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l _ · .-AS IFI 
•r•'7:·.JnL .i.Tw~; (s E C R E T] 

1., Thi s • '!"Ohl~"l . ~s :-.utr ri:,:P.tl t,:,· t.hc> ~urc~u of Er?gi neering letter 
r1,fe::f'ncr (£.L ) ; othnr rc!'orer:ces ;1c-rtir.r> t to tr·~ !. blc::i r.re llrted "S rer
crc~ceo ~) t~ (f) o 

:~cf., (u) Bu.,Enr:., I.th cnd.S-~70-!.(lo-:·-:·.) of 5 J:r.o 1~33 to 
::-cf., (a) belo·,,., 

(\-) C.:i~subron '• SecrPt le! .• IT4-I../S?0-1(9) of 7 ~ept., 1932 
to ticl!oLo 

(c) N.?.,L .. let,,S-SS/S7°-l of 11 Oct. 193~ to Comcubron L ... 

(d) Comsubron 4 let. FF4-4/S79-1(26) of 8 Nov. 1932 to 
N.B.,[,., 

(c) N.R.L. let. S-S70-1(4) of 6 Dec. 1932 to Oonav via 
Eng. & Ord. ,1ith enclosure copies of refcr~nces {b), 
(c) and (a) above. 

(f) Opnuv 3rd end., Op-20-Gs {SC) S70-1 of J Je.n. 1933 to 
N.R.,Lo let .. ref. (e). 

ST,iTEt.!ENT OF PROBLE:i.l 

2o The present work is concerned r.i th one specific 5.spect cf the 
genert..l problem of recognition signalling between N&val ships, nOJ:1ely the 
pro~lc~ of a submarine' s identifying itself durine the day by n visual 
t'-:ic,r unicution method to o. friendly surfo.cc ves::iel or airplGne. The beot 
"tr temcr.t of the problem is thnt eiven by Com.":lllncicr Surcnnrine Sqtwdron L. 
i"' :--cf•:n·ence (d): 

11 oc.•••tt lo cleoircd to develop a positive syotem of recognition 
t~nd identification signals wheretr; a submnrir.e, llhich is forced 
to subr.ierge by o kno~n friendly surface vessel or uircraft, can 
make its friendly nnturo known t::) tho attuckine Durfnce vessel 
or nircroft and thereby avoid beir.g boo.bed. It ht:is been conoid
cred that if a suitable dJ"e materiel could be ejected from the 
!'umnrinc and colcr o fairly large o.:-en of water a positive moans 
of' irle:itifi<-ation could be obteir.ed. Such a system could be lll1lde 
oofc from imitation by employmont of vnrious colors and would 
r.lro r ~.11 to dt:icl".>se the subcarine'o position to other vessels 
or ai rc:-lift not in vicini t:r as ,1ould bP the c&se using rockets or 
s::.:okP. bonbs o 11 

3. At pre~~nt submarines depend upon the pyrotechnic s::ioke si.ei,'l.l r, 
for o recoBnH ton signulu The objecti:1ns to thPse are st-8.ted by +1 e ri, ief 
cf r:·.v:::l 0pe1•£i.tions in his 3rd endcrze:ncnt, nf. ( ~), which :~ (JU:-ted 1,,.u·c~ 
·:rl H.: 

111. Due to th: limited nunber ~f d.:stinctive c~lors ?f s~ok£> 
:-.~ .... +,.. ,..h" i,. Rt:>'nt>ls which hav(.; been de,relopcd , these signnle 
h::vc lea:1 cec•u-i ty tr.nn i o dcc1r abJ.'- ;·men u.:...,,J .. ..,,. w , .... . 0 - •-o1 

ider.tificntion sl~nale . 
,.: .• .,· ·. 1 - JEC 

I• 

■ - <:6. I > ~ &'1 • ~ ~ - • I 
~-~ __ .,.,,_.., .... .c. , •. -. ...,.. - .. 'SIFIEI r .. .. ~ • l:r . - .. 



JEC IFI 
u;:. As the inherert diff'lC':.J.ties wi ll ?rob.::.~·ly r,reve.t Uc 

-....e· 'c:pr...,l' t of ~ 0ke pyrotec- . . ir- :::;j 6n.:,lf. r;i U. r: la:-gc >: 1.1.~ 1-er 
c,f listir.ctive colr,rs it ap:-,e:.irs t!:[.t ·!e only v ... ·j u ldi ti .,cl 
:cec ri +:, c:-,n bs> oot~ined is t.o use e ~rrcter r.tl!"'l: .. :- cf ,,~ s
tit "ti vc s~:st~:'.l~o 

''3 . Ir. or'i•'n· to dev1:. lop a nm-1 sv:-,tem for '"Se 0f ~utr.inr ines 
v:MJ c ::;,1be1erged =..nd ttereby increase t:ie securit·· c•~ ~>Jbn ar
ine e~ereeney identification signals, it is r ecor.~erded thut 
~•,e i:<'-vcl Pe:.;eltr"h k.borc1tor-.f undertake tr.e develc.::>;,;er.t of 
colored water ecergency identification signals." 

THEORETIC_AL CONSIDERi,T:iONS 

4. The recognition method described herein is based on coloring 
a putch of the surface of the sea vii th suitable dyes and otl:er coloring 
agents released from the submarine. Lieht from the sun or the sky is re
flected from these coloring agents as colored light wruch is seen and 
recognized by the personnel on the aircraft or surface vessel in the 
vicinity~ 

5o All daylight visual signalling syste-os, such as flng-hoists, 
~moke signals, etc., and the present method, have the theoretical diffi
culty that their effectiveness de!)ends on the position of the sun relative 
to the observer and t o the signal; c.nd experience proves that this diffi
culty is a practical as well as theo~etical one. Thus, for example, para
chute smoke signals cannot be recognized by an ~irplane pilot if the sig
nal is en a line of bearing and between the airplane end the sun. 

60 But if the deficiencies inherent in the present method are 
clearly recognized, some of the objections thereto can be overcome by 
careful indoctrination of the operating personnel in the best manner of 
using the systemo 

NARRATIVE OF ORIGINAL WORK OONE 
AT THIS LABORATORY ON THE PROBLEM 

7o This problem bad its ori gin in a letter of the Comme.nder Sub-
marine &;uadron Four, r eference (b) , requesting information on suitable 
dyes for coloring sea ~ater as a recognition and identification signal by 
a submerged submarineo I n reply, the Director Naval Research Laboratory 
requested the following further information, reference (c) : 

"(a) Probnble depth at which submarine will release a recog
nition signalo 

(b) Is it desired that the signal be seen by airplanes, 
surface ships, or both? 

(c) Shculd the signal be incorpor~ted in the parachute smoke 
signal or as a separate unit? 

(d) Should the water be colcred and thrown into the ail' or 
. 
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8~ In refc~cnce (d) 
S f ~ll'h7~: 

the Co::-:wnder S·1l"'\l'Jnrinc Scuadron Four replied 

11 (a) Su► r.~1rir' wilJ r o.!.cn se sil"T"1&1 .:i.s j t m1b!:"erges nnd &lso up 
t:l :::~}:i!:' .:.. de:'ltr:r: ar: it .,tte:ipts t.o i;oll" fovo:rahle position 
t o :-.vol.(i der th chnrgc$.-

( r) Tie signal Gh" .JJ br• v.:.si r-le 'h'J bot~ aircraft and s 11rfl.ce 
vessels in ~ear viC'inity of submarine. 

(c) Signal shc,ulci be a sepcrate unit. 

(d) A flat col ored surface ~ould be satisfactory. 

(e) The sienal gun c0uld be employed to eject the signal." 

9 . Follor.ine t~c author ization of the probl em by the Bureau of 
Er.gineering, the first laborntorJ work was the study of suitable dye
colcred oils t o form an oil patch on the surface of the water. Petroleum 
oil s being recognized as very unsatisfactor:, for use on submarines, vege
table oils Tliere used in this work. r.leans for ejecting these oils from a 
submarine were developed. Next it was found that certain bronzing powders, 

1 such as o.luminum and gold bronze, when spread on water gave a very setis
f~ctcry recognition signal and ceans were devised for ejecting these fro~ 
subrrerged suoouirines. Finally, the Bttreau of Orctnance projectile dyes uere 
t.d(~d nnd found t-, g!~;e sntinfc.ctory coloration of water. It is desired 
here to make grateful ackno':ilcdge.me!lt :>f t he kind cooper~tion of Lieut11!1-
.1'lt E.M. Crouch, U~S.No, Officer-•in-r.h1.re!?, Hav:..l Ordmmce Laboratory, and 
of Chief Gunner RoDo Carmichael, Officer-in-Charge, Naval Magazine, Belle
vu~, DoC,, in thi~ r.1rko 

~IENTAL :.IBTHODS 

l Oo ':'he experiraentRl ·uork on this problem divides itself natur&lly 
into three parts: 

(a) T!le development of new recognition signalling ngents. 

(b) The t esting of t~eir vioibility. 

(c) The devising of means for ejec ting the signalling 
agents from submerged submarines. 

llo Oil-2Ye Sign~l.: The first t:rpe of sienal dep~nds on spraying 
, d.,re-cobrad oil on t!le surface of th~ sea tv f orm a distlnctl..,.ely colored 
po.t, .. h The first experiments were to find a satisfactorJ oil. Experience 
)f sub~a.rine officers sho~s conclasively that petroleu::i oils would be en
ti-~ly unsuitable f:>r thls O'l'fing to the possi::iility that p.s.rt of the oil 
m::.~"lt become trs.pped in t~e superstructure or the fairwater structure of the 
sub~arLne find thereafter leave an oil slick ITalch, for hours afterwards, 
.,,.., • ,, Ii ,e;-.10 ,., th➔ p!'es•:i:-ice and p0si tion of t!le submarin~. Hence, vegetable 
r:ii1~ YIP-:.'<:J tried il"l t-1is i'Jork, -~0rn O.LJ., .I.Vi" t.::A<..41.ljl.J.--, ,:'- . : •w ... - " ·-· ·-:-

.. ., 

TJ-:1 or tuna t•.> l ;y , <le$J i. ~A t.~1<.: cnor mouD niun">':lr of dye:.; known to chemistry, the 
1 

• j 
J C -3- . • . -.. : -, . v,r-lE1 - -'!:, 

- Aidt-- _,I . ---- .. ~· b 
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number of dyes soluble in oll is relatbrely small and so::ie trouble 1m.s ex
perienced in finding suitable dyes. Severn.l were tried, but t hu~ far onlv 
two - yellow and red -- have proved satisfactorJo The formu) r ... s for the • 
final oil mixtures are as follows: 

4 ozo Geie;r oil-soluble r ed #? 
1/4 galo Butyl Lactate 
3/4 gale Corn Oi l 

I)IJes manuf'nct:u-ed by the J .Ro 

3 oz. Geigy oil-::;oluble yellow #2 
1/4 galo Butyl Lactate 
3/4 gale Corn Oil 

Geigy Cor:ip,:my o 

12 o Pmvder .. ~ignals: As the oil patch recognition signal RP.emed 
to have undesirable limitations~ other signalling means were sought. This 
led to the discovery of the second type of signalling agent, wbich compri3es 
a distinctive colored powder which is s cattered over water und floats for 
a period of time. A large number of materials were tried, of which the fol 
lowing were considered to show promise: 

Aluminum 
Copper 
Deep Copper 
Gold 
Light Blue 
New Green 

Bronze Powders 

( Al umimm Co. of America) 
(U.S. Bronze Pov:der Works) 

n n n 

II II II 

n II " 
n II II 

Other 

Fire Extinguish
ing Foam Pow
der .• 

Graphite. 

13. Dye Signals: The third t ype of signalling agent consists of 
a water-soluble dye in the form of dry powder which, when scattered over 
the surface of the sea, quickly dissolves and colors a body of wa ter i m
mediately beneath the surface. In principle this r.iethod is identical with 
the raethod of coloring the salvo-splashes of major-caliber projectiles. Two 
obsolete proj ect ile dyes (blue and carmine) supplied by t he Naval Ordnance 
Laboratory on authorization of t he Bure~u of Ordnance were tried and found 
to be su.i t able. 

(b) Visibility of Sig_~~e 

14. The firs t experiments on the visibility of the above signal-
ling agents were made as follows . On a sunny day, with the wind about force 
2 on t he Becufort Scale, the various signals -- oil, powders and dyes -
were scattered from the stern of the Laboratory motorboat while she was 
underway at about 2 knots. Appro;dmately- one pound each of the vario-:.i.s 
sienals v,ere used and scatt ered at intervals of about 200 fee t al one the 
course (PlatP. 1). ijh8n all signals had been put overboard, t he course of 
the boa t was reversed a nd t he 'character of the vurious col ored patches ob-
s~rved at various angles with respect t o the sun. By steaming back nnd 
forth a long the line of signals, a measure of the c.i.uration of visibility 
was det ermined. From t hese observa tions i t was judged that the s ignalling 
agents were satisfactory in visi bili t y and duration, most of them remaining 
visibl e for about half an hour. 

15. Next, through the cooperation of Lieutenant E. M. Grouch, USN, 
of the Naval Ordnance Laboratory, visibility tests from t~e air were made. 

-4-
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Ir, t 1,e•sP t.h~ :3(• .. , 1r~ ~i 0'!'1[..l ,:- V'f' ,..:"\ gn ~ .. t':-1>,!'C•d 0-✓ t.J "':' t b~ ?otomrt'! ftivor from 

Th,:, r- ,t·,r·t-ont on ;, co·1:.:-:, U~J0 -:.~ l '. cri~,·cl b ,v , ,1hi l<> Lieu~,. '"''1t Croach 
0h,-'·='l"'i ._h0 ': !'r-r-ir.i -, :,Jo.• <> TTit''l Li•~:,+,=. .. 1 "lt (i~) J.E. Gri:'f:n , JT;:-,'i, ,:iilnt
in .. F .... ~ nls:, n'1~'J! .. ,.:_..,[. T~",,_.., dn:.r ,.4' s s~1r1 .. 1y \'4·it,h the sun b~nrin .... ~Q:i11t 130° 
uf :-ltl t u10 ,'J'\ t O ,·•ir"d :,h ·it;"''.;"•• :i ,..,j t,:\"' "'iVP!' R1i.=-htl•,r ch"':':'~; ·md 
w•:·J ;,-u-1 l;· O Tri.:-. r;rij "l!'i.• •• ')• ' t,he .;: -· - -, ,. f ,·mu t') l~ ') l<>· •«t-:'l ly Z')Cn 

f:-'>::. "" !'r ui1·:-,h,·1e t. ~ ·1ltit:1lcn :J:' t) 4 , J00 fcet.o T:1' vt~i"..,il "t:r of tn~ ;;i6 -
-:i ·.l~ v·ri,vl £!" :.+ 1 : ... t!".c! "."':>ni.tiori f th:- ,·-. :__n.,. ~h ... :!.~,,,. ,,.:..th :-• ... :-,0 ct t"I 
t!•, ., Tr_,.• v · i ~il 1 ty t~": ~ ·i::.!·~ not ~ ~t1·.:-l•J.-i f • ,..t:->0!' bsc:1:.1:e : t '1'1'":3 '}f'"
pr"'ci t l .i.-,- t :mr-H • ir,'1 s ·:>'l t~e l"'Udrl:, i>o.,. .-, y,,.. ~j •rcr _: ifferei _:" ~. • l ·, f'roo 
t,,.. .J'.l .:.ti ,1ns :-t ::'?', ,-,nd hence tl1a: vi.:i1:>ili~y tc!;t~ , to be of signi"i
,-•;,n~, .. , i:?•1l<l "ril:, be m:..rle in tlt~ open sea. 

16. T1e re[;lnin.:.nr :>t.rt of the rrork is concerned with devising 
s•tittibl~ -:?~"Ins f -,::.- e,jectin~ the above signallin~ substances from a sub
'l'H'?!'ii sub".?lt ~· ine. 

17& .!i~_B.lo~ Lfor oil) : In the first ~et:i.~d, suggestP,d by Li eu-
tPn, "lt ~-; .,.T. Holm0 s , USU, the oil is blown out a s:nal I pipe thr:mgh the 
pressure hull in the sub:nn.rin\? , coming out at as hieh a point r~s .:s pos
si ,~lP in :hP subl'Tjf!'iYJe fairNat<>r st...--uct1u-e (Plate 2) . Li eutenant Holmes 
visualized that ln the f i nal application of th:is metnod a nUJ!lbe:r of small 
t£1nks contltining the sever al oilc<; (Plate 2a) Ttould ~ :provided, all mani
f,.,ld~d t? the C')rntl".>n oYerboard pipe; the commending off icer would then be 
p:-o-.,.ide,1 ..-ith 11eans T>he r eby he could dt v1ill bl ow one r:,f the colored oils 
overb,:,a!"d (Plate 2b) . 

18. This s~geentlon was tested by const ructi.ng the t f¼nk-:ia.nif,:,ld 
system dfai;ral'lllne<l in Plate 2a and using it froo the Lab0r story :not-:>rb-,at 
on the Potomn~ River, ns diagr~mmed i n Plate 3. 

19. Pr~i,..~t.:l~.9.::, _QJJJ_: The second metho<l of ejecting the oil 
sienal ,ms b dcvine a pr ojectile :mi table for 1.rne in tho submari ne cmer
?Cn~y identification sienal eun• I n t:us , the oil 1~ contnined in~ shell 
similar to the subnergeJ eccrecncy ident ification Dienal, ~lark I I . In t he 
nhe:!.l" fl rrt t ... J p,] , ·;;hen the sigm,l rPached the surf!..ce a5.r pressur~ force•l 
t 'lP oi l .,,1L rs r. Sc>r~1y IThic~ cov'?red un nrPa of vmti:>r . But the cd~-pres
sure :J7stPM p!·ove,1 s-, co•apli c~t,,,d a.--1d e✓.pensi ve i n constri_1ction tha t✓ a 
secon,1 t;rpe wa~ devi~cd in which nitrocel l ulose pov;der eenc>ratP.d thP pr es
imre to eject the oil !..S n npray. I !'l Pl:.to 4 the, final experimental model 
io !'!1,:>Ym i!'l s~ction . 

20. Pro;ectilP (for....n,QE<lerl: Th-:" ,:iet''lod o f ejecting thE> powder 
sit;na ls -- both tiie me t a l po,:.:l"'r c.ntl th11 !)Ovrdered dye -- .i.J & simplP 'llod
ifi~Cltlon of the e::ien~en~y irlentific~t.ion ~ign::l Mar k II, :.bd . ~, sho-:m in 
PlntP ,; , in \";h· rh ~ ''1:;,ll --b~r&e of 3 gri:;,ns of black po,;d;:, .. scatters the 
d~'1'• ll ln.:; i)OW•for 5'.lfficiently to cover a wldo ilr~n of th"' surfoce of the 
:3".?·" ~ 

21. Tr.::-t_-. o f Et ectj.on l.!~j:poriE-: The fbal exr,crbcnt·.l rec:>gni tion 
:, ; •"'!1~,.1. mnt)1od~ ...: ::·e tested '1y "'i:-in,~ thcrn f r om the nubi .erg(>J ::;ignal gun o f .., 

,1. . .. .. 
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f l) u/">1 :-in·· m Pt·o t-1 . It i s ~mr,l , 'p l :,1 r " -t,il"! ·r.)r~· "t.-
1:n-- l · tv>v• '1 · l.:.t · :-c,.n.,: ' ►- n i;.--1·1 c "':' ~· s.;.11: ,1 di~+•• c +ivcl; 
C'"'lO"•~·i r · t ~h o f ., _,. _.,. ttPr -- 'tl7t-> " l "'I .. lt.inn ~ebe ~- :1d .. ~c l ::l/ a:~d-o il-, 
tr.2. t · l r>O•' d •· ;: , : J -:.·:J "-::d -'lyes -- ,~c,;!l :x dcv~ l •""::-cd 1n r- ,::;, :· ' 01".l sub er- ·, ' 

. ":!.!1.c· .. :. ~- :·'jh~:' <" ""'.,..."'!l 4r () l tJ. '"• p; - ,. tn~ - ~-
tiC"'l contiti~r, : · • oec -.,dll. be r.ccessat7 t ? ·fo~ilP <lefi-i ·t=-l:r t,he .- .,-dt 
'lf • h... 11et:10n c 

(?) Collat-3ral Facts vri th Recomme:.ded Apr lic·.tion: I t i,; s •1:-
gestt>d t~~t thP ":ietnl p,:mders 11s<'il atnve ;5houlci be t~sted for use as pro
jectile dyes . I t is M:ievcd tlnt thc~r .:01.11:i color p::-o jectil0 spla~hes b 
n n·.nncr Si) disti.n~ti11 :::s to e2ekc them " valunblf> additi0n to the limited 
n' ... tr'-·er of s& t:sfar-tory ,ro}ec:ilP c0ll')rs . 

23. It is considered th:.. t of the three t..r:x-:: -:::f sig"lal t~ft>•1ts 
tried, thi:: p-:rnd~red □etal ond powdered dye signuJ.c incor.:,orat ~d bto pro
jectiles, ~i~il~r :o t~~t of Plato 5, offer the most rr0~ise. It is 'bs
lieved th: t the oil sign&ls should be used only if further t~st sh.o,;s :,~e 
others to h::ive uri~?reseen objections. 

2/~o It :s felt thn.t further cievr;lopi.1e"1t of t.he ilork should be 
along the follo7"~ "l:': 1in,:,;;. A number of the mPtal pov;de:- c.nd :--,omie:-ed dye 
si:-r:.-,1.s s:1.-.uld be :..ude up :i:-id :,e:::ted unier service c:.mditionc nt sen. b;r 
su:r..~-:-ine:; , surf&ce ships o.~d a i rplunes O?erating in cor.i?-:n:, un:i.er a V'lrict;r 
of C?'1ditirin:: of ::m."1 c..nd -.,eo.ther. During these tests u tP.ntr.tiv~: doctrine 
f or tne 1:--,,., -::i: tl,e :::ien.:i.ls s:iould 'be :;et up. Then, if sui::h tests sho,, 
r::-,,mise , thr> fb·,l si.;7 n&ls could be decii_.'netl 11i th this backeround of ser 
v~r ~ t~:::t r.nd dnctri~c. 

25 . An0~he!" l i '1e of devolop:nE-nt ;;,..n1J be to desicn c. sigtl!ll ,rhj.ch 
v;nulrl simulnt~ the formation of a splcsh by u dye-lo!ided projectile , as 
projectilP spl::.she::; r:re reu.lily -.ri;:;ible fro:J planes for.:.. considerable time. 
To do thi ~, ~ J!' je~tile could 'be loaded with dye ~nd a de~olLtion charge 
(Plcte 6n.) ... uch th.1 t ·,.hen it exploded (Plate 6b) the dye \'ms u ~rown into 
the n;te.,.. -=-,: • l::.:-~0 colored splc.sh r esult (Plate 6c) . 

( c) Reco1nmenda tionn. 

26. AcMrdi-icly, it is recommAnded: 

(.l) I'h~t a nHmb':lr of submarine rec:>i,_-ni :.ion sirnaln hco!'~·?:-:itine the 
m,::.t• 1 :--o,· l<>r ,, :-id ,.,..... ... ,i"!!'ed _'.)rojectlle dyen, sii:iilur to th: t s11,y ;m on Plate 
~ \.."' _..~'P"\"""#'"~+ 11 ..,... 1 ..--~. '-\.·H·...1 "'1•111,'11 11,,-.,. .. ,.::rr, Onllov,1-:i. D.f": .. lrY .... ,. .. l" ,..V'-it",:. t" ~,.._. 

":-;1 the Flc--... , ... . c.,_j!~t of the ter.ts b•,ing t - ascertain t:--e s·•itL1-,i 1 ity 
Jf th0 su"•qst~J re:?~~ i tiJn signnla und t~ dev~lop R Joctri~e f o r t~elr 
USA. 
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