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The brightnef,S of the light from the sun, sky and sea a.re 
analyzed to bring out the principles of da;r sky Clil:louflage of air
planes. Rules are formulated, Ch&pter Ill, Section 3, which in 
simplest form are : pti.nt upper surfuces uith a dark gray blue; 
paint underneath surfaces, vertical sm-faces, protuberances, with 
a light gray blue; all paint should be mat. Specific directi ons 
for painting the plane and experiments are outlined, Chapter VI . 

Night sky camouflage is discussed merely by presenting the 
Army r eport of June 21 , 1932, as a satisfactory sol uti on , Chapter IV. 

It is pointed out, Chapter V, that translucent f abric offers 
greater possibilities of l ow visibility camoufl age than can be 
achieved by painting opaque f a bric. 
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CHAPTER I 

INT?.O.PUCTlON 

1. Authorization - In a 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 investigation of Naval Aircrai't 
was directed with main attention to the visibility of aircraft when 
viewed from the ground. 

2. Definitions - 11 Camouflaging" a plane means painting i t 
with suitable colors and patterns to make it as invisible as possibl e . 
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". Similarly, when the plane is viewed from above the ground 
or sea as a background and is painted to match the background, the 
camouflage is referred to as "ground camouflage" and 11sea camoufl age" . 

J. 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 camouflage are outlined 
and detailed recommendations are made for painting a Navy plane to 
achieve as far as possible a low visibi lity against the sky during the 
day and night. 

A number of measurements of sea and sl0J brightness have been ma.de 
&nd samples of color have been investigateQ under various lighting 
conditionso However, practically no experiments on painting planes 
have been done and therefore this report must be r egarded as essentielly 
preliminary. 

4. Recording Color - In various places throughout this report 
the col or and brightness of paints, natural scenes, etc . , are r efer red 
to. In certain of the plates are given samples of various colors. These 
samples may fade or change with time , and at a later date may give the 
reader an erroneous impression. To insure as far as possible that the 
present work be reproducible and permanent, all colors are given in ter ms 
of the Munsell Book of Color, Abridged Edition, 1929, Munsell Color 
Company,Inc., Baltimore, Maryland. This little book contains on tv,enty 
pages twenty different colors. On each page are from five to thirty 
little paper rectangles painted with the color in various graded degrees 
of brightnes~ and satui·ation. The notation is simple, for example, to 
specify thnt n certain sample of paint was "Munsell PB 6/4" means that 
under daylight illuminution it matched in color and brightness the little 
colored rectangle in the Munsell Book of Color on pnge "Purple Blue", 
row 6, column 4. 

, 
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1. Historical - Cau;ouflsge \'ta::: initiated during the riorld r,ar 
s.nd dealt with terrain and structure~ on lt:..nd, ships and aircr&ft. In 
the case of aircraft the .21B.in emphtisis was on ground c&mouflage, or 
p&intin5 the upper surfaces of the aircruft to render them of low vlsi
bility when seen against the ground. The Uniteri States Army entered on 
the problem anri in addition to ground crunou.floge experimented with the 
possibilities of sky camouflage with, as indicated °b'J the re~orts, 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. Nav-~ 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 reports. In the next 
section is given a list of the titles of the reports and references 
which have been consulted in the present connection. Most of these 
we=e assembled by the Bureau of Aeronautics. After each title is n 
short sentence or comment on the essential gist of the report. The 
references fall into tv,o categories, those which deal with airplane 
camouflage, and those which deal v;ith other types of camouflage such 
as of ships, terrain, hangars, etc., and therefore are of no interest 
hereo 

The references which treat of airple..ne camouflb.ge fall into tv,o 
classes, those which describe 11ork accomplished during the V!orld Viar 
and shortly thereafter, and those of work since about 1930. The first 
class comprise much preli.rninory work dealing with general principles. 
The second class is made up entirely of u series of recent Army reports 
and m&y be regarded as the most important here. Three of them, of 
dates Februnry 16, 1933, June 21, 1932, and April 3, 1931, reproduced 
in full in Appendices A, Band c, respectively, give the most recent 
experience and comments of the Army on sky camouflage of airplunes for 
day and night conditions. 

2. List of References 

(A) Most important references: 
Reference 1 - liar Depe.rt1:ient Air Corps Materiel Di vision 

Engineering Section, Serial No. M-56- 2272, 
Fe:)rue.ry 16, 193J. 11To determine from a ser
vice test conducted by a tactical unit the suit
abllity of crunoufl&ge water paint and in
structions contained in Technical Order No. 
01-1-16 for ?re?uration ~nd use of this water 
paint" . 

Reproduced in full in Appendix A. 
-?-
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e ... -rem: 2 - ar iJepart, .Hit, • ir vOr_ .., .aterial J.., ision 
tn ineeri ,5 -t:Ction, eric:1.l No . ~.-;,ti-... ..:';11 , 
June 21, 1932 . 11To pre_!xire a. Wc,.ter ..,i.int 
ouitabl~ f0r nignt camoufla0 e 1 . 

• teprooucea in full in ~ppenaix B. 

1,eference 3 - wc:1.r !Jepartrm::.it 11.ir vorps .caterial ui vision 
!'..!l._,ineering :::ic:ctiou, .::.erial •. - 56- 2542, June 
9, 19.33, 11 .1'0 discu.3::, t.e c.pplicaLion OJ, a,d 
t. •• e designs for , airplane camoui ~age at tlie 
•. ir ~orps r.nti- .r.; r._,rc:.1 t, ,.,. ercises held • .a:,-
1.; to 27 , 1933' . 

.. des a few .... eu.ils to re.!:ere ce 1 , suc..h 
as tne ti.r:.i tar.en to appl,1 t..e paint, i:.ne 
fact t:1 .., t .. e sk:,, carroLlflci.t,e effecti,.e 
aga ... nst bl t..e s«y was not e1fective Lgainst 
a cloudy sky • 

.• efe1~ence 4 - ar Department ,-,ir l,orps .;c,.ter:..al Division 
i:.r.10 i r.eering ~ectio,1 , ~erial ,·t- 5t- 2291 , uece.moer 

J:'.,eferer.1.,e 

19, 1932. 11 To observe tne tesi:.s of' camo .. fla....,e 
Weiter paint, &r,d con1er with 1-he autr.or·ities 
at i,angle.) .r ield. relative r.,o ~ ne sui te1 t,ili "J 
oi water po.int., in l,ue camuuili:Lge ul Arm., 
..1ir .... raft 11 • • 

.1 reli.u..i.11or.1 to rtefere.,ce 1. vt .. erwise oi 
no -interest. . 

5 - viar Le~rtm..:,,t r.ir l,Orps .ia.t.erial Liv.:..sion 
.::.n,;ineerL. c ...,ection , 0erial u- )o- 2..:.91 , •. u6 ust 
10, l 93i . 11To u e-c.ermine sui taole colors aua 
Sriades 01 Wi:Lter !-'aiut 1or ac.:, camoullage 11 • 

.rrelimina.r·_y t,o r:.efere.H;e 1. vtr.erwise of 
no interest . 

1te i erehce 6 - ar Lepartce.t .ir vorps :a.terial ~i,ision 
• I ..... ni:;im~ering ..:>ection, ..,eri&.l r,- 5b- 2~72, Jam,::..ry 

2~, 1932, 11A Slli-...G.r.1 and bioliogra_r>n., of 
c:.vailable ir.l ..,r,>k-._ion on aeronautic.:;,l l.amoJ.f.l.u0 e 1 

~ 31 ,.-. -. . - ' 
~ -.f 

7 -

I "I 

.i.JJ. 01 t!k reiert: .. ces cir.,ea are given here . 

ar .:Jepart .e1.t . ir vvrps • .aterLal I.,ivision 
... n0 in"'erin ..,ection, L . 0 . ,rl:J..f ..iyeL.i.:. ice. 1,io., 
.,u . 14057, .n.f)ril J , 1931. 111'1iiter •..,.)lor'' . 

Cl Vi:i.lu-e in ,.n·1..,.~1ing Wo.~eI ~JlvI cl.i1.t . ,e- , 
p1 oa~~ed in 1 t.ull .L.'1 hppend.b. v . 

-
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(B) Older reference::; of gene.::-a.l importrnce . 
Reference 8 - i1nr Dep&rt :11ent J.ir Corps !dateri~l Division 

Engioeericg Section, Seriw. No. 1591, ~larch 
22, 1921. "Preliminary report on laboratory 
investigation of colors used as a cru:iouflage 
for the Breguet Airplane". 

Description of luborutOI"J photometric 
measurements of various paints. Of no 
lnteresto 

Reference 9 - ijar Department Air Corps hlateri~l Division 
Eneineering Section, Serial No. 1498, January 
12, 1921. "Report on Camoufl&ge of Day 
Airplanes". 

Only of general interest. The first report 
of the Arr:ry on sky camouflage, in which it 
is pointed out that the under surfaces should 
be of light color, that the paints used 
should be raat and not shiny, etc. 

Reference 10 - ifar Department Air Corps Materiel Division 
Engineering Section, Serial No. 1299, June 
17, 1922. "F'actors of Camouflage". 

Deals mainly with ground camouflage. Of 
no direct interest. 

F~ference 11 - ftar Department Air Corps Materitl Division 
Engineering Section, Serial No. 1090, December 
3, 1920. 11Report on Aeronautical Camouflage". 

Deals mainly with gro,.md and terrain 
camouflage. Of no direct interest. 

Feference 12 - Weigler, m
1Aerons.utical Camouflage", Aerial Age 

Weekly, ;.1ay 10, 1920, puges 288-,300. 
Of no interest. 

.• t 

Reference 13 - Bureau of Const1·uction and Repair, "The Develop
ment of ~Iarlne Cumouflage nnd Testa Relating 
Thereto" by Lieut. Harold v~n Buskirk, Con
struction Corps., U.&oN.R.F., May 1, 1919, 
Volume II, Chupter G, 11Avi~tion Ce.mou.flage". 

Mostly ground cE.mouflage. A single experi
ment on sky camouflage is oentioned (page 
179) in vrhich the under surfuce of e. plane 
was painted black with white edges. At 4000 
yt.rd:.; elevation the •uhi te blended out 
against the sky and the plc.no looked s®ller, 
aa though higher. 

-4-
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Reference 14 - Research Inforoction 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, sea and sky, the reflectivities of 
paints, fabrics, and materials. Gives a 
good theoretical discussion of the general 
principles of sky camouflage . No experiments 
on sky camouflage of airplanes. 

Reference 15 - "Measurements of the Brightness of the Sky" 
by Kimball and Hand, Monthly \'leather Reviev1, 
49, 483, 1921; 50, 618, 1922. 

Gives measurements of the brightness of 
the sky at all points for various weather 
conditions and altitudes of the sun. 

(C) Camouflage references of no interest to the present problem. 
Reference 16 - i'iar Department Air Corps Material Division 

Engineering Section, Sericl 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 camouflage 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 Optical Society of America, 4, 388, 
1920. 

Of no interest. 

Reference 18 - War Department, Engineer Field Manual, Vol. 
II, Military Engineering, Part two, Defensive 
Measures, 1932. 

Nothing on sky camouflage. 

. . . . -

• 

Reference 19 - War Department, Training Regulations, No. 195-
45, February 1, 1926. 11F'ortification, Camouflage 
for Artillery". 

Nothing on sky camouflage. 

Reference .20 - Luckiesh, "Color and its Applications11
• Book 

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 Vlork during 1917 and 1918". 

Of no interest. 

-5-
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Reference:::.::: Burec:u of ~t&n<fards , Division IV-3. 11llili tary 
&n i ~bv&l Cor:-e.,p0,iencc , 1917-1919 . Visioility 
aml Ca.r::.oufl&e:e , Green Tape , Brock Goggles". 

Reference 23 - S.J. Solomon . "Strategic C&.mouflE.ge" . Book 
publisheJ 19.20, 1.Po Dutton &nd Company. 

Deals entirely with terrain camouflage 

Reference 2/4 - T~c Subm~rine Defanse Association, confidential 
report No • .467, 1918. "The science of low 
visibility and deception as an aid to the de
fense of vessels against attt.ck by subc:w.rines" 
by L.Ao Jones. 

Of no interest. 

Reference 25 - Naval Research Laboratory Report No. H-10.36, 
March 7, 1934, "Report on the Problem of 
Visibili ty11 • 

Deal.s no.inly with visibility of ships. Of 
no interest. 

-6-
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CHAPT1.R lll 

DAY ~f.Y CAtlOUFL.t'.GE OF .nlP..PLAN&:i 

1. General Princi':>le :::; of Day Sky Camouflage - An airple.ne olof t 
i n t he day t ioe is li5hted fro!ll t wo sources of light: (1) light which 
comes down from above from t he sun and t he sky, i.e., the sunshine 
plus the sk-.r shine, and (2) light which comes up from below from the 
surface of t he earth, i.e., t he earth shine. The eurth shine is, of 
course, the sunshine and sky shine diffusely reflected by the earth. 
Since t he r eflectivity of the earth, either l and or sea, is fairly 
low, the earth shine is always much less than the sunshine and sky shine. 

In painting a plane to reduce its visibility when viewed from be
low the upper horizontal surfaces, as well as the tmder 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 horizontal surfaces, being subjected to the 
fairly weak earth shine, must be painted a fairly light color, and 
the upper horizontal surfaces, being under more intense illumination, 
must be a somewhat darker color. Vertical surfaces present an almost 
unsolvable situation. Painting them dark enough to be correct in 
sID1light would iaake them too dark in shndow, and painting them light 
enough to be as satisfactory as possible in shadow vould .make them 
too bright in sunlighto It is sugeested that the vertical aurfaces be 
painted a light color. 

2. Numerical Values of See and Sky Brightness and Re-
flectivities of Sorue hlateriels - In very clear, cloudless wenther the 
sunshine fulling on the surf~ce of the e&rth is about 10 times the sky 
shine, i.e., the light from the total sky. This means that the shadow 
cast on the ground by an object is 10 times less intense than the 
region in sWlshine around the shadoV1. Thus, of the total light corning 
do,m from above 9/10 comes from the sun and 1/10 from the blue sky. 
Haze makes the sky brighter and with slight haze the sky shine may con
tribute 1/4 of the total downward illunination, the oun 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 a.re thick enough to obscure the sun, the sunshine is zero 
and the sky shine provldes all of the dorm-coming light. 

The brightness of an area of the nor ri~lly clear blue sky varies 
,vi th t he angl e from the sun, being theoretically darkent the farthest 
f rom t he sun. Actui:.lly, a s the horizon is neared the sky is usually 
briehter because of the finl te thickness of the atmosphere and of haze 
whlch is usually present in the l ower levels even on the clearest day. 
For exampl e , with the su.11 at 45° al t itude bearing south, the relative 
brightness i n ar bi t rary units of D clear blue sky observed along a 
north-south meridi an is given i n Table 1. Many measurements of the 

-7-



bribhtness a t various points in t he sk-J for various posi t ions of the 
sun ar e given in r eference 15, anu merel y show, i n agr eement with Table 
1, t hat the bri ghtness of a. clear sky vari es by & f c.c t or of 10 depending 
upon the posi tion of t he sun . 

An5le from sun measured 
toward north 

0° at Sun 
15° 
30° 
45° zenith 
60° 

75° 
90° 

105° 
120° 
135° horizon 

Tuble 1 

Relative sky 
brightness 

8 
4 
2 
1.6 

l .3 
l .O 
1 .2 
1.7 
2.5 

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 vrhiter, 
as Munsell PB 7/2 or PB 8/2, the amount of brightness end whiteness 
depending on the ru:iou.~t of atmospheric haze and position of the sun. 

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

The brightness of the sea is roughly 0.7 or 0.8 of the brightness 
of the darkest part of the blue sky, as shovm by our ovm measurements 
and by Reference 14, Section 9, pages 23 to 21:> . This is only true for 
a wavy surface of the sea. lf t1"..e sea is mirror calm, a case of perhaps 
no great importance, for such a sea is rare, the sea is a mirrorfor 
the sky of reflectivity 2% looking vertically dorm on the sea, in
creasing to 100% as one incre~ses the angle of view to grazing incidence. 

The coloi· of the surface of the sea ruffled by moderate to fresh 
breezes as seen by an observer looking out over the surface from a sur
face ship is lll6.tched in cloudless weather by Munsell PB 3/6 to 3/10, the 
~1unsell book being held in full sunlight. No measurements are avs.iluble 
of the color and brightness of the sea made by an observer at a height 
looking dovm on the sea in various kinds of weather. 

The diff use reflectivity r of the surface of the earth is usually 
put do~m as about 1/10 or 0.1. This means that 0.1 of the light 
f ~lling on the sur f ace of the earth is diffusely reflected back again. 
The reflectivity varies with the na ture of the surfo.ce llS indica ted 
in Table 2 given by Luckiesh, Reference 14, page 19. He further ob-
~('\_.,.,"'~ +~,, ..., f' ,-.....,,.. '4"""""" -,,, + n - +\.-.i" ,..,"'"'\11,n - - 1 / 1" "fr"'\f" ,. -l' r,, 4,,... "'1"~""- ""' ,.." .., 
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Table 2 

Ploughed and barren l and 
Grass fields, etc. 
\'foods 
Viater 

Diffuse reflectivity r 

0.10 - 0.20 
0.05 - 0.10 
0.03 - 0.05 
0.05 - 0.10 

The diffuse reflectivity r of white paper und white paint are 
0.7 to 0. 8. Mixing colors with the paint reduces the reflectivlty so 
that a light blue paint ,,ill probably not have reflectivity greater 
than 0.5 to 0.6. For "battleship grayn r is about 0./4 .• 

J. Rules !or Day Sky Camouflage - From the numerical values 
of the preceding section one can lay dov-m 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 0.15 to 0.20, as Munsell PB 
5/2 or 5/4. A sample is shown in Plate la. 

Rule 2 - Underneath Surfaces 
Paint the underneath horizontal surfaces a light gray, or 
a light blue, or a light gray blue, of diffuse reflectivity 
r about 0./40, as Munsell PB 7/2 or 7/ 4. A sample is shovm 
in Plate lb. 

Rule 3 - Vertical Surfaces 
Paint vertical surfaces the light color of Rule 2. 

Rule 4 - Miscellaneous Surfaces 
Paint all miscellaneous structures, such as struts, etc., 
the light color of Rule 1. 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. 

4. Discussion of Rule l. Upper Surfaces - The dark gray blue 
paint of Plate la was chosen to be effective under sunlight illumination 
in clear weather. It was o.rrived at in the following way. The upper 
horizont~l surf~ces receive light from the sun and the blue sky, about 
5 arbitrery units of light from the sun and l unit from the total sky, 
or 6 units altogether, see Section 2. The paint should have a re
flectivity r = 16-2/3%; it will then have a brightness of 6 x 0.16-2/3 
= l unit, and in sunlight v1ill match approximately the average brightness 

,-. I., ,i-, • 
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Seen against a white cloud, or against the brighter regions of 
the sky near the sun, t he dark gray blue paint will be darker than the 
backgrol.illd. This can not be avoided. To natch 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 
match the color and brightness of the sea surface fairly well, being 
a little brighter than the sea. 

Perhaps a pure dark grny 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 Viar. The French used "bleu horizon", the Germans "field 

r 

gray" and the English and Americans "olive drab". All were of about ... 
the same brightness and although differing in tint, \'Tere 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. 

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

One should use as bright a paint 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 paint of r;:: 1, their 
brightness would be 0.6 units, 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 Plate lb, the brightness of the under surfaces is 
0 .6 x O .I~ == 0. 24 which is a bout 1/ 4 the brightness of the sky. Hence 
the under surfaces painted with the light gray blue paint of Plate 
lb will always be darker than the sky. 

Using pure .,,hi te paint on the under surfaces would make them 
nearer to the brightness of the sky than the light gray blue paint 
doeso But if the U."lder surfaces got into the sunlight they would be 
very brilliant. 

Thus the light gray blue paint of Plute lb represents the com
promise between the wish for a very light colored paint in the 
shadow and t~e fear of its being too conspicuous ln the sunlight. 

The color selected by the Army (Appendix A) is shown in Plate 
ld. Just why the color was chosen is not known; perhaps the color 

-, -, t • f" I ., "'I • • 1 
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Colors b, c &nJ J , ?l~te 1, ·tll h:i.va the Jt..we br:ihtne;3s . Only 
te;.;ts Cbn sho;i l'Thether there is any choicB b~tween then for the under 
surfaces. Probably tney are er:_m.lly ::;atisfo.ct•:>::-y. 

In clo,.dy wea:.:1er there is no direct sunshine and the light 
co::ing ur;mttrd from t he sea is about 1/ 10 of the light coming do'lm 
from the clouds. So that the under surfaces, even if pninted 11ith 
whi~e paint r = 1, uill ::>e 10 times as tlark as the cl.oud background. 
This is illustrc:.ted in Plate 2 , i n which the s:nci.l dar k gr:1y square 
is 10 time:. darker than the large light gray square . Therefore a 
plane seef"I overhead in cloudy i'!et.ther always is much darker than the 
cloud background no matter what color the plane is painted. It needs 
only a glance at a plane or u nhite sen-gull under these conditions 
to confirm this statement. 

6. Discu2sion of Rule 3, Vertical Surfaces - The vertical 
surfaces present a ~elL nigh i~possible problem. Unless the plane 
is directly overhead, some vertical surfaces, or those more or less 
vertlcal, will al110.ys be visible. And, since the sun in a majority 
of cases will not be directl:r overhead, the vertical surfaces will 
either be in sunshine or in shadow. In the sunshine they v;ill be 
about 4 times as bright as in the shadow, as illustrated in Plate 
3. Eit:1er condition could be met separately rrith some success, the 
one would call for a darkish color as Plate la and the other for as 
light a color as possible, but to cope vlitn both conditions with the 
::ieoe paint can not be done with much success . Th1.is, in Rule 3 the 
light gray paint of Plate lb with r = 0.1 .. 0 w&s 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 and in shadow are too dark. The "battleship 
gre.yn, Plo.te le, now in use was chosen apparently not because it met 
sunny weather conditions particularly ·:rell, but because it gave the 
lov;est vislbilit7 in thick, hazy or misty weather (Reference 13, 
Chapter H). 

7. The Question of Po.t~o.tn - In the po.st camouflcurs have 
often advocated a pattern of light and dark shades or of different 
colors for lo1r visibility against a uni.form background, based on 
plausible theories of "breaking up the outline", of 11 scintillc.tion" 
or 11 v.!.brction" , etc . The Arey made use of a spot pattern in its sky 
cwuouflage experiments (09e Appendix A). It is true, ho·never, th!!.t 
no empirical evidence exists to indicate that pattern is of renl 
value. In a recent conference the Army stated that the pattern of 
smallish spots used on the underside of the plane was probably un
i mportant and that perhe.ps it would not be used in future experi
ments. 
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In &n atte:npt t o find out about put ter n on the ver tical surfaces 
a stripe of the dar k gray blue of Pla t e l a about 30 inchen wide was 
painted on t he f use l &ge of an alumi num painted plane . A photogr aph of 
t he pl ane and s tripe is given in Plate 4 . Vihen viened in flight in a 
l ight gray day, the sky being covered with thin clouds , the s tripe be
came indistlngu.ishable to the unaided eye a t about a mile and with six 
power binoculars at about four miles. The stripe did not appear to 
have much effect on t he visibil ity of the plane. However, litUe con
fidence can be placed in a conclusion derived from a single experiment 
of this sort. 

8. Illustrations of a Camouflaged Plane with Pattern - I f 
pattern is used it should be bold and simple and made to compensate f or 
shadows. 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 camoufl age. (The original paintings of Plates 
5, 6 and 7 accompany one copy of this report.) Onl y tvro paints §. and .Q. 
of Plate 1 are used, on the idea that the work of painting be as simpl e 
as possible and that the use of more shades of paint be useless anyhow. 

In plates 6 and 7 are shown photographs of painti ngs of a biplane 
i n flight in sunny weather camoufl aged according to the rules of 
Section 3 and the pattern of Plate 5. In the paintings the attempt was 
made to depict, as far as imagination per~itted, the correct rel ati ve 
brightnesses of t he 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 
u_:)per 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 t he r eader is somewhat disappointed with the ef
fectiveneas of the camouflage he will have received the impression 
v1hich we wished to convey o 

9. Discussion of_Rule 5-, Mat Paint - Assuming that camoufl age 
is a temporar-J measure to be adapted to the particular mission of the 
plane, a paint is needed which can be readily applied and removed. For 
surfaces which do not get into salt water , water color paint is satis
f actory. It has the desired mat surface; it is easy to put on and get 
off. Just wha t adhesive characteristics the paint should have will de
pend upon the conditions under which the camouflage ls employed. With 
only a llttle adhesive the paint is easily removed but is also readily 
washed off by rain; with more adhesive tha paint stands up better i n 
rain but is more difficult to get off. The Arm:, developed specifications 
(see Appendix C) for a water paint with a certain a:nount of adhesive, 
which would stand a half hour in heavy r ain and which could be washed 
off from a plane b-J 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 coi:1mercially in any color. For example , samples are shown in 
Plate 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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qlL'.i.n tity costs not more than ~O ce·1tG r. !)ound and not more t h:ln 50 
pounds, or ~10 i7orth, are required for the lci.r5est ph.n"'. 

r.ater col or fXiint, of course , c&nnot be used on portions of the 
pl"ne r;e t tP.d by salt water. These .ams t be covered oi th mat oil pain ts 
which are a·mil a.ble com,:iercially. 

10. The Colorati_q_n ot: _Soaring Birds of P_z:e.z - A bird ilhich 
so~rs in the open watching for its prey would seem to be in much the S!U;le 
sitnatlon ns the military plane. The one wishes to be of low visibility 
to small animals and the other to men; the visibility c~es of the 
eyes of small beasts and of men are known t o be similar". Plates 9 

26 Nagel, Handbuch der Peysiologie , Vol. 4, page 99, 1904 

and 10 ure photogruphs of sketches of birds as seen overhead in soaring 
flight27• 'Ihe s11allov1-tailed kite and vulture, Plate 9, are not birds 
of prey and are omitted from discussion. It is seen that the hawks are 
all a lighter color, usually grayish, underneata. 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 hnwks possess no marked pattern on their under surfeceo except 
a majority have dark tips to the wings. Whether this is nn aid to sky 
camouflage or whether it is for some other roason, such as coloration 
when at rest, can not be said. 

About the only conclusion that can safely be dravm is that certain 
soaring birds of prey do possess lo~ visibility colorction, nnd lt may 
be inferred that such coloration, although it cnn certainly not be very 
effective under all conditions, nevertheless is of some value. 
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Cfo.P'I.S2 IV 

I!IGHT .SKY C1i..,i..iUFL1,.G::; 

L flaturc.l l ll.u.11lna tlon - Under ni;ht conditions ·,;l t h the 
n&tu,ral illumi nation of the star s , moon or clouds , the day s'.r..y 
camouflage of Cha ~ter III would ' of course ' be SU tisf ac tory. 

2. t>earchli 5ht I l lumination - Under searchlight illumination at 
nicht the light paint of day sky cmnou.fluge, Plate lb, would be much 
more visi ble than a black pain to The Arrrrf experimented vii t h a dull 
black water color paint spread on t he under surfaces. Its excellent 
r eport, given in full in Appendix B, seems to cover the matter completel7; 
we have nothing to add. The conclusions, stated in the first page of the 
report, are as follows: 

11An i".'.ltense black water peint having a relative reflection 
of 0.0.35 was found to give a dull mat finish that was 
capable of rendering an observation airplane invisible 
v1llile in the beam of a .36 inch, 150 ampere, arc searchlight 
at a range of about 3800 yards. 

11\Vhen the sl0J is overcast the airplane may be located if 
it passes between the observer and the illuminated aren 
on t he clouds produced by the searchlight beam. 

"ifuen the sk.1 is overcast the uirplane m:J.y be locn ted if 
it passes through the beam by the shadow cnst 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 tJ'J 
direct illurnina.tion. 11 
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CfilPT~R I/ 

LOn VISIBILITY BY TRANSLUCENT 
FABRIC AND BY ARTIFICL~L ILLlf.:.IINATION 

.. 

1. LoVT _visibility: by Tra.nsl1..1cent Fabric - It v,as realized from 
the beginnine that a translucent fabric on the wings and fuselage where 
possible would yield brighter under surfaces and a lowered sk'J visibility. 
Recently a transparent fabric has been under development28 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 Aircrai't - 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 sampl e 
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 lla, is 
about 60% for red, yellow and green light, and a little less for blue 
light .. For light incident at 30° the light transmission of the doped 
fabric is about J5% becoming less as the light approaches grazing angles 
of incidenceo 

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 thro..igh these at angles . not too near grazing is reduced 
Oo60 x 0.60 = 0.36 in intensity, or about 1/3 of the light is transmitted. 
Such a wing seen against the sk'✓ would appear about 1/J 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, ho~ever, the fabric 
on the lower surface were made trunslucent, as a sheet of ground glass 
or white paper, the underneath brightness of the vling in sunlight v1ould 
be much increased. For example, suppose, as is readily possible, that 
the translucency were such that 30% of the incident light were scattered 
upv,ard and 30% downward, 40% being lost by absorption, etc. In su.•my 
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 tmits 
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. 
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Thus the lov,er surface, and hence the wlng seen fr or:1 belo71 in sunshine 
a5&inst the ::;ky, would be of brightness 1.83 units, •nhich is about the 
su.me as the 1 unit average br:_ghtncs:::; of the bl'..l.e sky . In shor t , whet. 
the translucent fabrlc .::-eally does is to di·,•crt , b;;r scattering, some of 
the sunli ght to the eye of the observer which, if the lov,er fabric were 
trcmsparent , would pass di.:'ectly through and be lost to t he observer. 

In Pl ate llb is given a sa~ple 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 ~ere put in the sunlight and viewed 
against the blue sky. The transparent half was darker than the sky, 
and 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 vie\1. 
A photogr-aph is shown in Plate 12, in which~ is the two layers of the 
transparent fabric, Plate lla, and _g is two layers, one being the 
transparent fabric Plate lla and the other the translucent fabric 
Plate llb. 

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 all owed 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 VTire mesh could be prepared impregnated with a 
slightly blue scattering pigment, low sky visibility could be achieved 
to a much greater extent than can be done with opaque fabrics. Of 
course, certain portions of the wings and fuselage will always be 
opaque, but any light which can diffuse through is so much clear 
g&in. 

2. Low Visibility by Artificial Illumination - The suggestion 
has often been made that the darker portions of a pl&ne overhead, such 
as the under surfaces and the other regions in shadow, be lighted 
artificially so thot they have approximately the brightness of the sky. 
Calculation (Reference 14, page 61) indicated that to do this would 
require from 100 to JOO pounds of electric light and power equipment. 
Besides, there would be difficulties of installation and operation to 
insure the desired effects. On the 11hole the suggestion has never seemed 
to be a very practical one. 

-16-
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-CHlsPTER VI 

REC01\i,lci-i !JED EXPERL.!.G.'ITS 

1. Material - The first experi1!lents would be planned to deoon
strate what colors and patterns are the most effective, an<i for this 
purpose it i s not necessary to use pai nts ,1hich are so1:1ev1ha t troublesooe 
to get off, as those of the Army Specifications, Appendix C. Ordinar'J 
commercial pigments mixed with water with a small amount of water 
soluble glue, less than 1/10 percent by volume, yield a paint with 
s~tisfactory 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 quantities are sufficient for wa ter paint for at 
l east 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 1 s) 20 

TOTAL ••••••• 400 pounds 

Estimated price, $100 or less. 

From these materials paint to mutch the colors of Plate 1, a, b, and 
c can readily be mixed. The materials can be obtained from any paint 
co!;lpany, as: 

The Muralo Company, 
Staten Island, 
New York. 

The Alabastine Company, 
Grand Rapids, 
Michigan. 

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

For the wetted surfaces, such as the l ::lVler portions of pontoons, a 
mat oil paint i::; reco:m;ncmded. This would be made from s.ny commercial 
mat white , wi th o.ddi tion of Standard Navy gr ay and small amount of oil 
col ors. Such paint probably would be available at any Nav; depot . 
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2. Experimel}_ts on Day Sky Camouflage l t i s r ecot:l.":lended t hat 
three planes be painted as follows : 

1st plane Paint entirely wi th Standard Navy gray col or, 
as Pl ate l e . 

2nd plane Pai nt in accord with the rules of Section 3, Chapter 
I II, i.e., paint al.l upper surf aces with t he dark 
gray blue , Plat e l a , and al l vertical and 1mder 
surfaces, protuberances, s truts, propellers, r1i th the 
light gray blue, Plate lb. In the case of a biplane 
paint the upper surface of the l ower wing with the 
light color. 

3rd pl ane Use the two paints a and b, Plate l, and paint with 
the pattern of Plate 5, which is aimed to coupensete 
for shadow effects to some extent. 

Observe the three planes, either all three or two a t 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 
a person experlended in color advise during the painting and take part 
in the observations. 

J. Experiments on.~i_gqt 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 tmder natural 
illunlination 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 plane, in order that the relative visibilities 
of the two planes be coopared. 

4. Experiments on Translucent Fabric - It is recommended that the 
low visibility possibilities of translucent covering of a plane be borne 
in mind. With the view that, if tranaparent or partially transparent 
fabrics are developed, experiments should be instigated to give them the 
proper color and translucency for low visibility purposes. It is probable 
that this suggestion is 10 yearo in advance of its tit11e. 

5. Suggested Experiment with Paint iii th Concealed Spectral 
Difference - An experiment may be mentioned which is a little outside 
of the immediate province of the present camouflage problem. lf the 
caaouflage experiments should be co.rried out at Coco Solo and if Mr. 
Bittinger should go t here to assist in the ~ork, it would seem to be of 
advantage to carry out the experiment. Especlslly so, since r.ir. Bittinger 
is familiar with t he experiment and si nce no additional material is re-
,. .. ~ ... ... M + l-n + ~., ... ,..+ a i ...... ~,, <1,r•::d l A hl<> in thi A T,nhn-rsi t .nl"v • . 
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The eXperi.:1ent C0'.1.Jis!:.s ln ;,rcpuri:ig .... paint ,1hich m&tches exactly 
t,h.., color of the d~r~, gray blue of ?late la &nd the color of the sen, 
yet 71hich hus in it a certaln ::.mount of red. If some upper ourf aces of 
a olane ,·,ere oc.i~ted with this color, the rilz...ne viewed from above 
a~~inst the s~& would be barely visible . On looking through the proper 
filter the sea would a9pear <lurk blue and the pli:ne light red , so that 
the plane would be much mor-e visible. It \',ould be of interest to do 
the experiment in order to find out to what extent the visibility of 
an otheri1lse invi sible plane could be increased O'/ thin method. 
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~~J EPAU'lMrNT 

ECLASSIF\t:.Um omws 
l'u .\ TE'tlEL DIYTtiION 

TJON ;,1F.7'10RANDUM REI'ORl 

PA ~ Iffl RRVI f 
IABOJET FIELD, VA.• 

. cl ... ~ ,.. ...... __ .. 
Feb. 18, 1 

Date .•..............• 

~1-1- T 
1tur • Or icr ... . .. ....... ....... . 

-ain 
Serial No. ---A(ldemm-i-I 

Obj ct 

fo clet•naln• trea a ""1M ~•t oODduned bJ a taotl uni~ the 
1t&b1lit-, ot oamoutl&p water paint and 1natl'\'lotiaa • tatn.4 1n 

teohni 1 Order o. Ol•l•l& tor prepan.tloaalld ue ot We tw pas.nt. 

Zo Conoluaion.■ and bo~d.ationa 

tu qateia 9f -..natlace cleaori"4 la TMbnl•l OJrodeJt o. 01•1•11 
(1 au.t undel" date et lU/llllAly U, 1938 &I , .. mdo&l Ordal" lJo. 01•1•1) -.n 
e ree.dil.J' waderatood e.u.4 e&l"l'"hd au~ by 11111Jdll.ed penoms.•l• 

"R'a1;er pahzt l1 now belnt proo•NC! and will be &'ftilable fl'Cr1 Air 
Oorpa a-tooa tor UN by •o111Nl unite in i::&awftn and to-r epeoial proj.ota. 

A •hacl• ot Nd 11bioh -.. r~ bJ Laqle7 P14al4 tor gromd. 
Ulallflage in the fall a-..- will b• &ddecl ~• the 1-.de eolen •tookit&. 

An• pNjen -· bND c,pe11acl ~ 4eteftlbe ~ oolon ben ■lllte4 ftJr 
nnoua ■eniou ot ~• Ua1-«t 8ta.t:e1 Ul4 lb t•Nlp '""••1rma tor 
dittennt •••=• ot lht yar, &ncl alao iullld•• .. algu tar all~ mea ot ai.nn.tt. TJw ctata un.re4 tl'Oll th.1• 1n'net1gatlon will inol 
:ln a rnlaM teolmioal Gl"del- So. OT•l•l u 10011 u it ba1 N eteralDM. 

Tb• UN ot .. ang ban41N bNO it Mlnc 1.JrnatJ.[& to appq -~ 
;pain\ to alNN.tt etU"tao•• •Dd 1t 1• 'bel1na4 thl• w111 oliminatie to a cr-t 
aten.t the requlra:i.ente ot l&dd•r• and •a.troldiq. 

tma•r the an pnjeot m1nUon-.d abOTe, 1Ul41t1cmal t.na are to 'M 
ma4e \a lmprow •k:7 clay N.m\lflage and the uee ot N1atl11at1 ett•t witii 

lght oaaoiatlage • __,-

By O. P_. _!OOI_"~--~~-!!~~~• 

C Ir, 

J. I!. Jomr&<W 

Ho. PACES 
PAC£ I 



T'lle p'":'" ?~ la..,·1 'Jf nir,\t o-...>u.fl9.6 e d1rii a l."°••:t' L-"'", ~'O i;,,.,i~t: 

5o;a.,...-.;1i.at si&tilar t<> ➔;:~ )S'!' o!" dav o .. : ·u~•l.oi~,;i• -:lne oondit:~.;. i.s ~h-3 Ti slt;ility 
(,!' the a.!rp'!.9._~o -· •"' "'1,~--~J fr":& f\bcvE, :11i.:.:-;1.-r~atoo • :r the 11-: 'c 1,f t~ e "\~ot.. 
or •k:;; -t:-.s ~<;>!!1" f o"· ':;; .:, Tilib_Uj t ·- ·;f.' -: ',.» Ai. "":)l 'l.--.e .._;;....,. 1~ t~, .. b<i:A.~ ,f ~ 
pmrar:·\u •oc.:-ohll~ht .... d -r:..--~d """l'"·:r tho '"l .. ..:\C'd . !~ is t.~~ 1 11 "'; T' C:"' "' 'J t. a4: 
.l.s t.'·o problon f or t."-i?i 1.·1v-.,a'· ig'-''"'oii. 

'l'h~ v1s1bility of ru •. / obJe ;,~ do;;icmde u;,o~ t~ c fa~cri;, rumely, (l'i 
<l;!.1e i u •f the ODJ ec--; .J:' ·the e,.-,,_; :e s u':}tanded c;, t h~ \, hjo"t .fr~ the point 
.,f obsor·nttion1 (2) t •<1 bri_;h-4-;;:io-u uf -+;'he obJeot or i h &'°'il ttJ· t-, r efleo~ 
ll~ht fro!l m,;ma souroe of illwdnatb.n to ";he e y a -11' t;1e ohsert'er; (3 ) the 
eontrQat of ti1e objoo-t with ~he baa1c&J"<)U,!l.d a.gai.n.flt i."h iQh 1 t la: viwod ., 

Tha s iu ot the obJeot, an ·!U-l'p.laue L"l th.lo at'.ld.,~. aa....nat be rodllOod 
tiut thtil ~l ~an ba ~oduo-.i by inoreaa~ tha di t.,wlle f'r~ tho objoot to 
tho point. of' cba~e.tion o It 1s desli-•d to havg this d.iatanoe a:s a 11 a.a 
possible ~d the Tal~e of' t ho o-aaow'la3e is jud.ii>erl by tho diata"i.00 r"@quirod 
t o Oi!ue-~ the air_ph.ne to oeoOiilQ illtlaible o 

!he brigntnscs of W\9 cirpla.ne depend$ ~pon the r~la~ivo retleot1on of 
the pi gr,:e:1:te used 1n '!;he o8.110u£1age paint aud tho izlwnsi t 7 or t he illumine:tion 
reooivod ~ l'OR t he 8QUChl1ght et tha diata.i::oe or t~e objoot from t he l ight 
so t£rcw. In ,hose '"ate t h e paint lifts varied but the :i.:uae l iP.:ht. was ueed f or 
e.11 flight t esteo Tho .ru::i.owit of' illumination receiv--od !'ro•11 the li6ht sow-o~ 
variea 11rw"•r1"1y u t ho sg•.1ara of t he dietlallCc and direotly aa the intensi ty 
of the eouroe .. 

The collt.rut depend5 upon t he color of t b.Q paint ~ed i n oQJ:;IOllflagin~ 
t ha light illa::u:urti;ag the StArf'aoa , and tho baokGl"o'1tld. Exoept in one oaae, 
t!1at wnare the sk;f is c lo~ded or onroaat, ~ha b aokgrCN?ld at nighi; is b laok. 

The paiat uaed for t hG \ea-ta waa a liila'terial sb::dlar to cale.om1.a:le, 
c,olo:r-ed 1io"it h. in~ pi~ft.ta and JIWCed vi~h. 110.tar u a vohi elo. fhis paint i s 
r oadil!,' r.dxed f'rOJa a d.?7 p~ end appl i ed ei th.er by bruah or rr;,rq g-.m. It 
c an be 'ffllahed tr1m th• curt .. o•• at an;,, t~e wit h oold wa.-ter and light ?"Ubbin~ .. 

Tho airplane ueed £'or the flight tests Was an 025-.A and the under aurtneea 
of the Wlll.$8 .. f\lse l~• amt t ail group w.>re fir.i.shed in t h e wa;ter paint. 

%'be sesu-Qhlight uaod wu a General :Sleotric 36 1.noh. 150 aapere e.ro , 
rct ed at soo.000.000 beam osiid1e-~. 

'the f1r1t oolor used WllS ma.de by a.d,Ung l~p blac k to an olive dralii, 
giving a dark r;,ray c oloi- • i'hi.s color s.Ad the standard e>olors , .=-.-}1 ye llow, 
•nd l\•N ol1Ts drab were iU6a8Urod with t ho Keuff e l & Eaeer ~olor Analyzer f or 
reflection oharaoter1• ·Uaa, and the r•11ult-a c01:1pared with those of b h.ck 
velw1... Black velTGt being the 'blukeat aaterhl aTailable it waa used a.s a 



(l / ?ara llel tcl the a11..~wt h 00 nrn.tion poi.nt - sun t 01rarda th?. • w1 . 
{2) At 4 b de::r e u t ,, th,. a•-:;rr,1t.h '>baernt1on point - 1H.n tow.rd• the •u,:. 
(3) At ~10 de t;r-eu to t h, •&~1 t h oburntlon poi.at .- S'..1.,.'l . 

(4) A.t 4 5. d•~ us to the 11.cmu t~i1 obHrvation pob1t - a •m affiil y froi:i :tho sun. 
(5) Parallel to 'th.i o..Ul\lth, o'baern.tion po1.nt ... aun aY1J.y f]"'(ffi t h• wn. 

~ ~no-ur lat· 
- - Vh(bi It-i Apin-,t t he GT:ound 

A fol"Siltion ot tiru-" alrpb.n••~ two .ti.nhhed tor day o l.Llno\lfl a g• an4 otH 
L;1 t he atandard yellow a.nd ol.1.n dn.'b, ehoul4 be p1lot.d &t 1000 tut altitud• 
...,v&r a pr•d•t•n&infld oour•• &.1:1d ol>t•M"ed tros a.no'2\er a.1.rpla.n• flyinit; O'Nl" the 
sa.•t• oo!Jlu .. t grtd.ually 1nor ... •l1tg e.ltltud•, until the o-&molltlagltd ai.f'lllan•• 
ar e not longer rt1t.ble. Th•r• will be an altitv.d• at wh1oh the ~lagM 
s i:rpl.anu OM only be looa"t•d lrJ tl,e shA4owa oaa~ on the growid. 

Testa ah•nld be ma.d• of this ty;,e on daye Qf · ditter11nt atmo11phorio 
condititJnl, i ,e. ol.u-, no ctloud•J .oloud• at hig.b a.ltltwt., G.lld aeattered 
olouda. 

Che...?li;• in the 4-aign l&yout -.y b• JMl.4• fQt' both '71>•• or day wamutlage 
in an •tfort t o 1.aprOT• on th• cledga.1 •wnii;t.H Ot' or1gia&lly- applied to ~h• 
11.lrplr.11•1 ,m4.br \eat. Ske'tohe1 o.f the 4 .. 1gna u1ed and eh:angu m,.d• ahould be 
i.nolucled. 1n \h• t-imt.l report. (.)atlin•d bluepria.t1 a.r-e included for the•• 
aketoh••• 

N1£ht C&raoutl&'-! 

Wight ouaoutlage teat• a.r• to det.-ndne th• •~feot1v•n••a of th• bla.•k 
"Qter paint aa a oonoealsent tor airplanea when 1n. 'th• b•aa' of a powert\ll 
cee.ro.bl.1r;ht _., The aearohlight e.hould be f1.x•d to throw 1,1 b-.. at ,~ degree, 
elnatlon as at thia U&l• the largeat ~ ia vi11bl• a.nd ill\ll'AlJ:lated by~ 
light. 

Thie tHt 1hould be oon4uot•4 alont the 1-.n• 11.net as 'tha day oamou.fl~• 
teats, th~ f"on&tiou. ~•la« pilot•d ·-tc fly through tM ••~light 'bN.m at 
i.norMeing illoreru•nt• ot alt i~• .mtU ••11~ ls r-.ohed or t he plAJLel 
b_eoom. 1.nvh1ble. · Th• navigatlo.n 1.it h'i• should be tJw-ned ou1: j'1tt. prior to 
the tGri:G1tti0n ffiterlng t ho 'beua at n.oh altit-..ide a.nd left burning a t other 
ti!u:91 .so thAt t h•· groun-d obHmr u.y lmO"III' their looatio.n a.nd when to watoh 
th• beu tor the ii' pasaae- . 

l 
r 
, I 

l 
l 
l 
' 



DECLASSIFIED 
, ' , , .. ,a -:mp_ .>: :e.;,J;,•.~·;• l ·• d "''- , 01 .. 1 •l6 r.tf'!a ·J .. 1 • 

:} •.•• -~.,. _;i J••itn Q., .d ar:,.;:11.e~ti'}._ )t' t'.\I• ,-,t~t" ~b.... a fora.rde 
~:• ~:,vu 1 .. .1~tr ... :>';;\;.~!l. T • . L,; :o.,'t,.; 11 1. ;rJ•r h • ,1 ... ,.,., o tn 1'1n • •M 
a~it-~: ,c ;-.,:~i· l J:r,!-0r \ ·i, 0, ... 1.,1. i\ t:H''J?f h Q.l,-0,,..1 s..t Ap end.b: I 
'ti'.' ~ :. l. 'l""t;-1')%; • 

~ ,{' . o~ l :r·•l.,.1 •· i: .:t s: :Jf7 of t-ii, t'''yOr-t t ,'tr.11tti1d U/ th"' 2~1 .,.,~r~nt 
,._~_.-\~.\ F.l.~,!.d, ,1r,tl".U.Q 

f! 1 ..... ~ .. ./! c. .. ; i~c-:· . .. =~ ?Jitt~ ---··---- - _____ ... 
C~0'..U'l '.l. ,r.-, . <lhr i !.int 
.. ..,.._ .. __ Iii ---~~--~ 

;: ~.\. •~.,,. : ! 1._J.._ l ! 
.. ___ ...... -4""" _____ .. 

;.. 'b "'ii(, ... >f t~,~ i.'l~:"•:>a•~Fl 1,ro.uks '.'!Oti.VithJ 1)f tha f-TOIJ.,? :\t 
--;· ll! 3 "''H')i\ 1 ti•J't".l !.l.;.~) it -.1.fl w ,t <3 ':l!l-.Jifirr~,, pn.'ltlrible t~ 0'\.-.1>a!'la.b'Q t\ 

: .•. ::-"-r ·i! i' - Br., ~it--pl!l~eJ for thh t~.1\ » .• pr.,p·,nd by th, '.1t1t0l"hl fl17l!i1-m, 
·; · ":.,ri ·-1 of' t ~_.,_o thnt t h~~t' plnne:s '7'.n.,ld !'.an 1; .. 1 bo di'Yvhd f,c:o M 1'::.:>.l 

"~ i ~~.t:h:1 .1.~-:1 i;hi!I b.bcJ• i -nv•>l T'"lii ""' ~ M i"j.~"rt"'lt ec-:1tiBerat1nn i!;i \"J."!3 o.f' 
• .• ;·-1nt t·.11 t ?b.nac '.)f thiJJ t:,•pa ul.ll n~t p~i'"tle!.1,,,Jte ill th;i o..nti-airM~nft 
· ;,;.~rt ·. n~ r,.t, !;,•t;; \;l:'):i: , ~!• d'.lf'ill; W::.y U~$. !t "'?tl.11 !"~H t."'.at iafol"':::ltio:n 

., ~ b., 'J)t1.ir.1l by u3i1lz on~ ,:ir i:~)f'G ·nB-<ta nirplnnin !'-or thoiH t Qitt would 
• OJ : · ' f,f'H~:l!f w hrn. fh.is p-,Ucy nMunit.ato<l a J.elii.;r \CtU :'fovr1l.l;,., w~,.:i 

t:c ~; thJ,, s1r~iAA~~ •~ro n~~ii~1n:~ t~ ¾h9 Group. 

:· ftJ:r a br.lof pl'~llz.iruu>/ eer-·:l:-:~ t e-:it ,. o.c, ot theae planH 
: l :-.n. 31 .. .-5)5, •"" 'i i;~de av.1. ilnbl;, a.1.·-..d -nu pain·e-d wi ~h t o:? !ind lnttcr.a 

•,; · ut:..i:1'1·1.fl,...:;•~ ?,;t) itlii"tl"'..tJti~llB oo:1ta inGc i.'1 , • :., 01-1 ... 16 t.ad n~oG::lPanyini; 
:.r.;~s:,.~t,., w:;'"'~ foll?"n4 9u1:1pt for t.J,_., f-111 ::r.;int l)hu..,;@- 1 I.£!.t. aut~ 

_Jr<:; 1.10 ~.. n. lar g'il p.•opo?t1on of f'-4dioh t i.zrh b tin b..ndco-o.pg of 1-.notgr,i 
·d.r,~i"l.i e. 1 s.e n·, au1t1Uo o¢l:,r -.fl 1..-nol•.ado-d -:ritll ~,}\11 W'\ia,z, p,31Jlt rc-ooiwti 
t.., :i'-.t;•U.O!i.t• thh ti.~ii , 4'~..!'l "f~notiant.: o, ":J:d.ci,;tt l'"''<i pi_;::w.ot \---;J.S pro
,:nrc-~ 10-,;i.lly 1;..nd ·li;c:.>tl -;rl.th n a:-.all •~1.u.1:tity of the )~ri~ point t o pr::iduvfl 
~ 1i ·:ht ·•.r;;jdiGo ~ b:r(1'1fl'l >t ab.odo • 'fhh oobir' l'l>IS appl b,d to appr·n1.:;;3t3lj-
2,:' yH'0-'"1t .,r tL1 :'\TH. .in...•Uoc.ttd fl}r Ul'~ :'Ni:'.l On ti.e diti.p-;.1:1 1"\1:rnishsd 
· ,,· ~i,e .. ·rhl i1irlJio.n. In e.d ii titi::i, to. s"'llll q•aintit7 . of white i" il 

· .. i :--: ~.-, ·1rith t"l~' :; .,no provldaj ti, P"'~;11..G-S M'. '1•.) ,,n~ - · b,.u~rtl Gppr sx~tinc; th~ 
~=-l".>r -::,:' th;, !.oil o !' ,-;pen plc'..1.i),f'i fhldt whl.~h pre-i"a1l in t h-i1 l o u U ty · 
H>t'.l:i 7..•mgl<il;r n.old. !ho \l.'l~er{lid~ or .;in~• and tu1ola.go ~,ro ~into·::! Tilt h 
·;;•"l;i-..ilt ~rJ.tit1 H ~ht blu>J ;:>i ,:_1.:..'1~~ iis t>.:rnh:~. e.:i,1 a. eodlop offe1Jt ox~ 
1..;ryls ,,,_, il tvi ·1&d '>lQ"l,; t ,,1:.l leaii.ni t.;:-d tr.~111.:-,.: s~i~.!>!J ,,f the wingJ s.nr\ sidas 
;r t:.~~ fus-,1~;1:1 l\l ro;;-,:-::.,:irlo-t i.o th.s rlir-oOH'lrc. 

• • •- ~"r:'"-1'} }, ~'l 'r .., ~:'t:"'$J!\' ,tf 
• . ..,J ~ .. J~ J. L.o l .1V ! ;_.., I 

--+~,.,,.,.. -~~ .... ----- ~---

1 , rn t~,'J ,,.~ .. ., '1!' -" --th ch:,- and n ight to,·t1 ""'18 j;l1ts.i;-1' ..-~, flo-:yi be.~k 
.~1 f·sr-t"i t:.1 ..,v 'll i 1i--..at,~ e,._11.b"'ll 2t W Ol"e'\ilUit sl':1t,~d1 Pp t:3 th, 
nu .. ortilir.~, t-.• ti~ <.:lf p-'!r1.c;.a rar th~ fial<i b.,il'\e :n,;to-J h"/ hoth 

~ .. ~1,t i; :d o':iu--,r ~ i"l ">M""l°' t.rll§<t tr,;J a!tit:.de O"J\,1'1 b€l •ll:, ~u~t•ly oh.ookil•'L 
. .t.-,-.;~·""ti•itn .-•,r-e -,11e.e f o:- 40-00, tY)).r.:1.1 8f\),.); lO,QliO t :i1 l2

1
Ql)Q t:'# \ and 

>--r- 3 ·· 0~: 1;-,, .. ~.) l'~et ;;:,~r· ·1:,,7' tL"l+.11 l:,11t t"' ·d'"":, , 



DECLASSIFIED 
.;:l)e n-~~il~• ~ft~• tj? ~~~ ! la~• 1'tlNI 

-..~ i l • t:-"' mouf a · td o la.:•,o 1 fl· ·i -:1g t 
vO,) t ott d "1l•n pa kw :>n " " ·,-r und 

a·~~~daj Ex.~1bit "nD - t s ~f 
t he pett&M'l I.lied nd th d•g,-.e tn which a 
.,.,. U in~ l)aoqround. 

For o sern:.t1,n of ~ om o -ourla ~ t r 
a l':e- t ely t.>n.rd and •wa; • u a , :> 
i r., a 00 i t i 021£ IO 1zi.ed, Tho f?ll ~- t Na>Jlte ..,.. • 
t e ot•• of t oburver 1lho wi tne ~A .h• .,.ri.,ua teeta1 

a . 

f•■t I 

f} i tude oo6 tt. Yi 1b111ty ot pla.~o r educed .t 1 5"' 6000 
., n 

" ~ 
1 1v: 

8000 " " .. .. " " 6c,;C 10000 .. 
" " " " " SO)C 12000 " " " " .. '°" lSOOO n It 

" II "~ 14000 " .. 
" " " ~ 15000 • .. .. 

" " 40% 16000 " a, .. noa ti on OH.led . 

R rue 

oth r ple.n 
1000 to 

t which 
uetr&t• 
pre-

2:50-3150 p -~- . 

, . 

At altitlldes h.1!'"-, l :?,OJO to•t t he eaSJUt'la.re •• of"eotiTe. • 
t, • ltitude lnOl"MHd, hOWffer. it .... noted that the pl&.'18 a.ppMr e d to 
Lor .... in brir,htn•11 t o an •xtent that balanoed th• d.1.rain1ehed rle1bil1ty 
due t o t he inor•ud pwepNtin. It a ertdeut that a gl"eat d-1 ot l ~h-t 

• 1n retleoted \)y t he propellera and th• ■ide or U .e r uaelage ••well•• 
.rro.: the 11'1D.c lne&rHt the wn • hioh . by N&aon ot dihedral, reoe1Ted a,r• 
direot 11d\~. 

feather a Cloudleu, aky dffp blue. J.tao1pherea Clear. l'ille , 2a50-Sa30 P . .. • 

fb1• hit •• eondQOtect 1a the ■aa. taahioa ... Teat I, under 
•n•tl1 •Wlu ooncllt1ou. and Without ohanc• in th• oamoutlace . n s- ~ 
l Sl-ao&. UJl•...,'latlapd. 111111 tlnn in wi.d• f onatioo with the e&aout'lag4td 
plane. IHult1 obtained W'eN 1ub1t&ntially ~ same •• in !e1t I. 

~UFNJ"I •ta ted t t gh r al ti twi•• th• .m.-umou.tla£4 
lane •• huder to laie. 
l"UJ" •~ t traa ■1 ot.beJ" ah.,.. 

• • brl;ht .,. • • ebHnat on o • neoeu ro ;,a1nt1Jl& the 
prop•ller1 ot tho e&m:>utlaged plan• t o ~o• retlff~ion and to darlcen the 
blue ot tb. wader-aide ot 111.nga and aide ot f'Qaela1• • 



, l l•••• cley •• 
• tJ()( r-t. deib1l1t 

rt. 
8000 

1000 
12000 
l~JO 
HvOO 
l '5000 

" 

., 

" 

" 
" .. .. 

.. 

#' pla 

n 

. ... .. 
•l '-• 
•nh•r 

1 
-r.; • ., 

t • h•r• leat 
N-duoed to 6~ 

" 

" 

" 5 . , 
5-:,-( 
40ft 
2~ 

.. lo,( 
e,; 

Lo1t 

. . 

?r1 to thh t t a q:.ia~tlt t purple And blue pi t -.a m.ix-4 
tc nlk• e. p&le '-blu• uft. '?'he \U\d•i-•14• ot wiJ:ic t.nd t 1Hl.a~ hre 

p led wtth ia oolor in 1rr• lar pe.toh•• or 2 to 4. &q\UlJ"e r..t. Ab~ 
)l of t • ~o l t.rea wan conNd. !Ilia • r:lc wa~ aao lie ed "'.:T/ thJ-H l'len, 

wain , .. brue • , b l, ru.nut••. Tl• pr pe1 lerc :wre painted With a ooati.t:,t 
-it ata..'ldard ro n & ti-glar• p i ."':. The ei.dea of t !\ae~• were da.i'kened 
. u f tha bl • U"f'e ai.xt r•. Thie lfl..e.t;e prOTed -n,ry !teo 1 .... 

Te ~lAn• ~ .-lly lo1t Ti1ibili1Jy until &rowid 10,000 feet it •e •er-, 
.. 1.rr1 tlt t., pi le up 1..'" th eye • :N:la1'9<1. m . turni.n~ t,,_,.d t:-.e au:.1 1t 
hap Mr• Cl letely owing t th• &npe· ..,f oaru:. ?he plr.n• w.a t'i ll)' 
ct to Y1ew bout 16,0C)() f••t• 

Thta t••t • bl11·•! tha 
• o furt er ch.rbm the Lue 
f le, r-rtic .larfy t ~ e1~e 

11 ht at t • 1g er altitud s. 

lu t t1ie darker t 
1 thtl e.d 1t1 n r a. 

t •• !\la•l• • • i h & 

l ~ WII.£ 

prop rtion 
d to re.ti t 



oec~SSIFIED 

Oil thil teat the W1-oo.mou.i'lapcl nl-ia ll'lla tlOTtA in ocwpuq with 
ths etW-u.tlapd pla.n.e. Th• la~er bad bee ruz..t.h.ar d&rnned 1n tone u 
ieaor1~.c! in the pno4Hl~ •Rea.JOka." 'lhe re1ulta ob1a.1!14Ml wre Dl.9h \he 
aL"!le a, 1n th• preTioue ten and th• turther d&rbain,; 414 llft app-.r te 

n reaulwd in notiH&ble i.lfproTDA!l:Srt . It n.a rem.rod by ,.,,ral 
~bHrnN, hO'ft'Nr, tbat at all tiaea during the teat the a-.out~ pb.n.e 
t.ppand to b• oousiden.b1:{ 11f•r ~lan the other thoqh both wen~in &et, 
at iii. aa.» alt1tiide at al t •• 

Both planea nn 1till 'ri11ble at 11,000 tMt due, probably to ~ 
!'aot that they rnohed that altitude late in th• attel"llOQJl and 1>he 1un •• 
a.pproe.ohlng the horiaou. girlng • er-eater TOlltml ot light to the un4en14• 
as oontftated to th• dat"k blue of the aky llaotgr,nn.4. 

1'1-i.ia teat eono l~d•d the f.ay t.at1 ot bo"am oamoutlage. 

~.. !op C-Ou.flap 

INrin« the in.ter.nlt be'twc th• toregolng t••••, obHnaUont1 
and photovapha .. r• -4• ot ttw :top oamout'u,e while -the pl.au •a 1n tllght 
and cm th.• cro,m4. 1'hi1 oamoutlap a.ppe&nd to be wry etreotlw and 1t •• 
not eonaideN4 aeoe•••J7 to ab aay ohangea 1rith Ngard to th• oolor1 ••-' 
?r the relt.tift proponicm or the &NA oowred. It 1a niclent that tor bnt 
r 1ulta th• oaa,utlage m1t be -nri•cl with the ••••• and. the atun of ~ 

. wrra.in oTei- wh1oh the pla.n• 1a open. ted. 

The under aw-tao•• or the oa.:,ut>laged. TlB-h. nn ooaplet•l7 
tL"l.iahed Yi.th bl&ok water p&int. the pl"O~ller1 had pnrriou1l7 \,ea paiated 
tl"Ollt and rear with nandard arocm ant1-glar• pain\. An aoo.000,000 ••P• 
60 inoh, ,1a •• ntlfftor 1-nhll,cht. 8peny .Aro, 160 -.P• tr. Pwt llOU"M 
•• UHd tor Ul\Ullinatioa. ~ ae&Nhlight bMlll •• ••t at 4.S- elnats.oa. 
210• &aimnh. in fixed po11t1on, ~ atMllpt aa •de to tollow the .. 1rp1ee 
1.n tligbt,. the pilot Hing inat:r,;totecl to tly tllro\tgb the ..... lie•• 
further inatr'llo-4 to kffp rl,lJl.lWlg licht burning until juat Nf'ON uwnac 
beam. 

Teat I 

le&tbert Clo'lold,1 9/10 thla al'°•atn.t\11 at approximate~ 12,000 ten. A 
moon s/e full ,., "1a1bl• "bro~ the oloud■, hanng uo\lt co,( poneisrt.~lon, 
Time, 8115-7&00 P.~. 

The plane •• obHrnd h'Olll ~ tHt to 9000 tNt, It •• d1U,l t 
&tall altitwle1 ~p to TOOO teet •• a '"1 objNt 1a ,he~. At 8000 &1114 
9000 it wa.a doul>ttul Whether or not the plu. itHlt ,_, Y11ibl•• _ Th• ah&Cl..-



• Add. 11 0 CtASSIFI ·o 
roJ t• fT✓ the plane t • ,mi t. 

• aro 11 t •PP red, hOW'ln'er, a•• lack 
Uiht ralJl o 1 ~~ t fall a.tt r 
ocmdlt1o~a we~o un~ ually d1tfi lt tr 
it 1, d tful it ~ at ot ld'l& 

f u t lI --- · 
<Jl"' dle1a . A ere al.r. ?h moon. fho e e I t • 
h11 ~ t cu ,_..,.~ , inl d t l ing -. t1x• the 

11 i hlo lr-J nOJ"Oll oontrol or ght. 
b at all obae 

pp b ot atr ly low 
op1rat ora ~ d .ff'ja&.i:e• d.itttwl 1n keepi=.g 

th eoo,u r;,1 1'or .., l ot to ke r pee.t e u•• 
h11 poa1t1 - • 

fhatu 
1e:.r hll ta o l: 

"' t it -tll n,, eo.a ar-J to u e aovwl"ftl 

1ble tor h 
attorded by 

pl n tly --t 4 t or i t 
openti:(lg on• llt;ht o roll ow ho 

plane. 

a. fhat t h ey t ot o • re d•e~~cn~1 in T.o. 
er; :t tiv• for top c outla tr 1'¥.;. .. ed •1 uid .. 
ro lem 1nTOlff-d. 

• That t ott ill Trt 'IV 
etteotin, ,reduoiJtg he ral vldbility of th pl t 60" and 

ln the illu11on t t th plaM 1 600-1000 t et hi han i■ 
117 th ae. 

o. flnt raottled pattern h mor erteot1ve - un11'c.rm colror. 

d. ~t further ,xi> rimento.tion ould bo oarrled on "+ 
jet ot arrlrtn •t tbe oolor whioh 1 at•££ a-tin a inat .ed 

■lr,J t>Aok rcr.md or a1:r r t hade of blue and with ditteNn1. proportione 
of cloud. 

•• fht.t th dull ble.olc tin.bh for nl~t o utlace le • it 
;...-t-~~•ly ditf loul t tor e-.rohlight er to t h md hold plane in the 
b and -thtlt ore than oxw earohl1c;ht 111 hnn to b u■ d. to keep 
lane oonatantly illu::dnatec!s that a oloud bt\ckgl"Ol,m,4 again t whioh th• 

plane 11 ailhou.tted. by th li~t kea it oh •1 r to tollow a plan , 
tho l;lt tho plane an4 lte •hadC11' y b oontuaod to an extent that ke i t 
dlt.ttoul. to d.etenwie it■ 001T altt • 

t. Thl.t the ter paint ie ■atid'&0tory for t~ON.ry oamoutlat;• 
uae e.nd lenda iteolt to n.ri&tlona bioh oan bo rnpidly e.nd 1ily applied 

y eJiycm. who undoreta.ltda the 110 pr1no1pl• or tho e.rt; that the latter 
oeui • publiah-4. in the tonl of !l'. • • • w!iiob oan r dily under tood. by 

kill p r101m1l. 
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ATiatt n 1e 1:nt N,hd in t rtt4 ot:i , l] ot Y1 1 111 
t ollowar 

a. t)'on a. 'bow . .!'or oo~ -.l n.n~ lib• par ad ~n ... e: d o.ad 
w c ui tlT t &t l ow • lt1t ••• 

h . . r belUIJ. P ~oed v.1db111ty • 1n1t ~ .... 
t • ,qt~ cay. 

o. Fr b•lmr. For r~t.loed retl eotlon ot the l i4ht or 1ua1~u,, .. 

light b - at n~h•, 

hen park on t • ~oun4 1a 1-:t iJi;r,orts.nt to pNJ'f'«lt 
dil ry d a.tu.ck r h tile all"On..rt , h 
aoo lt.h rorat't 1n l:rre , .. ..., and b u.1• 
of lJ.r.&, tr to. i t 1 lao l@, on oo • 
pl a - t tn I. A 17a at.ii bl• 
to the 1n ""ll oontr1but re than 'fll 

.al.mll't. YI pp.-s.z-a ... o . 1. Ol ... l-lS 
be f 11 te.,l prinalple1 r to:>4 bf 

n.ble that a table be ll th 
1n tor eootio;ia of the • • , 
ho year. It would ~" a r d d .. n.ble ~ 1tandt.r-di& a. 

lor • h a■ dull or 1th 11h10 r 1ur-ft.oe of all 
should b• paint • fh1 0114 color en be 

by the ppll t1on ot int 1n a.oo J"dano• With the "'r-ntottona 
in d 1n ! .o. 0l•l-18 as by the a'bo t1one4 

fho detendnat1on ot aa ti fa. t017 eyat ' · co.neut la 
1n1t ground obaent.t1on inTOlT11 a oh or tho 

hLat t t th• h TeU are the ,our ot Ugbt r I t opa"" 
objeo • 1!or•over on utr ly wide ge r t;y 1klc:l"Olimle llhiu 
olou~, to de p blue enoounterd 4 -. ,,..t ui table o the tor= r 
oul4 •nm.nae rath•r thtln detre.ot f:ron do1b111ty"lthm ~1 d • lntt be 

latt r. !hua, it t ·• plan i painted a. 11 t aolor . ioh 111 blend with 
the oloud bao~ound, 1t 'ffill rotloot light lfb1oh 'fl'ill ke it 1l10Na1in ly 
vbibl pinat tho ol 1U"' blu Jcy. Th 1olutio ld ppea.r t be • color 

4 tteru ot painting wh1oh rill 1nolu4e both Ugl and dark 1ha4 • ln 
l prop rtion • 7he v1e1b1lity of the plan 1hould by thie a e 

re uoed by at le 1t ~. 

Th• test• reoently conduoted ppee.r to in41 t tt.at a cla.pplec! 
tem or two• de1 11 ore rt ot1To t n tl two d rnx d to f m 

a eingl oolor. lt 1• beli• d thnt thi 1hould be f\ll"ther inTe1ti t•d 
&nd it 1e uggutea t 1n the event a deob1on is a.rr1Y 4 t a, to TJhich 
oolor 11 • erally mat eft ti"Ye, ~hat thb aolor be broke into ita 
oo Ollente of blue, roe!, er , eto . .. e.nd that h• coloN • applied, pure, 
1n a lu~ oheokcr pnttern to ar , proport1onnte to th peN nt c• o!' th••• 

olor present 1n th• ba.•1o abad • rh11e t h1ch ltitude t a oolora 
Will appoa.r to bl nd to form the bAaio oolor, oh one I di1tinot ve 
la which y produoe a 101nt:lllationn ro oonfus1n t o the .ye of the 
ob rY r than tl t produced by th oomponent oolore blended and ppll d 

I I lid ooln.- . 

DECu\3SIFll:D 



l:liiht oam1d'la~ appou• to ha'H been •atablhhed 'by the ue ot 
the dull matt 4e&d. blaek 11hioh redu••• a refle.tlon to a aSnS.m11. ~•P 
inp!'O'TC::lG'i.tt :rlgh't be mde by analydng th~ light ot the ,-.r1hl1c}rt baa 
to de\ffaine i u prnll.111ng 1had• (whioh to the eye t.ppeu-1 ta be a 
groei1ah-bluo) • -mien thh hat bMn dete:r-minad • 'leat .ai_ght b• -.ri. m1x1n,.; 
trlth the blaok • pl"Oportl011 or '11• eapl.ilmltiuy- oolor (red.) whioh mi.pit 
t•ud to neutn.111• the ntl.otion ot blue t'N!I the plan• -.nd renclel" ita 
appeannoe 00~• oont\111.ng 1t not aotua.lly l••• T1a1ble. 

The aeM"ioe teat of ~ter paint d.aonatnted that thh m&terial 
oan b♦ quiokly and Mtily appl1~ and la euttio1ently durable for pn.otloabl e 
pt.U"\'>Ol~Ulo 

RECO~lllATIOBS1 

1. Th.t.t wattt paint bi; furniahri o taotita ta to'?' uae in 
comieotion with ilJ' Corp, Mneu'ftn and 1-p.oial projeot1 • 

i. 'l'b&t a shad• of brlok red be .. Med to th• eolore prOT1.dod tor 
the eemoe teat • 

I. That f.O. 01-1•16 ~ NTiaed to inolud• a table ■hawing the 
oolore beat auit•d to the teJT&in at the w.rloua 1eotion1 ot the o. s. 
a.nd it1 tOJ"e1p po1teHion1, tor th• •riout •••ona ot the 'fe&r• 

•• That long handled (a.bo'1t 3' e") l>Nah•• cuoh e.a e.n used bf 
paper lwlcer1 be turnithed tor applyu.g the •t•r pe.int in the fbl4. 

6. That exper1-ntation be oontinued at ~'right Field to d•teJ"l11.ne 
the most eatbtaetory 1hAcle ot blu.• (blu..,..U'ft), ('blue-g:re.n, eto.) whieh 
will proTid• best oouo•laRt wd.r aver&.ge oonditlona ot aley' baokg:l"ound. 

6. '?hat th• ftlue or "1ointillat1on11 ef"t..-t 1Uggnted u:ad•r 
•n118\laa1on~ be innat1gatn. 

7. That ,mter paint 11aila.r to that provided for thee• terrioe teata 
he pl"Orlded ror 4.ay and nicht bo~Oll eamoutlage tor the Camp Inox anti
airoral't •x•roises and that tor daylight use a 4t.ppled caand'lage •iallu 
to that 4-fflep•d. 1n T .. t IV be \lttl11tt. 

8. That fo%" thia and 1Wlar proj•at• anct 1nt!1T1dul t'Qd.llar with 
the prino1pl•• u.d probJ.eiu invol?Cd be an.ilable to superrl.ae the 
appl1oat1on of the 0etoutla~ and that he be pronded the neon••ry t.Hitt&noe 
to ett'eot olwlg•• aa •1 appear deairabl• 1A aooord.a.no. with ..... th.er ton0&1t■, 
eta. 

Inola, 
Appendix A 
Appenclix B 

( ,.'Ue1tiozmaire} 
(?hotographa) 

(S1gnri) 
P. !JELVILIZ, 
C..ptain. A. C., 
2nd Bomb. Op• .sng. Qtt • 
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QUESt l<JllQlD 

PREPIJ?l! I OY OF nl'fiR P.All'f AID I?S A.PPLXCA!IQI 

1. Tiaa e.rq dU-t18lllty apfl"19DOed a aixiag the 41'1' water paint with 
water t o a a&'\bta••l7 001UtiWNB07t 

2. k a a.a:, ditf'ioulisy aperienoed Yith 1:h• ap-pU.•t1cm by bruaht 

1. 01w eatiat.d amoun,• ot dry 111&ter eolor requir.4 t or tlni•hlnc 
one LB-e airplane tor eomplete daJ' oaaoutla~. 

W•ight in Pcnmda - Light Blu• 
" " • - Du-le ~-
" II • - Pm-pl• 
• " " • Olin Drab 

Wo L1,..6a alrplanea nre oaa::nlf'lage4 toi- Naaou ••tH 1n the bog 
or tu np.n. One tlB-9& ,.. oa.Nflaged ualn.g approdllateq the 
tollwinga 

IO Pouudl Ug" Blue 
Ti • t&rk Oree 
10 " Parple 
10 • O.D. 

l " Tihi\e t • Brlok RN 

•• 01ft the a\JIIIHr ~ naJl haun require4 iJo aet'\l&lq appl7 ~ t1n1ab 
tor dq OUIO~lage • 

.Appl'011Jla't.ly lt JIIUl hcn.tre. 

I. 'Ille 1" app11e4 b7 bNah O!" epra7 gunt 

Started with a:nall apray PJl• fln1ahed with •" bl'\lah••• '.8ruh 1a 
Jll.lOh hater 1UJd clo•• not require auoh oar•M miJdJ:Lc ot paint to 
an it r1ew. 

e. Giff th• maml>er ot man hove requ1Nd 1:lo t1n1ah £or night eaaoutlap. 

Approxia.tely 10 ,_. hove. 

1. Waa 1 t appl1e4 l>1 bn1h or •Pl"ll7 pat 

By brb1h. 
I 



\f ED 

{,E~" · ·~.~ '1 ~s\F\ED 
...., ,_,r,:,,;J .. w 

A.111 o~lsg~ t>or r rt IV 1-1n phr.u, 41 appeo.nd tr-om v1 or thtt 
llA eye t 12,000 f 

8 • l7hst ... "'f-ot d 
alt1' 

~ .,,..... ... a mat Ti 1bl a iaet th"" e.o p bl ot th• slcy 1n tho 
q1~ un. Xt p~ a t.tght p ok b oauae c£ 

light. I ie believed t t t at ft t1T 1y1 not 
ouioutlage will be that "1uoh reduo I Ti ibUity in hat quarter ot 
the ety. 

J!. f'\4 ~ the r•oulte of th ■ te1ta 1.n41o:-""~ thAt olcy oamutia e culct 
14 1n carl"f1nc out day rd_ _ :d. alont 

Y•s• Tlill ake t he plane vary ditticult to plo'k p and k ep unde:-
obul"'fttion. It turthor I ple.ne :pp h1cher thb.n 1t ot\Mllly 
1e. 

6 . St:Ato any oo ta or or1t1o1tn11 you y lui.n to e4 relat l'N to tha 
~;11 tion •nd ua• ot th11 ch ot OU'louflac•• 

See rea::~kc under "Dhou ion" 1n body or report. 

Day Ol"Ound Camoutlo.ge 

1 . \Jnat ,rao toun4 to be the eff ot1ve al,itud• tor gPound anoutlage'i 
fh1■ altitude ahoul4 b• expN• ed o the cU.tter oe betw en tl1 alt1tu4o 
of th• eU1Dutlapd hip and the ob1ff'fttion ■hip. 

Thia 1a not a tood quoat1on ■ 1 t 1.a not eo meh • m.tter o£ deo 1ng 
Tielbllity with •1t1tude, as it 11 of oonaealmont by blend.ing ldth the 
prna.1.lina- bQokqO\IJld. lt' looa.t.4 the plane oould be oburnd at 
altituda1 up" 8,000 feet or re. lkmever, it I extr ly d.1tti lt 
to looate and keep 1t und.er obHrn.t1cm due to the er in uhl.ob 1t 
tend.ed to 'bl d 'With the pre'Tll11:lng b&ok&J"O'iS?ld• The 11ch ~ ot oamoutlac-
uud "Hf'Y erteotive in thia regnrd. 

2. G1n atate:nent a to the "1 ti•• rl lb111ty ot the OllZlOU!'la d irpl.a.lle 
d. the airplane With atendard tinbh en Yi 6 troll a.boq wile th• 

airplane• ar• t re1t on tl1• tly~ l1i1•• 

th oamuthpd. plane nlatinly ~ le111 Yldbl• 
nth ,tan4 1'4 tinl hat .ooo feet. 



V1, r~I~ .ca=:icu.tle.g 

t 1 •t.e erre ~ttN n.r. ~ tor nit;ht oamoutl ..... , >1,.. ' tudt of t he 
p 1.4 in n.ngt or dietn.noe f'r 11 ...-hen tM 

11 ht beam. h l&w. 4 15 d 

?. t ctt ct did onll t Te e1 acr.:ipcred to de.~k nightt 

eti.Al oo d1t1ona xi ted (high lay.rot olou.a) ,m1oh pre"TeUto4 
bstZ"Yfltlo under thG moonlight oondit1on referred to. Bdweter, 1t 

t tt plane is tlyi:nJ: in the v1o1n1ty of :the cm 1t is believed thl.t 
the ter lumino1ity 1n the elcy whioh ke it o.ppo Z" bluo-croy will 

vor the o ou.tla 1oh in • rohlight am pp red to giT• a 
mo•• color. 

3. If differ t wea.thez- oond1t1on gt.TO different reeult1, te.te rewlt■ 
f r • ch d th oorr ispond1n ther oond1t10!l.D. 

SH COJld ot the Te t1" 1n th body of the repol"'t. 

• Qin 'th mmbor of mn h:>urs r uired to waah the water pa.int tron 
on Lll-6 airplane. 

1th tlt al4 of a Jemiy cl•e.ner it took three nen «>n• day to olee.n the 
plnn or ~11 tr int. 

P. ~LVILIE, 
C pt&in, JJ.r Corpa, 
2:,;ul Bomb. Gp• Eng• otr. 
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-1 1 ent.'t·al.-l'au1un1lage. a~ :q,plieJ to airplane~, is divided into the 
i 1,I \\ n .!. \.·l:1-..:--c:--- : 

I. I 
(..'. 
( 3 

;;_ 

sur!an· 

C l,h11 , Tl 

the iu,,, 
Ill'\\ ;tn 

~ 
,,i<ks r 
,qu 1n· 

~ 
,1d, , Ji 
! O il Il l 

..... kad i11g 

CL !Ji:! \I ,:,~ 
are.t . 

') m rnlll·< 

""""' the pu 

Tj Il l() t\1•1 - i1ig,lt, t n, ,,U{" l JI 

ca n1ou 1 

C· (r, 11 ll } 

l'I llll)lli• 
Lili \" I 

of ,;b.,, 
pla;l<: i 
: \ t alti 
or ven 

I . 
,·i, 1hlc 
i11..:'·\l(h 

li. 
th, 1,,,, 

wi·h t 

!lii ht 
\.'a llll)U 

l,a -.(·• I 

~i-_,. , •;1111, ,nllage---day. 
~ky ,·an 1, ,ullagl·-·-nig!tt. 
l ;n ,m1d <'a11 1 .. ullage. 

ky Camouflage.- ,,. S J.-y C.1111011/!a!J•·-/)ay.- The 1,ultl•lll 
uf th,: ,-.·in.\!,:. v11q 11.•1111agl'. and fuselage ll'il! he colored light 

,tt i,·• l \I ith irreg nlar 1•a1d1e" uf purple as "h1111·n in Fi~. I. .If 
a;:,· , ,·c'!illli i,-: ,,,·al " r r, n111d. th,· pt1r]'k· 111ottli11g will a l,;11 exll-ncl 
, ,n I ill' I, 11·,n l " ,n i .. n l)f th,· s ides. with the: upJ)(:r 1;11rti, ,n u ( the 
lurt:d i, ,r g rt ,111 1<1 c·a 11111t1 tlage ( ,-,·,• 1,ar. l ,J . Fu~cla;!;c·, \\'i th 
r n·t'ln11:.;11b r .-r .. , -,-~n·ti"11" will han: thl' ,·11tir,· surf.we~ ul the· 
1,hnl 1<11· gn,urnl ra111u111lagc:. The purpl,· l'Htdws ull the 1 .. , 1-
ll<· Wllll'' \\ di c,.11,i, t "i i n,lll 0 11e t, , 111•11-io,.,t wi<hhs aluug th,· 
,uul tr.i1l111~ c·dgt·~. 11 ith a lik" amotll ll uf tht' light lih1e ~pan·d 

th •.• 1•1111'1\- t<• e~ten.1 fn,n1 une tu th re,· ll'•·t im,, tit(' ~urian~ 
lu i, .. tt11111 of 1ht' iu~da~l' and tail snrfac('s will likc:ll'ise '"' 
altl1011hh it 111:t) !1t· nn·(·,sary t<> ,·ar_v tlw siz,· and spa,·in;.:- uf 

ii,~ ~" a ~ tu lw 1•r11J>t1rt it111nl W _till' si1.es .-,f the s11rfac't'S h,·ing 
< 11,vi,,u, ly. 1h,·n· a rl' !'arts o i the ~uriac·e "i an airplane: in 

at m.1\' "" \i,·wt'tl f rom ,·it!lt'r tht> g-rou11<1 " r th,• air: and \\'itlt 
1rkni ;h !1,•n·11r,·, 1,d 11·,·1·11 t lw tl\'O l1al'kg-ro1t111<ls. it is dir-lir ult to 
1g,· th,· ,-:ml<.: ,11riac1· in a 111a1m(•r that 1Yill 1,,. ,·q11a lly ,·ffc-nil'e 
tit 111,i11h , ,f oh~<•rl'ati,HL l lowi:v,·r. tli,· main ol,j,·ctil'e is to ac
t thi~ in,>Jtar a~ pu~:-ihk• , a11 ol to n:d11n· t11 a 111i11i1111m1 ihe visi-

11!,• 111a 1,,r pt1r1i,111 .,j tlw airpb11t· as Yi<cll'l'd fr t1111 e ithcr pnint 
·v,1ti<1n. Uay ~ky-ca11111111lagv pn11!11ce, the illu,i•m that the ai r
at a 111ud1 hight r ahitwli: 1ha11 that at whi(h it i~ l,t:ing- l!,J\1·11. 
ult:~ at~ ►Yt' 10,l'O l fn:l, the airpla11,· w,rmally ])('t' e>llll',. i1l\' i,;ilik . 
,\lf tic11h l•1 !,,cat,' , wli,·n \ 1c1r,·d irrn11 1!11 " r near the ;.:-r<>llllll. 

/.:\• l·a111,mf!a11c- \ ' i11hl.-.\ll )•"rtiotth ,,i an aiq,lanl' tha t an: 
rc,1111,t·m·atlt 11hilt' in tfa:ht. wilJ l,,· 1,ai11tt-d lilark. T his will ab11 
t he ,-mia,·1·" o i th<" rn.Jdcr and n-r(il·al ,-ial,ilizn . 

,round Camouflage.-1 ;.-.. 1111-I ca111uu1lage i~ tht· ten n :q,pl i,·d 1,1 
oi rn\,1ri11i tu n ·dnc,· the vi,-ihiliiy u f an ai r('lane ,1·!w11 vit'l\'t'd 

land,._·,1pc· a-. a l,;1d ,~r,,1111d. Thi~ iq,plies to airpl:111t·s c·ither i11 
:- at re,1 t1ll the g 1· .. urnl. Thi· fullowing- i11,tntrrit111s iur ;~r .. und
ag"e ,·ole)rit1~'. are for tht' purpo~C' of furni~hing- telltativt' dma. 
,n tt',t> ,·um1,kt<:<l lo da te. t ,i k · 11~ed a~ required dt1ri11.~ ( .. nh-
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3 • Oeler· l 

the problca of nit;ht oag,\lfla;~o dividH itael.1" into ~ upeota 
so0'1"'"'h..-t 1.b.iler to those o f d .. o '.'>lttl •• On• o,..ditio-u is 'tu Tieibility 
of th<! nirplru-.e t:hc::2 Viffl d !"J"Oa1 a.bo"t' 1 111'81!!.atod uy t .. • llzht of the 10on 
or alcy'& 't!.e o+1 l' t'oT + 1 rl 1U'\y or th• airplL.1.e ,men ::. the be .. ot o. 
poweri"ul aearvblight nnd ri~«. tJ"'OJll th• grcnmd. It h tho lat~Ea' oaoo 'biULt 
1a tb• probl«tt to~ t..'lis L-,.'1?$11tiga.-tio11. 

?he visibility ot any obj eat d-opor.de upon tl-.roe fao-;o:r$ • nam•ly. (1) 
tl1e si.&6 ,:,f "h• obJect or tho e:ngl• subt&Jld-4 by th• objeot ~ro:a ~e poin't . 
of obcervat ion1 (2) t'1 brl;htn••• o:f th• obj.ot or ita ability k :r-e.f'1eo1l 
light fron aoae aouroe of 1llwd.nati.:>J1 to th• • Y• or~• obaen-er1 (B) the 
oontru-t of tho objeot with 'th• ba.41cf;rou.n• ac;ainat whioh it 1a Tiewed.. 

'l'he ai1e ot the objeet, an •au-pltm• 1n thl.• etud;y1 oannot be r.C:~•d 
but the ~l• eau 'be ~-1.uo..t b7 inoreaa~ the cl1atfllloe tram the objeo~ to 
th• point ot obaeJ"'ftt ion. I't 1• deai)'~ to haTe tlda d.1ne.xloe aa small a• 
pos1ible ,nc1 th• nlii• or the oaow'l•~• la judt;ed by the distanoe .-.quired 
to eau1e the airplane to b"ou ill'ridble. 

The bl'ightnea.a of' th• airplane depGda upon the "la.ti'N retleoUon ot 
th• pig,umta u•ed 1n tho o._,utl~e paint and th• J.nwr~ity et' tho UJUP11tJ•t;1oc 
reee1"Nd troa the eearohlj.ght at the din~• or 'th• object i'roc the ligh11 
eovc,e. In ~hH• teat■ the paint waa vaPied wt the tau 11.pt wae uaed ~or 
all flight tot■• 'l.M amOQt ot llwaini,Uon r .. eiYed 1'rma ~he light aw.roe 
•ariee 1:n'Nrtel,: utile equue ot :the di•~anc• e.nd dir-,tly u -.he in-t.nai~ 
ot the eovoe. 

... 
The oofftrut dqn.d1 upon the eolor ot tM pa.h:t ~-1 1n oaoutlaging. 

the light i111J:lillatin& the surtaoe, and the baotvO\lnd• ~ept 1n one oae•, 
that who. the atr.y 1• olo~ or onroui, -th• baokgoimd at rught ie blaok. 

'l'h• paiJlt uaed tor tlM ,._.. waa a adtn'lal •iml-.r to oal•omJ:H•, 
oolored with ine!'t pipeu 61'4 Jll.1.xed with water M • Yehiole. !hi• paint ie 
readily lldx.ed trfJlt a dry po,idv end -.pplled e1 ~,. by bruah or 1prq gwt • I~ 
oan be wa111M tra 1:h• aurf.oee at my tbie with oold water and light Z'Ul>Wli:g. 

The &irpl.u• uaed tor the flight teate waa an 028-J. and ~ t.Xader 1vtuee 
ot th• 11'1.ng•• ~s•lag• ancl tail "'°up -wor• .tiniah•4 1n the water P•int. 

Tbe ••arohlight veed wu a Gen:aal £1eot2"1• ie 1.noh. le<> utpffe uo. 
ra'Hd at $00.000.000 bea o~~•. 

6. ll•thoda o£ Teat 

Th• tlrat eolor uaecl was .made by Mding lmp blaok t o an olive vab. 
r;itt.nc a dark ,;ray color, fhia color snd- the standard oolor•~ ~-N yell01J, 
u.d A-lf ol1Te drab wer• ~•d with the Xeut'fel & Eaaer Color Analyser ~or 
retleotion ohaJ"aateri■t1oa~ and the r .. t.tlte oapar~ with tho•• of blaok 
•-1.t. !laok fllTet 'bein( tM bla.akel't aaterial aT-.1.lable 1t "tnla uaed. a.e a 

r1r=~1 A <'~ll'='•cR --~- ·•--~ll ll ... ~ , 

I I 



r) ; ti. 

·,::. a:..o 1 ~l'.' O'f.8 tr.-; .r-of l 1'1J t 1 -
e;~&! diviEio~ sc~l9. 

_'l~t;; I f a~·~s the ref l#.otior. ohe.r . s>ter!et:~iz r, : thaa-i ~.-,J. r d 1-,l;,tr. ?: 
a~ ~, - rr~ th. l~ DCRla . 

'O_i at" 1 .£ r 8h<:n'18 the IU"hitra:-y s sn1ati,:,n <4<'1.it.s 'Jf thea~ C':)J r;r~ pl,,v;!'ld 
O!~ €-. •111 l ,! l.vi sion S-3~,leo 

T"ui f ll ,:~llt -tee te .;ore P-11 ;.,r.dt. with t'1e b~a;;; of i..l--fl cec..rchU . .;ht eltrvated 
t ci be~FJr. 4 5 and 50 de~0.a-e., !·t this ol e,<1,t::.0!1 t he b ipl,r-~ ty;,e of airphr.~ 
a r.ov~ t'.o le:rgost 11:J:.i'.}4nt of' surf'liolil t o ,.~ 03s,n·vu.r 0:-1 tl:e --.·.--"..L."ld observlr:." th?? 
pln.{' i!i. the ;earohlit;ht bean. 

?1st•~ IV ehmta tr.o t·elc.tion :;;;' s:1rfaoe -;iel tle to :-q l ~ <:11' e.lt;·,a-:!.o:. or 
acr,~:t. 

Flibht t eats ware pJ.Qde on nibhta of dlrfere-~t ato~a~herio oonditione . 
't. e 30arohlir_:ht wa s :iiet in a ti::csd p )eition elevation, 50 rla..,rao& , at.:,n.th 27) 
de,.;--·1<-0 'S. Th& airpl ane f iniah.ed with du-k: ~ay ••~er paint ~as piloted to p~3s 
t b .. .1,;'h t hs b•u,. a.t dti tudea ot 4,.000, 6,000, a,ouo a..t-1 10,000 !'aet. wh11e en 
t r ~•ent • .nd at e&.oh l,O(X) ro~t lev.1 on tbo de1oen~. 

fhie rirat fl16ht wa• »u.d• on the evaning of February 181 19::52. 'fhEl 
t~ or th• tl1lht ,r,aa frOJll 7aS6 to 8sl0 P.~. The weather was c leF.r wi th t ho 
~oa about 5/4 !'\all. ~n• nirplene pasai.~ t-hrou~h the be:ul wae in &ood 
Tisibility at 4.000 foet1 ~air Tislbility at 6,0)0 £e•tJ alitht viel ble Rt 
G,000 feet, e.nd doubtful Ti.11bility l't 10,000 feet. There wu no vid1Jility 
at th-, edge or the b•an a.'ld no silhouette AgaJnat the b~am. 

The 1eoi,nd tlig.ht 'teet YU made on the eTening of §Leroh 1 1 1g52. fhe 
t'1ee -:,f the tl10lt wa1 fT'«A 1150 to 8tl5. 'l'he weather on thh e'Ten1nit wu 
•light ground hu• with OTitl"OUt. •11::7 And oloud1 at about 6,500 feet. 'fLt'TEl 

irnr. no JIOGn. 

'lhere w«e several inter eating tea.tur•• not1offb1e r ,,l this ooouio:.,. . 
1'hia test wu JU.de under the oondit1ou mentionad aoove a.a a apeoiel oaae, 
the baok,round being white or light in oolor. ~ oondit1ona of vh1bil1ty 
~or• not4td on thh tillle not pruent under other oondit1on•, n!.l'..lely, 

(1) ',ben the tl;y Tr&a clouded or o~eroaat t he b~tm of t he &ea.rohl1t;ht 
produoed a lag• round li~ht apot on the oloudo. This spot acte l!lll a 1ffl.ite 
~~o~6rowid and the ai.rpla.n• wu d1et1Pctly viei~le, ailhouetted ~teinit t~is 
l1&ht apot Whenevel' it paaaed between the obaerTOr Md th• Ulur..i•i.ated aky. 
fh airplane did not haTe to p~3• thro~6h the beDl to be looatod unde!'.' these 
ao11diticma. 

(2) Wtun the &irpla_11e pe.a.t&<i through the bean it was vhi1>le at an 
il lwd.nated objfft and e.lao out a shadO'W 00". th~ light &pot OT illUlldnated 
are .. of the sky• 

Undtt thH• 0onditiom1 n-e:i t~ou~h the airplane w-ere eo ca;;JOuflag«1d 0 1 

to be inrlaibh in t he d1reot bellI'.'1 0r the aearohli.i;ht still it oould be 



DEC1~SSIFIEO 
1~ :t~i by tilt" ailro tte acainet the li&htett ol da 
by' the ah.al.JW ou ou the lllaina't t~. 

•11 tt-:e oolor \laed top t ••• two 'ketl •• 6Dl:, cl.t.r1: 
te p ""' 1'--, s ·• • aore • bl olc and the ext eat 
t ... e b ao • in on the Plate, I, !'.II ,m4 lil. Olm lo. I 

Tb~ thircl filcbt '"t WU JUde "Oll th• n~ ot I, 1982. 'f • 
~•tr .. orxx1 r tll1e ten re ol.cr a'ky • \Xnllail ed oeilin3 and 210 

=>~n . !': • tlight lutod t'ro:s a,!O to lOalS P •• t'be 1'pl ne 1raa pilot«! 
♦.o n a t~ th• aearohlight 'b 8ttU""t1n:; :t ,.ooo 1'eet •$ at •1.oh l,QOO 
fo,,. '- 1.nor aaed altitude up to l"T .ooo teoii. 01 1Sho IS••ffnt t a1rpl e ~•ea 
~0P~u~h the be .. at eaoh l,000 t~ 1.vel • 

... ho n~virct on light •-" turn• ott ju1t b tf're -the ~1 • i!lntcrhd 
tri h au. 1n e h ou• and 1-rt on durinh the otha7 period. Thia l!ll!l&bl~ tM 
o: .. '""r-:ra to follow the a1Fplm• at all t!Jse end t mcro 1:0 ,imtoh the 
be tort pa••a&• ~ the •11-flan.. 

?lat v ahowa inure d• to r•pn eat '\h -rldbillt;y ot ell di'plc• 
1n the OQWl ot a powel"tul eeuoblitb' ft.lld ct e a a1t dltt~• b•tw._ It.. 

~ r•H ta • dbtmce ot one •kl~ • >.a the 4btcnoe ine:reaaea t 
d e deoJ"caaee ln • dir.ot relation the illu:minatlon m an l!!.nr-1• •~are 
rel t1on. E.Ten thou.eh the 1>4to. loolal l.lpt flgtdliet t..'to bl k eq nill it u 
ita lt Tef'1 dark in in'\ma1t¥• On a •l•ar Digh11 i1t ot the teotad 9af,111tu4e 
are •••ily tN1l tln-oucb th• b.a. 

!'2-i~t fee'\ o. 1... Clear weather with n>an ~• tall, o• ~-... 1 

rlni1:h ua , a dark grq. 

V1■1b11lt;r at ••ooo ten 
~ &,000 " 
11 

" e .. ooo " 
• " 10,000 ° 

... QaQd, •1•ar anc! dinlnft. 
- Fa1J" • lainly Yiaible. 

14w but duthlgu11 able. 
• trno~ exiltanoe d.oll'b1JN1. 

r11prt Tes't lio. 2~• Gloudy and onrout ,cling 81 &00 t"1s, tbl•b ute4,. 
a uk r;r-q. Air-plan• daible e.t e.11 alt1twiN in tM aNNlhl.igl,.• ball. 

-plan• rlaible as ailhou.t-k ar;atnet the 1lluld.natfld olaud■ 1'b.enffel" it 
p ••~ bet.. the obeC"TU' m4 the 1llwun ted ll'•• • Ail'ple.ne 'l'idble an4 
looo.tcd b/ the 1haclow oaet on th• oloud1 whcienr 1t puHd. through the anreho!
ligh~ baa. 

Fl1;,:ht '!'eat Ho. s.- Clear, unll.aited oeUu.~, no mocni, tia1-1i, ~eaa• 
bl ek. rll.o vh1bU1ty at 8,000 t..-t or h1gb•r llhen tl\O drpleAO puatkl throup 
t~ evoblight • 611gat rlelb1lity at 7,000 t•.-t o the deaoet .n.4 •• 
.i !l lO'll'Q' alti 

DECL, ~:;31FlED 



DEC_i.ASSIFIED 

lt was shown that th9 vhibUity deol"eued a1 the oolor npproaohed 
bl ok, •• • tinieh 1.n 1."'lt eneo bl1.ok c -,a a Nlati"'• rtU"l ti= ftl-.;e ot 
,t. ,., c-ocii; th8 duk ir,rq ga a retlocr\1.on Taltta of 6 .o pera~. 
W'.ntin ciompand w1th th• rerl.ot1on val\l• ot \laok ••l-ret th• blaokon ... torial 
r •7 0bt1tinable, ~d whioh ha r fl.otion -nlue or 1.0 pe:ro t, i't ~an 
be 1een -thatJ th• 11:ltenoe blaolc ua-4 Tery nearly approaohed the ltm.t. 

Th elon.tion ot •• to 150 de9"t1H cmd an &ltituc1e or e,ooo teet ,:h·•• 
a range ot Ti ibility tor m abaa'r'Y .tion 41.rplRn• 1:o. the li~t e,f a 00.000,000 
b •andle •r •earohligh't ot 11bout saoo ~!U"4a • 

• 

~.__.-,,~iS\ ~ ~ 1 A ,,._..,. c u~ 1 r= n 
L;/~\.la.r"-.\..IVII ,._._, 
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Dark gr~y blue for 
horizontal upper surfaces. 
r = 0.20 
Munsell PB 5/4 

Light gray blue for under-
neath horizontal surfaces. 
r = 0.,4.0 
Mtmsell PB 7/4 

Battleship gray. 
r = O.L:.O 
Munsell PB 7/2 

Army color for under-
neath horizontal surfaces. 
r = 0.4.0 
Munsell B 7/ 4 

PLATE l 

n~" r,,,...,..t ~ ~ .... r• : 
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SSIFIE 

The under surfaces of a plane painted pure white 
viewed against the clouds on a cloudy day will 
appear 10 times darker than the clouds. This is 
illustrated tif the dark gray square which is 10 
times darker than the large light gray square. 
For the two squares r is 0.06 and 0.60, respectively, 
and the r.iunsell values are NJ and NS. 

PI.ATE 2 

tiJECLA8S1FIED 



u 

In sunny v.eather a surface in the sunshine is 4 to 
5 times as bright &s i n the shado;,1. This is il
lustrated by the two squares, the light one being 
about 4 times as bright as the dark one . For 
t he squares r i s 0. 60 and 0 .17 and the Munsell 
values are about NJ nnd N5 , respectively . 

PLATE 3 

u C 8SIFIE 
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Alu11inU11 painted plane with a stripe of the 
dark gray blue color of Pl~te la on t he 
fuselage. 

PLATE 4 

LJEGLA~SIFIED 
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Photographs of p 1ntl ·a of !de nn i.o vie ot la 'l !n 
aooord with the rule of ... ection ~.Chapter lII,an 1 _patte:·n . 



Photocraph of a pa1ntin- of the camoufla d pl no of Plat~ 5 
in sunny neathor,Yiew rrom aiovo. ~he paintin na tro~ 
ima5inatton,not from lit~. 

I-'lAl'E i', 

DECLASSIFIED 



.C 1..ASSIFIE['? 

Photo rap or e painting of the cnmou:rla ed 111a?;.e 
! n sunny wo t er, vlev .trom below. I e pain• 1 , r.::i.s 
1l!!Il-inatlo.n,no• fJ•om lU'e . 

0~ i1f'ttA t 
fr-07, 
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~ater color paint. 

,LASSIFlEO 

Ds.rk gray blue 

Mimsell PB 5/ 4 

Light gray blue 

Munsell PB 7/4 

PLbTE 8 
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113 Outlin.:'9 and uuJer-4ur(a~ rna.rkinp t,,( Miarieeota n,,.. or Pre,,. The birds 1ft each vlate are drawn to the 11-arnc scale. but the .scale Ji.tfc r:J in th. 
lwo plat~. betD.1? cr•,~1U•r fn the r h,ht~hanJ on~. ,..,. bir--.h in itach plate <"An thit.ret'ore be cnmpared wlLb .-•ach other u ito relative 

alx.. but. nul tlw hird.t in one plate with thOtie In the other. 
Raadmv Crom ab.,..,• downward: 

• ca,n:1...1:-.ou11 Kou;n--t..EtX.J!U HAW JC, <) "''· 
A X.SIUCA ~ ROC\.U-t..a)l';D 11,." k. o •"
fl.u.n F.-\-CUI. AtH."LT. ,; ad. 
U~rn 1-:AGI.S. 0 im. 

Sw ,, Luw-·nu t 11 Kr?"£. O ad.. 

Tu,un V LTI .-r. t ""· 
os,uv. ~ ad. 

R.r:o~TAULD H,\WK, ,5: ad. 
~\\' \l~:ro:,.;•~ JIAV. K . t ed. 
(:(UJ,Jo': :O,, f-:.\.1..I. I?, Ab1"LT, ,0 a,l. 
<i•,u•l-: '- E .v,u:, J im. 

PLAT£ 9 



Rh.Jin¥ from abt.we downwa.rd: 
SPAR.ROW HAWK, 0 ad. 
l>tCEON JlAWK. t Ad, 

lJKOAO--WlNCF.D HAWK, 0 ad. 

Rm•SBOt.:LDl!llED HAWK, () ad. 

GYUA.LL"tlS. 0 ad. 
Dl.'"CK H A WK... & a.d. 
PRATJUE FAU-OS, t' ad. 

331 

SHA.RP•SHI:S.:,1a~l.l HAWK, t ad.. 
Coor-21fs HA w K, 0 ad. 
GOSHAW K. Q ad . 

'MARSH llAWK, (J ad. 

0Ec:_~ss1F1Eo • PLATE 10 
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Doped ~ire mesh fabric , Naval Aircraft Factory. 
a original fabric 
b fabric oade translucent by 

sandpapering one side. 
Turn samples up from the pege and hold t o t he 
light; keep clean . 

PU.TE 11 



a. .b 

Photograph of wire mesh fabric in sunlight 
against the bJ.,ue sky. 

a two layers of transparent fabric. 
b one layer of transparent and one 

layer of translucent f abric. 

PLATE 12 
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