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CHJ..fr·n l 

lrTRODUCTI('lf-:.! 

Authorization. !'he present conti.nunnce o f tJ1e in...,,,~,~~«• i _r t'f 
:&.~.0u fl11Re was authorized by Bun-au of Construction nn<.:l n. : 1r 1e•t., r 

·~l ·~- , ~ ~ ) o f 3( December 1937. 

2 , hr· f crcnce~. References pertinent to the pn•~••:. t r 'J ort arc 
·.·.1en t,cicJW : 

to) 0 Handbook on Ship 1.l:IOUfiage", Bureau cf ,... 0 :1· ·r.c-t.ion 
anC: Repair, February 193?, preparc<i by ~iFJ.. . 

P 1 r.:RL Report No. H- 1409, 15 Novur.ber l•~J7, '' Lvv, 
'J ... sibility C.:m.oun~ of Submarines, Tf>St!'" ~. ~ .,, ;1 

,-.f June and July, 1937n. 

( l') !~~R letter to tincus, JO Decemb, r 103 , S l - J" 1 , 
11 Cn.""Ounage Pw.~1tif'l8 o f SurfacP Ship ." 

(d) C<'·4 ,Dcs.Squadron THREE letter to !lue&H, 
_ ,18, Sl9(0246) , "Camoufil.1£c Pair in f 
~hips" , and endor ser.ients Ulc r,: to nnd n l 
ti creof. 

(e l,R letter to NRI. . 16 December }gr;, 
'Low Visihili ty Cmnounagc of Subonrin 

( f o~.Sutrnarine Squadron SIX lett r t.o C.. R, 2. 
pt.erntx r 1918, FFl.-7/S19, Scrisl r.J6), ' 

Pnin•ing of Subr.i.arin£>s." 

(g -.Crui er Scnfor lctt.1>r, J r ruar:v }QJ , 

c 70(S-5S8-15), "Experiments 1th J int for 
srC'n:t n cognition sy!ltem." 

(h} •.HL letter to Gi .. R, 15 Apnl 1936, -Sl -7, 
"Ir.v f.t.ieatior. of Ship Ca.mouf:i. ce .11 

(i ro.Battleship, Bntfor, l tter 01 ' 
l J8, Sl9/S28/( 25JJ) "Spcct.nl I .:iinl 

forwnrd turn: to of USS llARYl.JJr 
l 

cent invc!;tieat.ion 
Jtiotcd 1n 19J5 by th Burenu of on 

u c t.hnt tlllle, led t.o a number of con l 
an (b). Very bri fly th l"lOre iln;:' 

/ 
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T.., s·.t!\tru,t :iate l11'ld extend the results of cnz::D1...fl3.;;c •·xp,· ?·.:. ~.1.;:1 • ~ " 
~.135 t o 1937 cx;,eriD,:,nts l"'ere carried out in the San :.,if:bc -,r--::i ;:..:ri: r . .'aj' 
:ina June , 1q3s . ln each exper~<>nt the obscrvatio:1s ,.y•epr!el! ~ vt :· ,: l:· :, 
t••w he .r:: c f <> si~le d ay or night. '!he foll<'Wint; .::c•':.-1- .·ic-·,: r.--n • 1·••ac•J•J 
:·: 0pt r ut::.g F:"?ct pers<"'.l".r.el : 

Low visibility e.>q)eTU1Pnts with df.~;tr oy• r~, 
D:.vision Five, sho,red that i:-. the da:rtLrnc :.r. 
sunny weather Oce an Gray w~s less "risi~,l" ti D.r. 
prerrnt ::; tan<iartl ::avy Grey a:nc Gradeci i' Gtnti!~f: , 
the last t~ being about equal in vi ;it '.. l: ty. 
At n~t under .,earchlight illunination Cct·n:. 
Gray was less visible th-in standa rd :·av;· ::rn:,· . 

D~:;,;zl(' expnrl.o?nt:-- with destroye :-~, iliv:s: 011 
Fi w, sht'ffl'Cd that dazzle paint.ill!' cau...,.t•11 ::wmc 
di--turhm"ce in cour-e estioAtion and c,~i• ·- • . : .. ncn 
r 11'\J7' find""r ob9cn.-ition, nnd hl'd no f'ffr , t. or, 
st.PJ"""'scopic r"lN_?<J finder obsnrvation • 

• 
J. All camoun~ was inef.f ... ti Vl• .,~ ••r. the ... ip 

was vie "'llinst the s~ . 

:;o~ The above conclusions refer only to point g c. f V'Jrt ... (: a.l :: ... rt Ac-Pr., 
horizontal surfaces, which a.re of ir.lporta: c.c VJ-d fr-:>:r. t,:,. a:r, 
should be V"Cry dark for low viBibility. 

4 . Experlcents with sutaerged subcar ,Ps , Sq~.ar. r -:.m 
Six, showed that blade was less y, ""iblt- ti.an 
d ric blue , in confiict w1 th the e, clusion fr,m 
the Po rl Harbor experiments thot hr'- blue wn: 
l ss visible than black. ether the nflict 
is of rtance is not lmown. 

5. Prellm1nary tests on USS IU.RYl.JiJm indicat.,>(i 
s success- in th use of cone alcd pai t.Pd 
inaignia tor dl\flight idcntific tion of rface 
croft to airer 1't. 

(' 

further c n experiments 
car1.nes, and concealed inaigni • 
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..... ----•-1z ""~ ~-. ,.--::_,ful:v, ! Pr-R.~··" tne c · --

cf 1l0rs. ~f 
(' ff,?Ct!: 

...... ~ ..... ,f,~"r~ r•-' "'1tl~~-

r l' ·~-..-.tly incr ., vi.~ir ;.ii t:•. 

.:. ~ -t_ ~f•"2!::. . . ppeareo · · <: ., .. 1 .. , ref rence ( c) , 
• of tht' "Xi :- -t::: in <'- • • 0 Sl:bf't.. • ~ <' •,. •; , :'ore,:;oing 

nakt f~:rH . .. ,. .. a "'nn-. prc:.n· ~ ..-~ .... ort ie- cribcs 
-v-· ti .ms of t 

)C'Cii .. 0T""'{ ~-t 
- ' '°' 'l • .,.. t "' I On 

r , : "n<.! , . 'i r.ih: 
r 1 rr.,.rcr1C" 

1r1 r ft, "h ter 

•·· o f < .... :-_; t --:·" rs painted 
h~ rf~nrt~~~n 58 of 

'3; the fark color 
nf desi,en:i 

""L': i t.if1ca-

hll of th color nt XJ ri-
. t · r. .....- hn1" of cray. Gra) t adf"G re y U1 diff\lso 
··_,{· ··· ··fr ~it h ht . Al the two <-nds of h white ., of 

, .• : · ty 100 ~ rec-: t., onct blod ., of rc'flcct.ivi y O percent. . 1 may be 
~ l- • tte rcfl,.ctivity of OceM. Gr y ls about.18 t rcPnt.., of Pre ent 

vy Gra; 1 about 'l5 J •rccnt., and of ,,hi te blottin8 paper i-> bout 
In Plat l are i1 lust.rated v riou ho.d s of gray which re 
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r'cu'!'" tic ·•1--:mr<, Division Fh·•·, _,.,rr ._, ... ,i. it.P 

• •·;·.-.<:illy j,aintr-d. ...,f' v•·rti.l"n.l :·, ,t·fnc, r. "'er" 

,,., n•:~• :,-:t~41.!". Jroy, 1P1. reflect.vity; 
"XC" 'i ~ .:·, • ;1 ! '1 rk .v:1.v~ c ffec t at,,-,u t. J 
f1, t •--i.:" ~ , p,,i.r t,(.•d at the Wrtc-rlir.c. 

!° :- • ♦ 1: sr·iv :· t ripP!.i , iL ,i - ln r 
! , ··: . . . e ~- w-i.rd cf ,...,fleet i ·: i ty 

' ..r ! '35 rr- rrn-t • 

.. :.•·'!. -r-,., ' ♦ :-:re:.., .,. order 
t · •1:r• .,•·-rn-r-i ··f -.·flt,ctiv-it,v 
l .~ --r-1 -. -•• r,.r--t ····~·i:.•.-.:. ,,rhJ.,...,:i 

• , ..., ,4 '- • • "- ,, • " "' ' 11,.., • - " ,. • 

,- J!"'" H::-· ·1:y ir: ti- ~t th<' ur·=, ~ :>rt s ·. 
ri li~.+ t.:.;:; · rkcr. 

H,•• r<':.pec· 1 ·,1 • .;hi;:.,; '<r" 1 JI ,st r,"lt#>(\ 
ro oper,1•<>ri ir: t,h· _;.,n ~! \ Pro ;i .. ,.., ··d 
l.h ""\ ... "'f? '?""'\T, ! : 'Jr'.: · ·~ ..-, ,...") d· r Jr.£ the 

f tJi , r~ vn sr. ip:; -:u\ - , t •1 ,.,.... rt 
, ref·?"'-c-C (1, . !-"'rf'.- !" (rt. 

u 
l 
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(4) 1hat. at Jd.Cbt adat' aeardllJ.cbt UJuw1nat1on 
0celn a.,. wu leu Yiaible tllan la,, OJ"IV. For 
evaple, at 5,ax, ~ the CASSIN, layY Orq, 
WU dist1nc~ fl.aible lmder tbe Marchlilbt. 
bat peat diffl.calty .. a:peJ'1enced in~ 
out t.he oot.Une ot tJle CCIIDIIIIK-, Ocean Orq. 

a. •• quote a stateaent ha nterance (d) en wbich 1n part tu 
lbow ecmcluaicma (3) IDd (2) an baaed, •Aa aeen trca t.he flJCUR, t.be 
nmaw& wu not fl.aibla to tbe Dllhd eye at 8,600 ,arda when the at.Mr 
ilipl •re clnrq Tinbu. 0CIIDCIUJI caald not be aeen with al•••• at 
1 nnp of 14,000 ya:,u 1llbll0 t.be otller e:Spe under obeenation wn -.tnble 
litJl Uie Nbcl -,. • It ll1&ht be not.eel Ulat at. tMa 1'9119 the nb ot t.be 
lQrnQWI coold be .en althoqb CQIIWBll iuell coald not be -- t.llroQ&b 
:lane,. CCMW wu eekf:W 15 lcnota. 1be ccndlt.un ot the -• oalaJ 
fllinr, TaJ1-S+.edJ 'flsibil1ty, aaenen+--. 1be nn - at 2':P altitude.• 

9. Plate lo. ? ia a paint.inc ot tbe DiTinm • Ti....S t~ tJJe 
tall llhieb lllutntea tbe in~. of CamDWI and the appa:Nat. dU­
lac,-nt into cot,_, of CASSIJI 1llum .-'"8Jly 2,000 78,J'da beycul vu...~• 

10. .W,SllldSll• 1be t'on,oinc ranlta, deriwd tr.. obNnat1cae 
Vine a e1ntl• dq and ntaht. 1n tbe Sin Dieco area, 1Rlhnmt.1at.e U. 
ll'lier ccnclud.an Utat in IWIJ1 WAthtr 0oND Ora, ia l••• '1.aible than lav 
rq, Ind add CD1 nn tact, tut t.be Oracled paintine 1a abolat u Tildble u 
l'IJ ~. l~hJ•Jl7 the aper!anta wn cleaicfted to asoerta1.n th1a tact. 
be Graded peintiJla .... 1'amd to prodoce a •Ucbt Wuaica of nmce dDe to 
be dan stripe at the •terlim. Whether tbe SlJuaim ia ot U'/1 caneeqaaace 
• not entinq c.rtain. If it ia ot no i.pol'UIDoe tbe Oradad pa1nt1nc 
OUl.d appear t.o ott r no eaoaf'l.lle bmefita llllll tberetore -. be deleted 
raa future caoDtlltce c<maiderstian. 

li. In ntennce (d) tbe illportlmc. wu lllphuiaed ot low Yia1b1Uty 
t deat.ro,ere.at ni&bt mdar N&1'Cbl1.,t Sll•mnatJ.an. In th1a cw praYS.au 
llperiamta baw lbOIID qulltat1'1'8ly that black 1a J.eut nnble, OoNn OJ'9i1 
ext. IDd 'av a,_. ~ .,.t ~1ble. It. would be ~ ftl.ue to haw qunU.. 
•tiw clala 1n tMa ocnnect.1an, tbat. 1a. to~ at. 11bat rancu dntl'QJ9n 

tad bleak, OaNn ONlf and •av ONir can be picked 111> at niabt. w1 
~t.a. l'u1.bar -,.r1a1nta1 weta are .._...win Quiptv ,. 



l.. [r-~r]P'\l';"t!: . Four :a~zle c--'"':;f:-.,·e '•• . .... t l;!':!.url CC'ur<-n 
·.-:l': " • .:~'.l r'U"!ge fir.'ier ob$P~·•'l tior- r>-" •,•.t~d. --.., C1f •:• dr"i,·s 'i'f'C1"C' 

-
1"! •,.; J ·-:it.•,rastinp; tl:ey ..,.,,r'"' pa.ir.t 0 11 on trc st:'·· · r.! :;i. r • t.te : (]NH!-$ 

:' tt:: . . ']'-... "' ::;f tr.e dPsigns ,..,,re 0f n.xic~• .. h )1•:w .. ,r nnd co:--•.r•< ♦; ♦ ht:y 

" · ._:,-~ c~ the port sijf>s ) .., •t.c ! ... ,,. ... --~ and '<·l:. ··,,_, 1or--·"-,.. of •Jw 
•:iit _ -::- • • : vc-r. ir Plate s 8 t\l"l•J '' • Thr"" --l•fV\es of t•r:.y •-r r< -~ '(-d, ,: "' rv 
·n:r •r.dt rly black), Ocear. Gr-ay an1.1.-itR, of;"'(•"'~"',- •-·-.,, --r:,ct ·.- :ty '\bout 

t , 1? ..tr.d 65 perC"er.t. 

JL,::;i' t"V(l •. ior.~ i:1 t)-,(.> ::,an ~ingo an: 0 ••~ T'f.' "';-.tln .•;r!:.:- t.WC' i-.ys ? y 
on tr<> (~.'{NG:i-!JJt, CASSI~ r.n<i R!:.I • i:.t· fr l ; - : "''7 v r! t..irr: ~xt r..i•·ts 

r' .• ; vf tr.£> rcspnctive stn.p::-, -"D f ren.:-r• (1', -ivc t · , •,.;;t,lts. 

:.1. ...,,- ♦ c. / .,.,ro!' ft'('- 11:C' ...,.H' ~( !..~· u.· ,1,: r oc·:--"l \r. 1 '--~,... .... , 
r..: ,d l± ~•ctf'd th->ir ~'10U\""r ir. t, r·-- -~o•,£'::lf>! 1:: .;. a. 
•ffort te ,w•.R?T.Ur:e tia.. :::o::;t •f~•!<' ·: - ~t -;. , f • 
:o..:. r- ;';.L>' liPd to tb:> sir! .. ,.. .;f t~ r - ·-,.1~ · · i 1-..: 

"Fr - , ti:t o •"e r."3 tion., mnd 
of the CO!'lr" .and i.n1 

U .,t,arl: r rd .. 1 ... • 

w r- t t ffecti v, of tt,. 
,-.n.1wc the t 
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- .. 
dilficul~ 1n obta1niaS acevate zupa 'blcsuN 
ot t.be brann ,., effect pNNDted by a. .,...>Daetnc 
paint.• 

•tt waa noticed that di.a,an&1 bind., and 
streaks ot black and mite acrou tbe 8IIDbpSpea 
did create t.be Ul.uaian ot ~ certaiD 
portiona of t.be• at.Nctun• '1118n n a diatance 
ot two .U.a or IIOJ'9. • 

14. PiHHliSD• 1he ccmclmdcma t.bn tM sU pattetu c :te4 
di1turbapce ot cOlll'98 e.U.tian aat co1Ae1deDce ..,,. t.Lader obN1 wat.l • 

that ~ bolder pattema pw the ,reater diatmblace .AN Sn _,.""41111 th 
earlier apenmmte ot zwtenace (a). the earlier aper.lJllnta al.-o 

~ll,l'CIGl!lt out tbe tut. that the d•s•le pat.teftl 1nc!'Mllld tM -deibUitJ' of 
1p Ind tbat tlle balder the pattnn tlle &'J"NWI" U. enr: F:t&Uan ot ftd­

V• 1b1a ettect. ... i,robabl1" alao tna ill tlle preNDt apel'lalnta, el-
OU&h DO lftc ant1 of 1\ - ..S.e 

!!1:-..::-.... 1'• km Yt,WJ1t.Y 'wtrtnel JlltD Pn-Jt: 1n tbe npor, ot tile 
•- , reference d}, the tolloldDC __..t.1.cn ... aade• 

•'!he Cca11n41J11 Offl.cer, ftCSD, pnd.ica'84 «i Ilia obwn&2 

t111, desires to apnaa Qa q,:tn1llll that. amer b wat.ber can4ltlc:ma 
ltiJlc at tM t1ae of obNnaticlm, tile apt4ew oeaJNnt ~ 01.s.don '1ft 
d ha• been obtained bad an eb:l,. or tbe DiTidcm 'belll panted wt. tbe 
t •111Uar t-o at ue4 an the ctliDIUBIII (Ooe• Gft7) and had te bND 

sed cm thia paint cwout':• _,.,... of dvll col4n, latter to 
abup ailhoaatt.n and create abacloa, tma pNwntiq accuate Nt!Jl&te• 

target ancle• •• 

16. In reapma to th1e __..u. the ctaale patt.ns of l'late 10 
prepared. It wa cmq blaclr 111&1 Dcelll1 Ol'V• 1tli9 Ylaib1111'6 ln 

• dq, and at niabt andar Narebli.atl\ WwSnat.iaD, llboald p ■h\J ,t. 
t the ... U a 8011d pa1n'1.llc of OoellD Orillr• lbetllel' the den,n U8 
ettect1wnea1 in prewntiQs acC\1Nte est.1.liata• of t,upt -., .. can no\ 

laid WS.Ul certain I lt ta dUftault, to UW1k that it waa.1'J haw acb 
tect1wiwu. Qi1;r upel"lMDt an pron.de 1n WWWt'J • eperlaent S.. Ollt-

1n Cllapter s. 
17. In t.h1e comectlan S.\ 1a adlT - .al7 to rr ~ :t, 
bara1 anpa, u off•ttSar a wt. r ..... ~raitaoe OeOIIDtiw etteotl 

l'lalndcul~ aoJ• ettectlw thin ea PNa.1'119 be ••~•• 1W 8J7 ;pat.tea of 
Ho11!8ftr, at.racture1 •anaa• r aaob • pl1P08I' 11!11" a. l'ltCu6l4 u 

clhll:l • 
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23 . ~1:i~e d c:. t: 1<' r e s ults f ,_f ters 2., '! ....... d i. t..ne f ·)l t , ... ,-4 n g sue-
.· -- t ~~ns f or 1\lrtl: ~r ca:r.01..:flapc " itp"'ri..::lc--.,tation are ns•1,..,mb1 ed be l ow. f\irti . ..-. r 
::~x.,~, t.i c ns c-f e•xpe ri□er:ts wi th tl'>r- conceal0 d pair.t(>d 1ns i gnia of a- ~.µ u-:r t 

,in• rel egated to that chap te r, for although concerned with paint th<•y arc ir, 
, L,tal l y ,1 i.fferent cz;.tegory frcm pa.int c.coufiago. 

£l . It can m1t t-e tc>r.ir,hasized too strongly that the "'X'f'OMl"len ts shoul i 
~., carried out not for a few ho•1rs, but fo r ~ dny<J or wndq;, and tha t tiH.. 
ot1serving ships "':ake reports of U-.ei r observation,; and conclu~i or.s .• 

2~. t.tt e"ltion is invited to the recorn:::icndation i n rcfcrr-'1ce ( d ) 
:i,;, t n special ca:r.::.i~ ioncd officer, familiar with cs:-iouflA&'" a r.d t.hc rPqu.ire ­
:-,,•:.tt of the Bureau , be desiC"}at c-d to act 8!; liais on offi("'"'l'" i n coc rd i r.atir:.g 
~ .. , ts und keeping records . 

Lestroj"'=f CJr.'.oufla;- E •1er➔ -r-nts, R£,garding l<"Y visibil ity 
f d.,..., · rcJ n , 11 r · n • r- related questions oc,..ur: 

( 1) ls Ocean Gray ti1e b£>st col!'Dromi~e 
color fo r low vii ility i~ .ul circu:n­
stanccs of weather, illumi· ~tion and 
sea area? 

(.2) \ihat is the comparative vi"ib:lity of 
Ocean Gr ay :md Blnck a nigh under 
sear chlight illu.-rliriati on? 

( J) To v,hat f•xt.Rnt i!" tile dark dazzle pattern 
of Plate 10 effective in disturbing 
course c..,timation ond coincide1 t. rangc­
fir.1cr ot er1=itio:1; r.t at is · ts vi.s1bili ty 

arcd with that of uccar. Gr3y? 

• 7 .' n1e follcw1ng oxp •rin nts nrc surg' sted m th t..h,.. view of 
ju, o tt.e ar nWPr of t.he ::-ibove qur•stion!:i: 

Expcrim~. Pni t lhl v~1~icnl sur fDces of fo~r 
Jes t:ro:,, r fol 1 " wtl : one des tro~r en ti re Stnndard 
Navv "rav •IP df' ... t r oy~r entire Ocean Gray, one 

w ., , 

dr-. troy r <>ntire block , .ind one estroyer th darl< 
~azzl pa• m of Plote 10 . These shoul d crui~c 
'.oeethcr ru~ be ob&erved by other surface ships, 
:rubnar inea and aircraf t to dete rmine thPi r lath 
vir1lility in various areos of the sea and type f 
vrc • • h r dur ing th day, and at nieh t under no t.u ml 
m1d sLnrchl ight 1 lluminat1on ; obf;ervation n sho\.ld 
be r.iadc on Uwc of cour se es't.il:la tion and rnncrc-
f .i.nde r accu rocy. 

Vie v rtical S'Jrfocc of the Exper Pn1nt 
i v1s on n t1.re 0c en Gray and 

op rntion 1n a Fl ct roblc • 
four d r s o:f 
o s :rve th n durin 
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qre,p 6 

!XIGMI,R! tAD!DP JPTIIPJ 

28. IpH"R5bis;t.iog1 It ia poui.ble to prepare ta patnta, lppaftlntl7 
alike in cclor, which llben Yined tbft!QCb a P"'Pff oalor tilter do not ll'J)eU' 
alike, one being li•t and tbe other dak. 1b1a 1a ta ban• ot a aa'!tltl'ld 

of secret identU'icaUon inaiCni-• tor tlA an mrtace w111la 1a d~ 
Elperinenta with t.he inaiFi• in the tom ot ci.rcl.N IDII a••• W 
on t.he sidos ot Bhipa were carried out in 19)3 by the n..t, rar.1..,. (1). 
Special red tilters wre used. '!he inaif,111& were ~lbl• Glll7 " 
t:oderat.e ranse•, and this cml7 llhen the side o~ tbe aldp .. 1D tu.11 am­
shine; in shadow the ranee na anly a few hundred prda. It .. canclmt.l 
that the oetbod waa ot no utility between surface craft bectlW!Mt of ita 
lack of poai ti 'feneaa, and because better methoda m.■ted, bat lld.allt be 11NN 
tor identU)ing surface crat't to aircn.tt. 

29. In Plate 11 are shown photographs ot inaip1 • p&1nted GD tbe 
side ot a Nav Gray destroyer near the bow. '!he pllotocz'llpha wn tlllr• witll 
Qld writhout the special tilter; with the tilter t.be 1meher 712 can be NenJ 
'lrithout the tilter the nw:ber can not bo seen. 'Jhe filter ... a deep red., 
Wratten No. 70 of the Eastman Kodak ~. 

30. Emrr1Noto ot Jwe 1938. In June 1938 preli■1nal'7 Viat.s, 
reference (1), were made to detenline the effectiveness of t.he painted 
insignia in identitying surface era.rt to aircraft. The tops of Turret.CJ ~ 
and 'lwo ot the USS MARILAHD were painted u tolloWBs 

TUrret Cg, was painted with apparently Nav Gray 
color which to the nalced eye appeared to be 
the s- color as the rest ot the ~ip. 
Tined through a purple tilter t-, red circles 
about three feet in diaaeter appeared, one on 
each side or the top of the turret, ane a blue 
bacqrowx!. When newed throu6b a red tilter 
these circle• ■tood out very distinctly u white 
on a dark gray background. 

Turret T!9 was painted with an insignia which to 
the naked eye appeared u a reddish purple circle 
about eight feet in di-ter with an inner, concentric, 
circle about three feet in diameter or li&ht ,reen. 
When newed with the purple filter, a red cross 
appeared, each stripe of lfhich was thirty-two 
inches wide and eight teet long. When Ti8'11111td w1 th 
the red tu ter the cross appeared white oo a dark 
background. 

When viewed trom the air with the naked eye taint 
trace■ of the concealed de■i&n could be seen up to 
about 500 feet and bee unnotic able t reater 
diataneea. 1th the til ten th concealed u.rtd.np 

re apparent to about S,000 t tJ abcmt tbie 
altitude they bee blurred. It wu tll t that 



. ,. . 

-----
, ,_:r,~u· .. -
~~t :- : ... .. -

~ .... ~ 1 > •n r : :: •. ...!. 

~- )(-: :i~ .. .. r. t_:r ~- • 
' ·" 

• t 

l 
. f 

e , r< <-• r-~ • . v••: ,:,;, 
::.r. .l \ ; , ' 5, · f •.: · · :·.:. · 1.r..a1 

is ..,.,. ;r e j 

+ r,,l •· t tt'.•, 
~:T~fht thr"-.>t,gh fi lt•: !" 

1 • c , nny ~ ind 
it. M n ~ on 
lish \" li •. 

- i-'alett.e, 
da?"k t.l,ro~t."h f:.ltRr 

{

1 
Pi; Mt ~ie nna 

P.- ?lne r ald green 
Pn..,,. ... ian blue 

f. Wr i te , any kird 
Alizarir. criJ:!s;m 

B E.'rir.-li !;h ,,.,. nn:i 11 i on 

\ 

Chrn"'e , litht 
n~i un 

" o r "'r,:e 

~la k. alflt i. r-fx~d f rom;.• l ~': - PalettP is :"'l;.,~~ fM., 
ll diffcrenre "W!Cn .. f':1l r•.t t' and - f'al 0 tte i" that A+ 

d , ti infTt'rli t.s bdng the sa.-.n and mr r->ly ~rldt·d 
,j,.., color. 'Il1f" .ts a rf• m.iJt,•d until c.,y test 
t;( r de .. 1 red f f ct. 

TI i. pnl t,te is usc.t\.:1 orly -.ri th a .-nci filter, such as ·::rot· <"'TI 
is tho c alc tte u~od in the ,.,..S ttARYLnm in--irrd -i d,.,..,...,.n,,~ ~l)or . 
a re also v1 iblc m. th the .,.,.,n'.'le fil t cr 7irattnn "fr . J 5. ..... in 

f ct th t the f i lt. rs t,o . ~c; and •:o. 70 l":'l~ si,.,ilar tr'l!'"­
ICis in th rod . In addj t ion ~ its r-d hu·ti, ""• 35 fil tr-r h as a 

of t ransm .. ion (t ce i t i s pu rple .f..1.lv-r); 1-,, t tl',(> bl•1" band 
th r n ligibl , or l ightly de l e terious, effect on tho hili ty or 
ter to revoal the in ignin. 'lhis x;:,lon tion is ottered to avoid 
on . For it io t ru U t sine the No. )5 f j lt r hns a blue band in 

to 1 t.G red band it tr t ore daylight th doers th No. 70 
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!.h• , ... A'l has only n 1'""'i bt>.nd . Therefore one can .,..,.~ e f""'"r~1 &Ct;n , 

st:c·h as a ship at ~ .. o, bPtter through No. 35 them t~rnwh ?>'o. 70. And it, 
'.'l t>t' • ha:>rrr that nr ob~'f>I"\'Pr conclude that No. JS 1 better t.~-~ ·o. 70 on 
thnt account, ri' '.:?,.....,as it rv r(>ally be worse than 1; • 7"' in ro'"'t"'!c+ to i. ts 
~ n/:l" f\ir.::tion vmich is to rnvPal the concealed in5it;nin. 

34. !t r"'.Li.Y be pointed out that t.he concealed l"l~lnted iT'leignin posses 
c: l:; ;-,rrfr•rate ,• .. cr<>cy. If p"'pared for use with No. ""'"' 1"f"i fil +nr. '"'"-
1: ., ; ,er. ia t:'an bt-. !""P"n with ol.oos t any d·ecy red tilter, aci for 0 x~l,. the r,-•d 
f.;. •, r :.: on so-,~ st xtarts. further, it might be supposed that r?r.c .,,- ,.~d 
~r.~ :~; 1i D. m:.ght '""-' paint.Pd based on SCX'JC color other than r"rl, r1•ct: "\,- '-•el. lcm, 
.•~,._n , or blue. But not so, for due to the colcr cu~:-95 of '"'Xi ,.ti "fl oi :,,-,,~nt,s 
z.r--d f1 l ters, it tums out th:it red is the only color ,-:,hi ch off(>,..r f l"'lCticnl 
: r -~ i SP.; for ~x'l.-;-le, insignia basod on conceal ·1 erc>cn !'jJ"t,i a rr-~r fi l tr>r 
~.avr- but slight 1.:or.tra.""t and hence a ~ort ran · , li'!<P~$r- for ""11-- .,-1 
tluc. 

35. The Wrotten fil t.Prs of the Eastman Kodak c~7.-:,· ·1re 1"\"'tif' of 
;,"la tin color..-d -r1 th dyt> ond nountcd bc~cn tll'O platc-P of g 1 ~..,~ ,_...,. th C'ln'l'ia 
~n.han. Filters of thi~ type c:.ay deterioratR and nrc tT""'ubl(;s,.,_,., to cut into 
des:rnfl shes . Coln••-.d glas s is ,:,,JUch oore conv-eni,,.,.,t ti'l ".n tJ-in \i,-~• .. "" ~ 1 'V:r" 
ar.d -'.. • - )rr' r..,rnru- •rt. It ha.ppers trat glas"' of the Comine "'1...c-r ("n,.,.,.,nny 
caJ. ltd "Dark f..ed'', ' .c . 241 or 2t.2 , about 5 Dill' meter- ttiick , is nhtv•t th~-
:ow.e color a:1 tt-".l No. 7r Wrattcn fllt. r. '!his glass is ::.1.tif"f'l~+-"'ry for une 
1.-:. u. ti:t' concenl.Pd insignia. 

:- • ~t ~c :: aiuu-y best l1J;ht1.n.g +'-..., ir"irii'l rr,uet be p'lint• 1i 
,:1 . or.!e horizon+·.:. .:..irfnce of the shir :free frcr ~h'"'l'io,r- of cupPrstruc+.p•,... • 

. F" r id~ntificntiOT' u~ wh ..:;i ~t to aircraft the il':.igni~ ~,.,.+ b 8"" lVT<Yf" ..,,.. 
! t: s s'ir>le 

1 
and h"nCP nc- s~. ns po::.sible , in cl"'.'!er to secure n d,-•· 1,,.-hle 

range. The ra...,rc pr ... '"·nbly -i ?ends mc:re on t.rc- size of tho 1.n;.; f,Tli:t +~ .... ,,, on 
~Y •"t ~ :.- · r . 1 f a space 20 feet squa~ ! ~ avniloblc thr in ... i cr,i.A rr..-.y be­
a l; :1 ci rculnr 5pot 10 fcC't in diruooter, or n cros.., with arrn.'l 7 fett wid , 
e r t , ri.pc5 ? f • t wide ... eparated by 6 feet. Such insi.gn1n may be \'lSiblt 
: . ...;_: 1 f1l tcr ru d unaided yr nt :>. rules if the li£!,tint; 1 n ond UH' 
r:,.nr n t too slnnt.; with the filter and binoculars ti1 rnn ri1 • b ere r. 

r., n-.c tackcrt:'und or base color of th" portion of t.~ hip im-
-:v= ,•, 1 rQl.md t e 'in icnia is i.mJ ortant. If thC' base color i" r nt 

t:1rd ' \;/ Grn , it happens that the color seen through n rod fil t.r•r L, of 
r- diatc hri ht.."lcs ... , being neither very bright nor v ry dark . T 1._• t tlrn 

ont rast, in th,. concealed insignia it is necessary to pnpare t,wo 

i.:t.!l ca~h uppnrc>ntly r.avy Gray, one of-which, J.., is fairly ark and t.h 
·., r, il , friirly Hr-1,t wt.en viewed Uirough the red filter. nle in:Jienin 

~~ ''u.:n painted ,nt-1-i B nnd tho area surrounding it_'Vl"ith A. If t" bn., col?r 
:, anrk it probably ~rpears dark through the red fil t.er . In i· c-as dnrk 

r aint i " prepared of appnrent.ly th same color os. the bat. . po nt. but wt,_ch 
i. n3 light :, po s'blc whein vi wed through th filter; thi... a t is 
us d for U1e insi[;l110 • 

JS. Illur.tr3tions of concealed ihsicnia painted on 
1

d rat,. roy 
bnc;q;round nnd on a dark background are given in Plat.cs 12 an.:l J, rc-
--1 ectivcl.y In order to see the insignia plnce the Plates in strol'l8 daylight, 
~ r .. «r a -rindO'fr r better still in 1\111 m.mlight, and look t. tJi thro~ 
the n .:i or purple filter ot Plnte 14 held close to th Y • n Pl to l th 
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qu1 l,. n. roc<1 o . •;:•· ',Vrr.i •r~ 
1 r 1Lustr c1 t : ::..:. :-..:. '. i: r.:_;f :· ~ . ..- : 

·,1 : . 1 - ! . c C: ;1 l r '.i i :-. 3 i Gr, i il • : • t•' r-
• ·, ---r: l . · :-- ·:ldy t ' ~ • : . •· ,p•.···,, . r tne 

! ,_. :. l r . Ol"". • t.r a~ "'1 . 1.,~ t t.J-,, • i r ... ,I, t-:"n 1 ct 

FPc"· r t: : -;:::, 
Li>.tx.:i r u tor:,· . 

:-- • ---1 !'"'.:: , ") r ··.t +_!1•~ ;,avnl ~~!:·...: arc~~ 
i.1>t •r.r ...r.!:•l1~o1:ia t -,-p;, : --.• , • ! ~•: • : ... 

& !'( • . : ; ; l"IP, 1--at1 ..,r . with U1e r:r,val R+>S( •nr;:: r: .. i ; -

t':-t~t,, ii:"'<· ::.-u1· ... ~~t- fil•.tr~ •'1t.:,:r i.r: ru~,.,Ler f..'Y•~ 
,·up~ 01·. i.n avi. .. tor::; 1 t:o,.:rlcs . ~f d0sired P½uip 
u 1-1.ir of aviate~' rin.::-l'-..G..ar~ wi.tr. tJi,, filter.; 
:ill U•.i ~ i.n c"creratior. ..-,'.. tr. th<: ~;aval Re::,r•arcr. 
Lahn ra •,a ry. 

Carr-; out n progr,- of wr.t to 1et-ennir,<' i:,:.f> rar. ,·,, 
a t wt.i,:-h e ," insigr.ia can l>e se('!l f rorr. t.t.c ~~ r 
imdPr v;;rio'ls lifht condi t i ons . 

-: ,. . 
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sent along with original report to 
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