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QB 
UKITED STATES PACIFIC FLEET 

AND PACIFIC OCEAN AREASSerial HEADQi:4RTERS OF THE COMMANDER IN CHIEF 

QS3AS \f\E 
3 DEC 'i945 

From: Commander in Chief, U. S. Pacific Fleet. 

To; Chief of l';aval Operations. 


SUbject: Report of Radar and Counterweasures 3oard, FOJ"\-:arding of. 

Re-ferences: (a) CND Conf. Ltr. Serial 02560 dated 30 August, 1945. 
(b) 	Cincpac Conf. Ltr. Serial 033346 dated 5 Oct., 1945. 
(c) 	CNO secret Ltr. Serial 00139625A dated 4 Cct., 1945. 

Enclosures: (A) Copy of reference (b). 
(B) 	 Senior £~ber Radar and Countermeasures Board Conf. 

Ltr. dated 6 Nov., 1945 (Report of th~ Board). 

1. In accordance with reference (a), a board of officers was 

convened by reference (b) to consider matters set forth in references 

(a) 	and (b) and to submit a report thereon. (Enclosure (B». 

2. This report is considered to express the consensus of 
Pacific Fleet opinion w~~e the experiences of the recent war are still 
fresh in mind, and has the concurrence of Cincpac subject to ca:unents 
and recommendations inserted on separate pages in the body of the re­
port. In order to permit ready comparison, Cincpac r emarks appear 
opposite related sections of the report with corresponding paragraph num­
bers. 

3. In cor~ection with this report, it is desired to emphasize 
the necessity for contin~ed research, develo~lent and testing in service, 
vigorously prosecuted in an effort to pro\~de electronic equipment for 
the Navy and other Anned Forces of the Unit.ed States superior to t hat of 
any other nation. Only by such continuous effort in this, as well as 
other fields, can 'lie expect to JIPintain the conditiou of readiness vit~l 

.to 	our National Security. 

4. It is recOOllllended that this report Y>ith the related com­
ments inserted b;t.- Cincp6c be usee: e.s E. besis fo:- plenr.in un"'vi::' S:';C' ! '- :..L .(. 

as fUrther anal.vsi::-: stud..v ~ c.CJC expe:'"i.encf. cJt".erly indjce t thE nf,Ct-b~:: 
for pursuinB a different course. 

5. Reference (c) wa.s considered by the board after it had su ­
JId.tted its report. It is in general accord with the report of the boo·r"d 
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'~B 
l ' :'\ITED STATES PACIFIC FLEET _ • "T­. ,­ ~ .~:,\D PACIFIC OCEA:\ AREAS-.' .l-. -..:,Serial 	 HEAD(.!L·ARTERS OF THE COMMANDER IN CRJEF 

~ 3 DEC 'j945 

Subject: Report of F..a.d.ar and Counter.neasures Board, 'Forwarding of. 

and Cincpac' S CO·"'iie,.'1ts. certain recOiII:l1end.ations s~t forth in this re­
port are not inc~ ude:d in refere!)ce (c) and considera.tion should be given 
to i..'1i.tiation of "t-he necessc.ry additional projects. Important iter.u.s on 
which research and develo~errt should contjnue are listed below and 
covez-e.d in more detail in the body of this report: 

(a) Cont:UlUe efforts t.o reduce size and weight of all radar 
and associated equipment. 

(b) Continue developnent of airborne CIC and its supporting 
radar. 

(c) 	 Continue research and development on IFF equipment. 

(d) 	 Continue research and deveJ.o!Xllent 

c. H. McMORRIS 
Chief' of' Staff' 

Copy 	to: (W/E:r..cl~.) 
Cco)rdFleet 
Ccx!l5thFleet 
ca:n.7"bFleet 
COOlri eSe~e~~ee 

Ciow..~ '.. 5 ) 
Ccrr:.ll6 t Ror..:'"r;' 
Ccxn.Cru-Desh,c 

CO!:lAirPac 
Coo:SubPac 
C cxr.Ph.ibsPac 
C~C 
Ca:r.Se-v:-c; '"' 
C a:r.Tra C a:::ufrCo c 
Cl\O (100 copies for distribution lti.thin the Nav:; 

DeDart.me!Jt and shere est.ablisl-.;ue.r..ts 26 cic­
~,; : ... ,.; ) 
--~ ~. 
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FFl!AU 

Serial 02560 

!. .~ ­

~ . 
i. CONFIDENTIAL 

Fron: 

To: 

Subject: 

1. 

nea.dquar't €!"s of the CO:7jjG r,der in Chief 
~"h_\t/;' DEPAr--:r!5~l' 


~~shingtan 25, D.C. 


30 August 1945 

COi'~" ~·jer in Chief, United States fle:et 

2.."1d Chief of i~s.'\·al Operations. 


Co~.~nde~ in Chief, U. So P~cific Fleet. 


Re?::.>r:.:: en .:..!d 3valudion of Specific Subjects 
2S the ii.esuJ.t of Y:ar :2x-ger:i.e:lCes. 

D;n"'; r.§; Y;c.rld ;':c:..r II the Pacific Fleet rendered 
va]_tH~ble servicEs thre~5h :::.s recc::.:r..emi..ations cn gunnery watters, equip­
ment, radar, ship tYPt:.'3, E..r!d 
defeat of the Jc?'pc:.nese •. 

2. In crcer 
geJ_ned. tJ:-..rcug!l :';:'0 U5e of :'he 
essential that -;::-~s l'.nowle:ige 
infor~tion ","ill be the' CE..sis 
firo procedures ~n t~e u~e of 
Therefore, it is desired t~at 
follo\':ing subjects: 

all 	fcrus of endeavor v;hi.ch resulted in tIle 

tr:.at the Navy r:r:.ay profit from the k.,11.()i"ledge 
tools of \,iC-r supplied the Fleet, it is 
De !"eccT'ced for study and €...-alu2.tion. This 
fer posbts.;:- prOCUI'el:,en;' $ dc-ve1op=ent and 
the .D.E.t~rial \\t.ich is now -i n operation. 
evaluated reports be submitted on the 

(a) 	Ar:::::l\.:.!'iticn, includirJg bOli.OS and fuzes. Torpedoes. 
(b) 	P~dar inclu~6 counter.me~sures. 
(c) 	S~~ps ar.d a:~crc:..ft types includL~g landL~g craft. 
(d) 	F~iio e~uip=ent. 
(e) 	?~e central ~~d a-~ent grouping. 

! 

3. Under ~he applicable subjects listed in paragraph 
two, the iollcT.i~g sho~c be considered in the report: 

(a) 	 tr;e :JE.te:-ial under disc:.1ssioD properly senre the 
p·=.?O~e fc·r \,~.:icb it ~~a..s desigrled? 

\ 
(. 
~.1 

\ )..::-e ::.j-:ere recC:J:!!endati.ons for 
Cbe.r:be~ C".:.:1C ney: types? 
I~eY{ ,-,e~!·· rements i:..!1d new chc.ract r .cistics? 

.,...· ....·.~ - .... r-c 
..... .;.Jt--. ... ,s ........ 


1 e.:-~::':' :1Z 
( ( ,
\ ,. ,
,vJ 	:0is(;c~:t::-!:.lE.r.ce. (.Ii' ccr-~G.i;:, E}~ip tJ?e:j) 

L::C lCI;~:-.. ; cl:-c:ft t.:rpes?
('7)
~ r 	 St(;.r:c.~i E::-C~I) t~T'p €. S)o c.i:c~[::~"L J and l.~nciiu;; c:---::.it;, 

ir:~ the E.!":::E.:r:.Ent c:...::d eq_cip~r::· ~-::' to be in5 L~lled? 

.-. 
I 
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CliIT:2D STATES FLR~ 
He :.!"te~s cf the Commander in Chief 

FFl/All Iv.V-f DZPJ.RH,5.NT 
~e~hi~--tcn 25, DeC. 

Serial 02560 
30 A.ugust 1945 

SUbject: 	 ?~p0~tS on and Ev-~u~tion of Specific S~jsctc 
as the aesult of War ~rience9. 

I.~) E.::;::'..nee!""~ cg ins talliitions, ~uxilic:.riez s fire fighting 
and. salvage equl.pment? 
.A~...:.a:":!6nt grouping to D.=et the flexibilit.y in fire control 
re;::.uired in Eoaern v,arfers? 

(10) 	liei:" fire cor..trcl ch2.rs.cteristics? 
~ll) 	 llt.erc.;.tions rl..ich rill j ~rove the fleribility of equip:r:ent 

now in.eu.li&d? 

4. As requ.ested by the C~der in, Chief, U.. S c Pacifi.c 
?leet; sr.ip' S orgar.iz.ation. changee r..a.ve !lot been made during World rIal" II. 
HO'Jl(€;ver s the question of a mod.ernized ship I S orga.'1i2>s.tion to fit the 
&~ni~tr&tion c: the s~~p types of the Fleet has ari&en~ R&d~, CIe, 
~~ensive use cf voice radio, ~~d technical advances all have brought 
forth the nsed fer a..'1 c:.~"i~ -ilstrE.tive organizc.tion tc fit the neY{ cc:'..d.i tior,s. 
Recom:n.endations in connection rith an Operations Depe.rtment, a Cotter'O) cz.ticn 
Department, ~~ the need for a revision of the conditions of readiness for 
action have all stressed. the necessity for an extensive study and report 
on srJ.i.p types along the lines of this discossion• . 

5. It is ~ppreci&ted that the wide dispersion or ships 
and the ind~f.ir..ite statue ctU"i.ng de:nobiliu.ticn of ships and personnel mE..y 
Cr6s.t.e difficulties in constituting Boarcis within the Fleet to hancile 
tbese dettile. It is belie~ed howeve.r that by a.ssigning the prepa.!"at.ion 
of these reports to the staffs of Task ?leets~ Forces, and Groups r~t 
e!l:ployed. in operations thE.t their sub.:tission is p:::-&cticc.ble. 

be It ie the present ..; ntention of the CO!llJj8.nd~r in Cr..:ie::f, 
Uni'o:ied States Fleet G.!1d C~ef of Navu Operdions to prQ::7.iLgate these 
l'€'Co)':'oeQ fleet 1r::e~"'5 to t~~ OfficBs~ &..:......ec:.u~, and. Boe..:""ds (i.e , tlJE: ShiT' 
Ch£..rC:.cte:- ':'~t :_ c.~:. 3~c_ - i- ~ c:~ ."" ~~ '.-~ }\,._ ~;-:- i)er)E.:-=;...r;..!€ ~·:-, ~:-~ (';~df': :- ..~!-,i..2~ ':'.... .~ :~,. : -: J:..i. ~ ; .' '-- l.'~· ~ 
i;..5 1::.. b;._~ ~ .. ~: :-C" :'"" :.:.- :':·v t::- o::: O~y tl. O-;y~-,e- .:-:-., c_~· · b::C n n!t:L l"..- b. nc.. Fl t.~ l~· c : It::.:-' Q "~ I.' f . : ~ _ ~:'"'v:" ':.: 
't-n·,"OJ"~ D ..... ~ .... ~-· ) -2.,r, ' :u '" - ;.. "-;..:L...!.:...-;;;!,•. ' .,,,_~")rnr"~o~ _! L.I....o.I.. .l

....
"'-L 
" "-!-

-..
';s·o-e"'; ... ",,r:

l".\...o:,. 
. ~ ~ "- · .... c . - ~ n rn -: 

'-J ..... vl"'~.... \ ~'. II_I... ... ~--'.c;....l.. c.,l,....a... ~ ~.." _".:...._ ,-, .. _c... v lJ' :r 

CoIr'.:t';:!Jc.e-r in c:--2 . ~.f"s U. Sc; Pc;-ci..fj.c Fleet €):prees bis vievts ft::2JJ"- en. ;:;11 

l"-'epc,rte Sl..i.b~tt6C. p:,i~::'" tc ~u:;ciS!7· icr: to the C~d.e:L in. CrJ..c'::- s lI:-3-tl~d 
C:J.r.J.e~..,;" :;-1 '. ~-

C---l"';' 
-~" "' .... ' --" 0...1.... ~--· .. -l 0>--"l.Je..:..c;;,v-,-on~Je ­-~+.;v""'w,", J,.: __te~ .v.~C;J. ~ '\c-. 'tc......:­

J" 
Go;:y tc: 

L!~_ B'.l1'c - l:S a..-:::' Cfi':_c~e 


c.·l' t}~ - I\c.\:r IJey~ ,;.' :":·~i3:}_t .... 

{ # \ 

\ " i 

- ~ . ­
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SECRET 
Part I. 

Summary and Recommendations. 

1. This board has studied anddisoussed CNO 
Secret Serial 00140225A of 8 october 1945, Subject: Radar 
and Cle Long Range developm6nt of for air problema. This 
Board strongly concurs in the general statements therein 
and considers the l6t~er an e~celle~t stat6ment of exist­
ing problelJls and. the rc:ruirsment s for their soluticrlc 
Some disagreem.ent with pare.g:::'!S..pb. ld e) of the abo"n:: letter 
is expressed in this report, Part II, Section J, para­

·graph 2, on IFF development. R~tie.::." and IF? developrt.ent 
should be coordinated and carried out sim·u.l tanElo';.lsly. 

2. This Board considers that one of the most 
vitally necessary post-war projects is the development of 
an ertective search radar for use in e.irborn6 radar pick­
ets. It is recolll!llended that development of 9.D efficient 
airborne radar picket and C~C be vigorously carried ono 
It is further recom:nended that Comm&ndsr Ai:::- Support Con­
trol·Units, Pacific, be includ.ed in the cOmn1ands concerned 
with service trials and training of prototypes of airborne 
radar pickets and CIC's. 

3. The internal organization of many of our 
large ships requires improvement to better coordinate the 
functions of eIC and the use of new electronics devices 
with the functions of the various standard departments and 
theirequipmants. The question of establishment of an op~ 
erations department in some types of ships should be re­
viewed and several types of improved orgenizatioc's shou.ld 
be given further service trials if the operations depart­
ment is not favored at this time. 

4. Ship Borne SurfacQ Search Radar~ The SG-b 
and th~ SG-lb radars (having Mod. 50j with the desirable 
features of sensitivity time control, tast time constant 
Circuits, and expand~ble sweep are. considsred v6ry sQtis­
factory eq~ip~€nts feT , t be p:::-e Fe. ::..t en~ , ~o:r tbe immec.i fl t e < 

tu~u:r o '2.'n6 .i£,l.,f.J' f;f:: ~{- f S , :-e of:.:: ~ ..... :'tD nl £,lJ . ~· ", ,, ,,"2: ;- ' 

ana. stenoe.rtizec. cons'"C::-uc -c.: o:-i. v:i.l i. SE... i ~ :!:·\T E : _ ~ -'.E- C .. • ""E ~ <; 

tor the near fl;.ture. The SL seri68 caD. be cons ider~, d_ ob·.. 
solete end should ber€placed with th much b6tter SIT 
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SECRET 

series radars. The later SO series is considered satis­
factory for the needs of the present end near future. It 
is recommended that the SG-b end SG-lb be retained on ships 
of the inactive fleet end that the later model SG radars 
be instalied on ships of the active fleet. It is also rec­
ommended that one of the late SU series or late SO series 
be installed wherever possible for small ship surface 
search use. Future development should be directed toward 
reduction of size and weight and standardization of compon­
ents. Improved resolution is also very desirable for 
surfaCE; searcb. radars. 

5. Submarine Surface Search Radar. The model 
SJ series, surface search anu also fire control radar~ per­
formed ell, but is now obsolete. It is recommended that 
it be replaced by the modGl SS series on all active sub­
marines p and that it be retained on all inactive submarines. 
The model ST series, surface search and fire control peri ­
scope rE.dar performed ".'ell. It is recommended that it be 
retained in all active submerines, and in as many of the 
inactive submarines 8S have it installed at the present 
time. Improvements are needEd in the near and foresee­
able future to narrow the beem pattern i~ azimuth, improve 
the range and improve the resolution. 

6. Shipbo~ne Air Search Radar. None of the 
air search radars now installed are considered satisfactory 
in performance for the near future, or foreseeable future 
in active ships. However, continued. development of the 
SR series will, it is believed, result in a good air search 
radar rOT use in the near ruture until a radically improved 
air search radar can be produced. The SR-5 or the higher 
frequency models SR-3 and SR-4 seam to be the most promising. 
(Refer to II-B-6). The mejor faults of equipments now in 
use are: Poor maximum range, poor b6ari~g resolution, large 
fe,de zones JJ no high angle coverage, too low frequency t 

troublesome antenna pedestals, ins.cieq,uate shock moun.ting 
aDd difficulty of mainten&nce. It is considered necessary
that the re.da r of the foreseeable future must overoome the 
above mentione d dif~icultje8 and hftV6 the following eddi­
t10De ff'f.tuJ'e~ : 

ee 	 A movi~g target inticetor system. 

b. 	 Stebilized ante& e~ ~h6re ship type instil ­
le.tio:l rSCiul:res" 

1-2 




SECRET 

c. Provisions for zenith search. 

d. More rugged and simple antenna pedestal. 

In view of meeting the needs of the near 
future it is recommended that the late model higher fre­
quency SR type air search radars be used to replace all 
SC/SK radars on all ships of the active fleet insofar as 
production ellu. pre~ellt supply permit. This is deeilied 
adviseable because the SR series has inherently good de­
sign, is standardlzed, a~d with future modifications it 
may become the air search radar to suit the needs of the 
foreseeable fu~ur6. SR types should be installed on CV-9 
class carriers in the inactive reserve. 

7. Submarine Air Search Radar. Subnarine air 
search radars such as the SD series aDd SV series have not 
given very good ranges on air targets (15 - 20 miles). 
The SD series with th~ non-directive antenna is not con­
sidered satisfactory for eith6r present or future use as 
a submarine air search radar. It is recommend6d that the 
SD series be replaced by the SV series on active submarines 
and the SD-5 be retained on inactive submarines. It is 
also recommended that steps be taken to improve the range 
and coverage of the SV series radars. In the near and 
foreseeable future the anteana should 06 improved to give 
information of position angle of contacted aircraft. 

s. Zenith Search· Radar. The methods used 
during the latter part or the war to provide zenith cover­
age were interim measures in an effort to provide immediate 
pro tection against high engle air ettack. The SG with the 
zenith search reflector was not satisfactory. Tha trials 
of SCR 720-B show that this device is a trend in the right 
direction. It is recommended that a similar d€vice using 
spiral scen, having a 40 d.egree to 90 degree cover€.g e, and. 
a method of presentation giving rang , b€aring,6.uQ po s i.tion 
angle be developed sp6cif'icslly :fo:- the US G of zen i t h 
search. This zenith 8sarcn radar should heve its controls 
adjacent to the air search radar and have its prGsent~t ion 
alongside that of the air 8eare!! :'8.0.8.1'. 'rhe need f or a n 
errec t j11 6 2.6!litb S 6£.J'C': J' eQc::' b~ ~ bf'.,EL mu c .... eL F-Cu f F- " : ~ 
action rspo::"'ts en c. i S !:'~6L_. r rE. l t 

9. Control of Interoeo t:!..on rtc.da!:' p The S?/S]'{ 
rade.re ha't'8 part r ei.l.y 68"Gi sf sa les"c lleeds a l"'ln~ t· 6 \I: ar ~ 
l.'ith improvements outlined in pare.grtt_ I~- B-7 01: -Lhi s 
r eport they should be retain ed tor the present end. n~ar 

I .. 3 
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SECRET 
:future until a better type is available. The tleet needs 
a greatly improved intercept radar with greater range, 
better altitude determination, better resolution, end 
simplified construction. From data available on the SX 
radar, which will be capable of dual purpose search and 
control of interception, it is believed that this radar 
may satisfy the intercept radar needs of the carriers and 
battleships in the near future. However, general fleet 
opinion seriously questions the advisability of depending 
o~ one equipment for multiple purpose use since a failure 
means complete loss of radar data. 

108 Surface Fire Control Radar. The perform­
ance characteristics of the most recent fire control radars, 
such as the Mark 12 llod. 1 and the Mark 13, are consider­
ed satisfactory for surface fire control use in the present 
end Dee.r future and it is recommended that the Mark 13 be 
installed in all new construction Battleships and Cruisers 
and that it be used to r.eplace the Mark 8 radar 00 ships 
of the present active end inactive fleet. It is also 
recommended that the Uerk 12 Mod. 1 be retained for dual 
purpose fire control p~rpOS6S on ell shi.ps of the active 
and reserve fleet until l-lE:.rk 25 equipment is available. 
The surface fire control radar of the foreseeable future 
should have the following characteristics: ' 

a. Maximum range well beyond the effective 

maximum gun range. 


b. Bearing accuracy consistent with the in­
herent deflection dispersion of the gun battery (1 - 3 mils). 

c. Resolution as high as possible in range 

and bearing. 


d. spotting provisions for range and deflec­
tion. Cless "B" presentation satisfies this ~equir6ment. 

e. The presentation should be as similar to 

optical as ,Possibl.o.. Class "B" presentation partially 

SF.t::sfj~~ t1::li.::- :reou:"rer::l€l ."l­

:r. l-' !:'O'li 5::'011 f'o:- COIDp} 6te 5utoms,'tic trf'-ckir..g 

and computer bid circuitse 


g. J1Ile car:ier outpu.t frequeD.cJT :;b.ouJ.d be e.s 

high as possible without suffering ezcessive interference 

rrom ~tmosph€ric distu~b8~C€S. 


j~, - 4 
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10. ConCU!" iII general. Specific reference to Mark 25 
should not be token as an indic&tioll that this is the ultimate in 
"Dual-purpose 5 Inch Fire Control Radar." If a better director and 
raQar syst~J such as the projected Mark 56 systen, proves to be 
more eff ective and otherwise satisfactorJ , then it should be con­
sidered for replaceoent of current syst&ls. 
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mounted. 
h. The equipment must be effectively shook 

simple as 
i. The 
possible. 

maintenance problem must be made as 
(For elaboration on characteristics 

see paragraph II-C-l.) The only equipments which have 
appr.oached a rea ly satisfactory surface fire control 
design are the Mark 13 and Mark 25. It is baliev d that 
the Mark 25 with the featu.res of complete automat i c trE'.ck­
ing, high resolution, ~nd good r~ng6 may me6~ the nee ds of 
the foresseable future if it proves satisfactory at~er 
trial in the fleet. 

11. P~ti-Aircraft Fire Control R~dar . The per­
formance characteris7.:"cs of the Itcst recent anti-aircraft 
fire control radars such as the h'.e.rk 12 lfod.. 1 - Mark 22 
combination, and the Mark 34 1£00. 2/4 are considered satis­
factory for anti-aircraft fire control use ill the prese.nt 
and near future. It is recommended that: 

a. The Mark 12 Mod. 1 - Mark 22 combination 
be retained on all ships of the active and inactive. f16et 
until such time as a new equipment is developed which will 
satisfy the basic requirements for the fleet as set forth 
1n section rr-c-30 

b. If the Mark 33 director is replaced, the 
Mark 28 Mod. 0/3 be replaced by the Hark 12 Mod. 1 - Mark 
22 combination if weight and space conditions permit. 

c. The Mark 28 Mod. 2/4 be reple.ced by the 
Mark 34 Mod. 2/4 on ships of the active fleet but retained 
on ships of the inactive fleet. (Refer to paragraphs II-C-4b, 
c, d, e for more elaborate discussion). 

12.. The _tIDti-Aircraft :F'i!'8 Con.trol Reaar of the 
foreseeable future must have tJ::.e f'o~l.o\','ing characteristics; 

a. Ha:x::imum range well beyond. the ma~in;.um E:,f'­
fecti,'e rali£6 of the gt:.ll bE.tte::'"'y .. 

b. b€&r i r.:.g 8.cc~;:-oc. ~.- CODf. i S"L€;r:.t "' .'l ~ .u. ..... ,} : .:. 

herent deflection dispe!'sio!l of the gt1..I1 battery (1 m:lo or 
better). 

c. Pasitio=~ 8 Cole accuJ.'E::.cy the Ec'..L1e a s the t 
for bearing. 

d. Provision fer a moving target indicator 
system• 

• 0 
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. . 

e. The resolution must be as high as possible

in range, bearing and position angle. 


f. Provisious for rapid and efticient means 
of target acquisition. 

g. Spotting provisions in range, deflection,
and elevation. Class nEn and "C" presentation are desir­
able. 

h. The presentation should be as similar ~o 
optical as possible. Class "E" and "C" presentation par­
tially satisfy this r6~uirement. 

i. Provision for complete automatic tracking 
and computer aid circuits. 

j. The carrier output frequency should be as 
high as possible without sutfering eroessive interference 
from atmospheric disturbances • . 

k. The equipment must be effectively shock 
mounted. 

1. The maintenanoe problem must be as simple 
as possible. (For more elaborate information see paragraphs
1I-C-3 a to 1.) It is believed that the Mark 25 radar, 
which is now under oontract, will meet the needs of the fore­
seeable future in most respects providing trials in the flee t 
prove it satistaotory. 

13. Submarine Fire Control Radar. The require­
ments or the submarine are for an all around tire control 
radar for torpedo as well as gunfire control. This r6~uires 
a radar which is oapable of giving acourate bearings, long 
range, and having a type of presentation that is suitable 
t'or spotting. It is believed tbat the Model 88-1 w:tth the 
desirable feature s of high resolution and aocuracy, grsat 
range , and provision fo:!" class ffA" and ftBn presentation. y;i2::' 
meet the D.e6ds of the present, near future ane. f'oresee €.bl e 
future, es a good submarine all round. tire control radel~~ 
It is J"f'!CO.M:ro EnO€C thEt the h-Iod al S~· - l r6,Plac tbF- c;. ~ ~ ,-
or: ~ll E(,t.:V~ 5ubm~r1n6C: ~L C: 'thEt t.b€ 5.1 be ret.~ifJt<c on in­
e.cti e 5ub21.S.rins s for training purposes until produ.ctioll 
volume . 11 eng 1 e the~ to b6 replacsd by the Model S~-l •. 
A radar repeater is needed in the integrated fire cODtrcl 
system nOll being developed OD. the. USS SEA LEO?ARD. Tb.e 

I - 6 
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1. Continued effort to produce a satisfactory IFF system 
is reccmmended.. Detailed co:nment will appear opposite the detdled 
cC¥:m6nt in the report. 

J. 

2. ExperiJnental projects in progress in both AE({ and Air­
borne CIC prior to war's end should be continued. 

3. Cincpac recently concurred with CNO in the establish­
ment of a Canmunications Departlllent. Further camnent on this subject 
"'8S forwarded ,in Cincpac Restr. Ltr. Sera 8840 of 30 Aug., 1945. 
Further reorganization is not recommended until additional study makes 
clear its necessity. 

D~ ~ r~A­

[~ -'t1 
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12. 1. Mark 25 Radar. 

If a better radar and director system, such as Mark 56 
projected ~stem, proves to be more effective and otherwise satisfac­
to~, the fleet should have it. 
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Model VH is now on the allowance list of active submarines 
for this purpose. It is not r6commendea for installation 
on inactive submarines. (For further il!formation refer to 
paragraphs I1-C-6 a, b, c and II-C-5 a-i.). 

14. The long range airborne radar picket and 
CIC is of greatest importance to provide for long range 
warning e~d interception of any attacking force before the 
enemy can reach his objective. The development of a satis­
factory airborne radar picket is considered the most i~port­
ant of all post-war prrjects and it is recommended that it 
be pushed with t~e utmost vigor. 

15. t~rborne Radar. There should be ~s few 
different types of airoorne radar systems as practic~ble. 
Reqomm.ended is one system. for light - fast laud. basE'.d 
patrol aircraft, one system for tl1e slower-heavier patrol
craft, and one type, if possible, for carrier bas€d air ­
craft. In the design of carrier based eircraft radar the 
follo~ing fectors must be considered: Streamlining 1 light 
weight, tropicalization, moistu~e proofing, and standard­
ization of parts and. eQl!.ipments.. Desig!l shou.ld be con­
tinued to develop sea-suppressor circuits, autolI46.tic fre­
quenoy control, and moving target indicetors which will 
permit differentiation between land mass or sea return, 
and moving targets. 

16. Shore Based Radar. It is recommended that 
Marine Air Warning and. Fighter Director Units be mainteinedo 
They should be coordinated or integrated with Landing Forcs 
Air Support Control Units to form a unified air control 
center to be set up asho~e immediately efter an aS 5&ult 
landing or on any island or coastal territory which might 
be siezed. Th6se units should use A:I:my type radars and 
be able to 'Work immediately with Army A. W. and ll"ight r 
Director Units and Air Control Centers. These Wlj.ts should 
F\lso be freQuently d.rilled in coordinetion with Fl.e..et and 
Amphibious Force CIC and Air Control Ce~ters efloa t • 
.Toint .Air Warning reporting and Fighter Control proc ec.ure 
and communication fre~uencies should be agr6ed ~p'Oll) ma in­
tained,EDd edbe~ed to b - e l 1 concerned. !n DO otbe? f i 2d 
is inst.e.n ·v EnG. e:::'i.c i 6 _'- J oil: \.. Ac 't i OlJ sc T':' .,, 1:.. 

17 p..ircrEft Early Warning Equ.ipm.e ;:j:t ~ 'l'Df? pre-· 
sent pJ'jo/{ Eystem is consia.E!'ed ine.clsCluB_tE' b oaUl') c;,f the 
limited r8!lg of the !'c.de.r employed. p i:w.s.b i li.tv to Q6t eot 
targets o~er l and, and 6xce &s i B Eea r6tur~. A high ­

1-7 
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17. J:...E'N presently installed ShOVTS sui'ficient promise to 
justify continu~tion of its development and trial in the fleet. It 
is considered that there is a definite need for both 1~1 and the Air­
borne CIC. Accordingly, further development and trial of both these 
methods is rec<l<1l!nended in c.n effort to provide greatly extended range 
of effective radar defense for the future. Furthermore, the Airborne 
CIe gives prcc~se of our eventually being able to exercise real tacti ­
cal co~~nd of large forces of aircraft on distant missions, a most 
important desideratum. Du:ring the war we attsnpted to do this through 
the use of Air Group C~~anders and Air Controllers. As these officers 
had. available ve~r limited facilities for obtai.'1ing information and for 
the issuance of orders, these efforts to exercise command in the air 
bad very lir...ited success The Ai:-borne ele may point the way to truec 

air-borm: cO:nr!lCnci a:-1(1 th~ c:;bi2.::.t; to exercise cont,rol o\r e= "''ide-spl''~_ 

~=-_ F.C"L.': Of, at g-eat cUstar.ces ':rcx!! c~r=iers or ot.her base s. It :3houl 
be strongly p'~shed with this in mind. 
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powered airborne radar must be developed which will dete~t 
single small aircraft targets at ranges in excess of 100 
miles over land. The remote control and television aspects 
of Ah~J are of very dubious value. Full operation of radar 
and eIe in the airplane with voice radio transmission of 
information to those concerned is simpler, more reliable, 
less confusing and fully adequate. 

18. Ground Controlled A This 
Board recommends tna~ a ~ maJor 6. r oases e €qu~ppe with 
GCA equipment as soon f'S available and in addition that all 
minor bases which encounter weather !!I.inim~s below 500ft .. 
ceiling, or 2 mile visibility, or both, for periods exceed­
ing 5% of the year be so equipped when practicable. This 
Board concurs with the requirijments set forth in the CNO 
Conf. Itr. Op-25 Sere 013B125A of 28 September 1945 for the 
procurement of GCA equipment for CV(N) night carriers. 

19. Radar BeBcons. It is considered that the 
development and use of radar beacons should be continued. 
The present radar beacons need redesigning to increase 
accessibility of chassis, to facilitate ease of mainten­
ance and operation, and to reduce size and weight. 

It is recommended that development of radar 
beacons be continued to provide: 

a. Picket vessels including submarines, air ­
craft carriers, and seaplane tenders with beacons to respond 
to airborne radars. 

b. Land based beacons at airfields~ prominent 
. 	shore line land marks, sad otter points as necessary for 


navibation of air and surface craft. 


c. Floatable beacons to respond to shipboard 
radars to be supplied in life rafts, or for dropping by air ­
craft to mark location of survivors or the projected track 
of enemy craft. 

d. Light~€ight ultra-portable fire control" 
beacoIlE""Go H~5: ~ 1.. ;: ~ ~ j . c =- E' bowDB7.'d.::J.~ L t t ,:\" ~ E:c.E.:- (: O ) " 'l" ~. C -, .... d 
be t 1, e=5. e s • 

20. IFF ':':;C;1..;.ipm.ent. The pr6sent Hark III IFF 
system, desJ)ite its ciE.:lj 1 1;:aj.tat:Lons end. un.desi.rable fea­
tures, has served the ~leet ~ell duri~g the Pacific ~a~. 

1-8 
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18. Cincpac concurs with the need for GCA equiJInent. It 
has proved its worth. However, its application requires an increase 
in total personnel wherever it is used. Two officers and 7 men are 
necessary for "on cali" service, and about 4 officers and 21 men for 
"roWld the clock" operation. 

19. Ciocpac concurs in the continuation of development of 
radar bsacoos. However, during the recent war, radc::.r beaco.."1s have 
not always been enthusiastically received in the Pacific. Caution 
is enjoined in the expenditure of funds for large quantity production 
of these devices except when the need for them is definitely estab­
lished. Improved and more reliable beacons vdll probably earn a more 
general acceptance. 

----~-------~=-==--==--==-----... 
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Nevertheless, it is considered to be totally inadequate 
for future use. TD6 most important of its many faults 
are: unreliability; poor discrimination in range, bearing, 
and elevation; the special knowledge re~uired for proper 
servicing; poor security; and inability to distinguish 
between different groups of friendly targets. 

21. ,The fleet requires an IFF system which will 
be reliable, which will inspire the confidence of fleet 
personnel, and willch \liill have a coding device that will 
give autona tic id6ntifi~ation and yet can be readily changed 
when the or iginal system has been compromised. The pre­
sentation 01' IFF Signals on indicators sllould be so simple 
and obvious ttat mistakes and Qelays, occasioned by the 
nec6ssity for close exenination and lengthy thought proces­
ses on the part of operators, will be eliminated. It is 
therefore recor:l.Olended that the entire IF}' program be re­
Viewed, and that the several new avenues of approach which 
ere now open to use be invbstigated as soon as possible. 

22. Consideration should be giv6ll to the fol­
lo'wing in developinf; a ne','; IFF system: 

a. Varied modulation of pulses of oVJn radar 
transmitters can be provided so that vessels, at their 
own discretion, may establish their identity to friendly 
ReM intercept through the characteristics of tl'leir search 
and intercept radar transmissions. 

b. The incorporation of IFF intercept featur~s 
in RC~I installations seems advisable and is practicable. 

c. The use of higher IFF frequencies would re­
duce antenna sizes and improve directional characteristics. 

d. The use of coded pulse-time or other mod­
ulation feetures superimposed on both radar and IFF signals 
appears practicable as a means of automatically discri...m­
inating between friend and foe and among different groups 
of friendly targets ana as a means of obtaining additional 
sec llrj ty'. 

e ~LE ~nco~porE~io~ cf tirec~ioDal =rF ~s 
en intear21 part cf eect air-search, surfecs-s6arcL s and 
f·:r6-· ~c:'+""ol-~ R ':;P~ "~'7'C' -lq n6Cpc. ", ,, .,..v 61lL!,-' 'lrec+;cablea... • v .... , ...1 ~A ..L __ _ '-".L '-'.] _ "" l;J ......... .....J __ _.... .... __ "-- _ ..; ....t" w..L. '-- ...
\..-4, 
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21. Cincpac concurs in the acute need for an effective IFF 
system. It should be positive, secure, and as simple as possible in 
its interpretation and in the techP~cal knowledge required to operate 
and maintain it. 

22. All of these and any other promising possibilities 
should be exhausted in the search for a good IFF system. Research on 
this project must be ,",ont.i.nued. In a fut.ure war, compromise may make 
necessary complete che.nges of syste.m. TheI'efore, a basic system, and 
at least one reserve system, should be provided for an;y future ell,sr­
geney. 
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230 This Board strongly recommends that the 

development of IFF alo~g the lines indicated ilerein be 
vigorously carried out concurrently with or as a part of 
the development of new radars. 

24. Count6r~85sures. Research and development 
to improve countermeasures m.ethods and. equipment should be 
CCrrlSQ on. Our pres82t 6~uip~c~t should bA redesi£ned, 
unified as to rect.s or cabinets and power supplies, simp­
lified and made ~ore flexible. Improved directional in­
t €rcept receivers are : . .squired. Bet.~6r radar je.mming and 
radar deception eqtlipru6nt is nsedsd. Detter means of 
directing or nullifyin~ electronically guided or controlled 
missiles ere need.ed. It is consid.e!:'€ .d that RCl:.1 activities 
should be a part of or controlled by CIC~ Our ships a~d 
eircraft snouli illake continued and determined €~forts to 
intercept stra~ge electromagnetic wave radiations in all 
parts of the world. Knowledge of ~hat other nations are 
doing is vital in this field. 

25. P~lov'E.nces . This Boerd considers the al ­
lowances of radar eQ.ui;'::!6nt as givan in t .he Re.clio Type 
.Allowance Booklet (HE llA 100) for the vari.ous classes 
of ships reasonably adequate for the immediate future ex­
cept for the need for Zenith Search Radarse Minor changes 
to this allowance to meet the conditions of the near future 
are discussed in Part III of this report. Radars of radi­
cally improved characteristics will be required to meet 
operational conditions of the foreseeable future and will 
probably entail considerf.ble revision of present allowanc6s o 

26~ Standardization of Units and Com onents. 
The necessity for crash proauct~on and deve opment of radar 
during the war and the many different companies producing 
the set brought about a situation wherein the many different 
types of sets bore little resemblance to one another even 
though they we~e p~oduced to perform the same fu..or.tioIl... 
Some attempts to standerdize components have been made with 
the SR series and the later SG series. 

2 7 
izer;: OI. i lOl m6D c. "t r:-,;."- en ":' Ti:COmm 6 nGE "LtH::-... "L r:. N:~ -,. C: ::' l. U ; ..":. 

65 Drov~~ b - E De=i eDc e 06 aC C~D~6~ BS s~ant&r& b DC L~e · 
new- r ader' s d6\cl o p 6d v::. tb. ~6d:i.c 6. 11~r impro" f.l(l 'p6rfcr.cJ.E::lc e 
be bUl.l t aroun<i t es e s-:;e.ude.rd. circul t 5 . COL.S tr-uc "t ~. C!l 
might us r6so1ve~ into a ~eries of eboat six raders j tnree 
surf ac e Ese. r ch e~d thrEe sir ~Aarch to meet the ve~ irig 
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25 ~ Concur in general. It is desired to stres6 the id 6e 
that develo!X'lent of Zenith Sesrch radar should not overshadOf{ im­
provement in long range coverage. If enemy aircraft carry etanc 
bombs, we can not let them get overhead. 

26. continuation of the effort, already initiat.ed, to 
standardiee units and components, promote interchangeability of 
electronics spare parts, simplify, etc., is a necessity. However, 
standardization can be the enemy of progress. Research should be 
unhindered by standardization.. DevelolEent and imprOV&lllent progrer:;.s 
can take staodardizstion into account after research has discovered 
new principles or means of accCXllplishment. 

http:initiat.ed
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needs End limitations of the different size ships and 
small craft. ~n aeidition~ ti.¥'O generul pur.p0se height 
finding {fight~r director, t7Ps radars, one large and 
one small coulu be devel~ped using si~lar components 
Similar component parts and circuits and possibly units 
may Viell be ilS6Q in fire control radar 6'luipment. Stan­
dardization of electronic e'luipme~ts and their components 
is 0 :18 :) f tIle !Lost important improve~ents requ.ired. dl.!!'ing 
post-war development. 

23 0 : ower St:.,PplX. Necessary improvements in 
radar perfor!1l.u~:c e to m.eet "Lne threa ts of the future v~ill 
rS(luire that every co.:.npollent be capable of delivering 
the utGost in ;.erformallce for its size and vJeight. Much 
saving in _.eigr"t and spBce may be accomplished for !!lost 
electronic equi¥~ent by a shift to a higher fre'luency 
power supply. Because of this fact, a shift of power 
supply fre~uency for future mobile radars appears likely 
from a !!lilitary standpoint. Hany a.irborne equipments al­
ready use 800 cycle po~er sources. Th~ relative merits 
of various power supplies have been reviewed by the Board 
and the following recolllUiendations are .m.ade: 

a. An orderly change to a higher fre~uency 
power supply for certain radars should be instituted in 
the near future. The optimum fre'luency should be se­
lected by the Chief of Naval Operatiolls after thorough 
study and recommendations by the proper material bureaUS 
so that full advantage may be taken of the knowledge, supply 
end production facilities of commercial interests and other 
services. The broad difficulties and disadvantages of 
shifting from 60 cycle supply are well appreciated by this 
Board. 

b. The possibilities of a shift to a higher 
fre~uency for power for Certain electrical equipment such 
€s synchros and small ~otors re'luires investigation and 
coordination. The fr6Quency should be the same as that 
u.sed for rada.r and radio pO\,ier SUP1)lies in oruer to stand­
ardize components. 

c. l-.:'-;-CTf:..: ... En cl f:Ublli6:::-:" n6E pTe~EH: 1; tL b IDO ~ • 

imme c.:i. E..t e probj.€:I..S be CbUSE. of "Lue inCrtHls.6Q impo:-t;£.Ii(: E. of' 
s pace End weigt t considerations. Nav-al eircraft ere using 
800 cycle suppl ies for radio, radar and other purposes . 
It is understood that ~~y aircraft and commercial inter­
ests are using 400 cycle supplies for various purp9~ese 

I - 11 

http:impo:-t;�.Ii
http:inCrtHls.6Q


COMMENT BY CINCPAC 


SEC~ 

28. The merit of high frequency power supply units has been 
demonstrated. Space and weight can be seved by using higher frequen­
cies and the associated high speed electric generators. Cincpac con­
curs ","ith the board t s reccx:nmenci.:.;.tion that further study, investigation, 
and coorciination of efforts in this direction are in order. General 
a.grcem811t on standardization an 400 or BOO cycles between ArrJIY J NavyJ 

and cOOUII ercial interests shou.ld be reached so that the cooperation of 
electrical industrial interests can be enlisted with the expectation 
of enthusiastic support. 



• 
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Standardization of high frequency power supplies of Naval 
aircraft with the p...rmy Air Forces material seems mar:.dat.ory 
to increase the availability of interchangeable spare _8 ·tE . 
Conversion of submarines to use of higher frequency powsr 
should be given a high priority. The future submarine 
promises to be a versatile weapon and shoulc be of great 
value to the fleet as a radar picket and fighter director~ 
In order to build necessary cheracteristic~ into a eingle 
type submarine, further reduction in size of marry eQuip ­
ments will be necessary. 

d. Constant liaison with commercial int e_e 8~ S 
in the development of power supplies should be ma intai l ed 
so that full advantage may be taken of their work~ It is 
to our advantage to influence cOmfrsrcial airlines and 
other mobile services to use a COLDl!lon high frsq,usncy po'tJs r 
supply. 400 cycles is already being used by many and ap ­
pears to offer certain advantages over 800 cycles for ship­
board use. 

29. Vieight and Space Consideration . This 
Board recommends tEat to reciuce the weight a~sp&.ce char­
acteristics of electronic equipment the basic design 
considerations for electronic equipment be studied for 
revision as follows: (1) to use miniature tubes and mini­
ature techniques whenever practicable, (2) to withstand 
reasonable shock and vibration with light-weight 6xternal 
shock mounts for installation where excessive shock or 
vibration is encountered. 

30. Spare Parts. 

a. The present practice of furnishing a 
separate spare parts box for each electronic e~uipment is 
unsatisfactory, using up valuable weight and space boa rd. 
ship with large stocks of slow moving, low casualty ~par0 s. 
Cri tical shippiu.g space has bsen utilized and thE'- . e-s" pfl: ' 
of critical items slowed down by the nsce ssity of P8r:}CB C" De 
a large volume of seldom needed 'parts together with cri .... 5.­
cal fest moving items. 

r, S'V&.ndE.TC ::" z tS on 0 1 CO.:;:. DOn E... ~ ' C. ,,~ : ..... 
physicel siZE as well E.8 6lEct~ j cal ch6racter~~t~c sJ i 
necessity. Attempts to st;endardize electrical cha ect er­
ist i cs have been made to some exte t but the benefits of 
this stenderdizat ion h5ve been lost by failure to st~3derd ­
ize physical dimensions as well. 
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c. Spare parts lists and stocks aboard ship 

should be based on the bin supply principle and upon re­
quirements of ship types rather than individual equipments.
Non-standard items peculiar to individual equipments may 
continue to be supplied on an equipment spare basis where 
necessary, if tender or base pool supply will not serve. 

d. It is imperative that the distribution of' 
spare parts be such that the spare parts are delivered to 
the fleet concurrently with the deliver"l of the new elec­
tronic e~uipmeut. By this process ~~y ite~s which may 
prove to be high casualty, criticsl i~ems will be made 
readily replaceable from equipment or bin spare parts. 

e. A standard stock m.l.mbering system for elec­
tronic equipm6nt component parts is a necessity. A stand­
ard stock catalogue of' these items should be f'urnished to 
all activities at the earliest possible date. 

f. Technically trained supply officers and 
~nlist8d supply personnel should administer the procurement, 
distribution, issue, inveutory, and replenishmsnt of' elec­
tronic spares s under the general administration or with the 
advice of cognizant electronics trained technical officers. 
The prohibition upon the use of' SKT's (Radio) aboard ship 
should be abolished. 

g. The principle of fleet control of distri­
bution including mainlend distribution facilities of elec­
tronic equipment and spares to the active f'leet should be 
continued • 

. 31. EFse and ACe Technicians. This Board 
recomm.ends that the Airbo!"ne coorainating Group and the 
Electronics Field Service Group be continued during peace­
time and be planned for expansion during war-time. These 
two groupss by the introduction and standardization of 
elsctronics maintenance procedures and in the operation 
and employment of new electronics system have excellently 
bridged the large gap that previously existed between the 
receipt of new systems E~d effective coordinated employ­
ment ~ 1 ~b€. e SrE~~m5 ir th ~ ~lt €t . 

32. The subject of ACG and EFSG technicians 
is discussed further in the rEport of the Radic Equip­
ment Board currEntly convEned by CinCPac and is concurred 
in by this Board. 

I - :.3 
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33. standardization of Nomenclature s~stem. The 


several private nomenclature systems for ra ar and radio 

'equipments 	and components used throughout the services 
today have proven cumbersome and inadequate. The~Joint 
Ar.my-~avy" nomenclature system is considered the best 
system now in use. The systems employed individually by 
the Army, the Navy, and the commercial industries are so 
incomprehensive in their identification anu ueBoriy~lon 
of the equipment as to make them of little value to psr­
sonnel unfamiliar with the pa~ticular equipments. Ac­
cordingly, considerable confusion has resulted, aL~ will 
probably continue until a single, descriptive nomencla­
ture system is put into general use in all services and 
is used in training personnel. 

34. This Board recommends that the "Joint 

Army-Navy" nomenclature system be universally adopted for 

the designation of electronic equipment; that all equip­

~ents in current use by assigned suitable designators; 

that all new equipments be assigned A-N desi~ators prior 

to their introduction to service use; and that active 

Joint use of the A-N system be vigorously encouraged. 


35. Publications. It is reco~ended that many 
of the various radar technical books, publications and 
pamphlets, which are now of high classification and with 
limited distribution, have their classification down­
graded and their distribution increased to make such v'al ­
uable information available to the Fleet Commands as an 
aid in long range planning of improved electronic equip­
ment installations. Specifically it is recommend.ed that 
the publications "U.S. Radar Survey, Sections 1 to 7" be 
distributed to all Fleet Type Commanders. The radar 
equipment descriptions, operating characteristics and 
performance capabilities are invaluable reference data 
for use in connection with material and operational plan­
ning purposes. Only CinCFac and COnL~irFac ar~ kno /~ to 
have copies at the present t~e. 

I -. 14 
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Part II. 

Equip.:nents. 

Section A. 

Surfcce Search Radar. 

Shipborne Surface Search Radar. 

1. The following general r6q•.4irsments are 
consiaered n&cessary for any radar to efficiently detect 
and provide tracking data on surface targets. 

a. General. The later model SG radars such 
as the SG-lb which hava incorporated in them such features 
as sensitivity time 'control, fast time constant circuits, 
and 6xpended sweep are consid~r6d adequate for the imm­
ediate future. This radar end the later models such as 
the 8 cm. SG 3/4, it is believed, will have sati~1'actory 
performance charecte=istics for the near future. Develop­
ment of improved surface search radar should emphasize 
drastic reductions in size and "veight and standardization. 
Improved range and bearing resolution are desirable. 

b. Maintenance. The maintenance of radar 
equipment must be such that repairs can be accomplished 
in the minimum time possible. It is believed that this 
cen be accomplished by constructing the equipm.ent on a 
:functional unit basis, with each unit being as light in 
weight and as small as practicable. These units should be 
racked in the main frame aDd be easily removable. Inter­
unit connections cen be accomplished by the use of pin­
jack terminal boards at the rear of Bach unit. Bench 
testing facilities, if space permits, ~ould greatly sim­
plify the servicing problem. There should also be a 
standardization of com~onents with regard to shape and 
size in order to ~roviQe simple maintenance. 

G . The SG r EGS? we s t.l~(;. ~J..rEt. surface sse.Teli. 
eQuipment made tv s s t. isf:y- :fleet reouirements. ODerational 
r eport s soon indic ~ t e ~ ~~SQ for: (1) A mora sta~18 rece iver, 
(2) El i n.ination of se a re -.; u.r."l, lind. (3) Better discri.r:.liLl.atjon 

.. 
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1. s. Although Cincpac concU!"s ?d..th this paragraph, it is 
desired to note that SG 5/6 types, rather than the SG 4 are scheduled 
as part of the "modern" allowance in most types of ships. It is con­
sidered this allowance will sat i sfy immediate needs. HOkever, con­
tiLUed research is in order to provide a more effective surface s &arch 
radar for the future. 
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between adjacent targets. The SG-a corrected the fault 
of receiver instability and this modificetion was celled 
3G-l if factory perfor~6d. This equipment was hig~ly 
aa~isfactory for long r~nge search, but due to excessive 
se~ returns the equipment had to be operated at reduced 
receiver gain for close search and station keeping. Some 
ships partielly overcame this bad feature by installing 
"grass cutting" circuits which reduced close range gain 
by a~plication of a sQuare wa~6 puls6. This was found 
undesireable since Sl!lell targets 'ivsre lost if they ,were 
in the outer lillit of the range effected by tllis partial 
dis L ling pulse. With the modification of the equipments 
to . ~b and SG-lb a time varying bain feature was added 
ana. permittsd close-in search with optiW!l gain for long 
r&Dge search. In addition to this feature the SG-b and 
SG-lb satisfied the fleet desire for better target dis­
crimination in range by the introduction of fast time 
constant circuits in the video amplifier. 

b. The past performance of the SG series 
radars has sho\'m it to be of greet value in shore bomb­
arQment. torpedo 5ttac~, staticn keeping. detection of 
low flying aircraft at limited ranb~s, navigation, and 
long range surface search. From a material staudpoint 
it has required little repair due to eIcellent design. 
r~ggedness and serviceability. The fleet. however, still 
desires better bearing discrimination which could be 
accomplished through the use of higher frequencies and 
incorporating an ante!lla stabilizing unit. It is believed 
that the SG-4 using higher frequellcy, spark wheel modulator, 
and e stabilized antenna will sat j sfy the fleet needs for 
6n adequate surface search radar for the near future. 

c. It is recommend.ed that all SG radars be 
brought up to the standards of those of the SG-b or SG-lb 
end that all of the SG-b end SG-lb radars be retained on 
ell ships on the inacti~e fleet snd be replaced by the 
later illou61 30 seri es e~uipm6nts on all ~hips of the 
e.ctive fleet. 

2. SL Series 

f_ ':!:'LJ ' 51_ T t:(J 1 " E- O i-: S ie;Ilt(;. e~ t; Sl.:!t.. _ _ S2 ' ~-

sU J' -~ 8.(;e seareD. rE;O.8.l'. \,it, 1 ~ 1l 1.1l t li!!l.it5 of' i-;.;s u€5ig:l 
the 81 pe forme d in e setisfE. cto IlJ.anrrer. It wes rugged, 
r ea so: a bly free frc21. t..ro\lble end gave ranges cOIUparable to 
t~O -6 of the SG s erie s . Obvio~s defects i n ri esi gn and 
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resulting difficulties in operation make it bppar6ut th~t 
the SL series is not adequate for .~ G veTsetila s Ira~~ 
search radar reQuired by small ships. Som6 of the eii s-' 
advantages of the SL series are: 

(1) All targets are pre s ented on a single 
seven inch FPI scope 6~d no range scope was included. 
The moveable range dot End bearing cursor as incorporatod 
.in the SL-a and. SL-l were an iL::.prov ement. over the etcllsd 
range circle lI~etl1od used in the SL. HO\iJ8Ver} the r· !Jl..ge 
and bearing determination lack 3uff icieilt 8CCl.G:ac y o 

(2) Foor pnysical cGnstruc~lon is 8vi~ellt 
since the console ster..d.s too flign allu the PPI seQ '8 i s sJ.··· 
most horizontal. Tili s makes constant obsarvaticn diffl.r;ul t 
and greatly increases operator fa tigue. 

(3) The construction of· "the 8L s6ries is not 
adapted to serviceability. The chssis of the console has 
all units so arranged as to make se r v 5cin g difficult. 

(4) The antenna ccnt r j . difficult to op rd t e. 
Push button control 'wi th no prov..-t s i on f aT hl6.11ual. op6 r a t i 0./.1 
makes it difficult to stop the antenna on a targst. 

(5) There is no saa return suppressor which 
makes it difficult to observe close range targsts$ 

(b) It is recommelldsd that all 31 ser-ies re;lt:;..rs 
be replaced on all ships of the active and inactive fleet 
by one of the late model SU series raQars. 

SU 86ries. 

a. The SU series radars hf.V6 giv 6n 6:;,:-cti}lent 
performance in the fleet.. The equ.ipment bs:.ng des i. g!l ­
for small and mediUl:l shi p use (DE f s ~ AI~ t S 5. d PC f S c,er ·VO s 
its purpose well~ It hES an E.ugular d. i sc rimi tion of' l'ou-t, 
4 degrees and a ranE6 disc:rim at· on 01' abou - J 00 . ~b.ra~. 
Its me.in difficulty S66ms to be UllU- ~ i rE:. b J - 6 (;'·'':;S rc) 

clouds end mist wh jch c a use '- r CJ L h i e V\.' !J 6 :: u. s5 ......t · t he ~~ ( ~· ~·_iJr.u .~;-: 
fc :-- DE 'Vi bE ~ion 6.:)(7 se t. ':- ( _~::"'~: . C" ' - .... 5:'" : .' .:: 
p€:!"fc-:-mfUl ct:. .is b €' ':'-li E. : " l ..t.. __ L !-I:' c.:.. ,_ . l: : -L_ i:: _t· ~ 

structlon is cOilsiGsrc.bl y rr. r co~.::_5.cate -. < At.p- , '-' . 
is only on6 E.:ntenna Sp66d a n d i t Otl ~ a. ba d&sira b- 6 1 8 
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two or three. The SU~l differs fron the SU only in the 
power supply used and the type ~f gyro input. Perhaps a 
lower f:L'EClu.s.Gcy fficd61 similar in desigJ.1 v.ould eliminate 
undesirable retll::'.:1S frou cloud s or uist anci. give the fleet 
a amall s surrace search radar comparable to the SG series. 

b~ It is recommended that one of the late 
model SU radars be used to replace all model SL radars now 
illstall~d. It is also recommended that all early model SU 
radars be replaced by the most recent model SU-2 or SU-J 
on all ships cf the active and inactive fleet. 

SO Series. 

a~ The SO series radars are installed on 
patrol craft, landing craft, minesn66pers, district craft, 
8m211 8uxiliEries and coast guaru,v68sels. This equipment 
has only PPI presentation which is satisfactory for nav­
igational and station keeping purposes. The 80 types are 
similar in construction, but vary only in antenna weight, 
power supply, and frequ6Ilcy. The 80-1 has given good re­
sults as a surface search r ader ~nd has proved v~luable 
for landing craft use at sea and close to shore. It has 
also been useful for navigation and station keeping. Thera 
is a need for an accessory control unit (AGU) and true 
bearing unit (TaD) modification to all sets should this 
model be retained. Its resolution end discrimination 
should be improved. The disadvantages of the 80-1 are its 
heavy anterllla, only fair resolution, and no sea return 
suppressor. The 80-4 is the successor to the 50-1 and has 
a hi~ler frequency, but little experience has been had 
with this equipment. It has, however, shown better dis­
crimination. It would be desirable to have a 3 mile range 
scale, sea return suppressor, and a more accurate means of 
obtaining range ("Aft scope). The 80-2, 4, 5 and 6 are con­
sidered mociern since they operate at higher frequsncies and 
ere provided with accessory control units. The 80-1 and 
SO-8 ars consioereu modern, but not the best. It is be­
lieved that late fuo Qel SO series eQuipments should be re­
t a ine:i on 
instelle d 
inti cE. l,f., ­

shi DS of the acti V6 E...nd iD.6.ctiY6 fleet wher e 
except wb e n !"Epleceme-nt b:.:" lE.te SU serl e '" is 
f(,~' SPE' t, :' ;'~ (, Y" f, I:-.E }". 

Subm~r iD a Surfac e 5€erch R~ Gr. 

1.. The 1'e110 ' i g Be ller 1 cher8.cteri:=tics ere 
consi de::-e ri n€: cE; s ;; e r~r "tor- e~ submarlne surf&'c6 search radar 
t o eff .ci nt~y loc ~ poss ~~le ta~ g ts: 
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'I" E, 1~t.. :-:tJz.; ,.. ran£s s SbGllld be auch 

tns.t the tho .. ~ ~~: ~ lbl chance 0 detecting 
, the e:u6.III.Y b f or~ -i.,. ~ s bma ru;;; :..s i tg e l f detect 6dji an.d. in 
sufficient time so t at tho au ~=i : s cun be maneuvered to 
a favorable position to ccnduct an &tt~ck. 

b~ ~6sriAS . Cl08e be ring . resolution is 
desirable in a surface sEarch r adar Eu Lhkt the contact 
.may be proper l y sya1 ',at e o.. o On s cf tba primary r..lssions . ot 
the s ubmarine i ~ to f Ul'.:li s l1 c ,".Iltact reports +0 the 0 .. T. Cc 
A:Ay i nroro.e .... - OL cbto,:Ll::. ' bie s. t 1 n g ~ellge & will sue,tIe t .... e 
submari ne tc gi ~6 00 info.... at io i ll the contact r p ort, J 

and as ,ell. 2:S I an and cerry cut a 6xpective e.tt ek. 

c.. Resolutioll~ T e ran~e rssolution sbot:tld 
be in the order ot _00 to 150 yards for reasons of long 
range evaluation of" en my ~ s for ,<- i o. 'I'he best possible 
bearing I'6scluticn 1,s highl~; d66i _ ble for the SalIlB reason. 

d.., rr ~ 5 6n to -r io!l. Tb G r)r' c8~:ntat ioll of'fered by 
a FPI scope and. a 01 ss ':B~Be -, € i .s considered adequate. 
p~ nA~ scope is desirablso 

e. FreQuen£L. T G frequency should be high 
enough to acco1:l.plish the requi:"'ed :;:ef:!oluti.on end be stand­
ardized with otter types of radars in order to ~11min6ta 
need for special submarine spare parts. 

f. §l1Cc ' -rr.oun~: inf!i!' P x-t':s €nt shock m.ounting 

is s&tisfact ory ~ 


go ~int6Dancec MaintsDBllce is particularly 
vital ia the sil2mari~e as there is Oll2-], OIle radar set in 
the S14.rfaC6 search field wr~icb. '\.'iil}' 1lL. ve long ran€!,e 
characteristics. u .... i t re.placeIrlent v' i th standard.izEd. 
functional uni"tis and lli~xiillill1 use 0 stanciard com.policints 
.:1.s recoz:ur.:;.ended. 

Sub..:.a rine-'-"-­

-..#" i,..:·;~ ·;- -.- ~ : _ 1. 1 ::- r:-..... ~ c-":' c:_.>.,,· ..- ~'- . i. ... ..... •.. J. 

\,,·. i .L. 1"' J.·n ," -!- - c~ " ·- ~ r: 'rl""i.J r-,-;--t)·on~-,,' I - ' :'. c"<'J { ' J c .l~,;. ••• l, c' - ' · · T-€C> , cId:; ibl&t'T _ ' _ ~ -' \ . ~ -1.-...... _ ~... . ~ \' ~ ~ ~~ -- '-~ ~..r... ..y ••. .. "-_ 

lor t he sur c t; s st;s ct' t.h3 sl< l lJ"' ~rilJ,~ c; in t h eil: UUill6 r 'o u s 8.L.d 
dest-r ue 'l~ i ' -6 r:; i ,sht s ...r~'a o e 6't <- a c; !! s .. 1'~ a r 2y co• .9l b. i · t s 
about tid s mcoel <-. S 5 ", ,,(; f orth i n ':::"o.i~.sr· in e p8.t J' ~l :!: t::.t' ,Jl' .­

im)icct6 t h a t. It~ '·.-= e !~.ssS ~s ;/err : .:. . :. o f- .i:-,C '.. .;:-r o. ~ ' -Cli 5 

http:ef:!oluti.on


" '" -' ... .,... /.-". ~ ..... . . .' 

SECRET 
l fick r PPl Ples E;Ltat ion. he shGrtc:omings in power were 
reo -f:,j.(\ i n C"r ·. a1 insta.r;. ", €3 of l ookouts sighting targets 
e2..ead c ·"C11 rdc..r on lliocnl.i -± " ni e;ht.s. PPI presentation 
was illG.d ava i lable for the SeT radar as soon as preliminary 
tests or surface ship typssindic8ted its great value 
in convoy attack. .~~t6r the introduction of the PPI scope 
an adtitional complaiut appeared in patrol reports as to 
multiple ind.ications Que to the side. lobtis of the antenna. 
rr b; SJ :r-enained s ecure f:-o;u en6!llY D/F equipm.ent until late· 
in t h6 h 'E:.r e The i nc rease in the eneZl~" s use of intercept 
rsc i 6'::- fOTC ti ~h6 Op6!'£:. ting p6rs Olmel into intermittent 
use of t he eQuipment commencL g in the su.ru.mer of 1944. rrhis 
inte!'!!li t.tent cpe re.· en agpeer6d to giva good security. It 
is to be noted thst ~his radar wa s also the fire control 
rada J so that the officer at the PPI scope acted as a 
on e- man CIC. The SJ rE..dar was replaced in only a few 
inst !ices by the i,_oo.el SV rada r at the end of the war. In 
sum.mation the Hodel SJ r6dar i s IJ.OW considered obsolete 
since it has been r6p~E..ced by two mouels; Oile as an air ­
surfac e searcn, EDd the ot· er as fire control. SJ equipment 
should rema in i~ the iL8ct i ve submarines of the reserve 
fleet. So e time will elapse before 100 percent replacements 
Ceil be made iu the ective submarines. For purposes of 
training submarines in the use of radar the model SJ is 
ade~uate. For use against an enemy the more secure three 
centimeter model 88 is better from the fire control stand­
pOint, and the eight centimeter model SV is better as a 
surface search redare 

2. For Model SV. Series see comments under 

Air Search II-B-4 (b); For Model S8, Series see comments 

unde r Fire Control 11-C-6 (c); and For Hodel ST, Series 

see comments under Fire Control 11-0-6 (b). 
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Equipment Types. 


Section B. 


Air Search Radar. 

££rface Ship Air Search Radar. 

1. The following general characteristics are 
oonsidered necessary for air search radars to detect air ­
craft, gli de bombs and rockets, ~d to provide sufficient 
intercept data for effective countermeasures. (Th~s Board 
has considered the specifications for the ultimate air search 
radar as set forth in m~o ltr. (Op-25) serial 00140225A, 
dated 8 October 1945, to BuShips in formulating the follow­
ing requirements.) 

a. Range. It is considered essential that de­
tection equipment for air targets have at least a renge of 
300 miles for major combatant ships and a range of at least 
150 miles for smalle~ type Ships. The range accuracy should 
be in the order of 100 yards for purposes of accurate track­
ing and possible auxiliary use of the radar for fire con­
trol. These requirements have not been met by present air 
target detection equipments, but this has not been too ser­
ious a handicap in the past. Due to the predictable in­
crease in speeds of air targets, much greater maximum range 
capabilities are essential in order that early detection 
can be accomplished and effective countermeasures taken 
during the very limited time of target approach. 

b. Bearing. The bearing accuracy of air 
search radar should not be less than one degree in order 
to permit accurate tracking and rapid coaching of the in­
tercept radar on the air target. 

c. Resolution. The resolutic~ in range a5d 
bearing should be the best possible con8istent ~~th the 
faotors of pulse leng th : beam. widtb r end. peak pow r . 
Since ve=-~ lon£; I'E.nf, e E.::" I - P6E r ch. :r-Ecqt:.:'::-€-l' ,r foE. t~= entcr£r 
pe:" pl:.1S6 I ~.i., ms..y b ~ neceRsa!" tc: u s e gre E..i:ie r p~lse i.6Dg t.llB 

and so accept a somewhat reduced re.nge resolution e:.t least 
at the very long ranges. The specifi cations of the SR-~ 
are 4 degrees bearing re50lution~ range ~6so1ution of 500 
yards, and a horizon.te:.l b eem w::' dth o~ 8 degree s.. Thi8 i s 
not adequate for the rad.ar of the future- but. is not 0 
grea.t a.."l imrn.edi.s.te handicap in a J:"8 Q6.I' whose prima!'y m.1.s­
sion is detection of air targets. Once a target has been 

,II B 
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1. c. Resolution. 

/; oUt'!:l.tio:-, i~- r6.iseC her#" h ! tc' t,he re.lAt:.ive Iil6:-it~ o! 
SF..- ; cs. nd s.;-,:. roci£.r~. It. is not believed that the fleet haa ha.d suf­
ficient experi8:1ce as yet to make final evaluation between 1200 }.fC ane. 
600 l·:C r&dar~ used for 8'.!!'f6ce s earch. 
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detected the intercept and fi&~ter director radars must 
track accurately and they must have excellent resolution. 
Smaller Ships not being able to carry heavy intercept 
radars should have a Single radar capable of a reason­
able solution of the intercept problem after detection. 

d. Coverage. The coverage or air search 
radar for major combatant ships should be a right circu­
lar space cylinder of 300 mile radius and height or 50 
miles. I n order to prevent the wide energy distribution 
in a Single bean giving complete coverage It is considered 
adviseable to use an additional Zenith search radar cover­
ing position angles from approximately 40 degrees to 90 
degrees. This would mean that the air search radar should 
search and have good coverage from the horizon to 50 de­
grees position angle. This will be difficult because of 
the high energy required for such a Viide vertical beam. 
Coverage oight be accomplished more readily if the an­
tenna beam were made s1::1a11 in the vertical direction 
and "nodded" through the limits desired. 

e. Freouency. The carrier output frequency 
of air search ra~ars should be ~bove 400 MG in or der to 
prevent interference with the proposed UHF communica­
tions channels. Other reasons for higher frequency are: 
smaller size of antenna, narrow beam Widths, reduction 
in eqUipment sizes. and increased ability to pick up 
small targets. Present low rrequency equipments have 
caused interference in communications channels, have 
had wide beam Widths. and heavy antenna structures. It 
is believed that the SR-4 equipments with a frequency 
range of 525-615 l~C may prove to be mo::'e satisfactory 
than existing equipments. However. it is recognized
that it may be impossible to satisfy long range require­
ments except by the use of lower frequencies. Accelerated 
development and service tests of radically improved air 
search radar prototypes a~e considered essential. 

f. Antenna. The air search radar antenna 
must be light i n weight, rugged, constructed for simple 
replacement of pa~5 and eas11y maintainable. Some ships 
m.e..v r~Q\l r Ec stE."Dil.:'zed. iD f= t E.I 1 E.t ion ~- . FT' 6f..€!!:11: E :::' ~" f. f:: . :'"' I"'~ 
ant. enna

~ 

s bev-t: g:'.,en "the ::: - ee t w E..!! ¥ 't:"out j e ~: H' c.~ f , ~ . "'-0­
6st.a1 failures ana co=~osion of d:pols5 whict were ~ot 
replaceable without removing the enti re ant enna. The 
present e.ntel'!na s a:-e of light w€.igr..t. meva l but sh.ould. be 
made more rugged . The US6 of higher frequenci es mar a~ d 
greatly in co:'recti.cg r:l.8.ny pr esent E..n.t en.ne. difficul t.i es . 
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g. Shock MOQ~ting. The shock mounting of air 

search radar equipments should be improved if possible 
~ithout excessive increases in weight. Some of the air 
search radar equipments now in use have been unsatisfactory 
in this respect. 

h. Maintenance. The maintenance of radar 
equipment must be such that repairs can be accomplished 
in the minimum time possi~le. It is believed that thi~ 
can be accomplished by constructing the equipment on a 
functiona.l unit basis, with each un.it being as light in 
weight and as small as practicable. Standard components 
should be used throughout. (See Section L on Standardi­
zation.) 

i. Presentation. The presentation must be 
such that evaluation of the air problem can be made rapidly 
and efficiently. , It is believed the present methods in 
present equipments using an I!A" scope for range and a PPI 
scope for the overall air picture are reasonably satis­
f2ctory. A~sociated p:oojection type PPI's Vlould be or 
great value, and it is believed that new photographic 
schemes giving a large size reproGuction of the master 
ppr viill be satisfactory. Improved presentation wi th 
characteristics similar to optic presentation or with 
look through features is very desirable. 

j. Moving Target Indication. · It is con­
sidered essential that all air search radars be provided 

r.ith a moving target indicator system or some improved 

type system that will facilitate tracking of aircraft 

over land masses. 


k. ct2ndarc..ization of Eange Scales. The 
selection of standard range scales for various search radars 
and PPI scopes is a cor.troversal problem which has received 
a great deal of ~ttention by operational units and by 
teclmical designers. So rn~ni opposing factors are in­
volved that no completely satisfactory solution has been 
achieved as yet end ~rbitrary decisions have been re­
quired. The pTesent standard PPI scales of 4, 10, 20, 
80 c:~ c ;:-:r l r:::::":u; ~ }: ~ -e -OPE:!; ::'Ec.sona-c::':- Sc.tiE:';:;cto:-:- ~ r 
re:nct e F?_.l ~. . :- .E:- c C ~ c·-:· E ~I!='Ea~ foG ti~f·a. cto!'y f 'c !' j::"r 
Search r&d~r consoles. For a i r search and intercept work 
ther is need for 10, 30, 100 and 300 mile scales. 
\,'th increased perform~nce d~d future developments this 
n e Dd ~ill increa~e. The 20, E0 1 and 200 mile scales are 
toe lon~ or too short for m05t ~ses. 
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g. Shock Uo~~ting. The shock mounting of air 
search radar equipments should be improved if possible 
~ithout excessive increases in weight. Some of the air 
search radar equipments now in use have been unsatisfactory 
in this respect. 

h. Maintenance. The maintenance of radar 
equipment must be such that repairs can be accomplished 
in the minimum time possi~le. It is believed that this 
can be accomplished by constructing the equipment on a 
functiona.l unit basis, with each ll.'1it being as light in 
weight and as small as practicable. Standard components 
should be used throughout. (See Section L on Standardi­
zation.) 

i. Presentation. The presentation must be 
such that evaluation of the air problem can be made rapidly 
and efficiently. , It is believed the present methods in 
present equipments using an ITA" scope for range and a PPI 
scope for the overall air picture are reasonably satis­
i'2ctory. Lssociated projection type PPI's Vlould be of 
great value, and it is believed that neVi photographic 
schemes giving a l&rge size reproGuction of the master 
PPI v;ill be satisfacto!"y. Ioproved presentation with 
characteris t:i cs similar to optic presentation or ...-i th 
look through features is very desirable. 

j. Moving Target Indication. · It is con­
sidered essential that all air search radars be provided 
with a moving target indicator system or some improved 
type systen th~t will facilitate tracking of aircraft 
over land masses. 

k. Et2ndardlzation of Range Scales. The 
selection of standard range scales for various search radars 
and PPI scopes is a controversal problem which has received 
a great deal of E.ttention by operational lli""lits and by 
technic2.1 deslgners. So liaIlY opposing factors are in­
yolved tha.t no completely satisfactory solution has been 
achieved as yet and arbitrary decisions have been re­
quired. The present standard PPI scales of 4, 10 , 20, 
80 &n ~ 20J ~~l E~ tF VE bPE~ ~Eason2b: ' sati5~~ctory ~ r 
re::n c .... c ? P:':. ' ~_ . T::-J.t:;- cc :JC;~ G. r;p ea~ sc..t isfacto!'y f' c ::' j~:"' r 
Search radar consoles. For air search and intercept work 
there is need for la, 30 , 100 and 300 mile scales. 
Wi th increased perforc~~ce ~~d future developments this 
need will increase. The 20, EO, and 200 mile scales are 
too 101 g or too short for most u.se s . 

II - B-3 



SECRET 

It is recommended that the ~uestion of 
standard range scales be restudied and approached from 
the combined standpoint of tactical requirements and 
radar wave propagation limitations. 

~xperience has shown that 19 to 24 miles 
is a critical range at Which low flying aircraft are first 
detected, hence the need for a 30 mile 5~ale. 60 to 90 
~les have also proved critical ranges on medium altitude 
aircraft, hence the need for a 100 mile scale. As radar 
perforILance il:.:proves on high flying aircraft there \'Ji11 
be an increasing need for a range scale loncer than 200 
miles. 

In surface search radars it appears tbat 
the 10 mile scale is most used and considered most im­
portant. A sho~ter sCale is needed for close work and 
station keeping which has resulted in variously - recom­
mended scales of lt, 3, 4, 5, 6 and 8 miles. If a scale 
greater than 10 miles is required, 30 rr.iles seems best .. 
Maximwn ranges on large surface targets vary from 45,000 
to 60,000 yards. A 100 IT~le scale would sometimes be 
useful in naviGation and detection of aircraft. 

This Board reconmends: 

(a) 	Standard scales for air search 
radars of 10, 30, 100 and 300 
IT'..i les. 

(b) 	St~~dard scales for surface 
search radars of 3, la, 30 
and 100 !riles. 

(c) 	Standard ranges for PFI scopes 
of 3, 10, 30, 100 and 300 ~iles. 

1. Standardi zation. :4.11 major units should 
be standardized in order to facilltate rapid maintenance. 
This has been acco~plished jn the sa series radars in 
wtic!i the ?T2: sect:or: c~ -z::- ~? .i ~- G l~c : ':: _ V:::: ~rlotc "'.'.c ~ _ c-h. 

. 1 J,.. '\.- -'- -1 < - c olt - "· C'::; - Yl ['"ce.n. 	 bE: u~eG.. 'tc -:-ep f':' CE: l -. C .t! \1.[."_ i .L u J1_ '-"'- ­

like man':.ier, if- ~h6 SG-3 or SG-C is UEea. tn conju..nc ·u::"' o~ 
with the SR) the receivers, IFF coordinator units~ trcun­
inG 	control_units, ~ollitor sco~es, ~hd r~!Ge scopes ~re 
interchan~eable in sitter of the sets. Tnere should 

<......") 	 • .( ~ rd .l-oalso De a stanc.ardiza tiOD of components -".'1 CD re ,ar - \., 

stape and size in order to provide for Simple Raictena~ce. 
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k. standardization of range scales. 

Cincpac concurs. However, it is beJ.ieved that a grad­
ual and logical cha'.ge c ommensur-dte with funds available can be 
accepted. It appears that the 3, 10, 30, 100, .300 mile rcnge co:nbi­
nations are desirable in future conetrJction. The proble:a. is worthy 
of continued study am periodical re\"i~ in the lil;.ht c:f chcing:..r-.C 
tactical concepts. 

., 
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2. ~valu&tion Of EQuipment Types Now In Use 

For Air Search. 

SA Series. 

a. The SA radar has proven entirely inadequate 
as an air search radar. Its 30 degree horizontal beam and 
~O de ~'T"ec vc-r-t ~ ,,<> 1 boo"", g; 'tTl> '" uO ,...,! ,,..,W ('1'0; n and C T"IoO'r - b- • kVU_ v~~ ~.- - 'W6~ -- c--- ~ r ­
power directivity. Excessive fade zones were encountered 
which resulted in detection at 50 niles u..11der best cond.i­
tions J target fading at 40 miles, and failure to detect 
target again Q~til the range had closed to about 20 miles. 
The SA-l differed slightly in that its be~ pattern was 
40 degrees horizontal and 60 degrees vertical. It is 
reconmended that all SA series radars be replaced on all 
ships of the active and inactive fleet. Specifications 
of SR series radars show that various models are being 
produced to satisfy weight and space requirements for 
various ship types. The SR series ~hould be used for 
immediate replacements. 

SC Series. 

b. The SC is considered obsolete and requires 
110 comment. The SC-l whi ch was deSigned to replace the se 
had the additional feature of FPI scope. The per~ormance 
of the 8C-l as an air search radar was fair, giving maxi­
mum reliable ranges of 80 miles on medium altitude air­
craft. The poor be~~ pattern gave poor bearing accuracy, 
and excessive side lobes caused 8.1D.biguity of targets at 
ranges less than 20 wiles. The 3C-l also had a bearing 
sector scan which pI' oved to be nei ther successful nor de­
Sirable. It is believed that higher speed scanning would 
result L~ better overall coverage and presentation. The 
later SC equipments were basically the same as the SO-l 
but differing in an tenna design and various slight cir­
cui t modifications. The bad. features of the SC series 
are: poor beam pattern, excessive fade zones, poor choice 
of range scales inconsistent with the capabilities of the 
eQuipment, POOI' desigr: from the maintenance standpoint, 
in2.1. ':"1: t : tc t ·TE. ck tE..!'g€'t!':~ eYE!' le.nd, inst::'fici e.'J.t fhoc ~ 
mour: L.l!:~ . lirr:.:"l, e r Ta!",C:E cE:p&t:'lit:~.€ J inE.. il ~t y" c Qt; ~ 

terrr>":"ne al vi tUCE.: e. cCUJ:'e..te ly > ana. Ii poorl.y designea. &n­

tenna ped€S~alft It is recocmen ded that tte SC series 
!"ado.::s be rep le.ct!c1 by late rr:.oo_el SR series eQuipments as 
soon E..~ practica.ble on all ships of the active and inactive 
flset. 
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53CR~T 

2. This section of the report is considered an excellent 
pres~ntation of merits, advantages, disadvantages, limitations, etc., 
of different types of air Sec.44\!h radar w.'ith wr..i.ch the fleet has had 
experie!'1ce. 
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SK Series. 

c. The 3K radar series are the same as the 
SC- 2 and later SC series with the exception of the much 
larger antenna. The SK antenna horizontal and vertical 
bea.r:J. '.lJidth of 20 degrees gives greater power gain an.d some­
what better resolution. The ~K-2 and SK-3 models used a 
parabolic dish anten~a instead of the IT~ttress type. The 
SK-3 antenna had an additional parasitic array giving bet­
ter coverage on ~i£h flyi~C planes at less than 50 miles 
range. In general the faults of the SK series consoles 
and pOVJer supplies are the san:e as the SC series since 
the equipment is be.sically the sace. The :31=:-2 antenna 
suppressed side lobe radiation, but the parabolic reflec­
tor and the point radiation source widened the fade zones 
and reduc8rl high angle coverage. It is recorr..mended that 
all SK series radars be replaced by late model SR series 
radars with improved antenna designs on all Ships of the 
active fleet. 

SR Series. 

d. The SR rad3.r was the first attempt to 
standardize air search radars and to provide a frequency 
distribution in various models. The SR series is con­
sidered a big step in the right direction. A reliable 
and complete evaluation of the SR series equipment is 
diffl~ult since they have been in the fleet for only a 
,short time and not enou&~ information is available for 
accurate service evaluation of s'ome of the equipment 
characteristics~Upon the installation of the first 
SR equipments in the fleet, two glaring defects were 
immediately apparent. These ar~: difficult transmitter 
tuning~ocedures and the short life the tj~e 52? A 03cil­
'lator tubes. Both defects were apparently caused by the 
keyer unit wni ch allowed the selection of two pu.lse rates 
and pulse lengths. Practically' all reports indicate 
trouble with tuning and shcrt oscillat.or tube life, the 
overall effect being a highpercentEge of mainterJ.ance 
hours and low operating et'ficiencyo · The low detect;ion 
range s reported were probabl.r caused. b T i'auJ.t- \T tu:-Jing( 
The SR TeC.EI"' \'.': tjO\.:.7 fE..c;:, c :"" . m C' G.if::c s t :, on ~ c. i :.. e. : ( 
cho,.,<TCC ;<- Q'E.c--ir;" ~-~ '" -,- c-! o.... r ho-'- '- " '"Ie C'"' ,,· .:.. u- ~" ." ... ~.l. .. ~v ...... _ ... · ..i.. ........ ..:..L.u ..... _J .J..._:"' _ ~_.J _ \....' ",,- .. .u,:,, :. L JJ. v \...,.· ("..,.':J . -~ l':.. 

series radars in detecticn capabilities and cperat50nal 
efficiency. Wi tl!. the installation of the nev,1 keyet' , (pro­
Viding plate keying and. a s ir;,g Ie ' pulse length of ' fo',ll" 
micro-second.s) the transr:li t t e 'tuning was simplified 
and the life of the 527 A osc lllatcr tu~es was exten ded 
to a period COI!lp8.7~ble to t,he type 327 .A. f S used in the 

http:oscillat.or
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SC-SK series radars. Although there were other field changes 
to th~ SR. this modification was of sufficient value to 
give a new designation of the equipment as SR-a. Most 
fleet units and activities contacted expressed a desire 
for a 20 micro-second pulse in addition to the 4 micro­
second pulse incorporated in the SR-a pn the theory that 
this greater pulse length would give approximately 1.5 
t·im8~ t.hp- origina.l range (assuming constant peak power). 
However~ it is understood that Westinghouse has made ez:­
haustive tests with the two pulse lengths and concluded 
that lit~'· le or no eIte.:...sion of range with the greater pulse 
length a accomplished. Other considerations, such as 
shorter t~be life caused by greater a~erage power con­
sumption, also made the inclusion of the long pulse length 
impractice.ble. It is reco~ended that a single pulse length 
be retained in the SR-a equipment. The change of range 
sc Ie from. 400 to 200 rd 1e s on the U A" scope was desirable 
since the equipment only had a maximum range of a little 
over 100 ~les on air ta~gets at medium altitudes. 

e. Available reports concerning the SR-a are 
ve.ry encculCl.ging.. Although some activities querried were 
reluctant to commit themselves with a flat statement, others 
are emphatic in their opinion that the operation of the 
SR-a equipment is equal to, and in most cases superior 
to, the SK in many respectse Enough reports stress the 
ability of the SR-a to give good high angle coverage to 
indicate that the SR-R antenna has some definite advantages 
in that respect over the SC/SK. Although there are no fade 
charts available for comparison, operators are of the 
opinion that the fade areas are about the same in number 
as those of the SC/SK but that they are of smaller extent. 
This see:n.s reasonable in view of the different antenna de­
siBn and increased power of the SR. 

f. The anterUla design of the SR allows the 
radiation pattern to approach more idea.l charact.eristics 
than those of the SIC For most complete coverage &......"ld for 
best detection and ~€diuw range trackinG of aircraft, the 
antenna Tc.diation pattern should be narrow in the horizon­
tE. :' 1= l E.;lE 2. 11 cl w:: c :..:! t! .18 'Fe::rt.:'c21 :;Jle.nE'. Thi f: d f:>~~rc.l:: :e 
t!' ..-!' c.. ::. E.:. -+-e :·:r.~ co rJ E~ ~ ~.c.'t. i o;:t. nlf:, "f ~ tl S a~ree. T'a ;.. r, \,,,~:.. t · . 7;: ' ""; 

80- 1 =8 a~ e ~d rep =-~ ~=om t h b flEet proved ~ts S 'pEr l e ­
i t.y ..:. 0::' l'ligh an g le CCV€ ::'c.£6 OVEr that of the CT ~ GL'10. the 
0.",-,v" 

.. 
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g. As compared to the 8C-2/3 antenna the SR 
antenna design tends toward the narrow horizontal and wice 
vertical beam pattern, the main lobe being 20 degrees in 
the horizontal and 55 degrees in the vertical plane. Good 
high angle coverage is the major advantage resulting from 
the change. Further development along these lines is of 
great importance and should be carried forward until an­
tenna patterns of 4 degrees or less in the horizontal and 
60 to 70 degrees in the vertical plane become practical. 

Maintenance Comnarisonp. 

h. The SR-a or the 8R is definitely superior 
to the SC/SK from the .maintenance view po~nto The mechani­
cal construction of the equipment is excellent with ade­
quate test points at accessible places for completely 
.checking all i~portant circuits rapidly. Automatic over­
load relays, open fuse indicators, panel tuning of antenna 
tank and duplexer circuits. receiver tuning at either the 
transmitter or console are but. a few of the refinements 
w 'ch make the maintenance and adjust~ent of the SR-5 
easier and more rapid than that of the 8C/SK series equip­
ment. As noted previously, the tuning of the transndtt8r 
was of such a nature as to offset all other advant~ges of 
the SR but the SR-a eliminates this difficulty almost en­
tirely. It is natural to expect that until maintenance 
personnel can become thoroughly familiar with the SR-a, 
some difficulties can be expected with adjustment and 
maintenance. Similar trouble was experienced with the 
sa series of equipments when they first made their appear­
ance in the fleet. Another important maintenance feature 
of the SR is the unit standardization incorporated in the 
construction. 

i. The SR-5 equipment is the SR-a equipment 
with the keyer unit located again in the main transceiver 
f rame. This has the advantage over the SR-a in that all 
essential parts are located in the SfiP.l.e fXaB8 rather than 
having the keyer Q~it L~ a se~arate frame. The SR-5 also 
has an improved synchro cont r ol unit. Otherwise, the 
equip.C1e~t a _ l-:,€e.rs tl!lC!le.:::l CE C E._ d the peTfo!'I!l.B.!lce cf +­ 1e 
S R.-E G.n (~. S? - : : Ere E.~~e c ·\J P ~ to pr ~E- :: de!: ~ ~ c::.:"~L .. 

Ouerators Cocp2riEons. 

j. _:~bout t r.e OI!-. _y source of informati on ,.., 
the operators angle ws s t ha i.) 5uppl{ d by i.,hp- Hadar Opera­
tors School BILO. SOx.e !:.EE.G!'c i!"if cr t, ion frQZ:J. t. he action 
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reports of the various s~ips. Most operators, particu­
larly those with eX}lerience on the SC/SK, desire the laI"ge 
12 inch FPI scope supplied with the SC/SK rather than the 
7 inch vertical tube of the SR. Possibly this desire is 
coupled with the habits of operating the larger scope and 
the f~iliarity acco~p~~ying it. Operators just starting 
en both equipments seen to find the SR arrangement as good 
or bet.te r . The size of the console scope is not. censidereo_ 
in:portant for the 7 inch presentation of the SR will show 
up eQually 8.S well as that of the 12 inch tube. Howeve:r, 
the loce.tio~ of :"'he cO:J.trols does merit some consideratiofi e 

";ith the S2, all controls ar placed in a fashion which 
makes it necessary for the operator to raise his arms, 
sometimes to stoulder height, in order to operate them, 
wLile th e SC/SK, they are at a low level and are less 
fatiguing to operate. Further, with the SC/SK, the opera­
tor, has only to raise his eyes to observe the "A" scope 
while 'wi th the SR, he ~ust lean to the right to obtain 
target compositIon and accurate range. However, this 
appears to be offs e t by the advantage gained by the stand­
ard unit. The height of the equipllient is awkward unless 
a special cha ir' or stool is provided. This is a minor 
considerat ion to be accounted for upon installation and 
he.S no bearing on the merits of the equipment i tsel!. 

k. The IFF presentation is a definite advan­
tage, for the separate base line for IFF purposes does 
not permit interference in the IFF system to be applied 
to the ttA" scope. This is important where large concen­
trB.tions of radars are operating and where IFF interfer­
ence is heavy. 

1. The bearing indication allows quicker ob­
servation with tbe SR direct reading dial than that of' 
~eadiDg the "bug" against the bearing ring of the SC/SK. 
Since most of the bearings are taken directly from the 
?PI howeyer 7 this is not a ~~jcr advantage. 

m. Dissatisfaction has been expressed in 
pr6c i ically a~ l cases with the antenna speeds provi s d 
w' ~ ~ t~ e f ? ea ~i pme~t . Lt n~ese~t tbev ptan~ at e5t_e= 
j_~ c ::- ~ R.t l'. ....• t;. - on . l !€; in~ toe EJ.C'W f'o~ fOOC Y'i f::t - .• 
Dl =ec·i n w =~ a fi ~h~ cth&= being ~oo fas~ for ~n ~ b 
e qu i pment . l':ost s h ips have ~em6d.ied. t!l.iS with u!'1~utrwI-­
i zed ::.odif a~ ':" on in- the fi e:d to allow one:ra t l c:1. of from · 
,., we ';; RPM e n d e.. ste.nc.e.:rd. r ::eld change is- sched.l.i.led. fer 
a .....ari a bl e r at e frora 1 t.o 5 HPM which will elim.~.nat6 this 

II 
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Conclusions. 

n. As previously stated, until such a time as 
a large volume of repokts on the operation of the SR be­
comes available, a final evaluation of the SR equipment 
should not be made. However, several points are reason­
ably clear and lead to the following conclusions: 

o. The present SR (Q~odified) is not adeqcate 
or satisfact:Jry in its present form. to rep l ace either the 
the SC or SK series radars. Short tube life, difficulty 
of adjustLlent and the accompanying short det.ection ranges 
make it undesirable. 

p. The SR-a is superior to the SR and the field 
change to modify the SR to the SR-a should be provided at 
the earliest possible date to all snips having SR instal­
lations. Preferable to this is the replacement of the SR 
~ith the SR-5 or higher frequency mod6ls of this series 
equipment as they become available. 

q. Comparative Trial data are required on 

200 me., SR-a radars and those of the new SR series air 

search radars using higher frequencies, above 400 mc. 


Submarine Air Search Radar. 

3. The following general characteristics are 
considered necessary for a submarine ra.da.r to efficiently 
detect air targets and to provide sufficient information 
for the submarine to take effective countermeasures. 

a. Ran~e. The maximum range capabilities 
should be· such that the submarine will have sufficient time 
to take defensive countermeasures be~ore the &ircra~t can 
ocate t.he submarine~ Present ranges of subn:.a!'ine air 

search ~a dar have been from 15 - 18 ~iles wh i ch is not 
satisfactory and must be extended par~icularly if the 
submarine ls to be used as £..D ea:rly war-nir.:.g re.dar picket. 

c. Resol~t ion . The gesoluti on i n rru ge and 
bearing should ~e 5uff "cie nt :or the submari" to eva u~te 
an air ettac~ and to nrcvide 8. CC\lr ate early wa :-ni.ng c.e.ta 
to o~'::'h8 r fo:'ces before takin nece s sary countermeesur s o 
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d. Position .~gle. The determination of posi­
tion angle is necessary if the eubmarine is to be used as 
~n effective fighter direction vessel. 

e. Presentation. The presentation method 
should stress identification of friend or foe since the 
submarine is very vulnerable to air attack. It should 
give a complete picture of air targets overhead as Vlell 
as those approaching. 

f. Antenn&. The submarine antenna should be 
as small as possible to prevent visual detectione For 
this reason it is belie~ed that periscope-mounted wave 
guide antennas are the most desirable. Since such an 
antenna in!1erently has a wide lobe, bearing accuracy may 
require the use of high fre~uencies and some form of lobe 
switching. 

g. Zenith Search. The submarine air search 
radar should be capable of giving complete vertical cov­
eraee. The determinatien of position angle is desirable 
in that it gives the submarine a better picture of the 
tactical situation, but this is not considered essential 
Since the patrol submarine is largely interested in the 
presence and general direction of an air target rather 
than its altitude. A wide vertical lobe antenna patter,n 
in conjunction with FPI presentation should give indica­
tion of a target in the vertical sector by producing a 
circle on the FPI scope when the antenna is rotated. 

h. Automatic Tracking. This feature is not 
considered necessary for the air search submarine radar. 

i. Freauencv. Because of the small anter~a 
required the caTrier output fre~uency should be as high 
as possible without suffering excessive interference from 
atmospheric conditions. 

j. Shock !.~otlnting. The shock mounting as noW 
provided in the SV radars j,s considered satisfactory. 

_~: .. h~E..: ~. t€'.:l E... :-.: c e . 7 hf }/!B. i.cte!1t.,nce rf,r ui :- E..=~E.:--C[? 

ere t he SEse a s the s e set f o=th in Part II-B-l(h f . 
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4. Evaluation of Eguipme~t Types now in Use 

for Submarine Air Search. 

SD Series. 

~. The performance of the SD series for sub­
marine use h~s not been very good. The disadvantages are: 
InBecurity from enemy inte:'ception, inability to detect 
low flying 3.irc:."aft J a..'1Q lE.ck of bearing i!:forma.tion. Since 
the submarine is not by choice a.11 anti-aircraft vessel i~ 
was sufficient in the t::a1'ly phases of the war merely to 
know that a plane W3.S p:."esent, regardless of VJh.ere it 'Was & 

The weakness of insecurity from ene21Y intercept became so 
great that varicus forres of intermittent use were dictated. 
Fatrol reports have shown that this radar VJ3.S seldom used 
because of this bad feature. A replacement program is at 
present underway to replace the !.r.odel SD series on active 
submarines and should be carried out. 

SV Series. 

b. This radar, being the first combination 
surface and air search radar for submarine use, has given 
excellent performance and has given ranges from 10 to 15 
miles on aircraft. Exceptional ranges on surface craft 
have been recorded and these are: 

Large Surface ship 60,000 yards. 
Small Surface ship 45,000 yards. 
Submarine Surfaced 35,000 yard.s. 

This radar will serve the needs of the present and near 
future, but the radar of the foreseeable future should 
have a radically greate= range and complete coverage par­
ticularly if the subn:arine is to be used as en early warn­
ing picket. It is reco~ended that this radar be retained 
on all active submarines, installed on new construction, 
and steps taken to improve its coverage and range on a.ir 
tarGets. 

r·# ZEr: : ~·~ ::':SE--:" !" !i5GE.J~ t T:!:. :'f "11ov · .L:-' .~ 
e!"2-: chE.:,ec. ·~€7':_ ~~~iC'. f; &:'s c o:ls ':" ci€~f>Q n.ecf.sSf-::--:- -: . : :' f-. 

search radar to efficie~~ly search the overhea& sector and. 
to provide suffi cient d (~.ta for effecti"Ve c ou..Q teTmeS.sures 
to be ta..1.cen: 

a. Covera~ec The Zenith search r~dar Lould 
cover 8. conical voluee Gi" space through position 2.1 g l e s of 
40 degrees to 90 degrEl€s with a matimwn sl8.-"lt ranGB of not 
leSS than 30 ~les. 
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.,L:'. Ze~tu S€.C:.~cho 

I't. i8 desired to not.e that de'VE.lop:nent of Ze!:!itb. 
search rad,::,r- should not have higher prio::"ity than efforts to pr o­
vide the best possible lor~ range cove~~g6. Ato~c banb con~id-
eretionE ~?t~size tt i poL~t. " 
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b. Presentation. The presentation should be 
such that bearing, posi:'ion angle and · range are COD' eniently 
displayed. 

6. ~ethods Used for Zenith Search: 

a. SG radar with Zenith search reflectors. 
~his s~heLle necessi ta ted the removal of the standa rd. l"'e­
flector and replacing it with 8 special reflector to give 
Zenith coverage. This obviously comprorr~sed the use of 
the SG radar as a surf&ce search radar and was not very 
convenie~t to use. Such a scheme is not considered sat­
iSfactory and has not proven satisfactory where tried. 

b. SCR 72CB. This method employed an airborne 
rada r using a spiral scan covering the overhead sector from 
position angles of 50 degrees to 90 degrees. This method 
is considered a ~ore logical approach to the problem since 
it only requires the addition of a light equipment specially 
suited for the purpose. The 8GB 720B is no longer used but 
it served its purpose as an interim £leasure. The design 
of an equipmeut to be used specifically for this purpose 
is considered essential and all sh1ps of the active fleet 
should be equipped with such a radar as soon as practicable. 

7. Ship~Borne Control of Interception Radar. 
The following general charactericstics are considered neces­
sary for any radar to provide sufficient data for control 
of interceptiou against attack by aircraft, glide bomb, or 
rocket. 

a. Range. The ~aximum range capabilities should 
be comparable to the ranbe capabilities of the air search 
radar in order that interception data may be provided imme­
diately after aetection of the air tarBet. Present inter­
cept radars have given average ranses of about 60 reiles, 
which v-ms sufficient during the recent war" Ho'wevAr. t.hf3 
predictable increase in target speeds makes it mande.tory 
that the range be radically extended. The range accuracy 
should be high enou[;b. to provide accurate trac}:::ing da::~e.. 
I t ~s t _l ~ F ~e 6 ttet DluE G~ rr~~ us 200 ya~ds ran~ Eccura cJ 
w~ ~~ 8r ~ i.~; ~~~ ~ecui~~~ent. 

b. BearL"'),;::. Since ij).terc6ption must be made 
B ~ much greate~ rUiges i n the futu~ eJ t he bearinG accuracy 
ffiUSt be imp~cved. The bearing accuracy of the SP radar is 
about plus 0::- :::linus. 5 c.egree ~i!'lg t h e eight foot reflector. 
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6. An entirely satisfactory Zenith Search radar bas not 
been furnished to the fleet as yet. 
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This has been satisfactory since interception was rnade at 
relatively close range. However, if interception is made 
at 250 ~;les, an errer of .5 degree means a laterial error 
of approxi;;E_tely 2 miles. Bearing accuracy of .. 25 degrees 
or less should be the goal in future intercept radar equip­
ments. 

c. ?osj ti en ;'.ngle~ The positi on angle AcclJr8.cy 
should be as hi8h as possible. The SF radar at present has 
a position angle accuracy of about plus or !:linus five mils~ 
In terr::s of altitude tLis is plus or minus 1000 feet at 30 
miles - r 8000 feet at 240 miles. This is not considered 
satisfactory for future use. Since position angle and range 
ere used to detercine altitude, the position angle accuracy 
should be in the order of 1 or 2 mils. 

d. nesolution. Resolution is an important 
reo..uirement fer the interception problem at lonts ranges 
and should be improved in -'liew of great target speeds to 
be expected in the future. 

e. Fresentation. The method of presentation 
must be such that fill tata necessary to carry out the in­
terception is conveniently displayed. Present equipments 
giving range, bearing, and altitude data are considered 
satisfactory inscfar as the method of presentation is con­
cerned. ::;evelopw.ent of simulated optical presentatlon 
schemes and ttlook thruM features may be valuable. 

f. Acquisition. The problem of target acqui­
sition aSSU!!les iUiporta:lce whenever a "pencil tr beam radia­
tion pattern exists. Since this is of necessity the type 
of be~rr used in an intercept radar, some means other than 
rocking the antenna should. be provided to improve acquisi-· 
tion. It has bee~ suggested that a nodding dipole or nod­
ding waveguide feed shculd be provided for the purpose of 
vert5.cal acquisiticn. ~ue to the excessive weig t nf the 
s? lSI\: fu"ltenna it is not considered practical to provid.e auto­
matic antenna noddin;z such as is used in the ~ark 28 I.1ed. 
214: T_.CU system ~ Spiral scanning and variable beam \llJ.dth 
sho~_e be cO~E~dEre d . 

8 . ::='\& l U Ei: 1: 1 C' of· eou:_pmen"L.S nov, "'.ci \:e S C ~oor 
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aN SK Radar . The 3~ rad~r was the first ship­
bOr!).8 e qu ip2en t c.e sign ed for the cont:::'ol of' fiGhter. dire c­
tion. I t s e~ c cse ive weich t (18,000 lbs.) limited i t s in­
stallati on to large Ri~cra ft carriers. It was used for low 
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angle search and gave good ranges on low flying aircraft 
and surface ships. Since the performance of the SM has 
been the same as that for the SP, the much lighter version 
{g,aaO lbS.}, the difficulties and recomnendations will be 
discussed unQer the SP radar. 

b. SP Radar. The SF radar is the lighter 
weight version of the 511 which permitted its installation 
on emall carriers, battleships, cruisers and even speoial 
destrcyers. The performance of the SF has been good. wi'Gh 
ranges of about 60 milE:s on medium height aircraft and 
reasonably aCc~r&te altitude data. This radar has partially 
satisfied fleet needs for the past and will probably have 
t o be used for the present and imm6diate future. Opera­
tional reports have indicated the following difficulties 
to be existent: 

(1) D.C. 	 step by step gyros caused an­
tenna to hunt during small course 
changes. 

(2) 	The Mark 8 Mod. 3 stable element has 
been troublesome because it apparently 
lacks sufficient gain to operate fol­
low up circuits without hunting. 

(3) 	The extreme complexity of adjustment 
of the stabilizing system as a whole 
has proven to be beyond the capabili ­
ties of most radio technicians. 

(4) 	 The range unit calibration has proven 
to be too complex for rapid adjustment 
by the operator. 

(5) 	Communication, and bearing failures 
and excessive end play in various 
motor generators have been the cause 
of many failures. 

(f,) 	_:'nr[ l: c~T~e fE::'lure~ hal e been n u,'nE-roes 
E:, t,)- F:- c r.c "t:'1 F, c.rq:: _ : c ~: b · ::' ;lG li:l ­

t ~==~~ e t Q~ 1nflue~c€t oy prc=::'~~" ~ o 
hi g:."l power radio frequEDcy fieldf: c 

(7) 	~ltitude determination has often been 
errati c because of the errors of the 
stabilizing syst6m. 
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(8) 	 The "B" modulator has proven to be 
useless because of p00~ design. 

(g) 	 The entire syste~ is so complicated 
that average fleet technicians have 
been unable to cope with it. Partial 
satisfactory o?eration was obtained 
largely through the efforts of fac­
tory engineers. 

The fo:_lowing suggestions and reco!ill:l.endb.­
tions for improvement of the SP hEive been cO!llpiled f"!'om 
t'leet reports and from persoll..'1sl at t.he Electronics lCa~­
tenance School, Oahu, T. H. 

(l) 	Improved an tennCl centro 1 sysJeem !lsces­
sitating redesign of the follow up 
system and a lishter cntenna. 

(2) 	I~proved 600 cycle motor ge~erator 
set ~s€d with the "An codulator. 

(3) 	ImprC'\~ed anti-hl:..llt r-eecDack system 
in the Mark 8 J:;:od. 3 s:-able element. 

{4} 	 Modify equipment so that three modes 
of operation are possible. These 
should be true-stabilized, true-un­
stabilized, and reletive-unst bilized. 
This is deemed necessary in event of 
failure of the stable element. 

(5 ) latitude correction sY!1chros should 
always correct for earth rotation in­
depende·nt of relative-true operation. 

{6} 	 Provide meal1.S of di senf agiI"!g bear ' ng 
hand'2eel when slewing ~o~o~ is us d . 
The u..rlbalance of thE; h a dwheel C i.::.ses 
a periodic var rinc ~eaTch speed of the 
8..:1 t en.l: a _ 

(8 ) l '~ake calibrat~ o~ of r an . Lnit 85 016 
enough fo 0. err t or tc a ... (' omplJ.eh. 
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(9) 	Provide stabilizing signal amplifier 
with electronic feedback circuit which 
can be suitably adjusted to allow op­
eration of the follow up oircuits with­
out causing hunting. 

It is reco~~ended that SP/SM radars be re­
tained ' in all ships of the active and inactive fleet until 
such time as the SX or a better intercept equipment beoomes 
available. 
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Part II. 

Equipment Types. 

Section C. 

Fire Control Radar. 

1. Surface Fire Control Radar. The fclloVl­
ing general characteristics are considered necessary fo~ 
any radar to efficient:y control Naval Gunfire against
surf,ace and shore targets. 

a. Range. The maximum range capabilities should 
be such trffit a solution of the tracking problem can be ob­
tained prior to the time the range has closed to a value 
consistent with the maximum effective range of the gun 
battery. In general, the fleet has found that the range
capabilities of the latest types of surface fire control 
radars have fulfilled this requirement. The range accuracy
of the latest types of equipment has been sa.tisfactory and 
commensurate with the range accuracy of the associated gun
battery. 

b. " Bearing. The bearing accuracy shoulQ. be such 
that accurate tracking can be accomplished at maximum 
range and must be commensurate with the inherent deflection 
dispersion of the gun battery. This requirement has not 
been met by most of the present fire control radars. Re­
cent specifications have required bearing accuracy within 
plus or minus one to three mils. Maximum possible bearing 
accuracy is required for full radar control firing. 

c. Resolution. The range resolution should be of 
the order of magnitude of 100 yards in order to permit 
tracking of targets close to land masses and to permit ef­
fective fire on targets having approximately the same bear­
ing and di ffering slightly in range, and to permi t accurate 
spotting. Bearing resolution should be such that two tar­
gets having a range difference less than the raIlge resolu­
tion of the equipment £l1Q G be c.!'ir.:.g di:'f e:"'encE' (. ~ O~ c.:lQ 
onE: hc.lf' d eg '!''''''E-~ O~ · rno C<-_.'.l b e cleE::- ! _Y ide::lL-i~1e ' <:. ~ 
separete ~a~£et~. 

d. Spotting. AccQ~ate spot ~~ng by rad~~ is en 
essential requirement. All surf2.c.e fi !'E- con tI"ol ra dar~ 
should be provided T:i th the best pos ible IIi ans of' ada 
spotting, both in range and aziffiuth. In 0 der to a~ co~plish 
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this it is considered necessary to design all surface fire 
control ~~tennae to permit horizontal beam scanning. The 
fleet has found that electrical beam scanning has been op­
erationally satisfactory, but due to the complexity of the 
system it has not been practicable to service it adequately. 
The horizontal "rocking horse" antenna has also been oper­
ationally satisfactory and is more easily maintained. How­
ever it is recoililliended that experiments be conducted to 
determine the feasability of incorporating the nutating 
wave guide principle in horizontal scan antennae in order 
to further simplify the sc~~ing mechanism. 

e. Presentation. The radar presentation should be 
as similar to optical presentation as possi-Dle. The B type 
presentation is admirably suited for this purpose and is 
also the best rneth9d known fer spotting. The fleet has 
found that equip~ents using the type B presentation have 
been more useful than those using other methods such as "pip" 
m.atching and IIwonder spot". 

f. Automati.c Tracking. Automatic tracking features 
are consid.ered very desirable. These features should be: 
aatomatic ranging, a~tomatic bearing follow up, manual or 
t1lock in" control, automatic feed of range and bearing rates 
directly to the cOffiputer, co~puter aid circuits to permit 
continuous tracking during momentary target fades, and pro­
visions for automatic display of target course and speed, 
own ship course ~d speed and other pertinent data to remote 
stations such as eIC, flag plot, bridge etc. A device simi­
lar to the attack plotter as used in the anti submarine 
warfare problem should be considered in developing a method 
of displaying the data obtained. 

g. Freguency. The carrie~ output frequency of the 
surface fire control radar should be as high as practicable 
withou~ scifel'ing excessive interference from atmospheric 
disturbances. The fleet has experienced some difficulty in 
the "X" band due to "trapping", ph~n~om targets, hlld reduced 
ranges j_ll. misty or foggj weather but is highly satisfied 
with the higher resolution, greatel' accuracy, and lighter· 
ecuipment~ obt~ine~ b~ the use of these higher frequencies. 

fl . Srw cl__ Nt cilJ": ~ir~ . :u~: ... l e. c.~:-:icuJ.ty nC:. . ~ 1If:: ! 

encou.nt e:::ed in l.a t e ~0G.~1 equipm_ents 1 such as Mark 1..3, as c. 
!'esult. of i~suf'fj_cier..t shock mounting. It is believed that 
continued norIU3.1 developments along this line will correct 
any minor faults now existent. 
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i. r.faintenance. The maintenance of r ao.G.r eQ.uip­
ment must be such that repairs CE..n be accomplished in the 
I~linimum time possible. It is believed that this can be ac-· 
complished by constructing the equipment on a functional 
unit basis with each unit being as light in weight and as 
small as practicable. These ~~its should be racked in the 
main frame and be easily removable. Inter-unit cOPJIection 
may be accomplished by the use of pin-jack terminal boards 
at the rear of each unit. Partial eXaLples of this type 
of construction are fo~~d in most equipwents, but the prcgra5 
should be carried out wore fully. If space conditions per­
mi t, it would be of advantage to have Denc11 tE:S t.ing fa 11i­
ties which v.-ould per~it servicing of the faulty unit at 
leisure after the rapid repair was accoIilplished. by replacing 
the faulty unit with a spare. It 1s believed that necessary 
reductions .in '(,eight and. size can be accomplished, as is in 
the case of iffiny aircraft raciars, by the use of miniature 
tubes and components arle. higher frequency poV\er sources. 

2. Evalu.E.tiol1 of single and. double purpose 
Equipment Types "no ~n use for surface Fire control: 

a. Mark 3: This WCiS the first fire control radar 
equipment used and ·is rapidly being replaced by more modeI'D 
types. It opera ted in the 700 mc. band. This eCiuipment 
had many limitations which made it unacceptable for an ef­
ficient fire control r&Q~r. These limitations were: in­
ability to obt~in accurate bearings; inability to give ac­
ceptable range and bearing discrimination; inadequate pro­
tection against sb.oek and vibration within the equipment 
i tself; limited spotting capabilities. As an interim 
equipment in fire control radar development this radar 
served a very useful purpose. It is now obsolete and 
should be replaced on all ships in the active and reserve 
fleet .. 

b. Mark 4: Since this equiplLent, although a 
double pur-poser-adar, is the sallie as t.he I"Lark 3 s wi til the 
exception of its antelli'1a an.d position engle scopes, the 
same cO!TIillents as mentioned above for the 1~ar-k. 3 apply yiflen 
this equip:nent is uEeci for sl.;..;'fcce f.i::' E: CO:1t;··c l. ';'11 : .5 
eql:.iprue:r.;" :.;: c:.:i~cu!::!': t.- a 4 . ~-..:.b~t:::l lJ € . lt p<~7<- c ri: _ :_ !.' or r_ 
a ':' rCTE..:t Tc..c.G. r~ 

c. l' ark 8 Serle :: : The It.:ark 8 !i:od 0 iilc. i n ba. t tery 
fire cantr 1 ~~dar was aevelopea to eliminate the shGrt­
comings of the ~LE... k 3 t:~-pe radar. It WE...S the first equip­
ment to employ c_ r 2.],iid lin6a. r no~izcntal sca:11l·n c.r beam. 
using a npolyrcc" an~erma. This ty~e of scan ia conj u..Ylctioll 
wi th the "S" Od.!J.Q freqU€!'lC~T rr:ade us of t 'lie 'D!T p:res cn­
tation which per ffiitted spotting. I he freq\le ncy used per -
Id tted. a narTOY'ier beam Ci:ld its :result n t in.cr e ' 5C . in .J :-. r ::"'ng 
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accuracy_ The chief disadvantages were extreme mechanical 
and electrical complexity of the system as a whole end the 
excessive 'weight which limited its use to major com.batant 
ships. The Mark 8 ),lod 1 iillproved the maxi:wUID rangeobta1n­
able by use of a redesigned transmitter and receiver having 
respectively greater power output and greater sensitivity. 
The Mark 8 UOd 2 was developed in response to fleet require­
ments that the range operation be removed from the director 
"(,0 the rr:.c.in battery plotting room. The Mark 8 MoG. ;3 develo:.; ­
ment resulted in the following advantages: reduction in • 
an-cen..na weight of nearly 2000 pounds; an electrically and 
mechanically simplified. anterll1a; a greater w.axil!1:I!l . auge; 
better spotting capabilities re~ulting from the i nhe r ently 
better bearing c;;.ccuracy and resolution and tbe bett .r raage 
resolu.tion all resulting from the higher r.XII frequency band 
used. It is recoillluended that all :.lark 8 radars t 't> _c place.d 
by the Mark 13 (see paragraph (e) below) in a ~ s h iys of the 
active postwar fleet. If there are insu..fficiE i:t Wnk 13 
equipments nov; on hand or Ll1 production to slippl:f the ships ' 
of the inactive reserve fleet it is recolllillende -. that the 
l.1ark 8 be retaL.'1ed in ships of the inactive r8 c: erve havin.g 
same ll..'1til such time as new equipruents fully w.e €' t ing the 
reouir'eruents of" the fleet C2.n be produced. A"l. _ r,1: ·I- b e ::. rk 
8 e;uipments retained should be brought up to .~. .~ ~ c..ndards 
of the fliark 8 Mod 3. 

d. Mark 12 series: The M.ark 12 Mod. 0 WaS de:veloped 
as a replacerr!ent model for the Mark 4 radar. This equipment 
has sho~TI ffiarked improvement in reliability, service&bility, 
range capabilities, side lobe suppression, and t~acking 
accuracy_ Its automatic tracking in range and t e computer 
aid circuit are a partial answer to the fleet ne €· ds for 
complete automatic tracking features. Fleet r .por ts h av e 
indicated that the spot pr~sentation is a s~peri. m~ tbod 
for tracking in train and elevation, but circuit c o p lexity 
make proper adjustment difficult. These repo~ts elso indi­
cate that the Mark 12 is superior to the Uazk 4 and. has given 
very S2. tisfactur'Y results with the exceyt i 'Il of 11aving liiil:!..­
ted spotting facilities, and insufficient r~nge f_nd bearing 
resolution. The M:ark 12 Mod 1 is identical to the lfr.l.rk 12 
Mod 0 except that the range unit ?\as removed frOLl 1" _.., d~:rec-
tc· ::.~ T. O 1..) )(. r-c(;c.~" tr(:"~islL5 j,:i::.E':::' :r(lO n...~ ID i .. Gli i 1. : J: • . 
li.n:i-vc- j c; ;.:... • E:::.. t:OD E' fcC' HIE:' tJ1 Ci ~ I( l~: UO C 01 tn ,- ri o' ) I 

t~occ 1 i.s J. imi "t Ed. by tnE ill.&nual range step cOD.trol .:. t,~ e 
ciirector PEo'I'::1J. tting only a 300 yard pe:r Tevo1u.tion ci".:.ange 
in rang ~:;: 2.:1d by' the ticoastingli of the rar-...gc step 'I.!...en 
using the sle·"'.' i ng control. The test lUli. t incorpor at Ed in 
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h e transmitter has proved valu~ble, but it is difficult 
to keep in proper operation. Vfuen moaifications are made 
to permit better control of the range step by the range op­
eration in the director, it is recommended that Ma rk 12 Mod 

converted to Mark 12 Mod 1 on all ships of the active 
reserve fleet. It is further recoDlI!lended that the I4ark 

12 Mod 1 be retained as dual Purl:'OSe fire control equipment 
until such ti:ne that a completely new radar sys tem is devel­
oped which will satisfy the minimum conditions for the fleet 

set forth in sections II-C-l and II-C-3. 

e. l!ark 13 Series: The experience gained thro-:.:gh 
the limited use of this equipment has sho~TI that of all e~u1p­
ments now on hand it most nearly meets the requirements of 
the fleet as stated in section II-C-l. It has performed 
well operation~lly, providing excellent spotting, a high 
degree of range and bearing resolution, and good maximum 
range. The system is designed for the unit replacement 
method of repair to a greater degree than in previous 
types. However, there is still need for improvement in 
design in this respect. The equipment fails to provide 
automatic tracki~g features as discussed in paragr~ph (e,
1, f). It is recommended that Mark 13 equipment be in­
stalled on all new construction battleships and cruisers. 
It 1s further recommended that Mark 13 equipment be used 
to replace all Mark 8 series radar installed on ships of 
the active postwar fleet, and on as many ships of the in­
active reserve fleet as is possible with the equipments now 
produced or in production. 

f. [ark 26 Series: This equipment was designed for 
use on Destroyer Escorts and auxiliaries and is limited to 
giving range data only. It is used with the Mark 52 direc­
t or and originally served the purpose for which it was de­
s igned. However, if the ships on which the Mark 26 radar 
is installed are used for picket duty, as was done near the 
t ermination of the war, it should be replaced by a mere 
versatile radar. Its performance ~ithin its designEd limi­
t a tions has been considered very satisfactory and it. is 
recommended tha t it be retained for the use for v;,hich it 
was designed. 

g. k 2l r k 2 [, Se. :::ie.· :'h f:: Mc :' !c :;2b e~ 1:~pm :1 "Vi.:. .... r::'­
ginally designed. for aUL.owat i c weapon cor..t r ol on large 
ships but was adapted for use with the obsol escent lied: 33 
director for seconc.&ry batter y control on SOl1!€ lariSe sh~_ps 
and for main battery cC:1trol on SODe de~troyers as an Eme:;:­
gency meaSU1"e. Its perfo:::'mance in the a boye co!mect1 n Fas 
inadequate. Fleet reports hc~ve shown tha t this i n2.deql1.acy 
was caused by t.he lollovdng: circllit complexity of the 

II - C - 5 



system as a whole~ insufficient range capabilities to per­
mi t tracking beyond the range of the gun battery involv~d, 
inadequate spotting facilities and lack of automatic track­
ing features. The advantages of the ~ark 28 Mod 0/3 are: 
light weight~ small space requirements, adaptability to 
unit replaceoent~ reasonably good range and bearing resolu­
tion~ and minimum. side and back lobe radiation. It is 
recornr.nended that the IlIark 28 series be classified obsolete 
:ror :uain. &.:wl sec.;onciary battery fire control and be replaced 
by the Mark 34 Mod 2~ 3, 4~ or so~e superior equip~ent on 
all ships of the activE:. and inactive fleet. If changes in 
diT&ctor systess permit the installation of heavier equip­
me!1ts it is reco!:!L'TIended that the .M2.rk 12 ( or M:ark 13 if 
weight and space consicierations permit ) be installed. 
':'l-le~.fark 28 equip:.nent ;Jlay prove useful as a general purpose 
fire control radar for small shins and auxiliaries because 
of its light ~eight and reasonable performance, and should 
be retained for such u.se ri!lere required. It is also con­
sidered useful as a gWili~ery officers information radar and 
should be retained as sucL in large ships .until something 
be tter is available. The Mark 28 llod 2 and 4 was later 
used with Mark 63 automatic ~eapons control system and is 
discussed under Mar}r 28 in a later paragraph under AA fire 
control radar. 

3. p~ti-Aircraft Fire Control Radar:­

The following general ch8racteristics ar·e;: 

considered necessary for any radar to efficiently control 

neval gunfire against aircraft, glide bombs, end rockets: 


a. Range:- The maximum range capabilities 
should be such that a solution can always be obtained prior 
to the tim6 the range has closed to the maximum effective 
range of the gun batterr. In general, the fleet has found 
tbat the range capabilities of the latest types of anti ­
aircraft fire control radars have barely fulfilled this 
r eQuirement for present 5" - )8 cal. batteries. It is be­
lieved thet with the advent of faster aircraft, guided mis­
siles ~ end rockets, the maxiID.UIll range of both radars ena. 
gWlS must be radically extend6d~ Development of e greatly 
im 'ro~~ ~ ~0li g TaDfe ~.~. ~~r~ c02~rGl ThdeT is th€Te~CT 6 
me n · '- _ . 'lJ ; ~ ? f.:.llE. ·· 5cc-\.:.;:-ec y c-;'" -;:,rlt: .::'6ce:nt t~';e €~ilipm.6TL 8 
has been se~is:·6.c ~ ory ana. cons i.stent with t.i:.i8 accuracy of 
t~e associBt ec:.. g-J.n bctt ry .. (i.e. fUES times etc .. ) .. 

b. The besring eccurecy s1lou1d be 
su.ch t.Le.t 6.CC\J.r8-ce t:rac~~ llg cen bc accor.:1plitol1eci 8.t '.:;:J.5:r.illlUIll 

l'E.r.ee and such ttE:. t GW1-1aying tiC Ck.;--:-acy hi 11 be t L.e 6Cllliva­
l s.::!t of t!1e t 2.i ven by c ~tice.l methods. The perl!lil::>f,iDle 
err r sl!ould ;ot u8 gre~ter then 1 mi.l and sllcul.u be as 
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much less as possible. The recent types of anti-aircraft 
fire control radars have shown reasonably good bearing ac­

.curacy. However, with the increased spe ad of aerie.l targets, 
improvements must also be ~ade in this respect. At present, 
the primary difficulty experienced by the fleet can be 
traced to the "human" error resulting from presentation 
methods (see Presentation) rather than from the inhe~ent 
~!"!"or of the rada!' system itselfe Tbe Mark 25 radar (now 
under contract) is understood to have a bearing accuracy 
or 1 mil. 

• Posi tioD ];..llgle: - The accuracy 0f det r ­
mining position Etugle should be the same as that f,'.,Pecified 
above for bearing. Here again it is not so ~uch the lack 
o accuracy of the equipment, but the lack of accuracy re­
Bulting from. the "human" error, caused by the method of 
presentation, that is not acceptable. Position angle 
should be determined to an accuracy of plus or minus one 
mil for position angles from one degree to eighty-five de­
grees. The only equipment s 'which hs.ve approached this re­
quirement are the Mark 22 and Mark 34 which heve been able 
to determine position ang16s as low as two degr68s above 
the horizon. The Mark 25 radar is understood to be able 
to determine position angles to an accuracy of one mil. 

d. Resolution:- The range resolution should 
be about 100 yards or better in order that the "averaging" 
effect of multiple targets in the same general ares, causing 
the radar to select the average point as the point of aim., 
will not be sufficient to permit the targets to lie outside 
the lethal radius of the projectile burst. The bearing and 
position angle resolution must also be sufficient to elimi­
nate the effects of "averaging" in these components. It 
is believed that 0.65 degree beam wiQths may satisfy this 
requirement ano. it is understood that this will be the bes.m. 
width of the !.le.rk 25 radar. 

e. Hovi!1g Target In.dicator:- It is cO!1sjdered 
essential that all anti-aircraft fire control radars be 
provided with a moving target indicator system in ordur to 
perlrJ.t trbcl:i f ",'_ _.... _.I mc. 1r ': t.....- . }.J ...i..... cr ·' . u '­I"....-". E.'; ""'C'f'C: _ D ..,~. J.U....... l- J.. ...r. ~. " ~"""'O" _ ~... c.. t-·e 0 .... 
maSF- 6e •. 

f~ Tcr get Ac~uisitjon :- All ELti-a i . c~af t 
fire ccn.Jvxol radbrs mus~ be provic.: eO: with a :-epid and 6 f ­
f:'cient means ot target 5.cQuisltion in oreier t o p r ·i t 
tracking as soon after dEtection as possible. P ovision 
sbould be me.de for !l1E.nual or e.UtO!IJ.8t':' C loc}::ing of ~ · hH ~ call 
E.zis on + h e tE.:::'ge t after t he target has been fou.o d b~r ths 

...
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:3. b. c. d. AA Fire Control Radar. 

Again it eppea.rli: i460&li iiiilr;y Lo comment that Mark 
25 Radar, although undoubtedly superior to those with y;hich the fleet 
as a whole is f am;) iar, show.d oot be considered. th~ ultimE.te in des ign.. 
Continued effort towards imprOVe:Ilfmt is desired. It is understoo~ t ,at, 
the Mark 35 Radar intsgral in the Gun Director Mark 56 will pro\'ide £I. 

much superior system. 

http:ultimE.te
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acquisi tion bea::r.. !''2:ACU" , sl';.ch as used in the Hark 28 
1.:od 2/4 and the !,:8.rk 34 ~.~od. 2, has proven to be reason­
ably satisfectory, elthou~ there has been limited exper­
ience with this equipment~ It is recomme2d€Q that experi­
ments be conducted to determine the feasibili :.y of using 
nutating wave guide scan for target acquisition purposes. 
~~other possibility for improving target acquisition systems 
may be the use of variable beam width radiation patterns. 

g. Spotting:- Accurate spotting by radar is 
considered an essentia: requirement for the accurate con~rol 
of long ra!2.ge and m.ed.i um. range glL'lfi.re against an aerial 
targete All AA battery fire control radars should be pro­
vided with the b6st pcssibl€ m6u.!l!:.l of radar spotting in 
range, deflection, an6 elevation. In order to accomplish 
t hi.s p two possibilities become apparent. These are: the use 
of two antennas, one for vertical scan and the other for 
horizontal scan utilizi!lg class "e tt presentation (azimuth 
versus elevation) for the purpose of elevation spotting and 
cla8s "B't pres:;ntation (range versus azimuth) for the pur­
pose of raege and deflection spotting, or the use of a single 
antenn.a employin g a spiral scan and utilizing class "D" pre­
sentat i on (azimuth versus e16vation) for the purpose of . 
deflection and elevation spotting and an "A" presentation 
for range spotting. However, for dual purpose gun fire con­
trol it is believad that the first method is more desirable 
Descriptions of the W~rk 25 radar which heve been received 
by this Board indicate that this equipment rIlay be adaptebl.e 
to the requirem.ents set forth in this · sectioJl~ . ' .. . .. 

h. Presentation:- The radar presentation 
should be as simil.ar to tne optical presentation as possiblec 
The class "B" and class "C" methods are admirably suited for 
this purpose and are also the best known methods for effect­
ive spotting. It is also believed that an "A" scope should 
be provided for the range operator. 

i. Autom8.t Ie Tracking: - Automatic tracking 
features are essential for all anti-aircraft radars and 
·associe.te.G. guns. The se festul~€S should be: 6.utomatlc 
rgnging , Eutomet i c b6 Br in~ en~ elevation follow up, manQal 
or l oc r- ~~ cO D ~rci. Eu~om f i r f6~ t of Te nE· eu t b S ~ ~ ~L_ 
r at, f c. i T' C"G 1:,(; " b e CO.ffipu ,, €. r r compu.t,t ~· e.. id. circu: -" to 
permit C'ontinuot.:.2 trscking during momen.tary tarset. f Rd.es, 
a ,:; proy" s ion f or autolliat.ic display of "Ce.reet course, speed~ 
a.. iYe or climb e~gle, altitllde , end. otlle:r p6rtineut data to 
r€mo~e stations . TU6 range, beering &nu 61e~ation rates (made 
6.'\a i 18.bls by e:.utozatic t.!'Bcking) US6U in. cODju.!:.cticn w:i.th 

r::-C·~8 
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target present position data could well be used to provide 
an optical presentation of the overall air attack picture 
by using this information to control a moving light spot 
projected on a large plotting board. 

j. Remarks on Freouenc Snock 

Maintenance: are t e same as set fort ~n paragrap

(h), and (i) in Part II - C - 1. 


The Evaluation of Nov; in 
o 

a. !tB.rk 4 i-The same remarks as set forth in 
paragraph I1-C-2b apply with the following additional cum­
ments: This equipment has proved unabls to obtein &ccurate 
position angle uata at position e~gles below twelve degrees 
end. is therefore inadequ.ate for use against aircraft attack 
at lov: position angles. The Mark IV radar equipm.en.t is now 
considered obsolete ane should be replaced on all ships of 
the active and inactive fleets. 

b. !lark 12 Series: - The same r6.iJl8rks a.s 
set forth in 1I-C-2d l:1,Pply to tilis series 'when used tor AA 
fire control. In addition, difficulty has been experienced 
in obtaining accurate position angles on low flying air ­
craft. This difficulty was alleviated by the use of the 
Mark 22 in conjunction with the Mark 12 series. The fleet 
has found that this combination of radars is reasonably 
satisfactory within the limitations of the Mark· 22 (See 
Mark 22). It is recommended that the Mark 12 Mod. 1 ­
Mark 22 combination be retained on all ships of '"he active 
and inactive fleet as a dual purpose fire control system 
until such time as 8. new equipment is developed which will 
satisfy the bDSic re~uirem6nt8 for the fleet set forth in 
paragraph 11-0-3 above. 

c. Ma.rk 22 Serie8~- Th e :t.1B.rk 22 Mod ~ 0 rac.ar 
equipment was designed for use vd. th radar equipments Mark 4 
ahd Mark 12 to provide low angls tracking of airc ra.f t .. 
This radar has p!:'oved. v'6ry valuable when i n proper ope -ra­
tion. Eow€ver ~ 16.cl: o~ sl.:..:'f i c:'ell epc'" _.... : OI.!.8 _ € .. - n. : t el ­
aoet:. t:rEir.. i g !iD C ·... 1 e c : r o-.; i -:- c:om.::>Jo::'1.;r 0~ ·vi - F: ,* -: to L. 

cBused the ::'16G~ SE. l:'iOilS i ff' i c-..:. l-vy ir. mei.L.tai:lilJ. ' i...Lt. • _.....i ···· 
ment in o::leration. ~hese diffic1l1ti(;;;s ha " S rE.sult6d f :-011l 
+"'8 -('0110;'; n~·'"''''''''''.J- -If ...... c.­

(1) The Kl rs t ron local osc.ill a tor!, y, bose 
frequs.I:cy stabiJ.5.ty i s .bigllly se.!1si tlve to t !"lP r a t ur e 

II - C - 9 
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changes, is located in the transm.itter uuit on t.op of the 
director in a very exposed position. If practicable the 
transm.itter unit should. be reloc6ted within the director 
or in e compartment as near the director as possible. 

{2} The Mark 22 Mod. 0 provid.es only ele­
vation information which is presented on a "collapsed" "e" 
scope giving elevation information only at the pointer's 
location in the director~ It is understood that in ad­
ciition the Hark 22 !.:od c 1 will provide the more desirable 
fsature of full "e" presentation at the range ope~ator's 
.posi tion .. 

{3} This equipment is not sufficiently 
shock mounted fer ship board use. As 8 result, tuning dif­
r i culties are experie~ced, especially in connection with 
the automatic frequency control features. 

{4} Accidental movement of external COD­
tro~s on the main frame occurs as a result of crowded 
conditions in the director. It is considered desirable 
that these controls be recessed into the front penel. 

{5} Since the Mark 22 is "keyed" by the 
Mar~ 12, power supply breakdowns to the Mark 12 permit the 
Mark 22 me.gnetron to cool and be damaged if the Mart 12 
resumes operation before the Mark 22 is placed in the 
"standbyH condition. This could be remedied by a modifi ­
cation to the Kark 22 causing the DlBgnetron cathode heater 
to be automatically cut on when the tube starts to cool. 
Since the Mark 22 radar equipment has aided materially in 
fighting efficiency and since the above difficulties could 
be remedied without major changes in the system, it is recom­
mended that the Mark 22 Mod. 1 equipment be retained for 
use in oonj unction with the r,iark 12 Mod .. l on all ships 
of the ective end inactive fleets 6S e duel purpose fire 
contr.-ol system ll.L.til such ti.nt€. 8S new equipment meeting 
all the hasic requirements for the fleet set forth in para­
graph II-C-3a is produced. 

d M:Er.lr 28 S€!'iE8~- The ME.rk 28 serie sk 

l'"8 C .... ec;.l~: .;:lnH: r;t h£ :::'OE E: L Old. - pe..:;:-tic:'': y set :" s : l:"_c-,,;c :- :.. - 8 r 


~uel • _~OS 6 r&da~ Evs t E;~ ~: ~h ~he Mark 33 air6 C or, ~~t 


a s b- en~reasonQbly seti ~fa0t.cry 8S a h€8~Y machine gun 

fi~s control radar with ~hG Mark 63 director. 


Tr~e Me.:,k 28 !.10a. e 0/3 equipment ~ as used 
·i th kiark 33 di:::-6ctors for du.al pU_!'li086 control, s nc)"w6d the 

II - C .~ 10 
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following difficulties in addition to those listed in para­
graph II-C-2g: serious alfficulty in locating air targets 
and poor position a~gle detsroination on low flying air ­
craft at position angles of 6 degrees or less. The Mark 28 
Mod. 2/4 equipments had the additional feature of a target 
acquisition unit which aided greatly in locating air targets 
and permitted these equipments to be used with the Mark 63 
director system. I~ Is recomm~nded that the Ma.rk 28 1.~od 0/3 
be classified obsolete but that it be retained with Mark 33 
directors only until such time as the Ii:ark 33 director 
system is replac6d by a satisfactory Qirector systen. It 
is further recoillillsndeci that the Mark 28 flods. 2, 4, ue d in 
conjun.ction with the Bark 63 director system, be replaced 
by Mark 34 Mod. 2, 4 on ships of the active fIest, but re­
tained on ships of the inactive fleet until such t!IDe as an 
equipment is produced which will meet the basic requirements 
of the fleet as set forth in II-C-)a. The Mark 28 radar 
has been used to advantage as a gunnery officer's informa­
tion radar in large ships and should be retained as such 
until something better is availa'ble. The Mark 28 m.ay a.lso 
be useful for insta.llation on auxiliary types of ships as a 
general pu.rp0Ese fire control radar. Many sllch ships that 
will remain in active service have no adequate fire control 
radar. 

e. Mark 34 Series:- There appear to be very 
marked advantages to the use of 3 centimeter radar systems 
as compared with 10 centimeter systems' for blind firing 
contr.ol of AA automatic and heavy IDachine guns on all types 
of ships. The Mark 34 series radars are composite equip­
ments using 3 centimeter transmitters and antennas. The 
present status of the various lfJous. is understood to be as 
tollows: 

~..!od • 1 - Never produced. 

Mod. 2 - Uses 8T transl:litter and Mark 28 


n od 2 below deck componeuts. 
tiod. 3 - Uses Mark 19 below deck com.par-ents. 
v'_'v!oa. 4 - Uses Mark 28 below d.eck CO!.!l.pOn6nts. 

Little e c uE.i. bt t le E. ....:. 'E. ::.-:i.t:;fJ CE lj l',,~ b , ": . YG::-'i..I:'; .J. .- . ::e 
Ma:::i: )4 5e:': 6::: beCE::.U~E · ~.E'. E. J'E'C'e:J.t :' 1 S-1J6 1 ::'f·~ _L:_... . ry 

ever, operational trainine ezercises have indic6ted t h ht 
this is an excellent rada r with ~ortnwhile advent g as over 
earlier systems. The f l eet desires tilst this type of 
equipment be capable of full automatic track lig in ell f u­
ture design and plsnliing. In t "6 intere s' s of st a~brQ i-

II - C - 11 
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a tio.n. it is le ee m:w:;er! - ( tLa t the l1ark 34 Mod. 3 be classi ­
f ied obsolete and. that t;~. G Hart: 34 Mods. 2/4 be used to re­
place ti16 " ark 28 j'':Jc.s, 2/4 in Hark 63 and ~·!ark director 
systems on all ships of t~e active fleet. Consideration 
should be given to si~ilar replacement on ships of the in­
active reserve. 

fo Mar k 2~ S€I'ies:- This rad.ar, now 1.!.!l.d.er 

contractJ will probably satisfy many of the present re­

quir6ments for F.ll efficient ant.i-aircraft fire control 

rs.dar It is 8 combinec 1.25 and 3 c entim.eter automatic
G 

tr-eckir::.g SYB t E:!.Cl ~ ith an over611 .... aight of 4000 lbs. The 
psrfm:.'ma Hce to be 6xpected and the specifications of design 
Era listbd in "RE:.dar Survey" Section II page 2 - 69~70,7Io 
If the Mari..: 25 redGr meets specifications it should bo in­
stalled in all appropriate units of the active fleet. 

5.. Subnarine Fire Control Re.darc The fol­
10 'ling general characteristics are considered necessary 
for 8 b.!l1Brin fire co~trol radar to control efficiently 
torpedo, gl.ill, a~d. rocket fire. 

B_ Rauga . The range capabilities of sub­
mari ne fire control ra~8r should be such that a solution 
of the torpedo or ganfirs problam can be reached before 
the target should be fired upon. In the case of torpedo 
attack part of the approach phase may take place on the 
surface. This will require a m&ri.mum range of ro(!.~ !' €-(-lu.ip­
.m.ent of about forty to fifty thousand yards on large CO.iL.­

batant vessels to permit the necessary surface run to g&in 
position for attack. The range 8ccuracy of the latest 
type radars has be&n sctisfactory. Should the technique 
of submarine detection by radar improve, the maz:imum 
range should be increased to give a region in which the 
6ubmarin6 can operats en the surface undetected. 

"RDo,..i n O' 'Ph '" be<>r-: nn' . a·ccu.,..c.n,r ch nu' ''' h",b 4 ~~U---b~ --- ----~ -~-J -- ~~ 

in:.ro ~ed a II:uch a s P O B ible 55 the state of the a:l 1~ ,pro­
grEsses. The be8..L tng accuracy of the Moo.el SS-1 r a C! ar is 
66~i s?actory for torpedo fire~ If it is intendsd to ~eep 
f~.c. E. :--me (.r:~ ~ :~ ~l; bmc" i...... & ~ Tt-d E: :CS v: i t b bf>t: ::. JL ~ "::'. : ( :- , 
s~ rc __ -'L - L'. ~ _:: ~ co;:-:- _ ::- eGt- 0 1':' f , t..::':: I::.C < s tL- ::- ~ ' ... ..:. fl 

'of 6JL;lo.. ec lid t-it Euomer' n.e eq,u. i.yp bd. to use 2'6 fL.:! :':J_l ­

t 01 t-f gU_f'i r e . 

., . '1':J.1: r-a ge re solution E.!lould\. 

or 1 85 ~.;;o pe rmit the trs.ck.­be in the or ' 
sbar 11_ and _or spottiUB'ng t a t arget 

J.. - C .~ L >. 
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4. f. Mark 25 Series. 

The latest information available is to the effect that 
three centimeters only will be employed in the radar Mark 25. The 
Gun Director Mark 56 with associated radar ~ark 35 and built-in 
compater may prove to be such a superior syste£l that curtailment of 
the radar ~ark 25 developm~nt program will result. It is understood 
that both cf these syste:ns are under intensive study' at present and 
opercting tests of the radar l.:ark 35 in GWl Director Mark 56 are 
schoduled for the oear future. However~ radar Mark 25 appea~' to be 
the ultilr.B.te radar for the' gun director Mark 37 system. 

http:ultilr.B.te
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at 

the 

gl.4:. :' ire. Bearing resolution which will distinguish ten 
thousand ton merchant shifS ~hieh are 1000 yards apart 

a range of 40,000 yards is desired. It should be prac­
ticable to evaluate e contact on a group of ships at that 
range in order that t~e O.T.C. may be 5Qoquately informed 
of enemy composition, course, speed, and forLUE. ti.un before 

submarine dives to attack. 

d. Spotting . p-_ccu.rete spotting by radar is 
'jn eSl:>ential requirement. The low height of eye on a sub­
marino mak6s o?tice.l spot ti.:-..g erratic. The latest x-sd.ars 
pe rmits spotting in !,Cinge only.. Improvement in beam. 
width for deflection spotting is needed. 

6. Precentat.ion. The radar presentation 
should be tiS similar to the optical presentation as pos­
sible. The PPI scope and liB" scope now f~rnishtid is suit­
able for attack on surface targets. It is apparently not 
the present intention to use submari.nes 8S anti-aircraft 

essels. Should this become necessary SOIr.€ other form of 
presentatio~ should be provided to include the third dimen­
sion similer to that required fo~ surface ships ~~ radars. 

f. Automatic TraCking. Automatic tracking 
features are very aesirable for submarine fire control. 
The solution to the torpedo problem, because of complicated
zig-zag plans which will be used by the enemy, will require 
a computing tracking mechanism with every possible feature 
for predicting the enemy's course and speed during the 
torpedo run. An integrated fire control system is now 
under development and is }~own 8S Computer Mark 31. one 
trial installation, using some of the latest features, is 
installed in the U.S.S. SEAr.~OP~~D) and there are many 
faults in that system. Automatic tracking features should 
be improved for submarines to include everJ~ possible sid 
to the solution of the problem. 

g. Fregu~llcl . Because of the resulting im­
proved bee..m she.pe: a high frequency is desirsble. It is 
believed that no special frequenc y is needed for submarines 
unless En eX"tY'6ill€23' 5he::-:-:' "'f.~ (: e.,:,t •• rH'.. i~ ~ ~:S :"' bn (1 .vc· r l. ­

mer£~d WC~ - ~L ci : ·'t r Tn :~b&&~~ p Er jtC Cre ~ ce: [ ~ ~ ~~~ 
resolve s~ffici6n ~y iL bearing to p~rmit ~~ ti E a t t ~mc 5 
wnen a bearing ce,p.:;.ot be obtained optically. Submarino::> 
have us e d their radars for i t 6r-co:::uIluni cB.tion wi th s o~e 
success. Having e.ll submsl'ine :reda rs in "the SaIn.e ge ers l 
bend would faei itete this bi t would incre8~e interference 
among raue!'s a d vuln6re.b::'lity to en6rrq jem:ning. Severcl 

IT - C 
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commeDts have beon heard suggesting that submarines use 
radar to talk "GO friendly escort types. These questions 
ere fu=ther discussed under the IFF se~tion. It is reoom­
m.ended that submarine radars use the optimum frequency band 
required to obtain desired (radar) performance and that no 
particular effort be made to liave different ships use 
widely different frequencies. Communication among sub­
narines and surt·8.ca craft can be more effioiently handled 
in other wayso 

h.. stooL::. 1.founting. Present shock mounting for 
subma~ine radars is s6~isfactory. 

i. IJ..aintenance. The maintenance problem must 
be considered as a part of the standarc.ization program.. 
Small, lightw6ight funct.ional components with plug-in oon­
nections appear to be the best answer to the problem of 
maintenance. Standardization will result in les8 time 
spent in training persoillwl to service various radars. 
B c a us e of t~e small spaces and in some cases the unusual 
geometrio shapes of available spaces in submarines, neat 
stacks of equipment are .1lot possible, but if components 
ere of the plug-in type repair will be an easier matter. 

6. 	 Evaluation of nm:Y in use 
for 5ubmarlne 

a. SJ Series:- The SJ series radars served 
their purpose well for ~orpedo fire control, but the method 
of presentation (A and PPI scopes) and poor bearing accuraoy 
do not make it particularly suited for an all-purpose fire 
control radar such as tlJ.e SS rs.dar.. (See additional oomment 
under Submarine Surface Search Radar). The SJ series radars 
are considered obsolete and should be replaced in all sub­
marines by the SV - 5S combination. However, the training 
program will not be made less effec tive by its continued use 
until it is repla ced. 

b~ ST SGriGs:- This radar was on irr~edi8te 
success from the eJ6ct~o~ ~ c stendpoint but , bEing a p J.­

SC ~' _l ::"'bl 61' 7' C:-': :::~G E ~ _ :'L:~-'-> - 2..crf E: '" nee d or: l. L16 _L t:- ~ !:: (;c J ' e 
~' j :f' El,~ -' corr..pr o·- i. te S " :..:. ~l G ,- ~c"" io:Js be:-;:-. 1,2::'8 ::'s 
of fse t by t he rapidi t y of observation givillg all nec6ssery 
informati on on ~he target i n J or 4 seconds. Since the S3 . 
TF.Qar -.... il1 be installe::, it 1s TeCOL1O.6.aded that the ST 
::'adar e retE.ir:ed for training purposes unt:i.l such tiII.te as 
the model S5 is i ns tallsd. 

II - Ci - 1.1;. 
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CO SS 8eries:- This equipment has not been 
used on patrol during the war but tests have proven it to 
be ideal for tile submarine fire control problem. It has 
a range resolution of 75 yards, a bearing resolution of 
1 degree, range accuracy of 15 yards plus on6 percent of 
the range, and bearing accuracy of .25 degree. The type 
of presentation, being either class A or B, makes it useful 
for gWl contrul and spotting as well as i'or torpedo control. 
It is recommended that the 88 radar be used to replace the 
S~ and ST radars on active sub~arines as soon as practi ­
cable. 

II - C - 15 
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Part II 

Section G 

Airborne Early Warning Eauipment 

1. AEW as a system, has not been used opera­
tionally except in tests at eIC GTC Brigantine and on the 
USS RP~~~, in both cases using pre-production or experi­
mental equipment. 

2. The installation in the USS BUNKER HILL is 
;he first complete shipboard installation and was only re­
cently given its first operational test. An installation 
~~s mde in the USS HOR1~T but as yet it is untried. 

3. There ere several recommendations to be 
made regarding the maintenance of the AEW gear on board 
ship. A separate maintenance shop should be provided; it 
is impracticable to service JillW in the usual shop instal­
l s.t ions: because of size and weight. .JUso f a test bench 
set-up seems particularly necessary even at the expense 
or ~emoving some other installation. 

4. In view of the fact that the equipment is 
new, ~d it is not kno~~ which components will give trouble, 
there should be a stock of spares within a reasonable dis­
tance of the operating area of the carriers. At least 
200% spares should be carried until service tests prove 
which items are most needed and the inventory of the spares 
can be changed accordingly. 

5. At present ilVi receivers are not being fur­
nisbed to ships other than the parent ships. Considera­
tion should be given to placing equipm.ent !.n other types 
such as Fleet and Force flegs! pickets and submarines. 

6. The present form of ilW radar is considered 
to be of limited and problem8tic6.l future value unless it 
can be redesigned to detect targets over land masses e~d 
elimin&1,( f<.eE retuTL. T'DE DE:'eC fOT aD airborne rf10E.:"" 

pic~ ~ re6~ _ i E t i ~cUEsed un6e? Part II, Section A cr thi~ 
report-; • 

.,:::1 - c .L 
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It is recammended that A3.i eqcipoent alrbady ae:vElcFed 
be given a thorough trial in thE:: fleet. It has defir.ite desircble 
characteristics. In view of the cample::d.ty of the A.;:..Vi arrange.:nE.!~t in­
volving air operations, plane-to-ship relay of radar sigr~ls and 
difficulties of interpretation of the pattern presented. on shipLo&.r-d 
as relayed fro:n a fast moving radar, rrlE.ny proble.-:ls are presented 
which must be worked out at so..-,"e lenGth. Irr!prove;,lents are needed in 
the equipment and the development of effective op~rating procedures 
must be caopleted before the full value of ttis eqJipment can be 
rea lized. Attention is irwited to the previous CO!!1ment en paragraph 
17, page I - 7, regarding the potential value of this e~uipment for 
the ~ercise of c~~~J in the air. 
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IFF Equipment. 

1. Despite the important and useful service 
rendered by the Iiark III IFF system, reports from the 
Fleet indicate that this system is considered to be gen­
erally unsatisfactory. Faults reported were, in general, 
as follows: 

~. Unreliability. Except for submarines, which 
have hed fair to good results with the present system, re­
ports indicate that the best results have been obtained by 
larger units of the fleet. This is believed to be a result 
of the fact that larger fleet units generally have a greater 
number of technicians qualified to service IFF equipment. 
It is felt that a syste~ which requires constant expert ser­
vicing to produce reliable performance, and Which does not 
have the full confidence of the fleet, will be of very 
limited usefulness. It is therefore felt that every ef­
fort m~5t be made to insure the maximum of reliability. 
Simplicity, standerdization, and facility of servicing 
(including accessibility and the provision of carefully 
prepared instruction bc~~s). 

b. Inabilitr to discriminate between targets. 
This is caused by insuff~cient discrimination in range, 
bearing, and elevation. The most important manifestation 
of this fault has been the loss of enemy targets as they 
approach friendly targets. As a result of the non-direc­
tional characteristics of so~e IFF antennas, and of back 
and side lobe radiations from directional IFF antennas, 
enemy targets were often confused with friend lies when they 
approached the same range as friendly targets, even though 
the bearing of the friendly and enemy targets might be as 
far apart as 180 degrees. Other difficulty was encountered 
when variations in the pulse length of IFF signals caused 
variations in range discrimination. War-time experience 
has indicated tte necessity for providing IFF equipment 
with range, bearing and elEvation discriminations equal 
to tfwt of ttE: radar with which it works .. This is con­
sider ~ ~o ~e of ~ eEt imnoTtanc~ for IFF equipment 6e ­
slgnec. "l,C cpe:-al;5 \j." ' t.t f :' :-e-control radars. 

c~ Antenne size. As a result in the great . 
inc:'ee..se in the numbs::'s of elect.:-onicd equipment installed 
in Naval vessels a~d of the consequent increase in the 
ni.lffiber of antenne.s, s8!'iQUS interf erence he.s develC?€d 
be:twe€l" the a~tennas of clifferent electronics equip::cnt 
l"E.sulting in serious distortions of electronics antenna. 
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radiation patterns, often causing blank spots i~ radia­
tion patterns on some be!:1rings. In order to reduce to a 
minimun: the interference of IFF antennas with the radia­
tion ~atterns of other eQuip~ent, it is imperative that 
IFF antennas be made as small as possible consistent with 
the required range. bearing, and e'levation discrir:lination 
characteristics. In order to acco~~lish this it is rec­
ommended that t he uSQ nf h;NhA~ ~~equennie~ ~~~ T~w h~ .... - - - -- 0 ......... - .... oA. .... "" _ ..... \,,;.&. _~ _ , LJ """ 


exploited to the fullest extent. 

d. Lac k of secu!'i ty . Reports of enemy use 
of IFF equipment having sign&ls similar to cur Mark III 
system at ti~es caused considerable Dertu~bation in the 
Fleet. The security of our IFF systec is of great i~por­
tance. In order to maintaL~ such security, some system 
of coded challenges and responses is required. This sys­
te~ should provide for t~e continued use of equ!pment, 
and for security, even after the basic equipment has been 
cowpronised. In order to provide additional security. it 
is f elt that provision rr.ust be ma de for the identification 
of ships and aircraft by DeCillS of local triggering of coded 
radar signals or of coded ~F signals in addition to pro­
visions for distant triggering of I:r:? transponders by 
friendly IFF trans~tter-responders. For identification 
without interrogating and tri~gering of distant transmitter­
responc..ers, the use of coded modulations superimposed on 
own radar pulses to be identified by friendly ReM intercepts 
is considered to be a necessary development. 

e. Inabilitv to discriminate between differ­
ent groups of friendly tart:?:ets. In many cases where dif ­
ferent ~odes of the l':ark III system were used in an attempt 
t'J provide for identification of different groups ,of friend­
ly craft much loss of time and inaccuracy occurred, as a 
reault of tlle neceSSity for very close exar>Llna tion and 
lengthy thought processes un the part of operators. The 
t~Tpe of presentation of I?F si[",..'18,15 on present indicator'S 
makes it extremely difficult to discriiliinate between dif­
ferent IFF code responses, particularly at long ranges. 
It is felt that in the i..r:i~!'oved IFF s codes used shou:t.d 
provide fer the ide~t ific~tion of Et lees o t~e J ~ d!. r , ­
ent Groups of ei~ anf/ c= S~TrEre cr~~~ simu l ~aneou _ _~. 
and should provide ~ acilities fer varying the code us ed 
within each group Cit least twelve tim~s w:'thin twenty-
four hours without requiring the return of aircraft to 
carriers or shore bases for t he accom~: lishment. of sucb. 

II - J - 2 




~ '" • , , J 

SECR~T . 
changes. A definite need 9xists for two types of IFF 
indicators. One type should differentiate only between 
friend and foe and should light a red light or ring a 
bell (or both) when a target is interrogated and fails 
to give a friendly response. The utilization of indi­
cators which show friendly and enemy ~its in different 
colors should be valuable on PPI scopes as part of this 
purpose. The other type of IFF indicator should differ­
entiate not only between friend and foe, but also be­
tween different types or groups of friendly craft. The 
type of indicaticn used for both purposes should be com­
pletely automntic and should not required either careful 
examination or lengthy though processes on the part of 
the operators. 7he second type may take longer and have 
much more restricted presentation than the first. 

f. Difficulty of keeping IFF equipment set 
on proper freauencies. ~n the present state of the art, 
IFF systems Which operate on a spot frequency are '..lnde­
sirable in view of the probable difficulties in lining 
up all equipments on the same frequency and keeping them 
so ali~~ed. A reasonably broad transmitter and receiver 
are deSirable to improve reliability of responses. 

g. Lack of IFF eQuivmenton fire-control 
radar. The inability to discriminate between friendly
and enemy targets on the screen or fire-control radars 
has been keenly felt. This was especially true in the 
case of friendly and enemy planes in close proximity. 
While jury-rig IFF equipment, and lately Mark 32 fire­
control IFF, hav~ been mounted on some gun directors, 
and a moderate degree of successful operation was obtained 
therefrom for both main and anti-aircraft batteries, the 
utility of thbse installations was severly limited by 
the Short-comings of the basic Mark III IFF equipment, 
as discussed above. It is considered essential that 
each rire-control radar be equipped with IFF capable or 
repid identification of its own target. The perfection 
and installation of satisfactory IFF equipment on all 
fire-control radars on active Fleet vessels should be 
given a high priority. 

L.. Lee!:: o~ IYY- f6.cili ti €& ir:: reae.:r- cour:t f' r ­
.measurES equipm€; . t. The in6.bi~i ty 0:" r&o.e.r counter­
me&sures operators to discriminate between Signals or 
fI'ien dl~ and €rJ€!r.\' c rE:.ft a t time 5 c8used considerable 
confusi~n. It"i.s" recc~.Jl1ended that; serious study be ID5.dQ 
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as to the desirability cf incorporating IFF features in 
radar ccuntermeasurcs equipment. The value, to a sub­
marine for example, of being able to positively identify 
friendly radars without making any interrogating trans­
mission is obvious. 

i. Lack of stane.ardi zation. The failure to use 
standardized components, standardized cabinet and mounting 
facilities, standardiz8c. power supplies, and standardized 
output i~pedances caused many unnecessary difficulties. 
As an exanple: In an att.empt to attain dlrecttvity of A­
band. IF?, BO ante.cnas were used with 3'I interrogators. 
This resulted in an inc~eas8 of di~€ctivity, but caused 
fairly considerable decreases in maxiffiUffi range because of 
missmatch. If more thar. one system of IFF is developed, 
it should be designed to be uS6d in the same cabinet, or 
at least to be installed in the same space, and to oper­
ate with the s~e power supplies and connections, so that 
installations in the Fleet can be vari6d in as short a 
time and with as little work as possible during war-time. 
Any new I FF system developed should be standard for Army, 
Navy, Karine Corps and Air Forces. 

2. This Board does not concur in the opinion 
expressed in paragraph 4(e) of CNO letter serial OOl40225A 
of 15 October 1945 to the effect that IFF development should 
proceed separately from radar development and that an IFF 
system should not be included in detection radars until 
the characteristics of new IFF systems are known. It is 
realized that Mark V and Uark VI IFF systems, although 
improvements over the Mark III system, still leave much 
to be desired. It is felt that a new series of approaches 
to and studies of the IFF problem are required along lines 
indicated herein. It is felt that IFF must be developed 
hand-in-hand with new search and fire-control radar sys­
tems, and with radar countermeasures equipment. Further­
more, regardless of the progress of IFF studies and de­
-velopments, it is felt that proviSions for IFF should be 
included in each search ~~f fire-control radar and counter­
measures systeo in orde~ to insure that the Fleet can be 
prepare d :in m:inimtL'n time to condu ct offen~L V E oI'E'!"Elt~. on s 
utiliz:'.n c, 'th E lc.1.. E: s :" t ~E: ~ (J~ e 1.:: :rm ~ ~ t; f...('·~.Ue..: J .7 c. ~ :: ­
a blE. ~ A~E.. i n~ -. E::-_ a l €:- ' an d moc.e .....:1 e ~'J.:.. _=' ewe;:::. ..:l 

. adequate ' IFF i ll be a most vital part of every :;:,uc.ar 
system. 
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2. It is felt that same UIDfarranted apprehension is indi­
cated here on the part of the board.. Cincpac does not interpret 
Paragraph 4(e) of CNO letter serial OOl40225A of a October, 191..,5, to 
preclude the proper coord.i.ns.tion of radar IFF and RCM developnent. 
It is recommended that all possible means of electronic identification 
be investigated with a view to early development of a satisfactory 
IFF Systeul to replace the Mark III. A reserve system should also be 
provided. 

http:coord.i.ns


· SECRET 
Part II. 

EquipI!lent Types. 

Section K 

Counterneasures (RCM) 

General Co~ents. 

1. Research and develop~ent to i~prove 
countermeasures oethods and equipment should be vigorously 
carried out. Our present equipment should be redesigned, 
unified as to racks or cabinets and pOi\'er supplies, sim­
plified and made more flexible. Improved directional 
intercept receivers are required. Better radar jamming 
and radar decption equipment is needed. Better means of 
diverting or nullifying electronically guided or control­
led missiles are needed. It is considered that ReM ac­
tivities should be a part cf, or controlled by CIC. Our 
ships and aircraft should ~uke continued and determined 
eL~orts to intercept strange electromagnetic v;ave radia­
tions in all purts of the world. K.:."lowledge of what other 
nations are doing is vital in this field. 

2. EL~CTRONIC DECEPTIVE DEVICES. 

a. Electronic deceptive devices have not 
played a major role in the Pacific Theatre. ~he decep­
tive device which was available for use again~t the Jap­
anese v;as Moonshine, i~N/_-\.P~-15. The inadequacy of the 
Japanese radar made the use of this deceptive device not 
worth while 

b. 1-.s radar and operating techniques improve 
throughout the ~orld, it probably will be necessary to 
have various electronics decptive devices developed for 
llse ~gainst air search and fire control ranars. In spite 
of the cost of rese~rch and the lack of evidence of the 
value of these devices to date, it is recommended that 
the Navy continue development of present devices and ex­
peri!Ticnt2ticr1. ',': :. tl: n£\'~ :: ::Jec: s. P~oc..~..:;rtio:1 ~houl ·:' c ~ 2 1 i~t ~ d 
to tr!Off. n~e-d E ::: :c' t E?'!:t <-_. (1 -'-- r i::.~_,-,ir:; pU:"DO ~':: S , 

3. NON-ELECT~ONIC DECEPTIVE D~VTCES. 

a. These devices, in general, consist of 
Window, Balloon-sup~orted decoys, i::.nd corner reflectors 
of Various tYP'25. Sue;: devi c es v, ere not c:lly used in an 
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ttempt to deceive the ene~y, but also for training our 

r adar operators and making radar targets of life rafts, 
for search parties, and of t~rge c rafts for radar-con­
trolled gUll practices. 

b. Such devices 11[.ve been used by our air ­
craft, surface vessels, and submarines with good r~sults 
and have proved to be valuablL weapons. They are ~ight­
weight; rugged s and easy to use. 

c. It is reco~nend~d that experimentation
with non-electronic deceptive devices, both propelled and 
non-propelled, be continued. Pro~uction should be limited 
to those required for test and training purposes. Sm~ll 
stocks of any specially useful device developed might be 
useful in an emerge~cy. 

conTROLLED DEVICES COmnER.:\:i.EASUhES (ROCCM). 

a. nOCCM has not been used in the Pacific be­
cause the Japan ese oi6. not employ ra:5io opera ted control­
led missile _, proximity fu zes, and similar devices against 
our forces CiS did the Ger' . ns. 

b. Several DE's in the Pacific were equipped 
v;i th :'..ntercept, &nalysis, and jc:mr::dng guided missiles 
C01l."rltermeasures eC~llip.:!.ien.t for use in the event that the 
Japanese used s~ch ~issiles against us. 

c. R&dio oper&ted controlled missiles employ­
ed in a next war ~robably will not use thp same frequency 
ra...n.ge as a.id the ones of the recent war, ;)ut the necessity 
for combating such devices will be ever increasing. 

d. The s&::!e recomInencic:. t:i.cm is made for ROCCM 
as was made for COUC4 in that section. 

5. 

CL. CO" Cll h2'.s been used very l.i.ttle by the 
Fleet in the Pacifi c War. Attem ts have been made on sev­
erc:.]. OCC2~:'on :: -'-:,- :2.=' e:-JeffiY rc:dj 0 CG~T.!"Wl:CEtions :::.y cw 
in'te . ~ P~" €:'"J.L l~~ ~ ~. : ~ -~. c. ~JC c:.. :, ~_ ~l-~ ~:::.- 'LJ .IL_ :--··~ T'e:. c. iC' L r 2-~_ S:! ~ - t ~ I' ~ 

l'hf: 71:'" (X~_ ' / ~. \· -.c . ot .. ~:.-~· c~ r ~ 1 0 :' ~t~'"1.c c.. ~ ':' shipbOE..I'6" ~ _ c.rLS­
mi t ters h&ve nc~ teEn u ~ ed in jt:..m!Ei.~~g operaticns to c5.ate 
af: far as is knm;!J.. 

b. It ic:c re~o::rllil E'nLE.d t _a t the de vel pment 
cf COtJ:C1! and ?,O: C~ equi ::;::'cn t be C C:.I"Il.2 Q on s i rnul tarle"ou-sly 
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with a view to usL~g the same or similar equipment for 
both purposes. It is believed that nOCCM should be given 
the higher pr10rity in view of the probability of the 
greater use of radio operated controlled missiles, prox­
imity fuzes, and similar devices. However, COMCM should 
not be overlooked and may prove very important in the future. 

6. INTERFERENCE filTH VT FUZES. 

a. The introduction of VT projectile fuzes 
opened another excellent possibility for the use of counter­
measures by the enemy. There is :10 knovvledge of the enemy's 
use of jamming for the purpose of causing premature detona­
tion of VT projectiles, but there is evidence tbat during 
the operation for the capture of Okinawa, VT projectiles 
were detonated early, presumably by interference from our 
ovm radars. Signals from the SP, SCR 584 and other S band 
radars might conceivably trigger the fuze if the projectiles 
path crossed the radar beam. This aspect of Jamming merits 
consideration and investigation both from the standpoint of 
adequate protection fro:n enemy countermeasUI'es and the 
development of devices for use against eneDY projectiles
of a similar nature. 

7. POST-WAR EMPLOYMENT OF PJillAR COUNTEP.MEASlJRES. 

It is recommended that the every-day em­
ployment of RADCM be prosecuted with vigor. With this in 
mind, the following recommendations and co~ents are offered: 

a. The training of radar technical and non­
technical perso~~el in schools should continue as it 1s 
presently carried on. All commissioned personnel should 
become familiar ~ith R1~CM, its capabilities and limitations. 

b. Training afloat might be as follows: FJ.eet 
training exercises could be pa.rtic':; a ted in by all ships 
and aircraft equipped Vii th FL4.DCM equipment. Exercises 
would include the intercepticn of 011:' OVln radar signa.ls (or 
of strange signals proG.uced to siou.lb. te enemy radars) deter-­
mining the bearing, and finally the electron.ic jamming of 
such rac. c:..T s c!' E:imLli.:..tec ra c.e. _ ~. 0 _e:- c;,:'''' C''''f..:' cf t:-J E' . f \" ; c' - ~r 
!'c.C2.:rS V\o~~ .:: th'2 c,1:. t;el:!:; -: ':0 rr.~!L rr.. :i . ", - th E':-:' r . LF • s~; c: .r:.. 

jamming by mec..~s of the vc.:-1.ou .L.l '.:€c.hni cp..~.€:;s. Coo ' ina­
tion of RADCM 2..Y.i.d CIC !;lust be stre£sed in order to obta.in 
the maximum benefit from such flEet training exe cisE's. 

c. In order to familiarize operating pe:-son­
nel wi th the radars of ot:1er countries of the ".'ar l d, 
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interceot receiv~r~ and direction finders in our ~hips 
and aircraft should be used while in the vicinity of 
foreign co~~tries an~ in their ports, for reasons given 
earlier in this report. To aid personnel in identifying 
the signals of our O'.'.TI rad2.rs, the information concern­
ing their characteristics should be promulgated to all 
ships dnd aircTaft as necEssary. Sufficient and accurate 
information concerning our o~n radars was not available 
to all ships of t~e fleet until late in the war. 

d. One of the greatest lessons of the war 
in ~he Pacific v.-as i:;he re2.lization of the necessity for 
adequa te intership co~u...TJ.ications for RADCM control. 
Shoulci R;'.DCI.I assu:ne greater import~"1.ce, it might be nec­
essary to assign a separate corr~unication channel for its 
control. It is felt, however) that existing radio chan­
nels, as employed during the w~r, will suffice. Training 
in Tadar intercept reporting and control of jamming must 
be cond.ucted in order to familiarize our personnel with 
RlJ.DC.l.f ter!l1inolcgy. In order to maintain the proper secu­
ri ty of our O-.f.'n I"2.cinl' fTeQuencies, our training and poli­
Cies, line of si~ht UFY voice cha~~els in lieu of liF or 
VIiF c!:lc.w1(; ls !Or.oula. be e.::nployed in these training exer­
cises. 

e. The co~termeasures organization on board 
ships should be a part of the CIC org~~ization although 
the actual RC;l equipm.ent need not, and usually should not, 
be in CIC. All inform~tion obtained by RCM intercepts 
should be delivered to eIe and evaluated by the RCM Con­
trol Officer without delay. Instant action and decision 
on intercepts of enemy radar is usually of great import­
ance. Delays in handling intercept information cennot 
be tolerated. eIC should control both intercept and 
cOU:."'1termeasure subject to the policies and decisions of 
the embarked Flcg Officer, if there be one and the Cap­
tain of' the ship. Fla[ Officer a...'"10 Captain must be kept 
informed on :nCI~ matters and make basic decisions. 

8. RADC~ lliTERIOR CO~~NICATIONS. 

c . I:;teric::' ('C):J)i;;ll..nicCltj_O!1S bEtween HADC~t End 
C_C; r' i. ~.. con e i::: -t.J -2. r · l ~l~Y (, :f' l: ~ .: -OE E. O~· SOil:"' . , -;)0 " €rEc.. t'_~~f­ ­

D~OJ ~ s. T~is i ._ DC~ ci~cui~ o~ ~en ha s been 5har e~ ~iLh ~h2 
ra dar operators I circuit or others, ~hich has often re­
sulted in ccnfti ~ ion. 
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b. Good interior communications are essen­

tial between the two st~tions since both must work together 
in order to obtain the best results from each. It 1s re­
commended that there be a separate so~~d powered telephone 
circuit between these two stations on all types of ships 
in order to obtain good interior communications. 11~ a 
particular ship desires to have RADCM on a SOQ~d powered 
circuit with other stations, they then can parallel the 
circuits as desired. It is advisc::.ble- that R.ADCM be cne 
of the stations en one of the ship's MC systems in order 
to provide a secondary (or it might become a primary) 
means of interior cOIDmlmications. 

INTERCEPT ECUIPliENT. 

9. General. 

a. It is recommended that the various pieces 
of equipment comprising the radar intercept receiving and 
direction finding system be integrated into one rack or 
cabinet. Since the receiver must always be accompanied 
by its associated equipment, the pulse analyzer and pano­
ramic adaptor, it seems logical that the complete equip­

considered as a unit. There should be 
to component parts for ease of repair and 

Such a design wo~ld eliminate the trouble­
now used &nd would decrease the size 

installations. 

b. It is reco~ended that adequate test equip-
provided each ship equipped with radar counter­

equipment. Such equjpment is essential for the 
conti:lued calibration of receivers a..~d jaID.l!!ers 

the periodic lining up of the receiver and pano­

c. 	 Careful consideration should be given to 
eQuipillen te M.uch more sensi t-ive 

selective equipment is required, capa.ble of receiving 
frequency 	ana. t2.king accurage bearings on pulsed 

to the upper frequency limit of our ovm radars. 
e q '·-;-u..l.l-Jj,m·r:- r·-- ~_"G-;r;--c.'c._ " -'~"'-l. E: l·r._ -n··r--.~_ r E· _c ne,,,._ -j·c._ -\ _.<-- --.'­'v 2.· co, _ ,~ UC- ,, _ .\ _ ..,._ (.L "1._ - \..: 1­

" i t -. - r -- ', "y- , - 'r- - -	 " t' '-, "c -'- r -. • p ~ r - r- ur - C- -,. t 1- r .o. 
~ _ ..)' :' \. ~ J .J..... ~ c: L _ ,i, .' ,. .. L·. L. ........ 1 . ' \. ....... L; l. . _. ~. t_ v ... . 
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d. L C:etailed. st·.ldy of cD ter!T!a deslgn anc 
to cetermine the best 2nterma gaii'1 

t~king into co~sideration practical limita~ions 
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size and weight 2nd the r"equirement for all-Tc,..rr:111 
coverage, utilizing a minimulll m:mber of antennas. SOln@ 

ships now require at least two antelmas of eueh receiv­
ing type to obtain 360 degree coverage. Directior find­
ing antennas have often been blanked out in some sectQ~s, 
due to poor choice of locations. 

10. Alf/SPR-l 

a. The AN/S.2R-I radar intercept receiver 
has operated with very few electrical or mechanical fail ­
ures a!1d has stood up well under long periods of service. 
HOV{8Ver, it is ~ot a satisfactory piece of equipment for 
the future. The selectivity is poor and image and hG.rmonic 
responses to strong sig~als are prevalent. The large num­
ber of' responses cco.used by the ship's own radars and those 
of nearby ships exaspera.tes many an operator and reduces 
the efficiency of the intercept watch. Wave Traps have 
been designee. a...'1.d inserted in the anterma input line. 
Al though they have beel! of assis tance in determining
whethel' a signal I,-as true or .false, they leave much to 
be desired in actual perforillclnce. It is possible that 
each wave trap might be geured by means of cams to its 
corresponding tuning unit and that a simple switch might
be employed to cut the ';I-ave trap in or out of the antenna 
input line. 

b. It is recommended that, for shipboard 
installation, the receiver and accompanying pulse analy­
zer, panoramic adaptor, and wave traps be integrated into 
one cabinet in such a way as to provide free access to 
component parts for ease of repair and maintenance. At 
the preseli-;' time, cOlUlecting coaxial cb.bles are at the 
front of the equip~ent and are liable to damage by strik­
ing and bending. It is also recommended that, if practi ­
cable, the tuning units to be employed with an intercept 
receiver, be incorporated in the equipffiEnt, changing from 
one frequency band to another to be accomplished by ro€~ns 
of a si~ple but reliable switching arrangement. 

c. Intercept receivers must be desig!led and 
pe::-:rec ~E""G soo_ .,.".. :r-! ~ ch. y;i 2. 1 ::- EC'!:'.:i '-E: s i Gn::;.J.:: uT' to the rl it;h ­
est f-rEoCU"En c i € ~ c f C l:I OY,--:1 T<: GG :-" ~ c =:- 0: a;i::- ";!, '::. cl-~ Y" CC r::: ::" g:~"t 
encmmter in w&r wi i;h any powE:r. Such equipment ::: hould be 
used d"i.lI'ing peace ti;ne in our shil)S and aircraft ?:hile in 
the vicinity of other countries and in foreign ports, to 
aid in the deternination of the trends in the field of 
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r~dbr by other n~tions ~nu to provide tr~ inin~ ~or our 

o\"n opere) tors. 


G.. It is recc:.:::lerrc.)_cC: t!-~~ t 0. mo::: t coreft<.l dnd 
detsiled st~C:y of the desi~n of antermas to be used ~ith 
this equip~ent continue, with a view to obtaining the v~ry 
best antenna iBin consistent with ~racticable size, ~ei~ht, 
ruggedness, ~nd cc~p1ex1ty. Greo.t consideration must be 
eiven to the plecer:.ent of c..n ten...'1as a boarel 'ships &r:d. ~ir­
craft to obtain 360 negree coverc:..ge v:i th a minimum number 
of antefl..na s • 

e. Test e(rl;i;:,.c.~,,;nt should be :'Tovic_ed to line 
up and to cdlibr~te t~e inte~cept recei~er and a~sociated 
equipment. Experience tic,S shor;n the need for sibnal 
gener<.itors to cc..libr2:te ~roperly the plug-in tu...'1ing 1..illits. 
Such calibru.tions n",us t be repea tee. at v;:.riou.s intervE..ls, 
especially after replacL'1g defective vacu~~ tubes. 

11. FWO. 

a. The RDO radar intercept receiver designed 
to repl~ce the AN/EPR-l vas deliver8d to the Fleet during 
the latter stages of the w.:..r. N::>t illOony units of this 
type were used in comba~ operations. The meagre experi­
ence gained from the use of the hDO indicates that, al ­
though the receiver is capable of detecting the desired 
transmissi0~S, its lack of selectivity makes it a~1te 
difficult to identify properly intercepted signalS. It 
proved troublesome in t~is respect to even the most ex­
perienced opera tors. Ine COmi"TIents on the selectivi ty of 
tf,"' AN/SPR-l apply eGually ":ell to the RDO. AIl intercept 
receiver is desired which is sufficiently selective to 
make possible im...nediate and positive discrimination of 
intercepted signals. T!1e motor-driven plug-in u-T1i ts whic1 
are supplied Vii th the 1-..DO are a helpful addition to Li.e 
manually tuned units. Eoy·:ever, ships do not aJv:ays he..ve 
28 volts dc available for the tuning illotor. It h~s been 
found that the speed a ~ \\'hich the uni ~s are tunE·d through 
their range is too fast and that efter constant usage, 
the motors become ouit~ noisy. ~ne driving Dotor situa­
tion 5hou16 bE rev{E~e6 ~i~~ ~ vi gw to~~~d 8_ i ·L_2 t : c n 0f 
&1l. noise wh€t~c: i ::. c.·u,:5 cor' T'- -':"::'(.. :·:'E' CiU,. :lC~ " l·",-f:· 5 . 

b. Previous remarks on ]~10cing all 11.'""1.i t:: in 
Ii single stack or cabir~et. and on tll!2 t,ecessity for st,udy 
and redesign of ante!11lE..s, dll apply to the HDO as y:ell as 
the AH!SPR-l. 
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a. The Al'~/ ..':..??-5AX radar intercept rb~eiver 
was designed and procure~ on a crash basis to provide 
the fleet with a receiver whose frequency range was above 
that of the AN/SPR-l to detect enemy radars suspected to 
be in that range. It is not a satisfactory piece of 
equip~eDt for the future Dor for training purposes. Op­
eration of the receiver is far too complicated. Due to 
the lack of any preselec~icn, our own S-band radars clut­
ter the receiver ..-;ith .:.. llij'riad 0::'," responses. This equip­
ment is not suitable for the needs of the fleet. 

b. It is suggested thut it may be practicable 
to prov~oe a bl&nk1ng pulse to be applied to similar in­
tercept receivers which \,;il1 shut off the receiver for the 
period during \'.'hich the ship r s ov.n radars of S-band or 
higher frequency are transmitting. 

c. The APR-5,AX possesses a broader band pass 
than the RDO anQ, in operating tec~~ique, requires that a 
signal be interce:;Jted i!'i at least tVi'O positions of the 
t~~ing dial in or6er to make identification possible. It 
is well understood that the development of a satisfactory 
search receiver covering frequencies above 1000 mes has 
confronted laboratories with many difficult problems. 
However, ll..'Tltil a sufficiently selective receiver with 
sharp band ~ass to make possible i~mediate and positive 
identification of intercepted signals is developed, search 
receivers covering the range between 1000 and 6000 should 
be :onsidered ~s only stop-gap equipments. 

13. SPH-2. 

a. The SPR-2 radar intercept receiver was 
to replace the AN/APR-SAX. Reports indicate that per­
formance is litt18, if any, better than that of the M~/ 
APR-5AX. Hoviever, rel~t2.vely fev; u!1its have bee:1 used 
in the Pacific Gnd it is possible that the equipment 
has not been given a fair trial. 

r, _ ::: ::-eCOlili'i!EnCleo. t h e. t 0 eVElopwE. t of 
in-c€I'"c e r ..: r ~ ce :v €:- ~ : 0 :- :"'&TIr ~ ol1e l ClC'C rue .... (' on~:".'jc ; 
with rec" Ci l em~ h2.si s or: improverr:e~Lt 0: S e lecti.y j- -: ~' em ' 
simplicity 6f oper~tion. 
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PULSE ANALYZERS. 

AN/SPA-l (P~/APA-6A). 

a. The AU/SPA-l pulse analyzer has given 
satisfactory perfor~ance under all battle conditions. 
~~ile not capable of producing absolutely accurate measu­
rements of PRF's and pulse widths, nevertheless results 
were usually good enough to perm.it radar identific<:!.tion 
by experienced opera.tors. The great difficulty was ex­
perienced when two or more rad.:iI- signals were pas5ed by 
the co:rrpanion receiver 1 the Al~/SPR-l or the RDO. This 
criticism applies to the selectivity of the receiver and 
not to the materiel perfor~ance of the pulse analyzer. 
This .AN/SPA-l measures PRF' s with an ·accuracy that is 
seldom better tr:an 15% unless the set is constantly cali­
brated, which cannot be done when the equipment is in 
constant use. It is considered that this equipment is 
obsolescent and, as such, should be -replaced whenever an 
analyzer capable of accurately measuring PRF's by means 
of a built-in au6io oscillator is available. At present 
an audio oscillator should be part of aADCM installation 
if an SPA-I is installed. 

b. It h~s already been recommended in the 
SPR-l sJction that the analyzer be integrated into one 
cabinet with the intercept receiver and panoramic adaptor. 

15. RDJ. 

. a. The chief advantage of thE' RDj pulse ana­
lyzer is the inclusion of a built-in audio oscillator fo~ 
providing a more nearly c.ccurate measurement of the PHF 
of the intercepted rC.car sign~~ls. 

b. Co~~ent on the success of the RDJ and its 
operation at sea is very limited cue to arrival and instal­
la tion of only a very s:nall nun~bel' c,f such 1.L."1i ts this far 
in the Pacific Fleet. It is considered th~t the use of a 
5" scope inste2.d of the 3 11 scope in the older ~-;.N/SPj~-l is 
an i~prove~e~t worthy of mention in addition to the built 
in ~udio o~c: l : ~ tc~ . 

16. RL'K . 


a. The RD?~ \;25 the fi:'st p2nor:lJlic ad~ptor 
furnished the fleet and it aided in filling a very great 
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need for an equipment to further analyze intercepted 
radar signals, to place ja@oing sign~ls exactly on the 
frequency of the victim ~acarfs fre~uency, to discover 
off-frequency jamming, to discover any shift in the freq­
uencyof the victim's raddr. 

b. The main objection to the RDK v,-as the 
narrow frequency ban6 width presented on the CRT, 3 mcs. 
This was too ~m~ll and~ h~d the enemy been able to shift 
his radar .frequency quickly, the RDK v;ould not have been 
satisfactory. 

c. It is reco~nended th~t all RDKfs be re­
moved from ships of the fleet and they be replaced by the 
RDP. 

17. REB. 

a. The REB p~roramic anaptor is superior to 
the RDK in that it provi~es a wider .frequency present~tion 
of the spectrum se:ected by its companion receiver. 

b. The R:2;B :las been quite difficult to align. 
~\~isalignmen t h2..s resulted in only a fair per.forrnance, due 
to non-linearity of response 

c. It is reco~ended that the REB be retained 
until a satis.factory panoramic ad&ptor can be procured. ' 
.4.n adaptor v;i til a 10 mc presentation is deSired, but sim­
plicity of design and construction is essential. Equip­
ment delivered to the fleet must be capable of servicing 
by technicians of average ability. 

18. hDP. 

u. The fiD? is the l&test panoramic adaptor 
and is schedulE:d to re~l2.ce the RDK and nEB tvues. Very 
leVi liTP's h"-ive bEen 1:sed. in action. It is con;idered 
that the, 10 me b~-.ncir;icc~h presentation will probably be 
satisf~ctory for fleet use. 

G. \'1;E:-1 t !-.e f i r57. HDp! s.,ere used, they -... ere 

~~~2 r\~L "C ~~~\~:~ :~ ~_ll~~~~ .' ~~ ~': t~ ;~:' ~~. T~l~ ~ ~' l h ~ r_ t :- ~) : f:~ _ ~ e c ~~-
t~E =et. The ~a i a~ ( ifficulty :ith t~e 3Dp f s is tnc 
=:::. ::-:.c thy '_'~ ~ ,-, :,_ -' . -:"I" ~: e::.li;n..: ;-.eEt procedure neC05 sary. '.;:i-je 

t:voci:.er~.lC:.!]J?~ce 0-; tl-Le 2.ligTDuE11t of" ' tIle set j .s T10t gCJci .. _u. 

tec:r.:....'1ici~n o.:C:en re ~l:~:,es 3 to 4. hours to .:di~n tr-:C' set 
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and in some cases it has been found impossible to get 

rid of the humps in the response curve. 


c. A further study of the design of the RDP 
should be made with a viE"V,' to simplifying the process of 
its alignment and to providing means of vastly improving 
the permanency of ~lignment of the set. It is possible 
that performance may have to be sacrificed slIghtly in 
order to get equipment which can be main'ta.ined at :::.n 
operating peak more easily. 

DIRECTION FINDING EQU!P~~NT. 

19. CXGA. 

a. The CXGA has been used very little by the 
fleet. The principal objection to the CXGA was its limi­
ted frequency range. This equipment is obsolete. 

20. DBM-l. 

a. The DBM-I radar direction finder has not 
proved entirely satisfactory. Th8 lack of selectivity 
of the various receiv~rs produces a large nlli~ber of spur­
ious responses caused by the shipts own and nearby radars. 
The low frequency ante~~a has very low sensitivity in the 
range from 90-250 mcs. This was very unfortunate because 
the r::\ajori ty of the Japanese radars lay vli thin tl1is freq­
uency range. The physical size of the low frequency spin­
ner antenna is limited by the problems of size and weight
aboard ship and is one of the causes of poor p€rfc.:~~m<1nce. 
Some success in direction finding below 250 mcs has heer! 
obtained by use of the rotating TDY antenrias. It is 
possible that with a more directional 10,\7 frequency TDY 
antenna it may not be r3cessary to have a separate radar 
direction finder as suc~, capable of taking accurate 
bearings below 250 mes. 

b. There has been difficulty with ovm shipfs 
gunfire piercing the radomes. Greater cp.:ce should be 
given to the placement of antennas, nvt only to keep 
the"" clear cf the £.:-'c c f f ";1I' ::' i::'E: or N·T. f"lL ::, bu.t 5 1 " ~ 
to give Ecch .s.n'"er-.t:Li:i. c_ r _ c: : 5.. "~ ly U:;). Ob~7;:-' t. C "- e ·· " ~ c ·' 

through 360 degrees of aziffiuth in orde~ t o r~duce a ~in~ ­
mum bearing errors due to reflection. 

c. It is reeon:nended that research contintle 
to develop ante:mas for d.irectlon finding which ..;ill he, ve 
gre3. ter anterma gain, greater accuracy, ali.d :nore reliability. 
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21. General. 

a.. Powerful. shipboard jamming equipI:lent
is needed to cover the entire range of radar. For the 
next few years: procurement should be limited to those 
units necessary for experimentation, further development, 
and fleet training. Size and weight of shipboard radar 
js.lILrners must be kept to a minimun, but high power output 
is essential ~or successful jammlng. Most shipboard 
jalJl!:llers now available h2.ve inadEquate pOVler. 

b. .i:,.irborn.e radar jaIIElers need further dev­
elopment. The major requirements are: (1) ease of opera­
tion, (2) reliability, (3) minimum weight and space, and 
(4) maximum power output. Frequency coverage of such 
jammers should keep pace with that of shipboard jaI!i.Iilers
in so far as practicable. . 

I 

22. L~/SPT-l (AN /APT-I) Series. 

a. This series of radar jamming transmitters 
were airborne equipments, modified later for shipboard 
use. 

b. All had relatively low power output, but 
they were the only availc:ble radar jammers when they Vlere 
delivered. Some were unreliable in operation and others 
were difficult to tune to the proper frequency. For ship­
boarn use, all are considered obsolete and should be re­
movdd from ships of the fleet with the exception of the 
AN/SPT-l and AN/ARQ-8. The latter two should be retained 
on bOard s~ip since there are no replacements for them 
as yet in the greater p2rt of their frequency ranges, 
which are 90-210 rocs and 25-105 mcs respectively. It is 
reco~ended that for aircraft, more efficient and easier­
to-t~~e radar j~mm1ng transmitters be developed. 

23. 


f. 'T.... c ~ _~T ~ (; ~&.I ,,}C.~:" .. tr'arlsrr_:~"~ ~ ... = t';~!:J 

int€ IlG.-C. ' 0 b6 t :-.t. "'C~:"L :' lY; :;;.t€ ~ (~L:.}pnl '::'L~. :'01' Tad 2. 1: .j 8 -:-=-l.~. 

t. The cri ~inal fr~C!uency range of the TDY 
wa s fr- m 350-770 mcs and ~a s of little use to the Pacific 
Fleet against the J&p&~ese. Hovrev er) when m;;:.gnetrons ".'ere 
ciellvered to the fleet 1';"~lt ch \7ent tiS 1 0\"i a.s 120 mcs ' .. the 
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TDY-l, as it was then namBd, became an l!.nportcm.t equip­
ment for radar countermeasures~ for jJ rovid1ng relatively 
strong signals t.o jam e!1err...y radars, to give jamming 
signals for the AJ tra.ining of our ovon radar opera tors, 
and for radar direction finding, b~cause it was found 
that the low frequency rotating TDY-l antenn~s gave good 
bearings w::.en used in conjunction vii th the AU/SPH-l and 
RDO. 

c. A number of difficulties ,'d th the TJ)Y-la 
have been experienced in the fleet. Too mllch time is 
ex:;: ended ch:::.nging oscillator units !hen the order is gi ven 
to change the janr.ning frer.;. uEIicy. For' sucess of rad aT j:':'!ll­
ming operations, it must be possible to shift frequency 
quickly, which is not now the case. At present it t&kes 
about 45 minutes to shift ja!lli. i ng from the 10 mc band to 
the 120-7700 mc band. A standard modification is required 
so that the least possible tiue is r equired for a change 
over. Coaxial connectors become loose, allo..iing dirt dnd 
salt sprc?~y to enter' the connector. 'Ihis trouble has been 
exper i en ed with the coaxial ccnr.ec tors to trH= receiving 
ant erulas dnd the need feI" some t e of moist r e-proof 
covering for the cennectors h""s bEen C6!]2or.strated for all 
connectors exposed to the weather. 

d. The physical location of the TDY anteILT1as 
has not been s~tisfactory. It has been necessary to em­
ploy duplicate anteILT1as on ships in order to obtain 360 
degree coverage. The 10 cm antennas have not been of 
sufficiently rugged construction and some have been broken 
due to shock of gu..'1fire. It is considered that a sIJdller, 
lighter-weight anterma ca.n be devel.0ped which y,-111 allow 
the antenna to be !Tloved up higher. ·The present locations 
of :nost of the E;~CM C.:ltel'U1i'lS are t .:" 0 lOVi) YEt there !";lUS t 

be access to the~ for purposes of inspection and ~a i~te­
n,:;.nce. Tr3nS!1i t -::ing .;;.r.terillOlS s!'lOuld be !:n. ,de more (lirec­
tional, not or..l.y to provide a grea ter .s.ntenna ga'n" but 
to &yoid ca'.lsi!l[ interfErenCe tc. our o·, .n I' 2.Ga rs an dV3F/ 
UEF ra.dio Ch2fL.lels. If directio[lc' r. t rc..:t1s:ni tting antenna s 
::;'1'e used for j_rnr:ling, they rn.U ::: tA:: cont ~oll~ble or m-cllti­
pIe installat~ons mus~ be provid ed, ~ it- . different direc­
tion~l cha~ac~eT i s ~c _. 

- . ... 
c. ...:.. v :'5 cc:-_ .:. ·::~ e:' t;C: 

~ 

:'j ~ :-" i.."J'.. :. ::... ~. ;_l- ;.; _I L ...:• 

of the tr~n5m_wter ca~ b e re~ ' cad, hut this mus t Do t 0e 
done at t~e eX~ En_E of t he pow er out~ut . The po~er out­
put ::>f t h e l:':i::-la Cil'J.C. of later e qui ~::J.(.:nt s should be ir1­
cre2s ed if po sci ble. 
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f. It is recoLl.'Il€nded that future develop­

ment atte~p~ to decrease the ~ize and weight of trans­
mitter and anten...'las, to increase the directivity of the 
TDY anteTl..nas as that of direction finding antelmas is 
increased, and to simplify the shifting of frequency • 

.. 
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}art III 

HB and OB] Radar illlovvances 

Section B 

1. i.Iany improveLlents are very desirable in 
both search and. fire control rader types and. charac;tel"­
istics for the newer battleships which will be retained 
in active service, although the allowed n~ber of radars 
for each is generally satisfactory us listed in the 
Radio Type Allovianc e Booklet lUll? 100. As a basic 
principle it is considered that BEfs need a nQllber of 
radars for different prinary purposes, capable of limited 
use for other purposes when casual t~r requires. The prin­
ciple of developing Olle radar to perform all functions 
is not sound unlc·.:3s several such radars are available on 
eacll ship. A fast BE is so dependent on Radar that it 
car..not afford to denend on a sinozJ.e radar and" should have 
many alternates or spares for ea~h function. For the 
OBB's, the specified allowance of REllA 100 is considered 
adequate until the ships are placed out of coumission. 

2. The latest type of long range search 
radar is considered as important for fast BE's as it is 
for CV's. The latest type SR with improved antenna 
should be installed as soon as available. Further im­
provements should be added as they become available. 
There is more need in BB for a zenith search radar than 
there is for a second, nedium range, air search. The 
best type of zenith search radar should be installed in 
all s~ips as soon as available. 

3. luI BEts need two su~face search radars: 
a long range search; and a medium range search and station 
keeping set that can act as a standby in case of failure 
to the long range equipnent. A third SUrf&C8 radar with 
very sho~t rdnge and good resolution is desirable for 
accurate station keeping and close work. 

~ . . i_D int6TCE' J:- t rcdal"' c i' t,lj ' ~!.r) J-~ -pe =E 

VEry de£:".!.' b. t~_ e 0:;' :i ' c.. ~ - 3-:=-~ t s. iJep€lic. i nG on t JH:. r:'JlL/::'~': 


of SF radars available and esti.cJ.ateci production of' .JX . 

it may be advisable to install SP in those fast BB's 
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which do not already have it. If a radar superior to 
~'P, sucll as SX, vJill be availa '0113 for 30 within ap­
proximately 1 ye3..r, the installation of 8"".2 in BB seems 
unwarranted a!.1d SX should be installed instead. 

5. The ~-=ark 13 :nain battery fire control 
radar should replace the }v!"ark 8 en all BE in active 
service. Tlle superiority of :.rark 13 and the value of 
having two of the sa:ae systems in each sHip Llakes the 
expense thoroughly justified in this Boards opinion .. 

6. '.r11e i:lark 25 should replace the Mark 12 -
Uark 22 cOr::J.binations as soon as available. There is a 
real need for ~prove:J.eEt in all ~\.A fire centrol radars 
as soon as practicable. The general principle of one 
radar system for each se]arate director s:lste.m. seems 
sound. Where each mount has a director system, a radar 
and IFF syste.:n should be a prlrt thereof. 

7. All fast GB should have the most im­
proved "X" be.!1d radar of the l.iIark 29 or LIB.rk 34 type or 
better for heavy.:::;.achine e;u...11 control. 

84 ~ost ships feel there is a need for a 
gunnery officers inforoation and standby radar in the 
F.C. tower. The :~rk 27 is the best now available for 
this. This Board considers an improved type with vari ­
able beam width would be more satisfactory for locating 
targets and obtaining data thereon, and could also be 
used as a standby y:hen· high leve).. directors and radars 
become knocked out. This Board believes re.llote PPI 
adapter units are desirs..ble for i.lark 27 radars • . 

9. There is a need for a remote ppr of the 
VF type in both main and secondary battery plots. It is 
recommended that such installations be made as soon as 
practicable. A system of close and preferably auto!llatic 
coordination of search ~nd fire control radars in terget 
acquisition is very desirable. Present use of sound-power 
telephone for this purpose is inad.eque. te. 

lO. The installa~ 'on of r~da~ Ew~tchbo&=dp ~a 
eIe i s :w~c r8COill!D€ncl.t< G. fc::, S:-~ ':"li E t..2.7' P- E-c y DC::' : ULJ ~< S 

they are given a major modErlilza~ ~ on overhaul . Tu_ Erst 
has merit and should be used in new construction. 
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6. Ci.ncpac concurs in replacing 1!:ark 12 and 22 r"da:rs by 
Uark 25 radc.r in the ;,rark 37 director. HOn'ever, the l :ark 37 director 
can be 1J:uproved and it is cOllsidered that an integrally de~igned 
director c.nd radar system capable of high speed tracking is needed. 
vihen a Del'i director and radar systen becClIa8S available, 1{ark 25 rad.ar 
ICaj beco:ne obsolete. It is Wlderstood that the Gun Director Mark 56 
witi-: integral P..adar l!a.rk 35 shows much promise. 
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11. Opinion is unanimous that each search 
and fire control rtidar should have Ib? as an integral 
part thereof. 

12. It is recolIlClended that each bctive BB, 
both 80 '/~ and 30% co.:nplelllent, have a com.plete allowance 
of the latest type of RCi'.1 equipment. 

13. There is a need for VF remote ~~I's in 
Flag Plots and conning towers. One VF, or possibly one 
VK or PPI is desirable in the Chart House. 
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Part III. 

Section C. 

Cruiser Allowances. 

1. The present allowance of radar and counter­
msasures equipment for cru.isers as given in the Radar Type 
Allowance Booklet RElllJ.OO is cOHsidered reasonably ade­
quate for all cruiser classes, both active and reserve, for 
the immediate future except for the need of an efficient 
zenith search radar. 

2. For the near future, for cruisers of the 
active fleet, it is considered that the present equipment 
should be replaced by newly developed equipment such as a 
late model higher frequency SG (8 cm.) surface search 
radar, a late model SR air search radar such as the SR-3, 
and a more modern fire control radar such as the Mark 13 
and Mark 25. Present equipment on ships of the reserve 
fleet should also be replaced with the above equipment as 
production and overhaul schedules permit. 

3. To meet the needs of the foreseeable future 
it is considered that the allowance for cruisers should in­
clude the following equipments, meeting the requirements 
set forth in ONO ltr. (Op-2S) Serial 00140225A dated 8 
October 1945. 

a. One long renge air search radar. 

b. One long range control of interception radar. 

o. A positive IFF system installed on or con­
nected with each search and fire control radar. 

d. Remote PPI or similar indicators at 6BCh 
station where ship cont::ool or flag officer's group control 
may be exercised. Automatic dissemination of information 
and en instant complete picture of the tactical situu""ion 
are requir.ed. 

e. Com.plete AU1:;OIDE. -;:;ic ~r8.C K::' ..g f 5..:-Ei cOil7·rc,J. 
radars, both anti-aircraft and surface, for all batteri cc . 
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2. If a new and satisfactory Gun Director and integral 
rador systex. becomes avai.1s.ble, it should replace the ~fark 25 radar 
and ~ark 37 director. 
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fo Countermeasures (intercept and jamming) 
equipment as dictated by future needs. 

g. One long range surface search radar. 

h. One medium range and station keeping sur­
face search radar. 
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Internal Organization and Personnel. 

Section A. 

Internal Organization of Combatant Ships. 

1. Although th i s Board is not required to com­
!:lent on. 'una int6!'nal organization of ships, the members have 
encounteT'e d so mu.ch cOm.r:lent on the pros and cons of certain 
proposals for the reorganization of ship departments that 
the following discussion is submitted as being pertinent to 
post-war planning fo:: eIe and raciar development.. It is con­
sidered that provision of a sound organization for handling
electron c and eIC matters in our ships is more important 
to the progressive development and utilization of radar and 
raQio eqru.pment than many of the materiel questions. 

2. Having in Bind the shape of things to come 
in the wa y of new weapons and countermeasures therefore, 
it is considered. very i~portant that the question of pro­
vision of an adequate and improved internal organization
of our ships be studied and settled as soon as prac~icable 
so that new developments can be efficiently incorporated 
in our ships. 

3. Members of this Board have interviewsd the 
Captains and appropriate officers of a large number . o~ 
fighting ships. Many of the officers contacted favor sweep­
ing changes; others favor slight changes; very few favor re­
tention of the present organization. There are almost as 
many different opinions as there are officers. However, 
a few salient points re-appear in similar form in all dis­
cussions. The one point on which almost all officers were 
agreed is the immediate need for some improvement in ship 
internal organization to more efficiently handle the new 
problem.s imposed. by ele and electronic eqUipment aD.d by 
the additionel speed and complexity of modern war. 

4. Most of the Ce:otains inverviewed had 
ep}"E.::" "-l.~ ffir-.a.e 5 ecia. 1 e.:r~angero€nt~ or adjustments of 
t,h6 J.. :~ O;-~c..D ': zc t· o ,: te, 1 "' \1;;-6 tbE IDOf ~ e:'fj.ci€nt U Sf o f' ·",hei_ 
eXE.ilable person.:;, el ba se c.. O!1 the inG.~vi6.ual persone.li. t ::'es 
of their officers . hB usual, successf ul coordination d6­
pend. d 0 ilJ.divi dua l interest an.d e..bili ty rE.theT than on 
detai l s of orbani za t ionc There appea~e to be, however, 
a certain pattern to r:1ost of the arrangements whi ch ",:ere 
made as a matte~ of local 6xp€ d~ encyc In most chB~ges 
t~ era appeared to exist en "operations group" whether it 
was so na.med or not., Tt:ere was al!iJo~·,~ a.lwa.ys, separate 
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2. Cincpac concm·s in the desirability of continued study 
of and experiment with the internal organization of ships with a vie-it 
to deterrdning the best working arrangenlent to meet modern conditions. 

3. The fact that opinions differ widely indicates that a 
verj thorough consideration is necessary before complete reorganiza­
tion is effected. 
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from the Executive Officer, an experienced orficer who 
acted as special assi.stant to the Captain in the matter 
of obtaining and evaluatir:g combat informativn. This same 
cfficer usually assisted in planning and c?rrying out op­
erations. The Executive Officer waS separately placed to 
take over in case of a casualty, and waS so concerned with 
administration, training and housekeeping that he had too 
little time to f:t'udy and keep track of operations~ There 
waS always good officer supervision of dame.ge control. 
Aboard the aircraft ca~riers the handling, housekeeping 
and logist cs of the airc=aft wsre controlled by one of­
ficer, often the A8S1st~~~ Air Officer. The Air Officer, 
sometimes called the Air uperaticns Officer, devoted his 
time to planning and executing the airborne operations of 
the aircraft as Qistinct from shipboard landing, taking 
off, reloading, refueling, repair, etc. The CIC's of 
the carriers were of necessity closely allied with the air 
department. There was a strong feeling on the part of 
sta.ff officers and Captains that Cle ehould be accessable 
to senior officers and tr.at it should be located in the 
island if possible. ele was often used to tr~~smit ffiP-S­
sages and for other operational functionsA On one ship 
some of the ele JO's hung a "Western Union" sign over the 
door. Almost all senior officers appeared to feel that 
the average Cle tends to soak up information but does not 
give out necessary information without prodding. 

5. In official correspondence, ComAirPac has 
made ce:r.tain recommendations, which are concarred by most 
of the carrier officers interviewed, in that the air depart­
ment is the defacto operations department in carriers and 
that the gunnery department should be under this operations 
department (or operations group) because of the special 
problem requiring a rapid shift from fighter protection 
to gunfire protection in defending c~rrier groups. It has 
been suggested that the operations group or department of 
a carrier should include the navigation departments air 
department, gunnery department, communication ~epartmerrt, 
and the eIe department or division. It is noted that even 
the opponents of the operational department in carriers 
e.ppeE.?: tc groul' cert& i.n depE.rtrnent l3 i r..t o en oT' €r eti .....r.l" 
gr.oup i D8 "' t]e E.. :!. t.:lough th€ ~ €.dmJ ,n ':' f t r e e.c4._ cie pt.;' .... /"'", "A' 
separat e l y . One of the basic ~ifficul ~i e E 0 pre eat ·r 
gan1zations appears to b6 that the dut1es of the E~€cuti't e 
Ot"ficer of a large ship, accorliing to Navy Regulationz~ 
are so f.lxtensive that i t is d.ifficult and often :trr::0Gssibl e 
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4. The shortccW.ngs of the average eIe are appreciated.
Agreat portion of eIe officers during the rec~~t war simply had not 
had sufficient time to accumulate the experience so necessary to 
c~plete u.~derstandir.g cf tacticul p~oblems. T~~~ hed to be eccept~ 
because officers of the requisite background often were needed in 
other assignments. In the future, it should be practicable to train 
and provide more experienced eIe cfficers . 

5. .Battle organization does not necessarily have to 
parallel administrative organization. Exercise of the functions of 
the Executive Officer does not necessarily imply the carIjring ou.t of 
all the details of administration. The entire ships canpany are 
subject to his orders and he should have the assistance of other of­
ficers. A poor Executive frequently is snowed under by detail~; a 
good one rises above them, utilizL~g the ser\~ces of such assisting 
officers as necessary to permit him to keep abreast of the operational 
situation so that he 'II:ill be ready in any emer-gency to t.ake D"fer the 
CCJll:DSnd sho'llld the eoo.:r.anCi..:."'!G Officer become incspG.citat·ed. No 
organization .afloat is reccmmended which relegates the Executive 
Ofi'ice:- tC' pur~ BciL:..ir...iF ~t:_'.rf func.""i,o. ~ ':."nerf.< e t:'L,' "., ( t, ;. ""':t­
dane r :l;:! tillS c.ir6C· :' 0 :;. i n flOID!;! c: t he li oper, .. : or.. 6epeI"'Wlltn~r" p::-'"­
poaed recently. 
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for anyone officer to fully exercise all the functions 

which are now expected of the Executive Officer. Admin­

istration problems occupy the Executive Officer so com­

pletely that he is unable during war time to coordinate 

the operational duties and activities of the various de­

pa~tments and can give little or no personal time to the 

functioni ng of Cle unless he delegates most-of his duties 

to some other experienced officer. 


6. The opi~ions on battleship and cruiser or­
ganizations are varied. The Captains interviewed did not 
fe61 the need of an o'pers.tions departm.ent as strongly as in. 
the carriers. Since the primary weapon of these ships is 
their gunfire, it is natural that Cle has become closely 
allied with the gunnery department. Prior to the war these 
Ships had the nucleus of the ele in the old central station­
plotting room combination. Although many ships appear quite 
satisfied to have eIC a part of the gunnery department, 
others were enthusiastic over the possibilities of an op­
erations department Which woul.d include navigation., CIC 
c.nd communications. An offi cial letter by ComCruDesPac 
concurs in the CNO proposal to establish an, operations de­
part~ent. The need to trea~ communic&tions as a separate 
department and have the communication office a head of 
departn;.ent was concurred in by aLmost all officers 'in the 
absence of an operations department. Many officers felt 
that establishment of CIC and look-out divisions as a 
separate eIC department on a level with the gunnery and 
communications department was the best improvement which 
could be made and the Simplest change. The ele officer 
could then be assistant to the Captain for operational 
planning. 

7. Certain ships already have an experimental 
operations department which includ.e communications, navi­
gation and CIC. Without exception the official rst;o!'ts 
from these Ships indicate thai the scheme has work~ d well 
and has definite value in combat. 

8. The auestion of how to handle electronics 
::.E. i. r! t€~C:':.! CE unOf:' t ~- YET ' Ct=_ S orF:e..n :' zE_tior- s wa s QiSc.u8Eed~ 
l,'~ tl 'L: - :- -t':!:.f' :-: d '\2_ :' :-JC:",e e~ • €J E CT.. :"'OL :' (~ ~- €: ~u: .'" r. ~ on 

El ' E~ 1P S [u=iug 'the w~ - i ~ h~s beEn necessary to baT8 ~ 
large fro l' of' officE;rs and mEn on almos.t all ships who 
are cO!lce r n _' solely with the technical operation ar:ti !!lB.ilJ. ­

ten9.ECe of electronics equi pmEnt... Radio maintEnance has 
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6. It is understood. that directives fro:n the Navy 
Department may be expected in the near future to give the Communica­
tion Officer the st&tus cf a head of department. C:iJ1cpac has pre­
viously expressed concu=rence in this decision in Cincpac Serial 
8840 of 30 August, 1945, and ;n Cincpac dispatches 012048 and 060350 
of Octes 1945. Tr~s step is deemed essential regardless of any 
future reorganization te.'1ding to form a so-called Opez:ations Depart­
ment. 

7. It is conside~ed that the board has read into the 
reports e Ul"'..F..rr:;!1'r~ty of ap?!'oval which is open to question. The 
reports have indicated that su.ch s. department will operate satisfac­
tor~~, but heve not established superiority over the conventional 
orgar.izs.tion. 
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occa"sionally been separated from radar maintenance but 
often they have been combined under an electronic main­
tenance group with considerable success. Separation of 
the two usually resulted in lack of coordination and oc­
casionalrivalry. It is the opinion of this Board that 
each ship should have an electronics maintenance group 
responsible for the repair and upkeep of all electronics 
equipment in the ship. This group should be responsible 
for preventative maintenance in order to insure the optimum 
readiness and reliability of electronics equipment at all 
times. This technical group should vary in size with the 
type of ship and might well be a separate division, some­
what similar to the present E division, on large Ships. 
The electronics division might well come under the eIe 
or communication department or, better still, under the 
operations department where such a department exists. 
The cognizance of some Ie systems and announcing systems 
which are pri~rily electronics equipment should be trans­
ferred from the E diviSion to the electronics division 
in order to insure adequate maintenance by trained per­
sonnel. 

9. This Board recommends that final decision 
for or against the establishment of an operations depart­
ment be not made at this time. The Board does recommend 
that the need for improvement in internal organization be 
recognized and that the matter be kept open and restudied 
by appropriate agencies with a view to the issuance of 
appropriate directives on organizational improvement by
eNO. Most of the senior officers interviewed on these 
matters agree that, since opinions are so varied, it will 
be necessary for ~JO to make arbitrary deciSions on or­
ganization changes and give them service trials prior to 
final decisions. 
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s. Cincpac concurs in the desirability of i·•.:::··~ ing a single
organized group of electronics maintf::lance personnel rC: 1J~ r.sible for 
the care, repair, and adju3t~ent of all electronic e~~ip~ent. 

9. Cincpac serial 05378 of 16 March 1945 commented on the 
question of creation of an operations department in ships of the Navy 
giving in SOl:1e detail reasons for not establishing the oper2tior.s de­
partment. Cincpac serial 07266 of 9 September 1945 and serial 033712 
of 26 October 1945 co~firm the reasons and reiterate the opinion ex­
pressed. 

It is Q!;ain stated here that Cincpac does n('t. recornmend 
an operaticns departr:lent at this .time but agrees with the boar·:' .~~r·. 
considering the probl~ of ships internal organization an import~Dt one 
deserving further study and experiment. 
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Part VI. 

Bibliography. 

General and Policy. 

1. 	ComBatRon Two conf. Itr. FCl-2/A22, serial 0546 dated 

23 October 1945. 

Subject: Cocpiled References for Survey Conducted by 


Radar and Countermeasures Board. 

2. 	Com3rdFlt conf. Itr. 367/(20) serial 0597 dated 15 

Oct'?ber 1945. 

Subject: Electronic Equipments, comment concerning. 


3. 	Co~~irPac restr. Itr. FF12-5/S67/(586-Ce) serial 21460 
dated 13 October 1945. 
Subject: Electronic Equipment - Sets of equipment spares 

- Reduction in number carried aboard ship. . 

4. 	~~O Itr. (On-25) serial 00140225A of 8 October 1945. 
Subject: 	Radar and CIC - Lone range development for Air 

problem. 

5. 	Com3rdFlt A6/(20) serial RE-027 dated 6 O~tober 1945. 
Subject: 	Communications, Observations, Comments and 

Recommendations concerning. 

6. 	ComAirPac restr. Itr. FF12-5/F42-l(li/F42-1/{541-Cy) 

serial 20681 dated 3 October 1945. 


7. 	CAP Itr. FF12-5/F42-1(1}/F42-1/54-CY) serial 20578 dated 
1 October 1945. 
Subject: Airborne Electronic Equipment - Requirement for 

spare parts for. 

8. 	ComPh1bsPac cont. Itr. serial 02361 dated 22 September 

1945. 

Subject: Demobilization and Consolidation of Amphibious 


Forces, Interim Plan. 

c... 	 Com__ · _ ... ., co · ft . c.. / -_ . C,-r / , Q Y .... l 02J5~: v "' 1• 	 - ";)t :·n c:~<:.(,-. r: \".; I J r ~e'l"l'",_c;..;.. Q.s"ed _ _ ~ ... "_ 	 " 

Se"C' t. s !!! ne :: 1~ _ 1:: . 


Subject.: (None given). 


10. 	CO $ USS bur.;lCERUILL cent ~ ltr. CVI7 / A65 serial 0367 dated 
14 September 1945. 
Su'bject: Radio Radar and RCM EQ.uipment aboe..rd this ship ­

Infor~tion rega:::-ding. 
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11. 	ComServPac conf. ltr. FtVC-S67!(70-9C} se-ie1 0607(,
dated 11 September 1945. 	 • ­
Subject: Electronics Equipment - Obsolete. 

12. 	CNO conf'. 1tr. Op-25-C!A5!mmr serial 0197l25C(SC}Sf,?-5
dated 31 August 1945. 
Subject: Shipboard Search and Detection Ra~ar - Re~ui~e­

ments for Post-war Fleet. 

13. 	ComBatRonT','1O conf'. ltr. serial 0427, dated 25 ;'.i.:. · ~t 


1945. 1st End. by Con:Serv?ac BB/C-S67/ (70-9~) ~ e!'i~l 

06368 dated 11 October 1945. 

Subject: Design Problems, Vibration, etc. 


14. 	CNO restr. ltr. Op-25-A4/aw serial 41525A8-835 dated 

21 August 1945. 

8u.b ject: Adoption of' Use of Signal Corps 1.::anual of 


Standard Descriptions in NO!nenclature ~:~ssie;n­
ment and Stock Numberinf' of Electronic ~qi.:.ip­
ment in the Navy. 

15. 	CominCh conf. ltr. FFl/S67 serial 02438 dated 18 Au~ust 

1945. 

Subject: Electronic Equipment Requirement for Fast-war 


Fleet. 

16. 	CinCPac cont. ltr. 867 serial 0311 73 dated 19 July 1945. 
Subject: Electronic Installation in Ships. 

17. 	USS MISSotJRI cont. Itr. BB63/A3-1 serial 086 dat ed 9 ).:Sy 

1945 ''''ith 1st End. ComBatDiv 9 serial 042 dated 9 Ue.y 

1945. 2nd End. ComBatRon 2 serial 0522 dated 3 October 

1945. 


18. 	Secret chart: Planning Organization of the Post-war 

Naval Forces of the United States dated 1 May 1£45. 


19. 	Shipboard Search Radar Program, April 1945 - Prepared 

by Code 915 Electronics Division B~Ships in Co~pliance 


with CNO Op-25-A5 serial 0076525A dated 31 Kerch 1245: 

Electroni cs D iv!s~o~ ~irect_ v Ko. ,p ~G. 


Surface See.:'ch Radar. 

20. 	ComBatRonTNQ coni". Itr. FCI-2/S67-5 serial 0529 da.ted 6 
October 1945 with Enc. (A), CO USS IOWL conf. ltr. B5 61/ 
S67 serial 013? dated. 9 Sente.r:.be:- 1943 8.rJ.d 1st, E~d.. the:t' cto c: 
Subject: Radar Plan Position Indicator (PPI) Repsater fo~ 

Eattleship Squad~on TWOe 
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21. 	QjO conf. Itr. Op-25-C2/Grm(SC)S67-5/CV, serial 0178225C 
dated 7 September 1945. 
Subject: Class CV-9 Vessels - Removal of Second Air and 

Surface Search Radar. 

22. 	~~O conf. Itr. Op-25-C2/mfg(SC) S67-5 serial 055525C 
dated 17 Uarch 1945. 
Subject: Radar FPI Repeaters - Installation of in U. S. 

Naval Vessels - Revision of. 

Air 	Search Radar. 

23. 	CKO conf. ltr. Op-25 C2/mju over (SC) S67-5/CV serial 
0216.925C (lated 28 Septem.ber 1945. 
Subject: Radar - Installation of Model 8X in New Con­

struction Carriers. 

24. 	CO USS CATFISH (S8339) conf. ltr. 88339/S67-5 serial 017 
dated 25 Septereber 1945. 
Subject: SV Radar, Service Operation Performance of. 

25. 	CNO conf. ltr. serial 0197425C dated 25 August 1945. 

Subject: SP Radar for new construction, for CVEts. 


26. 	CNO cont. ltr. Op-25-C2/Grm(SC) S67-5/CV serial 0170925C 
dated 21 August 1945. 
Subject: SX Radar, CV-9 Class. 

27. 	m~o conf. ltr. Op-25-C2/gmv over (Se) S67-5 serial 
072525C dated 13 April 1945. 
Subject: Overhead Search Radar for Large Combatant Ships. 

Airborne Search and Intercept Radar. 

28. 	Co~irPac conf. ltr. A16-3(6)NRB/jes serial 06889 dated 
13 October 1945. 
Subj ect: Brlef of action report nss BELL~ WOOD 2 July 

to 15 August 1945. 

29. 	 Commander Air Support Control Unit Pacific Fleet Top 
Secret ltr~ CASU/A16 serial 00038 dated 6 October 1945 
'i t t Co ~_5bsFa c 1st ~_d . seri al 000367 date d 13 Octobe ­

19 ? .... . 
Subje.ct: .t,ir'borne Rauar Pic:t::e.t s c 

30. 	CinCFac Pearl Top Sec~et Dispatch 132057 August 1945. 
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Batt1eshi:2 Rausr A11ovI8nces 

The following letters on the sub-j ect of Radar and 
countermeasures equ.ipment from the CO, U5S .L'.L.ABAlf!.A hev e 
been considered by this board in making reccIrlI!lendations 
.for radar and countermeasures equipment and allovlances 
for battleships. 

a. CO ALA. Itr. 5E:rial 0401 dated 15 August 
1945. 

b. CO AI.A. Itr. Serial 0373 dated 26 July 
1945. 

c. CO Pli. Itr. Serial 0269 dated 19 June 
1945. 

d. co .ALA. Itr. Serial 0242 dated 1 June 
1945. 

e. CO. ALA. Itr. Serial 0241 dated 1 June 
1945. 

f. CO ALA. Itr. Serial 0240 dated 27 May 
1945. 

g. CO P.~A. Itr. Serial 02)7 dated 29 May 
1945. 

h. CO ALA. Itr. Serial 0212 dated 7 May 
1945. 

1. CO ALA. Itr. Serial 0211 dated 1 May 
1945. 

j. co ALA. 1tr. Serial 0199 dated 24 April 
1945. 

k. CO .A.LA. Itr. Serial 0116 dated 1 October 
1945. 

1. CO ALA. It!'. Serial 716 dated 28 August 
1945. 

m. CO ALA. 1tr. Serial 620 dated 25 July 
1945. 
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77. 	Co!!;.Cru-DesFac Conf. 1t-r. S65-7 serial 0646 dated 10 
.' December 1944. 

Subject: Coordination of Operational Functions of Cle 
on board Combatant ships. 

78. 	Cominch conf. Itr. F~1/S67-5 serial 03765 dated 8 
Nove.c:iber 1944. 
Subject: Coordinatio~ of Operational Functions of CIC 

on board Co~batant Ships. 

Books, Famnhlets, Periodicals. 

79. 	U.S. Radar Survey Section Nos. 1 through 7, Published 
by the Autho r ity of the ~oint Communications Board of 
the Joint· Chiefs of Staff, December 15, 1944. 

80. 	CIC Magazine October 1944 to October 1945. 

81. 	ComGruDesPac Suggested Revision to RAD-SIX. 

82. 	?adio Type Allowance Booklet REllA 100 Revision 
No . 11, dated 1 August 1945. 
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