sections will have the entive surfaces of the
ished for ground camowtlage,  The purple patches on the hot-
b wines will consist of from one to two=foot widths along the
and tradling edees, with a like amount of the light hlue spaced
the purple 10 extend from one to three feet into the suriace
e bottom of the fuselage and tail surfaces will likewise be
althotigh 1t may be necessary to vary the size and spacing of
de soas to be proportional to the sizes of the surfaces being
Obyiously, there are parts of the surface of an airplane in
at way be viewed from cither the ground or the air; and with
srked difterences hetween the two backgrounds, it is difficult o
we the same surface in a manner that will he equaliy effective
th points of observation,  However, the niin objective is to ac-
1 this insofar as possible, and to reduce to a minimum the visi-
the miagor portion of the airplane as viewed from either point
seation. Day skveeamoutlage produces the illusion that the air-
at o much higher altitude than that at which it is being lown.
rdes above 10,000 feet, the airplane normally becomes invisible,
diffieult to loeate, when viewed front o or near the ground,

kv Camonflage—Night—AN portions of an airplane thar are
rom beneath while in flight, will be painted black,  This will also
the surfaces of the rindder and vertical stabilizer,

iround Camouflage.—Cround camoutlage is the term applicd to
of colozing 1o reduce the visibility of an airplane when viewed
landseape as a background, This applies to airplanes either in
cat rest on the gromd, The following fnstructions for ground-
age coloring are for the purpose of furnishing temaive daa,
m tests completed o date, to be used as required during forth-

1 LICAT B

FIG. t—Day-Sky Camoufiage.
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MATERIEL DIVISION
WRIGHT FIELD, DAYTON, OH19

ENGINEERING SECTION MEMORANDUM REPURT _

*
SNE OBSERVATIONS 'Iﬂ'?i!’fﬁ'fﬁ WEE TO DEVELOP
A SUITABLE VIATER PROGF PAINT FOR NIGHT CAMOUFLAGE .

r O—Oentrast- No- = s Date "m 2“" 1“2
Fxpenditure Order 801-1-97 Seiial No,. =58=3201

Object

To prepare & waler paint suitable for night samouflage.

An intense bleck weter peaint having = relative reflection of three and
one-half percent was found %6 give a dull matt fiaigh that was ospable of
randering an observation sirplase Invielble while in the beam of a 36 inch,
150 amperes ero searchlight at a rangs of sbout 8300 yards.

Vhen the sy is overcast the airplane may be looabed if it passes
batwean the observer esnd the illuminated aree on the slouds produced by the

ssarchlight besm.

Whes the aky ie overoast the zirplene may be located if LIt passes
tirough the Sean by the shadow oast on the illuainated area of the slouds,
even though the solor of the airplane is such ms to render it invisible
in the beam by direct illwminatlon.

By Qe Po YOUNG, Amgo. Aero. Chesiet.

Ce W, HOWARD, Major, Alr 8. J. B, JOSON
T e B e S - T p—
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Ganeral

The problem of night camouflage dlvidez itself into two sspeots
somewhat similar to those of demy cmswuflage: One oondition is the visibility
of the airplare when viewed from above, illuminated by the light of the moon
or sky; the other for the wisibility of the airplane when ia the beam of a
powerful searchlight and viswed from the ground. 1I4 is the latter case thab
is the problem for this inwestigationm.

The visibility of any objest depends upon three fasters, nsmely, (1)
the sige of the ob?a'ot or the angle subtepded by the objeet fram the point
of observation; {2) the brightnese of the objest or its ability to refldet
light from some sourse of illuminatiop to the eye of the observer; (B8) the
sontrast of She objest with the baskground against whieh 1t is viewed,

The sige of the objeet, sn'airpleme in this study, sannot be reduced
at the angle esn be reduced by inereasing the distance Trom the ohjeot to
the point of observations It is desired to have thls distance as smuall asm
posgible snd the value of the camouflage ils judged by the distenve required
%o eauze the airplane to besoms invisible.

The brightness of the a e depends upon the relative refleotion of
the pigments used in the o paint and the intensity of the illumination
received from the searohlight et the dlstense of the abject from the light
sourcve, In $hese tests the paint was veried but the same light wae used for
all £1 tests, The amount of L1lumination received from the lizht seurce
veries od:u%num#%nmmd G!.rontlyu the inteusity
of the Mo

mmmwmumumpunudmnwhm
the light illuwminating the surface, end the dbaokground, Exoept in one oase,
th.ct.ﬂxmthc sky is clouded or overcsst, the beckground at night is blut.

mm‘n-ﬂf the tests m.mmmnwt.mm

Al

solored with inert pig:ahﬁ mnt:dm u‘; yohicle. This paint is
readily end applied sither brush or spray
can be W trn the surfades at mny tine with oold water and nght%

-

' mmammmmmwmmwmmmmtuu
otmmgn,mimmmlmm-:mmmmmmt.

£ P AR wAbE YLD Sipered Hleotrie 5 ineh, 180 wmpere ars, |
rabed at 300,000, mw

Mothods of Test

. The first eolor used was made by adding lsmp blaek to =n olive drsb,
giving a dark color. This color aad the standard colora, i-N yellow,
snd A-¥N olive ‘were weasured with the Xeuffel & Esser Color Analyser for
reflestion Mm«:-hun mﬁ the results compared with those of black
nlt-t. Black welvet hdn; t uwm availeble 1t was used us 2

W &

.:;
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- whiah %o gompare the other eslors.

wiats I shows the reflection cliarscteristies oif thesr ocvlors plothed
egusl division sowele.

Miste 11 shows %he reflesotion chersoterletice of thees sclora plotied
on logerithuie seale.

oiats 111 Bhows the arbitrary sensation unitz »f thess ezlors plsttad
gn equel Alvialioen saslse

Tne f1lzht tests were all made with the beam of the sgearchlizht elevated
%5 betweap 45 and 50 degress. +t {hls elevatlion the biplana type of eirplane
ghows the largest smount of surfucé to sn sbgerver on the pround cbwerving She

S plene in the searohlight beam.

Piste IV showms the velstion o7 swrfsdge vigibls to prple of slevation or
sspaat.

Flight tests were made on nighta of different stmospheric condilions,
Tr e searohlis ht wes set in & fixed position elevsmtion, BO ds;reez,azauth E70
degrees. The airplane finished with dark gray water paint was piloted to pass
§  through the bemm at altitudes of 4,000, 6,000, 8,000 and 10,0 feet, while ou
L the sssent, snd at esch 1,000 fost level on the desmcent.

This firat fl{zht wae mede on the avening of February 1&, 1932. The
time of the £1) ht was from 7i135 to 8:30 P.M. The weather was clesr with the
mosa sbout 3/4 !‘all. The nirplene passing throush the beam wae in zood
vizibility at 4,000 fest; falr visibility at 6,000 feetj alight vieible at
8,000 feet, und doubfful visibility =%t 10,000 feet. There wes no vieibility
et the edge of the beam and 1o silhoustte against the beanm.

The ssoond flight test was made on the ovening of Margh 1, 1532. The
tims of ths flizht was from 71850 to 8115,. The weather on this evenlng wans
slight ground haze with overcast sky and clouds at ebsut 8,300 fest., There

{ WAS no BOGN.,

There were soveral interesting features noticeeble on this ocemsion.
This test was made under the oonditions mentionsd abtove as a gpsaisl cass,
the baokground being white or light in color. Twe conditions of vielbiliby
wore noted on this time not present under other conditions, nemely:s

(1) Y“hen the sky was slouded or overcast the bsaxm of the searchlight
produced s large round light spot on the oclouds, This spot scte as a white
baokground and the sirplane was distinetly visidle, silhouetted agelnst this
light apot whenever it passed between the cbserver and the illuxinated sky.
The eirplane did not heve to paas %hrough the beam to bLe located under these
sonditions.

(2) When the sirplene passad bhrough the beam it was visible as an
illuminated objeet nnd elso east & shadow on the light spot or 1lluminsted
arsa of the sky. .

Under these conditione even though the alrplene were so csmouflaged a3
to be invisible in the &ireet beam of the mearshlizht still Lt aould be
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losated by the silhouette againat the lighted clouds us an opague chject op
by the s‘-u!'m oast on the illuminated baskgrownd.

As the oolor used for these two teebs was only a dark gray, steps were

tsken te secure a more intemss blsok and the mext test was .llo using the il!-
tenss black shown en the Plates I, 11 and UI, Curve No. 2

The third flight test wes made on the evening of Uay 2, 1838, The - -
weather sonditlong for this %est were olear sky, unlimited oelling snd mo
moon. The flight lasbed from 8430 to 10:15 PM. The airplene was pileted
%9 pass through the searshlight beam starting at 8,000 feet snd at ssoh 1,000
foot inereased altitude up %o 17,000 feet. On the desgent the mirplane passed
thrauzh the beam st esch 1,000 faot level, i

The nsvigetion lights were turned off just before the airplane antered
the beam in eaoh case end laft on duping the othear peried. This Nhl.l tha
soserTers to follow the airplsne at all times and to know when ¢ watoh the
beam for the passage of the alrplane,

*late V shows two plotures made teo represent the vigidility of an alfplene
ia the beam of & powerful searchlight and the soasbtrast difference betwesn the-
two viewa represents a distancs of eme end two. As the distenae ineressea the
slse deoreases in a direot relation end the illumination in an inverse square .
relation, Even thouph the besm looks Yight againet the blsek sky stdll it &s

iteelf very derk in intensity. On n elear night stars of the ntnl W
wreo easily cm through the beam, ,

Regults

Flight Test Nao. 1.~ Clear weather with moen 3/4 full, otilh‘ nxmnn,
finish used, & dark gray. _

Visibility st 4,000 fest
6,000 "

Good, elemr snd distinet.
Fair, plain}y visible. |
Low but distinguishable. . .
Unoertain, sxistance doubdtful.

Flight Test No, 2.~ Oloudy snd overcast eeiling 8,500 feed, finish vmd

a dark gray. Airpiane visible at all altitudes in the searchligh¥ beam.
irplane visidle rs ailhouetSe ageinst the illuminsted clauds whenever it
asesd between the chserver and the illuminsted sres. Alrpiene visible and

leaaded by the shadow caest on the clouds whemever it passed through the searshe -
light besm.

P -0k

Flight Test lo. 3.- Clear, unlimited oo!.lin;_;, no =moom, ﬁni.qh, la'bo:ul
slack, ﬂﬁ vieibility at 8,000 feet or higher when the sirplens passed through
the gesrohlizht bems., Slight vieidllity at 7,000 feet on the desosnb snd at .~
2a0h lower altidude. : ;
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Discsussion of Regults :
¢ was shown that the visibility deoreased as the eolor approsched
black. The fiaish in intenso dlack gave a relative reflectiom wvalue of
2-1/2 peromt sud the dark gray gave a reflection valus of 8.0 peraent,
When oompared with the refleotion walue of black velvet the hlsokest material
readily obtainable, and whieh has s reflestion value of 1.0 peraent, it oan
be geen that the intenmne black used very mesrly approeched the limit.
The elovation of 45 %o B0 degrees wnd an eltitude of 8,000 foet gives |
s range of vigibility for an observstion girplane ia the 1ight of a 300,000,000 J
beam eandle power searchlight of about 3800 yards, |
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Dark gray blue for

o horizontsl upper surfaces.
r = 0,20
Munsell PB 5/4

Light gray blue for under-
neath horizontal surfaces.
r = 0,40

Munsell PB 7/4

.

§ Battleship gray.
| r = 0.40
i c Munsell PB 7/2

1
|
-

Army color for under-
neath horizontal surfaces.

r = 0.40
Munsell B 7/4
PLATE 1
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The under surfaces of & plene painted pure white
viewed against the clouds on & cloudy day will
appear 10 times darker than the clouds. This is
illustrated by the derk gray square which is 10
times darker than the large light gray scqusare.

For the two squares r is 0.06 and 0.60, respectively,
and the Munsell values are N3 and NS.

PLATE 2
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In sunny weather & surface in the sunshine is 4 to
5 times as bright as in the shadow. This is il-
lustrated by the two squares, the light one being
about 4 times &s bright as the dark one. For

the squares r is 0.60 and 0.17 and the ilunsell
values are about N3 and N5, respectively.

PLATE 3
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Aluminum painted plene with a stripe of the
dark gray blue color of Plete lz on the
fuselage.

PLETE 4
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Phot
’ceo

:grnphs of paintings of side and top views of plane in

ith the rules of

Section &,Chapter 1II,end with pattern,

PIATE 5
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m 1ife.

ed plane of Plate 5
ting was from

PLATE &

DECLASSIFIED




L CLASSIFIED

Fhotograph of a painting of the camoufiaged plane of Plates &
in sunny weather,view from bdelow.The palnting wis from
imagination, not from life.

PLATE 7
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Derk gray blue
Munsell PB 5/4

Light grey blue
Munsell PB 7/4

FWater color paint.

PLATE 8
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Walter A Weber -1t
(About 1 /24 actual size)

Outlines and under-surfoce markings of Minnesota Birds of Prey. The birds in each plate are drawn tw the same scale. but the seale differs in the
two plates, being greater in the right-hand one. The birds in esch plate can therefore be compared with each other as to refative
size but not the birds in one plate with those in the other,

Hending from above downward:

Fasnvciyous Roveu-tecony Haws, 24 al BwairLow-ranen Krre, 2 ad Rep-taer HAwk, 1 ad
Axmmicay Rovesi-teccms Hawk, 3 ad Turkey Vurruge 2 ad Swarnsox's HAWK, 2 ad
Barn Eacre asvir, # ad Ournxy. 3 ad

Gorpes EAcLE, Aberr, 2 ol

Batn Eavim, 2 im. G

pex EaGgre, P ofm

330
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I v M ; Walter A. Weber =193

(Abowt 1/15 actual aize)

Resding from abive downward:

Seamrow HAWK, 2 ad GYRpPALCON, 3 ad. SHARP-SHINNED HAWK, 1 ad
Prosoy Hawg, 8 ad. Duck HAWE. & ad CoopEr's Hawk, 2 ad.
BroAp-wincep HAWK, 1 ad Pramm FALCON, 2 ad. GosHAWK, 2 od
Rep-sHoutperen HAWK, £ ad. Marsa Hawx, 2 ad.

331
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Doped wire mesh fabric, Naval Aircraft Factory.
a original fabric
b fabric made translucent by
sandpapering one side.
Turn samples up from the pege and hold to the
light; keep clean.

PLATE 11
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Photograph of wire mesh fabric in sunlight
against the blue sky.

8 two layers of transparent fabric.
b one layer of transparent and one
layer of translucent fabric.

PLATE 12
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