DECLASSIFIED

ES

DOD DIR 5200.9

REPORT OF A BOARD CONVENED BY

THE COMMANDER IN CHIEF
U. §. PACIFIC FLEET,

T0 WAKE RECCMVENDATIONS ON el

RADAR AND COUNTERMEASURES P
'BASED ON EXPERTENCE

IN THE WAR WHICH KESULTED S

IN THE DEFEAT OF JAPAN R

5 e i LT
0 2
'S
Y Iy s
- ’H-—-,.";;' ™
= SR
~
.......... lu.é7 3,..
=l sl b
orld Ta U

“CLASSIFIED
; DV IR 'sz,g

o
. ‘!
¢ 2 '

s







TLBLE OF

CONTENTS

Cincpac Forwarding Letter
Table of Contents
Cincpac Letter Convening Board (Ercl. (
Cominch and CNQ Letter (@ncl. (4)) . .
Senior Member of Board Letter

L[] L] . L3

4))

°
L]
® o o o

for Forwarding Report to Cincpsc (Encl. (B)) .

BOARD REPORT

Part I  Summary and Recoammendations

Part I1i Bonipmenls o » ¢ o o v » o

° (] L] L]

*

Section A. Surface Search RRdar . « « « « « &
Section B Air Search RAadar « o« ¢ o « o o o «
Section (. Fire Control Radar « ¢« « « o o o o
Section D. Airborne 3earch and

and E. Intercept RAdAr o ¢« ¢ o o o o o
Section F. Shore Based RAdAT .« ¢ o o « o o o
Section G. Airborne Ez2rly Warning Equipment .
Section H. Ground Control Approach Equipment
Section I. Radar Beacon Equipment « « ¢ o o o
Section J. IFF Equipment . . . o ¢« ¢ o ¢ « «
Seotion K. Countermeasures .« « + v « o o « o o o o
Section L. Standardization of Units and Components
Section K. Wweight and Space Considerations
Section N. Spare PEItS . o o ¢« ¢ « o ¢ o « &

Part III Type Allowances

e © e o o

A. Aircraft

Section T sl s
Section B. Bettleship Allowances
Section C. Cruiser Allowences . .
Section D. Destroyer Allowances .

Cerrier Allowances . .
Submerine Lliowances
AGC Allowances .

EPA, EKA, landing
Craft Allowances -
Patrcl Craft Allowances

suxilieries (Koa-
Combatant) Allowances

Section E.
Section F.
Seciion G.
Section He

Section I.
Section J.

L]
L]

e & ¢ o
L]

e . L] [ ]

L] L] Y [ ° °

Page No.

1-2
34
5-6
7-8

-1
II-A~1

II-A-1
Il=B-1
1I-C-1

II-D&E-1
s
II-G-1
II-H-1
I1-I~-1
1I-d-1
II-K-1
IT-L~1
IT-p~1
Ii-E-1

III-A-1
ITI~-B-1
IIJ-C-L
III-D-1
I1I-E-1
ITI-pF-1

— e

III-H-1
IIT-I-1

ITI-J-1

I-14

IT-N~-3

 ITedb

II-p-17
1I-C-15

TI-D&S~L
1I-F-4

-4
II=é~4
II-K-ik
II-1-2
IT-p-~2
II-K=3

II1I~-J-1

II1-4~8
III-B-3
I11-G~2
I11-D-3
II1-7-2
III-F-2
IIi-H-2

III-I-1






TABLE OF CONTENTS

Part IV Internsl Organization and Personnel .
Section A. Internal Orgenization of

Combatent Ships « « « « « o &

Section B Personnel . o« « o o o o ¢ o o o

Part vV List of Ships and Commands Consulted

Part VI Bibliogrephy + ¢« « ¢ s ¢« s o o o ¢ o«

Page No.
IV-A-1 -

IWek=1 =
IV-B-1 -
T

Vl-1 -

IV-B-3

IV-A~L

IV-B-3
V=2

VIi-9




QB
UNITED STATES PACIFIC FLEET

e BENEED: AND PACIFIC OCEAN AREAS
Serial ' .45 3 HEADQUARTERS OF THE COMMANDER IN CHIEF
QEQIASSIFIED El
J DEC 1945
From: Commander in Chief, U. S. Pacific Fleet.
Tas Chief of Naval Cperatiocas.
Subject: Report of Radar and Countermeasures 3oard, Forwarding of.
References: (a) CKO Conf. Ltr. Serial 02560 dated 30 August, 1945.
(b) Cincpac Conf. Ltr. Serial 033346 dated 5 Cct., 1945.
(c) CHO Secret Ltr. Serial 00139625A dated 4 Cct., 1945,
Enclosures: (A) Copy of reference (b).
(B) Senior Kember Radar and Countermeasures Board Conf.
Ltr. dated 6 Nov., 1945 (Report of the 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. (&nclosure (B)).

2. This report is considered to express the consensus of
Pacific Fleet opinion while the experiences of the recent war are still
fresh in mind, and has the concurrence of Cincpac subject to camments
and recommendations inserted on separate pages in the body of the re-
port. In order to permit ready camparison, Cincpac remarks appear
oppositie related sections of the report with corresponding paragraph num-
bers.

B In connection with this report, it is desired to emphasize
the necessity for continved research, development and testing in service,
vigorously prosecuted in zn effort to provide electronic equipment for
the Navy and other Armed Forces of the Uniled States superior tothat of
any other nation. Only by such continuous effort in this, as well as
other fields, can we expect to mainlain the condition of readiness vitel
.to our National Security.

4. It is recommended that this report with the related cou-
ments inserted by Cincpec be used &s & besis for plenning unill such Lime

as further analysis, study, enc experience cieerly indicele Lhe pecessly
for pursuing e different course.

5. Reference (¢) wes considered by the board after it had sub-
mitied its report. It is in general accord with the report of the board

-
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= T e UNITED STATES PACIFIC FLEET
SR I G AND PACIFIC OCEAN AREAS
Serial ‘. =mOUL HEADQUARTERS OF THE COMMANDER IN CHIEF
gy ) r\Ep P
SECRET + o DEC 1945
Subject: Report of Radar and Countermeasures Board, Forwarding of.
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and Cincpac's comments. Certain recommendations s=»t forth in this re-
port are not included in refereance (c) and considerstion should be given
to initiaticn of the necessery additional projects. Important iteus on
which research and development should continue are listed below and
covered in more detail in the body of this report:

{2) Continue efforts to reduce size and weight of all radar
and associated equipment.

(b) Continue development of airborne CIC and its supporting
redar,

(¢) Continue research and development on IFF equipment.

(d) Continue research and development on RCM equipment.

i

C. H. McMORRIS
Chief of Staff

Copy to: (W/Emcls.)

Can3rdFleet ComtirPac

CambthFleet CoxzSubPac

Com7inFleet CoaPhibsPac

Correservel  eet CominFec

CinCLant (5) CamServiag

CoaBastRonTr0 CaxTreComdleac

ComCru-JesFec CKO (100 copies for distribution within the Nevy
Deperiment &and shore establishzents as do-
Sia 3d-)
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Headquarters of the Commander in Chief
DEFARTLENT

FF1/A11 | NAVT
‘:a-.u

Seriel 02560

Wg;On 25, B.0q

30 August 1945

Concender in Cn_el, United States Fleet

of Naval Cperations.

rror:
end Chief
il Commznder in Chief
Subject: Reporis con and Eva
as the mesult of ¥
1. During ¥orld ver 1
relueble services through its recczmen

ment, radar, ship types,
deifeat of the Jepenese,.

geined through

essential thet s
informztion will be t o
firm procedures in the us

=3
Therefore, it is desired tha
following subjects:

Hedio ecuipment.

LN AN N AN
000 QM
NPT

be r

that the

tools of war su

reccréed for study and evaluation.
s fer pestwar procureseni,; developzent and

of the paterial which is now

t evaluated reports be submitted on the

5 s Bl

\-d’;a ons

end 211 ferms of end

Pecific Fleet,

(o]
L
n

pe cific Subjects

if' Fleet rendered
n gunnery maiters, equi
eavor which resulted in tlie

Navy may profit from the knowledge

Armunition, including bombs and fuzes.
Rader includinz countermeesures
Ships and eircraft tvpes 1nclaalnw landing craft.

upplied the Fleet, it is
This

in operation,

Torpedoes,

rire ccntreol and armsment gTOU“lﬁg.

i = Under the applicable subjects listed in paregraph
two, the follewing shoulcd be considered in the report:
(a) Dees the meteriel under discussion properly serve the
ppose for wnich it was designed? ;
{b) Are there recommendations feor
(1) Charges and new iypes?
(2) Few r rements znd new charactrristics?
k-s Ste instelistions?
L) Chences in eguipnest and armeseri’?
15 € oresem s;;p Lypes, aircrafit iypes, &nu
3 t. Bypes? ,
(£) Discontinuance of certain ship iypes, aircraflil types,
Y s e e R Y
{9 o%a f ‘:Q‘Eq?;zii,‘pra. o srnds ar ereft. dnglads-
{7) Standzrd ship iypes, aircreft, and lendingy craft, xncliud
inz the zrmament end eguipment to be imstalled?
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CHITZD STATES FLEET

- EHe irtere ¢f the Commender in Chief
FF1/A11 : NAVY DEPARTMENT

Wechingten 25, D.C.

Serizl 02560
30 August 1945

CORFIDENTIAL

Subject: Reports on and Evalustion of Specific Subjects
es the Result of War Experiences.

/8) Bngineering in#tallaticns, auxiliaries, fire fighting

8) Engl
and sa*xase eguipment?
) Armene grouping to meet the f{lexibility in fire control

reiulred in modern werfare?
(10) New fire conircl cherecieristics?
11) Alterestions which will improve the flexibility of equipment

L=

now instelled?

ke Ls reguested by the Commender in Chief, U, S. Pecifie
Fleet, ship's organization changes have not been made during World Wer II,
hovev r, the question of & modernized ship's organization to fit the
adminietretion of the ship types of the Fleet has arisen. Rader, CIC
extensive use cf vecice radio, and technical advances all have b“ought
forth the need fcr an administretive organization tec fit the mew ccnditions.
Recommendations in connection with an Operations Depariment, a Communicztica
Department, and the need for a revision of the conditions of readiness for
action bave all stressed the necessity for an extensive study and report

on ship types along the lines of this discussion.

)mm

5 It is zpprecisted g‘at the wide dispersion of chips

&nd the indefinite staetues during demob zeticn of ships end personnel m=y
create difficulties in constituting Bo ards within the Fleet to handle
these detzils, It is believed however that by essigning the preparaticn
of ihese reports to the staffs of Teask Fleets, Forces, and Groups not
employed in operations thali their submission is preacticable.

the present intention of the Commander in Chief,
nef of KNavel Operetions to promulgete these
the Offices, Burezus, and board° (_ge the Skip

< - oty -.,-" ‘g.- Ve

T Reww i)er)&:“..r.en., in order thav =

g

cf ecuipmept &nd ship cheracierisiics -4
nlanetion in mind it is desirec ihat the
fic Fleel express his views fully on all

ssicn Lo t Gomm&nder in Ghief, United

I, TR GRe \
LGOS UL \nj
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SECRET
' Part I,

Summary end Recommendations.

l. This board has studied and discussed CKO
Secret Serial 001402254 of & October 1945, Subject: Redar
end CIC Long Range development of for eir problems. This
Board strongly concurs in the general stetements therein
end considers the letier an excellent stetement of exist-
ing problems asnd the rejuirements for their soluticn.
Some disesgreement with peragraph L{e) of the sbove letier
is expressed in this report, Pert II, Section J, para-
graph 2, on IFF developmsnt, Redar gnd IF® development
should be ccoordinated end carried cut simulitenecusly.

2. This Boerd considers thet one of ths most
vitelly necessary post-war projects is the develeopment of
an effective search redar for use in eirborne radar pick-
ets. It 1s recommended that dsesvelcpment of an efficient
alrborne rader picket erd CIC be vigorously cerried on.

It is further recommended that Commender Air Support Ccn-

trol Units, Pacific, be included in the commends coacerancd
wlth service trials &néd treining of prototypes of eirborne
radar pickets and CIC's.

3e The internal orgesunizetion cf meny of our
large ships requires improvement to better coordinate thse
functions of CIC and the use of new electronics devices
with the functions of the various standard departments and
their equipments. The questlon of establishment of an op~
erations depaertment 1ln some types of ships should be re-
viewed and several types of improved orgenizetions should
be given further service triaels if the operations depart-
ment is not favored at this time.

& Ship Borne Surface Seerch Redar. The SG~b
end the SG-lb redars {(heving Mod., 50) with the desirabls
features of sensitivity time cortrcel, fast time constant
circuits, and expandeble sweep &re cong¢aered very satis~
factory equipments for the present end for the immediste
future. The leier series SC reders with higher frequency
and stendsrdized construction will setisfy ell fleel neecs
for the nesr future. The SL series can be considered ob-
solete end should be repleced with the much better SU
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series radars, The later SO series is considered satis-
factory for the needs of the present end near future. It
is recommended thet the SG~b end SG-1b be retained on ships
of the inactive fleet encd that the later model SG radars

be installed on ships of the active fleet. It is also rec-
ommended that one of the late SU series or late SO series
be instvaelled wherever possible for smsll ship surface
search use. Future development should be directed toward
reduction of size and weight end standerdization of compon-
ents. Improved resolution is elsc very deslireble for
surface search readars.

Se Submarine Surface Seerch Resdar. The model
SJ series, surface search end also fire control radear; per-
formed well, but is now cbsolete. It is recommended that
it be replaced by the modsel SS series on all active sub-
merines, and that it be retained on all inasctive submarinses,
The model ST series, surface search and fire control peri-
scope reder perfcrmed well, It is recommended that it be
retained in ell active submerines, end in as many of the
insctive submerines as uLave it installed at the present
time, Improvements are needed in the near and foresee-
eble future to narrow the beem pattern ir azimuth, improve
the renge and improve the resolution.

6. Shipborne Air Search Radar. None of the
air search raders 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 bpelieved, result in a good alr search
radar for use in the near future until a rsdically improved
air search radar can be produced., The SR~5 or the higher
frequency models SR~3 end SR~=4 seem to be the most promising,
(Refer to ITI-B-6&). The mejor faults of equipments now in
use are: Poor maximum renge, poor bearing resolution, large
fede zones, no high angle coverage, too low frequency,
troublesome sntenne pedestels, inedequate shock mounting
end difficulty of msintensnce. It 1s considered necessary
that the redar of the foreseesble future must overcome the
ebove mentioned difficulties and bave the following e&ddi-
tionel feetures:

Ee A moving terget ipcicetor sysiem.

b. Stecilized sntennes where ship type imstel-
letion requires.




. SECRET
Coe Provisions for zenith search.

do More rugged and simple antenns pedestal.

In view of meeting the needs of the near
future it is recommended that the lete model higher fre-
quency SR type alir sesrch redars be used to replece all
SC/SK radars on all ships of the active fleet insofar as
production and present supply permit., This is deemed
adviseable becsuse the SR series hes inherently good de-
sign, 1s standerdlzed, and with future modificetions 1t
may become the air seearch redar to sult the needs of the
foreseeable future. SR types should be instslled on CV-Q
class carriers in the insctive reserve,

7 Submarine Air Search Radar. Submerine air
search radars such as the SD series and SV series have nou
given very good renges on air targets (15 ~ 20 miles),

The SD series with the non-directive entenne is not con-
gidered satisfactory for either present or future use as

a submarine air search redar. It is recommended thet the
SD series be replaced by the SV seriles cn sctive submarinas
and the SD=5 be retained on lnactive submerinss, 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 enteana should be improved to glvs
information of position angle of contacted aircraft.

8. Zenith Search Radar. The methods used
during the latter part of the wear to provide zenith cover-
age were interim measures in an effort tc provide immediate
protection against high angle air etteck. The SG with the
zenith search reflector was not satisfectory. The trials
of SCR 720-B show that this device is a trend iz the right
direction. It is recommended thet a similsr device using
spirel scen, having a 40 degree to 90 degree coverege, and
a method of presentaticn giving range, besring, end pcsitic
angle be developed specifically for the use of zenith
search, This zenith search redar should heve its controls
adjacent to the air search rasdar and have its presentetion
elongside that of the glir seerch radar. The need for an
effective zenith seerci reder bes been much discussel In
action repeorts enc is keenly felt.

9. Control of Interception Reder. The SP/SM
radars hsve pertielly sstlefied fleet neeas auring the war.
With improvements outlined in peregreph II-B~7 of this
report they should be reteined for the present snd near
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future until a better type 1ls available. The fleet needs
a greetly lmproved lntercept rader with greater rangs,
better altitude determination, better resolution, end
simplified construction., From data aveilable 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 cerriers and
battleships in the near future. However, general fleet
opinion seriously questions the advisability of depending
on one equipment for multiple purpose use since a failure
meansg complete loss of rsder datsa,

10. Surface Flre Control Kadar. The perform-
ence cheracteristics of the most recent fire control radars,
such as the Mark 12 Kod. 1 and the Mark 13, are consider-
6d setisfactory for surfeace fire contrecl use in the present
end near future and it is recommended thet the Mark 13 be
instelled in &ll new construction Battleships and Crulsers
egnd thet it be used to replece the Mark 8 radar on ships
of the present mctive andéd inective fleet. It 1s glso
recommended that the lMark 12 lMod, 1 be retained for dual
purpose fire control purposes on ell ships of the active
and reserve fleet until Merk 25 equipment is avaeillable.

The surfsce fire control radar of the foreseeable future
should have the following charecteristics:

= 1 Maximum renge well beyond the effective
meximum gun range.. - :

be Bearing eccuraecy consistent with the in-
herent deflection dispersion of the gun battery (1 - 3 mils}.

Ce Resolution es high &s possible in range
and bearing. -

de Spotting provisions for raenge and deflec-
ticn. Cless "B™ presentation satisfies this reguirement.

~

8. The presentation should be as similar to
optical as possible. Class "B" presentation partially
sgticsfies this reguiremeint.

e Provision for compiete sutometic trecking
and computer sld circuits.
B The cerrier outpult frequsncy should be &s

high es possible without suffering excescive interference
Trom stmospheric disturbsnces.
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0. Concur in general. Specific reference to Mark 25
should not be taken as an indication that this is the ultimate in
"Dual-purpose 5 Inch Fire Control Radar.® If a better director and
radar system, such as the projected Merk 56 system, proves to be
more effective and otherwise satisfacltory, then it should be con-
sidered for replacement of current systens,

sy
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Bee The equipment must be effectively shoock
mounted,

i The meintenance problem must be mede as
simple as possible, (For elaboration on characteristics
see paragraph II-C-l.) The only equipments which havs:
approasched a reslly setisfectory surface fire control
design are the Mark 13 and Mark 25. It is believed that
the Mark 25 with the features of complete automatic treck-
ing, bigh resolution, end good renge mey meet the peeds of
the foreseeable future if it proves satisfactory alfter
trial 1n the fleet.

il Anti-Alreraft Fire Control Redar, The psr-
formance characterisiics of the mest recent anti-aircraft
fire control reders such as the Mark 12 Kod, 1 - Mark 22
combination, and the Mark 34 Mod. 2/4 are considered satis-
factory for anti-eircraft fire control use in the present
and near futurs. It is recommended that:

8e The ldark 12 Mod. 1 -~ Merk 22 combination
be retaeined con all ships of the ective end ipnactive flest
until such time as & new equipment is developed which will
satisfy the basic requirements for the fleet as set forth
in section II-C-3.

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

C. The Mark 28 Mod. 2/4 be repleced by the
Mark 34 Mod. 2/4 on ships of the ective fleet but retained
on ships of the inactive fleet. (Refer to peregraphs II-C-4b,
¢, d, e for more eleaborate discussicn).

12. The Anti-Alrcreft Fire Control Recsr of the
foreseeable future must Lave LLe jollowilg charecteristics:

e Meximum renge well beyond the maXimum ef-
fective renge of the gun dbettery.

b. Bearing sccurscy consistent with the in-
herept deflection dispersion of the gun bettery (1 mil or
better),

Ce Position ergle accurecy the same as that
for bearing.

s Provisicn for a moving target indicator
SYS"Gem. g 3
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e The resolution must be as high as possible
in renge, bearing and position angle.

L Provisions for rapid and efficient means
of target acquisition.

e Spotting provisions in renge, deflection,
and elevation. Class "B" snd "C" presentation are desir-
able,

A, The presentation should be as similar io
optical es possible. Class "B" end "C" presentation par-
tially satisfy this reguirement.

: 19 Provislon for complete automatic tracking
end computer &id circuits.

- . The carrier output frequency should be g&s
high es possible without suffering excessive interference
from atmospheric disturbences.

ke The equipment must be effectively shock
. mounted.

l. The meintenance problem must be as simple
es possible. (For more eslaborate information see paragraphs
ITI-C-3 a to 1.) It is believed that the Mark 25 radar,
which is now under contract, will meet the needs of the fore~
seeable future in most respects providing trials in the fleet
prove it satisfactory.

13. Submerine Fire Control Redar. The reguire-
ments of the submarine are for en ell sround fire control
radaxr for torpedo as well as gunfire control. This requires
a rader which is caepable of giving accurate bearings, long
range, and having a type of presentaetion that is sultable
for spotting. It is belleved that the Model SS~l with thse
Gesirable features of high resolution end aoccuracy, great
rengs, end provision for cless "A" &nd “B"™ pressntetion will
meet the pneeds of the present, near fulure and foreseecble
future es a good submsrine e&ll round fire control reder.

It is recommended thet the Model SS-1 replsce the Moce! Se
or £1] ective submerines &né thet the SJ be reteinec on in-
ective submerines for treining purposes until production
volume will eneble them to be replsced by the Model SS-1l.
A redar repeater is needed in the integrated firs contrcl
system now being developed on the USS SEA LECPARD., The

A
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1. Continued effort to produce a satisfactory IFF system

is reccmmended, Detailed camment will appear opposite the detailed
camment in the report.

- Experimental 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 Cammunications Department., Further camment on this subject
was forwarded in Cincpac Restr. Lir. Ser. 8840 of 3C Aug., 1945.

Further reorganization is not recommended until additional study makes

clear its necessity.
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COMMENT BY CINCPAC

SECRET

12. l. Mark 25 Rzadar.

If a better radar and director system, such as Mark 56 -
projected system, proves to be more effective and otherwise satisfac-
tory, the fleet should have it.
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Model VH is now on the gllowance list of active submarines
for this purpose. It is not recommendea for instelletion
on inactive submarines. (For further irformation refer to
paragrephs II-C-6 a, b, ¢ and II-C-5 a&-i.).

Lh. The long range eirborne radar plcket and
CIC is of greatest lmportance to proviae for long range
warning and interception of any attecking force before the
enemy can reach his objective. The development of a setis-
factory sirborne radar picket is comsidered the most import-
ant of all post-war prcjects and it is recommended that it
be pushsed with trne utmost vigor,

15, Lirborne Radar. There should be as few
different types of airoorne radar systems as practicable.
Recommended 1s one system for light - fast land based
patrocl aircraft, one system for the slower-heevier patrol
craft, and one typs, if possible, for cerrier besed air-
craft. In the design of cerrier based eircraft radar ihe
following fectors must be considered: Streamlining, light
welight, tropicalizetion, moisture proofing, end standerd-
izetion of paerts amnd eguipments, Degign should be con-
tinued to develop sea-suppressor circuits, esutomstic fre-
quency control, and moving target indicetors wihich will
permit differentistion between land mass or ses return,
and moving teargets.

6. Shore Based Radar, It is recommended that
Marine Air Werning esna Fighter Director Units be mainteined,
They should bpe coordinated or integrated with Landing Forcs
Alr Support Control Units to form a unified air ccntrol
center to be set up ashore immediately efter an asssulit
landing or on any islend or coastal territory which might
be siezed. These units should use Army type radars and
be &ble to work immedistely with Army A. W, and Fighter
Director Units and Air Control Centers. These units sbould
also be freaquently drilled in coordinetion with Fleet and
Arphibious Force CIC and Air Contrcl Centers efloat.

Joint Air Warning reporting esnd Fighter Contrel procecure
and communication freguencies should be agreed upon, main-~
teined, end edbered to by ell concermed. In ne other fleld
is instent end efficliernt Joini Action sc vitel.

17 tircreft Eerly Warning Equipment. Toe pre-
sent ATW eystem is considered inedequste becsuse of the
limited renge of the reder employed, insbility to detect
targets cver lsnd, and excessive gea return. A high-

L
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17. LEN presently installed shows sufficient promise to
Justify continuztion of its development and trial in the fleet, It
is considered that there is a definite need for both AEW and the Air-
borne CIC, Accordingly, further development and trial of both these
methods is recommended in an effort to provide greatly extended range
of effective radar defense for the future, Furthermore, the iAirborne
CIC gives prazise cof our eventually being able to exercise real tecti-
cal command of large forces of aircraft on distant missions, a most
important desideratum., During the war we attempted to do this through
the use of Air Group Cammanders and Air Controllers, As these officers
had available very limited facilities for obtaining information and for
the issuance cof orders, these efforts to exercise command in the air
had very limited success. The Airborne CIC may point the wey to true
eirborne commanc and the ebility to exercise conircl over wide—spread
elr action et great distances frox cerriers or other bases. It ghouid
be strongly pushed with this in mind,
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powered airborne radar must be developed which will detect
single small sircraft targets at ranges in excess of 100
miles over land. The remote control end televislon aspects
of AEW are of very dubious value., Full operation of radar
and CIC in the airplsne with voice radio transmission of
information to those concerned is simpler, more relliable,
less confusing and fully adequate,

18, Ground Controiled Approuch Zguipment. This
Board recommends that eli major slr peses be equipped with
GCA equipment as soon eps avallable and 1ln sddition that all
minor bases which encounter westher minimums below 500ft.
celllng, or 2 mile visibility, or both, for periocds exceed-
ing 5% of the year be so equipped when practlcable. This
Board concurs with the requirements sset forth in the CHNO
Conf. ltr. Op-25 Ser. 01381254 of 28 September 1945 for the
procurement of GCA equipment for CV(N) night carriers.

419, Radar Beaccns. It is considered that the
development and use of redar beascons should be continued.
The present rader beacons need redesigning to increass
accessibility of chassis, to facilitate ease of mainten-
ance and operation, and to reduce size and wesight.

It i1s recommernded that development of radar
beacons be continued to provide:-

Q. Picket vessels including submarines, air-
craft carriers, and ssaplane tenders with beacons to respond
to airborne redars.,

b. Lend bssed beacons et airfields, prominent

- shore lime lend marks, and other points as necesssary for
navigation of air and surfece craft.

Ce Floateble beacons to respond to shipboard
redars to be supplied in 1life rafts, or for dropping by eir-
craft to mark location of survivors or the projeciea treck
of enemy craft.

d. Lightweight ultre~porte bJe fire control
beacons 1o sssist in shore bpomperdzent by reder coptroile
batteries

ot
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18. Cincpac concurs with the need for GCA equipment. It
has proved its worth. However, its epplication requires an increzse
in total perscnnel wherever it is used. Two officers and 7 men ezre
necessary for "on call" service, and about 4 officers and 21 men for
wround the clock" operation.

19. Cincpac concurs in the continuation of development of
radar beacons. However, during the recent war, radar beacons 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 will probably earn a& more
general acceptance.
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Nevertheless, it is considered to be totelly inadequate
for futurs use. The most important of its many faults
are: unreliability; poocr discrimination in range, besaring,
and elevation; the specizl knowledge required for proper
servicing; poor security,; and inability to distiuguish
between different groups of friendly targets.

>4 The fleet reguires en IFF system which will
be relisble, which will inspire the confidence of fleet
personnel, and wanich will have & coding device that will
give autometic lidentification and yet can be readily changed
wlhen the original bySQEA has been comyromise Tae pre-
senteticn of IFF signals on indicators should be so simplse
end obviocus trzt mistekes and delays, occasioned by the
necessity for close ezenination and leangthy thought proces-
seés on the part of cperators, will be eliminated. It is
therefore recommended thet tle entire IFF program be re-
viewed, and thet the several new avenues of approach which
ere now opsn to use be invéstigated as soon as possible.

22, Consideration should be given to the fol-
lowing in developing a new IFF gystem:

B Varied modulatioa of pulses of own radar
transmitters cen be provided so that vessels, at their
own discretion, may establish their identity to friendly
‘RCM intercept through the cheracteristics of tnelr search
eand intercept reder trensmissions.

b. The incorporation of IFF intercept featurses
in RCM installstions seems advisable and is practicable.

Ce Tue use of higher IFF frequencies would re-
duce sntenna sizes and improve directionsl characteristics.

de The use of coded pulse~-time or other mod-
ulstion festures superimposed on both redsr and IFF signsals
eappears practicable as a means of automaticelly discrim-~
inating bpetween friend and foe and among different groups
of f;iendjy tergets ena as & meens of obteining sdditionsal
securitv.

€ The incerporation of cdirectional 1IFF e5
en integzrel part cf eech sir-search, surfece-searci,; end
fire-control rader sycstems 1is necessury ana practiceble.
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als 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 technical knowledge required to operate
and maintain it.

22. 411 of these and any other promising possibilities :
should be exhausted in the search for a good IFF system. Research on
this project must be continued. In a future war, compromise may mzke
necessary complete cheanges of system. Therefore, a basic system, and
at least one reserve system, should be provided for any future emer-
EeiCY »
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236 This Board strongly recommends that the
development of IFF along the lines indicated Lerein be
vigorously carried out concurrently with or as a part of
the development of new redars.

2idie Countermegsures, Research esnd development
to improve countermeesures methods and equipment should be
carried on. Our precsent equipmcat should be reaesignea
unified as to racks or cebinets and power supplies, simp-
lified and mede more flexible. Improved direotional in-
tercept receivers are -equired. Better rader jemming and
redar deception equipment is needsd, Detter means of
d;reGQLng or nullifying eilectronicelly guided or ceontrolled
misciles ere needed, t is conslidered thet RCH activities
snould be a pert of or controlled by CiC. Our ships sad
gircraft should meke continued ané determined efforts to
intercept strecge electromagnetic wave rediations in all
parts of the werld., KXnowledge of what otner nations are
doing is vital in th1° field. :

2By gllowences. This Boerd considers the al-
lowances of radar eguipment as given in the Redio Typs
Allowance Booklet (RE 1l4 100) for the varicus classes
of ships reasonably sdeguate for the immediats future ex-
cept for the need for Zernith Search Redars. Minor chsnges
to this allowence to mest the conditions of the near futurs
are discussed in Pert III of this report. Radars of radi-
cally improved cheracteristics will be required to meet
operational conditicns of the foreseeeble future and will
probably entsil considersble revision of present alloweances,

_26. Standardization of Units and Components.
The neceegsity for crash production and aevelopment of redar
during the war snd the many different companies producing
the set brought sbout a situation wherein the many different
types of sets btore little resemblance to one snother even

‘though they were prcduced to perform the same functien.

Some attempts to stenderdéize components have been mede with
the SR series end the leter SG serles.

~ry my +

214 Tbhis Bosrdé cconsiders thet further stenderd-
izetior ie mendetory &né recommencés thei the best clrcuits
&S proved by experience De &cceplLeld &s sSTEDCETC enc ithel
new reders developed with redically imp“oved perfcrmencs
be built around “‘esc stenderd circuits. Constructicn
might be resolved into a series of ebcout six raders, ithree
surface seearch end three r search to meet the varying

Mmoo
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25+ Concur in general. It is desired to stress the idea
that development of Zerith Search radasr should not overshadow im-
provement in long renge coverage. If epemy aircraft carry etamic
bombs, we can not let them get overhead,

26, Continustion of the effort, already initiested, to
standardize units and caaponents, pramote interchangeability of
electronics spare parts, simplify, etc., is a necessity. However,
standardization can be the enemy of progress. Research should be
unhindered by standardization. Development and improvement progrems
can take standardization into account after research has discovered
new principles or means cf accomplishment.
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needs and limitetions of the different size ships and
small craft. In addition, two general purpose helght
finding (fighter director) typse redars, one large and

one small could be developed using similer components,
Similar component parts and circuits and possibly units
may well be used in fire control radar equipment. Stan-
Qardization of electronic equipments and their components
is one of the most important improvements required during
post-war development,

28. fower Supply. Necessary improvements in
radar performance tTO meet the threats of the future will
require that every cocupounent be capable of delivering
the utmost in rerformence for its size and weight. Much
saving in welghit and spsce may be accomplished for most
electronic eqguipment by a shift to a higher frequency
bower supply. Because of thls fact, a shift of powsr
supply frequency for future mobile radars appears likely
from a military standpoint. Many airborne equipments al-
ready use 800 cycle power sources., The relative merits
of various power supplies have been reviewed by the Board
end the following recomuwendatlions are msade:

a. An orderly change to a higher frequency
power supply for certain radars should be instituted in
the near future. The optimum frequency should be se-
lected by the Chief of Naval Operations after thorough
study and recommendations by the proper material buresus
so that full sdvantage may be taken of the kmowledge, supply
end production facilities of commercial interests and other
gservices. 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
frequency for power for certain electricsl equipment such
gs synchros and smell motors requires investigation and
coordination. The freguency should be the same as that
used for radar end redio power supplies in order to stand-
eréize components.

C. tircrefi enG submerines presept the most
immeciete probiems beceuse of the incresased importence of
epace end weight conslderations. Neval sircreft ere uslng
800 cvcle supplies for radio, reder and ctner purposes,

It is understocd that Army eircreft and commerciel inter-
ests ere using 400 cycle supplies for verious purposes.
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{‘ - The merit of high frequency power supply units has been
| demonstreted. Space and weight can be seved by using higher frequen-—
cies and the associated high speed electric generators. Cincpac con-
curs with the boerd!s recommend:ziion that further study, investigation,
and coordination of efforts in this direction are in order. General
sgreament on stendardization an 400 or 800 cycles between Army, Navy,
and commercial interests should be reached so that the cooperation of
electrical industrial interests can be enlisted with the expectation
of enthusiastic support.
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Standardizaticn of high frequency power supplies of ¢ 3
alrcraft with the Army Air Forces meterial seems mauoav
to increase the avallabiliity of interchangeable spare pe
Conversion of submerines to use of higher freguency pows
should be given a high priority. The future submar*ne
promises to be a versstile weapon snd should be cf great
value to the fleet as a radar pilcket and fighter dirac»c
In crder to bulld necessary cheracteristics into e ei ng‘°
type submerine, further reduction in size of many equip-
ments will be necessary.
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de. Constant lialson with commercial interestis
in the development of power supplies should be meintelned
so that full sdvantage may be teken of thelir work. It is
to our sdvantage to influence commerciel airlines and
other mobile services to use a common high raqusncy powar
supply. 400 cycles is slready being used by many e&nd ap-
pears to offer certain adventages over 800 cycles for shipe
board use.

29 Weight and Space Coasiderestion. This
Board recommends that to recuce tne welght and spece char-
eacteristics of electronic equipment the basic design
considerations for electronic equipment be studied for
revision as follows: (1) to use miniature tubes &snd mini-
ature techniques whenever practicable, (2) to withstand
reasonable shock and vibration with light-weight external
shock mounts for installstion where excessive shock or
vibration is encountered.

30. Spaere Parts.

& The present prectice of furnishing e
separate spare parts box for each electronic eou;plch
unsatisfactory, using up valuable we1ght and space eboa rd
ship with large stocks of slow moving, low cacna Lty spar
Critical sh hipping spece bas been utilized apd ths re- ’:‘L‘.HS:’_'
of criticael items slowed down by the necessity of peckeging
a large volume of seldom needed parts together with criti-

cal fest moving items.
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U Stenderdaizetion of component paris,
physicel size as well es electricel cherecteristics, 1
necessity. Attempts to stendardize electrical charectie
istics have been mede to some extent but the benefits
vhis stendar dizetlon nave been lost by failure to stean
ize physical dimensiocns as well.
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Ge Spare parts lists end stocks aboard ship
should be based on the bin supply principle snd upon rs-
quirements of ship types rether than individual equipments.
Non~standard items peculiar to individual equipments may
continue to be supplied on an equipment spare basis where
necessary, 1f tender or base pool supply will not serve.

d. It is imperstive thst the distribution of
spare parts be such that the spare parts are delivered to
the fleet cocncurrently with the delivery of the new elec-
tronic equipment. By this process msay items which may
prove to be high casualty, criticasl items will be made
reedily replacesble from equipment or bin spare parts.

8. A standerd stock numbering system for elsc-
tronic equipment component parts is a necessity. A stend-
ard stock catelogue of these items should be furnished to
all activities &t the sarliest possible date.

f. Technically trained supply officers and
enlisted supply personnel should adéminister the procurement,
distribution, issue, inventory, and replénishment of elsc-
tronic spares, under the genersl administration or with the
edvice of cognizant electronics trained techmnical officers.
Trhe prohibition upon the use of SKT's (Radlo) sboard ship
should be sbolished.

e The principle of fleet control of distri-
bution including mainlend distribution facilities of elec-
tronic equipment and spares to the active fleet should be
continued.

oy i EFSG ané ACG Techniciens. This Board
recommends that The Airborne Coordlnatling Group and the
Electronics Field Service Group be continued during pesasce-
time and be plesnned for expansion during war-time. These
two groups, by the introduction end stendardizstion of
elactronics meintenance procedures and in the operation
end employment of new electronics system have excellently
bridged the large gep thet previously existed between the
receipt of new svstems end effective coordineted employ-

ment cf these systems ip ithe Ileet,

B2 The subject of ACG and EFSC technicilans
is discussed further in the report of the Radic Equip-
ment Board currently conveneé by CinCPac end is concurred
in by this Boerd.

I~ 13
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33, Stendardizetion of Nomenclature System. The
several private nomenclature systems for rader and radio

"equipments and components used throughout the services

today have proven cumbersome snd inadeguate. The *Joint
Army-Nevy" 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 snd descriptiion
of the equipment as to make them of little value to per-
sonnel unfemiliar with the particular equipments. Ac-
cordingly, considersble confusion has resulted, ecd will
probably continue until a single, descriptive nomencls-
ture system is put into general use in &ll services and
is used in training personnel.

34, This Board recommends that the "Jolnt
Army-Navy"™ nomenclature system be universally adopted for
the designation of electronic equipment; thet all equip-
ments ln current use by assigned suitable designators;
that all new eguipments be assigned A=N desigrators prilor
to thelr introduction to service uses; snd that active
Joint use of the A-N system be vigorously encouraged.

35. Publicetions, It is recommended 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 val=-

-uable informetion availeble to the Fleet Commends as an

aid in long range planning of improved electronic equip-
ment instellations. Specifically it is recommended that
the publications "U.S. Raéar Survey, Sections 1 to 7" be
distributed to all Fleet Type Commenders, The radar
equipment descriptions, operasting charecteristics and
performance cepebllities are invalueble reference date
for use in connection with materisl and operstioral plan-
ning purposeg. Only CinCPac and ComAirPsc are knowwn to
have copies st the present time.
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Part II,

Equipments.
Section A,

Surfece Search Radar.

Shipborne Surfece Search Readar.

Ko The fcllowing genersl reduirements are
consicered necessary for any radar to efficiently detect
end provide trecking data on surface tergets.

General. The leter model SG radars such
as the SG- lb which have incorporeted in them such features
as sensitivity time control, fast time constant circuits,
and expended sweep arse considered edequate for the imm-
edliste future. This redar end the later models such as
the 8 em. SG 3/4, it is believed, will have satisfactory
performance charecteristics for the near future. Develop-

nt of improved surfecs search redar should emphasize
drastic reductions in size and welght and standardization.
Improved renge end bearing resolution are desirable,

b Maintenance. The maintenance of radar
squipment must be such that repairs can be accomplished
in the minimum time possible. It is bellieved that this
cen be aeccomplished by constructing the equipment on a
functionel unit basis, with each unit being as light in
weight and as smell as practicable., These units should be
racked in the main freme end be eesily removeble., Inter-
unit connections cen be asccomplished by the use of pin-
Jack terminal boards at the rear of each unit, Bench
testing facilities, if spesce permits, would greatly sim-
plify ths servicing problem There should elso be a
stendardization of componen ts with regerd to sihape and
size in order to provide simple maintenancs,

mn -~y
1 SG Serlies.

.3
- ® .

& The SG reasr was the first surfece sesrch

ecuipment mede to satisfy fleet recuirements. Operational
A

reports soon indicuated neea for: (1) A more stable receiver,
(2) Elimination of ses retura, and (3) Better discrimination

i1l - A = 1
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14 a. Although Cincpac concurs with this paragraph, it is
desired to note that SG 5/6 types, rather than the SG 4 are scheduled
as part of the "modern" allowarce in most types of ships., It is con-
sidered this allowance will satisfy immediste needs. However, con-

tinued research is in crder tc provide a more effective surface search
radar for the future.
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between edjeacent targets. The SG-a corrected the fasult
of receiver instability end this modificetion wes celled
S5G~-1 if factory perforzmed. Tiis equipment was highly
satisfectory for long renge search, but due to excessive
sea returns the equipment had to be operated at reduced
recelver gain for close search end station keeping. Soms
skips partielly overceme this bad feature by installing
"grass cutting" circuits which reduced close range gain
by applicaetion of & square weave pulse., This was found
undesireaeble since smell taergets were lost if they were
in the outer limit of the range effected by this pertiel
dis:tbling pulse., With the modificetion of the ecuipments
to .. 5-b and SG-1b & time varylng gain feature was added
and permitted close-in search with optium gein for long
renge search. In eddition to this feature the SG-b and
SCG~1b satisfied the fleet desire for better target dis-
crimination in range by the introduction of fast time
constent circuits in the video amplifier.

be The past performence of the SG series
redars has shown it to be of great value in shore bomb=-
arament, torpedo attack, staticn keeping, detection of
low flying aircraft &t limited ranges, navigation, and
long renge surface seerch. From a material standpoint
it has required little repair due to excellent design,
ruggedness endé serviceebllity. The fleet, however, still
! desires better bearing discrimination wihich could be
: accomplished tnrough the use of higher frequencies and
! incorporating sn antenna stabilizing unit. It is believed
i thet the SG-4 using higher frequency, spark wieel modulator,
and & stabilized antenns will satisfy the fleet needs for
&n adequate surface search rader for the near future.

! Cu It is recommenaed thaet all SG radars be
rought up to the standerds of those of the SG-~b or SG-1b
end that a&ll of the SG-b end SG~1lb radars be retained on
ell ships on the inactive fleet end be repleaced by the
legter model 3G series equipmenvs oa all ships of the
egctive fleet. [

2% SL Series
. B The SL reder wes aésigned e&s & small ship
surfece seerch redar. VWithin the limits of its uesign
the SL performed in e satisfactory manner, t wes rugged,

reasonavly free frcom trouble end gave ranges comperable to
those of the SG series. Obvious defects in aesign and

-

il - A - 2
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resulting difficulties in operation make it apparent that
the SL series is not edequate for the verseitils suri
search radar recuired by smell ships., Soms of the a
advantages of the SL series are: '

(1) All tergets are presented on a single
seven inch PPI scope erd no range scope was includsd.
The moveable rangs dot end besring cursor as incorporated
in the SL-a and SL-1 were an improvement over the etchied
renge circle retiiod used in the SL. However, the range
end bearing determination lack sufficient eccuracy.
S ‘Qau

evi
COL
ci

(2) Poor physical cocnstruction is
since the console stends too nigh and the PPI
most horlizoantel. This makes constant obssrvati

and greatly increases coperater fatigus.
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(3) The comstructica of
aedapted to serviceablllty. The ches
ar

is of tba consols has
all units so arranged &s tc meke garvici

ng difficult.

(4) The antenna cocntrol ig difficult GO operate,
Push button control with no provision for wenusl cperation
makes it difficult to stop the antenune on a target.

(5) There 1s no sea return suppressor which
makes 1t difficult to observe close range targets.

(p) It is recommended that all SL seriss raders
be replaeced on all ships of the ective end insctive fleet
by one of the lete model SU series redars.

;. SU Series.

8. The SU serises redars heave given excellant
performence in the fleet. The equipment being designed
for smell and medium ship use (DEfs, AM's and PC's) serves
its purpose well. It hes en sngular discrimination of ebout
L, degrees and a renge discriminetion of about 300 yards.
Its mein dif*iculty seems to be undesirsble echios from
clouds and mist which ceuse trouble when using the eculp
for pnavigetion end searchking in 2 visibilit) Pl
performence 1s better then ths EL ut it £
struction is considerebly more complicated At present 61

L s

is only one antenna spsed end 1t woul
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two or three. The SU~1l differs from ithe SU only in the
powsr supply used end tke itype ¥ gyro ilnput. Perhaps a
lower Irequency wmcdel similaer in design would eliminate
undesirable returns from clouds or mist and give the fleat
a small, surface searchk radar compsrable to the SG serles.

be It is recommended that one of the late
model SU radars be used to replace all model SL raders now
instellied. It is elso recommended thaet all early model SU
radars be replaced by the most recent model SU-2 or SU-3
on &1l ships cf the ective &snd inactive flest.,

L. SO Serles,

Be The SO series radars are installed on
patrol creft, landing craft, minesweepers, district craft,
smell suxilieries and coast guard,vessels. Thls equipment
hes only PPI presentation which is satisfactory for nav-
igetional and stetion keeping purposes. The SC types ars
gimilar in construction, but vary only in antenna weight,
power supply, epnd frequency. The S0~1 hes given good re-
sults as & surfece search redar end has proved valueble
for lending crefi use et sea and clcose to shore. It has
also been useful for navigation &nd station keeping. There
is a need for en accessory controcl unit (ACU) end true
bearing unit (TBU) modificetion toc all sets should this
model be reteined. Its resolution and discrimination
should be improved, The disadvantages of the S0-1 are its
heevy enteana, only fair resolution, &nd no sea rsturn
suppressor. The SO-4 is the successor to the S0-1 end has
a higher freguency, but little experience has been had
with this equipment. It has, however, shown better dis-
criminetion. It would be desirasble to have a 3 mile range
scale, sea return suppressor, and & mors accurate means of
obtaining rasnge ("A™ scope). The SO-2, L, 5 end 6 are con-
sidered modern since they operate at hlgher frequencies end
ere provided with sccessory contrcl units. The S0-1 and
S0~8 are considered modern, but not the best., It is be-
lieved that lete model SO series equipments should be re-
teined on ships of the esctive end ipasctive fleet where
instelled except when replecemernt by lete SU series is
inéicetec for specific reesons :

Submerine Surfsce Search RedaT.

following general cherscteristics ere
“or e submerins surf&ca search redar
poss
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8. - Renge. The maximum ranges should be such
that the submarine nes the Lest peesible chence of detecting
. the enemy before tie submarins is itself detected,; and in
sufficient time zo thet the subm=rine cen be meneuvered to

e fevorable pecsiticon to ccbducty en aettack.

s bearinc, Cloese bearing resolution is
desireble in & surfece search reder sc Lhet the contact
may be properly evelueted. ©One cf tbe primary missicns. of
the submarins is to furmish contact reports to the 0. T. C.
Any informetion obteinsble st long renges will eneble the
submerine tc give more information in the coantact report,

Y

and as wall as plan end cerry cut en expective etteck.

resclution should
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The best possible
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d. Presentaticn. The presentation coffered by
& FPI scecpe and a cleass "B"™ scope is considered adequate.
An "A" sccope is desirevle, :

8. Frecuency. The frequency should be high
enough to accomplish the required resclution snd be stend-
ardized with other types of radears in order to gliminate
need for special submsrine spare parts.

e Sheck-mounting. Present shock mounting
is satisfectory.

.enence is partioularlv
ouly one radar set in
wve long range

th stapdardizsd

1
tendard components

& lMeintenance. La
vitel 1a the submerine as ther
the surface search field VAlQh W
characteristics. Uuit replaceme
functicnal units end mezimum use
ls recommended.
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isck of FPFl -n. The shortcomings in power were
revealed in ] tances of icoLOLts sightiJg targets
ghead of the radar on mecn-lgrt nights PI presentation
was mece avaligble Tor the SJ redar as soon &s preliminary
tests of surfece ship types indicated its great value

in convoy etteck. After the introduction of the PPI scope
an addéitionsl compleint eppeared in patrol reports as to
multiple inaicetions due to the side lobes of the antenna.
The SJ remsined secure from enemy D/F equipment until late
in the war. The increase in the enemy's use of intercept
receivers forced the copereting persounnel into intermittent
use o0f the equipment commencing in the summer of 1944. This
intermitient cpereticn eppeared to give good security. It
is to be noteq that LL s redar wes also the fire control
redar, so that the cfficer at the PPI scope acted &s a
one-men CIC. The SJI redar wes repleced in only a few
insteuces by the iiodel SV rader at the end of the war. In
summetion the ifjodel SJ redar i1s now considered obsolsete
since it has Dbeen repleced by two mouels; one as an alr-
surfece search, end the other as fire comirol. SJ equipment
should remsin in the lcective submarines of the ressrve
fleet. Some time will elapse before 1C0 percent replacements
cen be mede in the ective submarines. For purposes of
training submerines in the use of radar the model ST 1is
adequate. For use against an enemy the more secure three
centimster model SS is better from the fire control stand-
pointv, and the eight centimeter modsl SV is better as a
surfece search redar.

e
mn o

Iresenta
sveral

n o
ct

i or Hodel SV, Series see comments under
Alr Sesrch II-B (b); For hoael S8, Series see comments
-C-6 (c); and For Model ST, Series

under Fire Control L
see comments under Fire Control II-C-6 (b).



http:i,_oo.el

= | T ST PR A VTP F TSRS TASaT
Al 5

‘}.-4..4 .

r-'. g Sy ———y——

| Part II.
Equipment Types.
Section B,

Alr Search Radar.

Surface Ship Air Search Radar.

1. The fcllowing general characteristics are
considered necessary for air search redars to detect air-
craft, glide bombs and rockets, acd to provide sufficient
intercept date for effective countermeasures. (This Boar
has considered the specifications for the ultimate air search
radar as set forth in CNO ltr. (Op-25) serial 001402254,
dated 8 October 1945, to BuShips in formuleting the follow-
ing requirements.)

8 Renge. It 1s considered essentisl that de-
tection equipment for alr targetvs have at least & renge of
300 miles for major combatant ships and a renge of at least
150 miles for smaller type ships. The range accuracy should
be in the order of 100 yards for purposes of accurate track-
ing end 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 predictsble in-
crease 1n speeds of air targets, much greater msximum range
capeblilities are essential in order that early detection
can be accomplished and effective countermeasures teken
during the very limited time of target approach.

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

Ca Resolution, The resolutier in range and
bearing should be the best possible consistent with the
factere of pulse length, beem width, end peak power,

Since very long renge eir gearch reguires greeter energs
per pulse, it mey be necessary tc use grealer pulse lengtihe
and so accept a somewhet reduced renge resclution &t lesst
at the very long renges. The specificaticns of the SR~4
are 4 degrees beasring resolution, range resolution of 500
Yards, end a horizontel beam width of & degrees. This is
not sdequate for the redar of the future bu“ is not guc
great an immediete hendicep in a reder whose p:‘mﬂ*y

Sion is detection of eir targets. Cnce a target has been
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43 ¢c. Kesolution.

/. ouestion isc raised nere &g {o the reletive merits of
SE-% and Sh-4 redere. It is not believed that the fleet has haed suf-
ficient experience 2s yet to meke final evaluation between 1200 1LiC and
600 1C raders used for surface search.
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detected the intercept and fighter 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 of air search
radar for major combavant ships should be a right circu-
lar space cylinder of 300 mile radius and height ol 50
miles. In order to prevent the wide energy distribution
in a single beam giving complete coverage it is considered
adviseable to use egn edditional Zenith search radar cover-
ing position angles from approximately 4C degrees to 90
degrees. This would mean that the air search radar should
search and have gcod coverage from the horizon to 50 de-
grees position angle. This will be difficult because of
the high energy required for such a wide vertical beam.
Coverage might be accomplished more readily if the an-
tenna beam were made small in the vertical direction
and "nodded™ through the limits desired.

8. Freguency. The carrier output frequency
of eir search radars should be gbove 4C0 KC in order 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 frequency equipments have
caused interference in communicetions 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 NC may prove to be more satisfactory
then existing equipments., However, it is recognized
that it may be impossible to satisfy long renge require-
ments except by the use of lower frequencies. Accelerated
development and service tests of radicelly improved air
search radar prototypes are considered essential.

T, Antenna, The air search radar antenna
must be light in weight, rugged, coanstructed for simple
replacement of parts and eagily meinteineble. Some ships
mey reguire stebilized installatlons. Present eir searct
antennss have given the fleel meny troubles such as ped-
estal fallures and corrosion of dipoles which were notb
replaceable without removing the entire entenna., The
present entennas are of light weight metal but shou
made more rugged. The use of higher frequencies may ail
greatly in correcting many present antenna difficulties
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g Shock Kounting. The shock mounting of air
searchh radar eguipments should be improved if possible
without excesslve increases in weight. Some of the air
search radar equipments now in use have been unsatisfactory

in this respect.

h. Mzintenance. The maintenance of radar
equipment must be such that repairs can be accomplished
in the minimum time possiblie. It is believed that this
can be accomplished by constructing the equipment on a
functionsl unit basis, with each unit being as light in
velight and as smzll as practicable. Standard components
should be used throughout. (See Section L on Standardi-

zation.)

; Presentation. The presentation must be
such that evaluation of the z2ir problem can be made rapidly
and efficliently. It 1is believed the present methods in
present equipments using an "A" scope for range and a PPI
scope for the overall air picture are reasonably satis-
factory. Associated projection type PPI's would be of
great value, and it is believed that new photographic
schemes giving a large size reprocuction of the master

" PPI will be satisfactory. Improved presentation with

characteristics similar to optic presentation or with
look through features is very desirable.

Je ¥oving Target Indication. It is con-
sidered essential that all air search radars be provided
with a moving target indicator system or some improved
type system that will fazcilitate tracking of aircraft

over land masses.

k. Standardization of Range Scales. The
selection of standard range scales for various search radars
and PPI scopes 1s a controversal problem which has received
a great deal of zttention by operational units and by
teclinicel designers. 8o many opposing factors are in-
volved thaet no completely satisfactory solution has been
achieved as yet and erbitrary decisions have been re-
cuired. The present standard PPI scales of 4, 10, 20,

80 ané 200 miles have Deer rezsonably S&t;c!"CbO“ for
renote PP They ¢c not appear satisfactory for Air
Seerch ra

consoles. For air search and intercept work

ar
therL is neea for 10, 20, 100 and 300 mile scales.
ith increesed erformhﬁce and future developments this
nesa will increase. The 20, €0, and 200 mlile scales are
toc long or too short for most uses. -
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g. Shock Kounting. The shock mounting of air
searchh radar eguipments should be lmproved 1f possible
without excessive increases in weight. Some of the air
search radar equipments now in use have been unsatisfactory
in this respect.

h, Mezintenance. The maintenance of radar
equlpment must be such that repairs can be accomplished
in the minimum time possible. It is believed that this
can be accomplished by constructing the equipment on a
functionsl unit basis, with each unit being as light in
vielght and as smzll as practicable. Standard components
should be used throughout. (See Section L on Standardi-
zation.)

- Presentation. The presentation must be
such that evaluation of the air problem can be meade rapidly
and efficiently. It 1s believed the present methods in
present equipments using an "A" scope for range and a PPI
scope for the overall air picture are reasonably satis-
factory. Associated projection type PPI's would be of
great value, and it is believed that new photographic
schemes giving a lerge size reprocduction of the master

" PPI will be satisfzctory. Improved presentation with

characteristics similar to optic presentation or with
look through features is very desirable,

3s Moving Terget Indication. - It is con-
sidered essential that all sir search radars be provided
¥ith a2 moving target indicator system or some improved
type system theaet will facilitate tracking of aircraft
over land masses.

k. Stendardizaetion of Range Scales. The
selection of standard range sceles for various search radars
and PPI scopes 1s 2 controversazl problem which has received
a great deal of zttention by operational units and by
technical designers. So many opposing factors are in-
volved that no completely satisfactory solution has been
achieved as yet &nd arblurarv decisions have been re-
quired. The tresent standard PPI sceales cof 4, 10, 20,

J

80 and 200 miles héve been rezsonetly setisfectory for
remcte PPI's. Thev céc not appear sztisfactory fer Air
Sezrch radar consoles. For air search and intercept werk
there is neea for 10, 30, 100 and 5300 mile scales. :
With increzsed performence and future developments this
need will increase. The 20, €0, and 200 mile scales are
too long or too short for most uses. .
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It is recommended that the question of
standard range scales be restudied and approached from
the combined standpoint of tactical requirements and
radar wave propagation limitations.

EZxperience 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 scale. 860 to SO
miles have also proved critical ranges on medium altitude
aircraft, hence the need for a 100 mile scale. As radar
performance icproves on high flying aircraft there will
be an increasing need for a range scale longer than 200

miles,

In surface search radars it appears that
the 10 mile scele is most used and considered most im-
portant., A shorter scale is needed for close work and
station keeping which has resulted in variously reconm-
mended scales of 13, 3, 4, 5, 6 and 8 miles. If a scale
greater than 10 miles is required, 30 miles seems best.
Maximum ranges on large surface targets vary from 45,000
to 60,000 yards. A 100 mile scale would sometimes be
useful in navigation and detection of aircraft.

This Board recommends:

(a) Standard scales for air search
radars of 10, 30, 100 and 300
miles,

(b) Standard scales for surface
search radars of 3, 10, 30
and 100 miles,

(¢) Standard ranges for PFI scopes
of 3, 10, 30, 100 and 300 miles.

Le Standardizetion. 411 major units should
be standardized in order to facilitate repid maintenance.
This has been accomplished in the 5R series radars in
which the FPI section ¢f the 81 is alsc the VI mmote which
can be used to replace the ¥FPI unit of the SR. In &
like manner, if the SG-3 or 5G-C is uged in conjunction
with the SR, the receivers, IFF coordinator units, train-
ing control units, menitor scopes, and rang€ sScopes are
interchangeable in eitrer of the sets. There shouldL
also pe a standardizaticn of components with reggr&_bo
shape and size in order to provide for simple mairntenance.

s 51 5 I
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ol k. Standerdization of range scales.

Cinepac concurs. However, it is believed that & grad-
ual and logical change commensurate with funds available can be
accepted. It appears that the 3, 10, 30, 100, 300 mile renge combli-
nations are desirable in future construction. The problea is worthy
of continued study and periodical review in the light cf changing
taciicel conceptis.
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2 Zvaluetion Of Eguipment Tvpss Now In Use
Bor Alx Search.

SA Serises,

Qe The SA radar has proven entirely inadequate
as an air search radar, Its 30 degree horizontal beam and
50 degree vertical beam give a very low geip and a poor
power directivity. Excessive fade zones were encocuntered
which resulted in detection at S50 miles under best condi-
tions, target fading at 40 miles, and failure to detect
target again until the range had closed to about 20 miles.
The SA-1 differed slightly in that its beam pattern was
40 degrees horizontal znd 60 degrees vertical., It is
recommended that all 5A 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 should be used for
immediate replacements. ‘

5C Series,.

b The SC 1is considered obsolete and requires
1o comment. The SC~1 which was designed to replace the SC
had the additional feature of PPI scope. The performance
of the 5C-1 as an alr search radar was fair, giving maxi=
mum reliable ranges of 80 miles on medium altitude air-
craft. The poor beam pattern gave poor bearing accuracy,
and excessive side lcbes caused ambiguity of targets at
ranges less than 20 miles. The 3C-1 also had a bearing
sector scan which proved to be neither successful nor de-
sirable. It is believed that higher speed scanning would
result in better overall coverage and presentation. The
later SC equlpmeqts were basically the same as the SC-1
bvt differing in antenna design and verious slight cir-
cuit medifications. The bad features of the SC serises
are; poor beam pattern, excessive fade zones, poor choice
of range scales inconsistent with the cepabilities of the
equipment, poor desigrn from the maintenence =tandnoint,
inebility tc treck targets cover land, insufficient shock
mounting, limited rance cepabilities, insbility to de~
termine eltitude eccur=ztely, end a pooriy designed en-
tenna pedestal. It is recommended that the SC series
radars be repleced by late model SR series equipments as
Scon &as pracu‘cable on all ships of the sctive end inactive
fleet.
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2. This section of the report is considered an excellent
presentation of merits, advantages, disadvantages, limitations, etc.,
of different types of air sesrch radar with which the fleet has had
experience. '
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SK Series.,

G The 3K radar series are the same as the
SC-2 and later 5C series with the exception of the much
larger antenna. The SK antenna horizontal and vertical
beam width of 20 degrees gives greater power gain and some-
what better resolution. The 5K-2 and SKE-3 models used a
parabolic dish antenna instead of the mattress type. The
SK-3 antenna had an additional parasitic array giving bet-
ter coverage on high flying planes at less than 50 niles
range. In general the faults of the SK series consoles
and power supplies are the same as the SC series since
the equipment ics basicslly the same. The 5K-2 antenna
suppressed side lobe radistion, but the parabolic reflec-
tor and the pcint radiation source widened the fade zones
and reduced high angle coverage. It is recommended that
all SK series radars be replaced by late model SR series
radars with improved antenna designs on all shlps of the

active fleet.

SR Series,

. d. The SR radar was the first attempt to
standardize air search radars and to prov1de 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
difficult since they have been in the fleet for only a

.short time and not enough information is available for

accurate service evaluatloq of some of the equipment
characteristics., TUpon the installation of the first

SR equipments in the fleet, two glaring defects were
immediately apparent. These are: difficult transmitter
tuning mrocedures and the short life the type 527 A oscil-

‘lator tubes. Both defects were epperently caused by the

keyer unit wkich allowed the selection of two pulse rates
and pulse lengths. Practically all reperts indicate
trouble with tuning and shert oscillator tube life, the
overall effect being a high percentage of maintenance
hours snd low operat*nL efficiency. The low detection
ranges reported were probebly ceused by fauliy tuning.
The SR rader without feciory mﬁc;‘_cvg_o, or fleld
changes 13 Gefinitely inferior to both the GC and SK
series radars in detechicn Ca?aallxu’es and cperationsal
efficiency., With the installation- the new keyer. {pro-
viding plate keyirg anéd a single ku_ue length of four

he trepspmitter tuning was simplified

and the life of the 527 4 oscillator tubes was extended
to a period compar:
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8C~CK series radars. Although there were other field changes
to the SR, this modification was of sufficlent value to
give a new designation of the equipment as SR-a. Mcst
fleet units end activities contected expressed a desire

for a 20 micro-second pulse in addition to the 4 micro-
second pulse incorporated in the SR-a on the theory that
this greater pulse length would give approximately 1.5
times the original rance (assuming constant peak power).
However, it is understood that Westinghouse has made ex-
heustive tests with the two pulse lengths and concluded
thet lititle or no extersion of range with the greater pulse
length was accomplished, Other considerations, such as
shorter tube life caused by greater average power con-
sumption, also made the inclusiocn of the long pulse length
imprecticable. I?{ is recommended uuat a single pulse leangtn
be retained in the SR~a equipment. The change of range
scale from 400 to 20C miles on the "A"™ scope was desirable
since the equipment only had a maximum range of a little
over 100 miles on alr targets at medium altitudes,

€ Available reports concerning the SR-a are
very encouraging. Although some activities querried were
reluctant to commit themsslves with a flat statement, others
are emphatic in their cpinion that the operation of the
SR~-a equipment is equal to, and in most cases superior
to, the SK in many reCpectse Enough reports stress the
ability of the SR-a to give good high angle coverage to
indicate that the SR-a antenna has some definite advantages
in that respect over the SC/SK. Although there are no fade
charts available for ccmparison, operators are of the
opinion that the fade sreas are about the same in number
as those of the SC/SK but that they are of smaller extent.
This seems reasonsble in view of the different entenna de-
sign and increased power of the SR.

. ¥ The antenna design of the SR allows the
rediation pattern to approach more idesl characteristics
than those of the SK. For most complete coverage and for
best detection and medium range trecking of aircraft, the
antenna radiation pattern should be nerrow in the horizon-
tal plene ar 1 wide in the vertical plene. This desirable
trer; in &ar T
SC-1 rader end reports from the fleet proved its qL“e.;c_-

i he
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ity for high angle coverage over that of the CIAM and ©
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f' ge AS compared to the SC-2/3 antenna the SR
antenna design tends toward the narrow horizontal and wide
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 ma jor advantage resulting from
the change. Further development along these lines is cof
great importance and should be carried forward until an-
tenna patterns of 4 degrees or less in the horizontal and
80 to 70 degrees in the vertical plene become practical,

“ewer

R e et

Maintenance Comparisonrs.

N The SR-a or the SR is definitely superior
to the SC/SK from the maintenance view point., The mechani-
cal construction of the equipment is excellent with ade-
quete test points at accessible places for completely
.checking all irportant circuits rapidly. Automatic over-
load relays, open fuse indicators, penel tuning of antenna
: tank and duplexer circuits, receiver tuning at either the
transmitter or console are but a few of the refinements
which make the maintenence and edjustment of the SR=3
E easier and more rapid than that of the SC/SK series equip-
mernt. As noted previously, the tuning of the transmitter
was of such a nature as to offset all other advantages 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
meintenance, Similar trouble was experienced with the
SC series of equipments when they first made their appear-
ance in the fleet., Another important meintenance 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 agein in the main transceiver
frame. This has the advantage over the SR-a in thet all
essential parts are located in the same frame rather than
having the keyer unit in a separate frame., The SR-5 also
hes an improved eynchro control unit. Otherwise, the
equipment arnesrs unchenged and the performance cf the

EX0 SR~2 znd SR-5 are expected to prove identicaEi.

Je About the only scurce of information on
3 1 T % Doy E .
the operators angle was that supplied by ihe RKadar Upera-
£\ tors School znd somemeagre informetion from the actlon
% I - B - 8
k
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reports of the various ships., Most operators, particu-
larly those with experience on the SC/SK, desire the lerge
12 ineh FPI scope SUDDl’ed with the SC/S 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 femriliarity accompanying it. Operators just starting
co both equipments seern to find the SR arrgngement as good
or better, The size of the conscle scope is not considered
important for the 7 inch presentation of the SR will show
up equally as well &s that of the 12 inch tube. However,
the location of the controls does merit some consideration.
With the ©R, all contrcls ere pleaced in a fashion which
mzkes it necessary for the operator to raise his arms,
sometimes to shoulder height, in order to operate then,
while the bC/Sa, 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
vhile with the SR, he must lean to the right to obtain
target composition end accuraste range. Eowever, this
eppears to be cffset by the adventege geained by the stand-
ard unit. The height of the equipment is awkward unless
a speciel chair or stool is provided. This is & minor
concsideretion tc be accounted for upon installatica and
hes pno bearing on the merits of the equipment itself.

k. The IFF presentation is a definite advan-
tage, for the separate base line for IFF purposes does
not permit interference in the 1FF system to be applied
tc the "A" sccpe. This 1s important where large concen-
tretions of radars are operating and where IFF interfer-
epce is heavy.

L. The bearing indicaticn allows quicker ob-
servation with the SR direct reading diel then "that of
reeding the "bug" ageinst the bearing ring of the SC/SK.
Since most of the bearings are taken directly from the
FPT however, this is not a major edvantage.

me Dissetisfaction has been expressed in
preciically all caeses with the antenna speeds provided
with the SR eguipment. At present they stand at either
12 or 5 BPM, the one being tooc slow for good Fighte:
D-*er ion wor¥k end the other being toe fast for this
ecquipment. MNost ships have “emea¢e¢ this with unesuthor-
ized modification in the field to allow operation of from:
2 tec £ RPM end e stendsrd field change is scheduled for
a variasble rete from 1 to 5 RPM which will eliminste this
difficulty.



{ Conclusions.
! Q. As previously stated, until such a time as
a large volume of reports 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-
% e2bly clear and lead tc the following conclusicns:
O. The present SR (unmodified) is not sdequate
or satisfectory in its present form to replace either the
3 the SC or SK series radars. Short tube life, difficulty
i of adjustment and the eccompanying sho;t detection ranges
make it undesirable.

. 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 poc31b1e date to all ships having SR instal-
lations. Preferable to this is the replacement of the SR
with the SR-5 or higher frequency models of this series
equipment as they becoma availeable,

Qe Comparative Trial data are reguired on
200 me., SR-a radars and those of the new SR series air
Search radars using higher frequencies, above 400 rec.

Submarine Air Séarch Radar,

3. The following general characteristics are
consldered necessary for a submarine rsdar to efficiently
detect air targets and to provide sufficient informatica
for the submarine to teke effective countermeasures.

e Renge. The maximum range capabilities .
should be  such that the submarine will have sufficient time
to take defensive countermeasures before the aircraft can
locate the submarine, Present ranges of submaripe air
Search radar have been from 15 - 18 miles which is not
satisfactory end must be extended particularly if the
submarine is to be used gs en early warnirg redar pickei,

< b. Bearing. The Bearing eccuracy shos be
" 8ufficient for the submerine Lo give accurate ea:i; WET -
ing data to octher forces.
Ce Resclution. The Resolution in range and

beering should be sufficient for the submarine to evaluate
an gir attack and to provide achra?e early warning data
to cther forces before taking recessary countermeasures,
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d. Position Angle. The determination of posi-
tion angle 1s necessary if the submarine is to be used as
ean effective fighter direction vessel.

€. Presentetion. 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 tergets overhead as well
ag thecse approaching,

f. Antenna. The submarine antenpa should be
as small as possible tc prevent visual detection. For
this reaeson it i1s believed that periscope-mounted wave
guide antennas are the most desireble, Since such an
entenna innerently has a wide lobe, bearing accuracy may
require the use of high frequencies and some form of lobe
switching.

Se Zenith Search. The submarine air search
radar should be capable of giving complete vertical cov-
erage. The determinaticn of position angle is desirable
in that it gives the submarine a better picture of the
tectical situation, but this is not considered essential
since the patrol submarine is largely interested in the
presence and general direction of en air target rather
than its altitude. A wide vertical lobe antenna pattern
in conjunction with FPI presentetion should give indica-
tion of a target in the vertical sector by producing a
circle on the PP1 scope when the antenna is rotated.

bh. Automatic Tracking. This feature is not
considered necessary for the elr search submarine radar.

i. Frecuency. Because of the small antenna
requlred the carrier output freguency should be as high
as possible without suffering excessive interference from
atmospheric conditions.

Je Shock Mounting. The shock mounting as now
provided in the 5V radars is considered satisfactory.

) 2 Neintenance. The Mairnie

enane e
are the same as those set forth in Part II-B—l(h

L3 8 = LI
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4, Evaluation of Equipment Types now in Use
for Submarine Air Search. '

SD Series,

8, The performance of the SD series for sub-
marine use has not been very good. The disadventages are:
Insecurity Irom enemy interception, inability to detect
low flying aircraft,; and lack of bearing information. Since
the submarine is not by checice an anti-aircraft vessel il
wags sufficient in the sarly phases of the war merely to
know that a plane was present, regardless of where it was.
The weakness of insecurity from enemy intercept became s0
great that varicus forms of intermittent use were dictated.
Patrel reports have shown that this radar was seldom used
because of this bad feature. A replacement program is at
present underway to replace the Model SD series on active
submarines and should be carried out.

SV Series,

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

large Surface ship 60,000 yards,
Small Surface ship 45,000 yards.
Suybmarine Surfaced 35,000 yards.

This radar will serve the needs of the present and near
future, but the radar of the foreseeable future should
heve a radically greater range and complete coverage par-
ticularly if the submarine is to be used as an early warn-
ing picket. It is recormended that this radar be retained
on all active submarines, installed on new coanstruction,
and steps taken to improve its coverage and range on air
targets.

reh Radar. The following gen

-~
yonsidered necessarxry for g Zexnlith
4

()]
D

eral characterisiic
Search radc“ to eff
tc provide sufficie
to be taken:

— Zenith Ses
il ul sea*cn the ovevheuc sector and
1t data for effective courntermessures

8. Coveragce. The Zeanith search radar should
cover a conicel volume of space through position angles of
40 degrees to 90 degrees with 2 maximum slant rangs of not
less than 30 miles.
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fer il Searchi.

It ie desired to note that development of Zenith
Search redar should not have higher priority than efforts to pro-
vide the best possible long renge coverage. Atomic bomb concid-
eretions emphasize this point, ’
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B ?resentnt*on. The presentation shculd be
such that bearing, pocsition angle and range are con’eniently
displayed.

6. ethods Used for Zenith Search:

a. S5G radar with Zenith search reflectors.
Thie gcheme necessitated the removal of the standard re-
flector and replacing it with & special reflector to give
zenith ccverage. This obviously ccmpromised the use of
the SG radar as a surfece search radar and was not very
ccnvenient to use. Such a scheme is not considered szt-
isfactory and has pot proven satisfactory where tried.

B, SCR 72CB. This method emploved an airborne
radar using a spiral scan covering the overhead sector from
position angles of 50 degrees to S0 degrees. This method
is considered a more logical approach to the problem since
it only requires the addition of a light equipment specially
suited for the purpcse. The SCR 720B is no longer used but
it served its purpose as an interim measure. The design
of an equipment fo be used specifically for this purpose
is consicéered essential and all ships of the active flest
should be equipped with such a redar 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
ef interception agalnst attack by aircraft, glide bomb, or
rockeu.

a. Range. The maximum range capabilities should
be ccmparable to the range capaebilities of the air search
radar in order that interception data may be provided imme-
diately after detection of the air taerget. Present inter-
cept radars have given average ranges of about 60 miles,
which was sufficient during the recent war. However; the
predictable increase in target speeds mekes it mandetor
that the range be radicelly extended. The range accuracy
should be high enough to provide accurate tracking data.

It is believed that plue or mipus 200 yards ranpge accuracy
will satisfy this requirement.
b. Bearing. Since interception must be made
8t much greater ranges in the future, the beering accuracy
must be improved. The bearing accuracy of the 5P radar is
about plus or minus .5 degree using the eight foot reflector.
II - B - 13
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COMMENT BY CINCPAC
An entirely satisfactory Zenith Search radar has pot

been furnished to the fleet as yet.

6.

SECRET




E
|

‘ i‘}wﬂrgr..-.

e S . .

SECRET

This has been satisfactory since interception was made at
relatively close rangze. However, if interception is made
at 250 gilles, an error of .5 degree means & laterial error
of app rox1mate ly 2 miles, Bearing accuracy of .25 degrees
or less should be the goal in future intercept radar equip-
ments.,

C. Position Angle, The position angle accurascy
should be as high as possible, The SP radar at present has
a position angle accuracy of about plus or minus five milSe.
In terme of altitude tlis is plus or minus 1000 feet at 30
miles or 6000 feet at 240 miles. This is not considered
satisfactory r future use. Since position angle and range
are used to determine altitude, the position angle accuracy
should be in the order of 1 or 2 mlls.

d. seolution. Rescolution is an important

requirement for the interceptlion problem at long ranges

snd should be improved in view of great target speeds to
ba expected in the future.

1
-

c' )

B Presentation. The method of presentation
must be such that &ll cats necessary to cerry out the in-
terception is conveniently displayed. Present equipments
giving renge, bearing, and altitude data are considered
satisfactory inscfar ac the method of presentation is con-
cerned. Development of simulated opticel presentation
schemes and "look thru" features may be valuable,

49 Acguisition. The problem of target acqui-
sition assumes 1moorta, e whenever a "pencil" beam radia-
tion pattern exists. ince this is of necessity the tyrpe

of beam used in an intercept radar, some means other than
rocking the antenna should be provided to improve acquisi-.
tion. It has been suggested that & nodding dipole or nod-
ding waveguide feed shculd be provided for the purpose of
vertical accuisiticn. Due to the excessive weight of the
SP/SK entenna it is not considered practical to p“ovide auto-
matic antenna nodding such as is used in the iark 28 Med.

2/4 TACU syctezh Spiral scanning and variable beam width
should be considered.

8. Eveluation of eguipmenis pnow in use for
control of terception.

a S Radzr. The 8K rader was the first ship-
borne eguipment designed for the ceontrol of fighter direc-
tion. 1Its exzcessive weight (18,000 1bs.) limited its in-
stallation to large aircraft carriers, It was used for low
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angle search and gave good ranges on low flylng aircraft
and surface ships., Since the performance of the S has
been the same as that for the SP, the much lighter version
(9,000 1bs.), the difficulties and recommendations will be
discussed under the SP radar,

b, SP Redar, The SP radar is the lighter
weight versicn of the Sk which permitted its installation
on small carriers, battleships, cruisers and even special
destrcyers. The performance of the SP has been good, wich
ranges of ebout 60 miles on medium height aircraft and

reasonably accurate eltitude data. This radar has partially

satisfied fleet needs for the past -and will probably have
to be used for the present and immediate 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 troublescme because it apparently
lacks sufficient gain to operate fol-
low up circuits without hunting.

(3) The extreme complexity of adjustment
of the stebilizing system as a whols
has proven to be beyond the capabili-
ties of most radio technicianse.

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

(5) Communication, and bearing failures
end excessive end play in various
motor generators heve been the cause
cf many failures,

—
[92]
~——

Amrlidvpe feilures haeve been numerous
either due to the emplidyne being un-

derreted or influenced by proximity to
high power redio freguency fields.

(7) Altitude determination has often been

erratic because of the errors cof the
stebilizing system.

II - B -~ 15
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(8)

(e)

The "B" modulator has proven to be
useless because of poor design,

The entire systea is so complicated
that average fleet technicians have
been unable to cope with it. Partial
satisfactory operaticn was obtained
largely through the efforts of fac-
tory engineers.

The following suggestions and recommends—
tions for improvement of the SP have been compiled from
fleet reports and from personnel at the Electronics Main-
tenance School, Oahu, T. H,

(1)

Improved antenna ccntrol system neces-
sitating redesign cf the follow up
system and a lighter antenna.

Izproved 600 cycle motor geanerator
set used with the "A" nodulator.

ck system

Improved anti-hunt feedoa
sble element,

€edpo
in the Mark 8 liod. 3 st

(4) Modify equipment so that three modes

(5)

(6)

(8) NMeke calibration of range

of operstion are pessible. These
should be true-stgbilized, true-un-
stabilized, and relative-unstabilized.
This is deemed necessary in event of
failure of the stable element.

Iatitude correction synchros should
always correct fer earth rotation in-
dependent of relstive-true operation.

Provide means of diﬂenzagAxg bearing
handwheel when slewing motor is uscd.
The unbalance of the handwheel causes
& periodic varying search speed of th
entenna.

univ
encush for operator tc a»oomplish.


http:omplJ.eh

B S S ——————— . ——

SECRET

(9) Provide stabilizing signal amplifier
with electronic feedback circuit which
can be suitably adjusted to allow op-
eration of the follow up circuits with-
out causing huntinge.

It is recommended that SP/SM radars be re-
tained in all ships of the active and inasctive fleet until

such time as the SX or a better intercept equipment becomes
availeble,

=
)
¢
(o3}
.
]
~1




_jHSECRET
= Part IT.

Equipment Tﬁpes.
Section C.

Fire Control Radar.

1 Surface Fire Control Radar. The fellow-
ing general characteristics are considered necessary for
any radar to efficiently control RKaval Cunfire ageinst
surface and shore targets.

a. Range. The maximum range capabilities shoculd

3 be such that 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 ccntrol
radars have fulfilled this reqgulrement. The range accuracy
| of the latest types of eguipwent has been satisfactory and
3 commensurate with the range accuracy of the associated gun
o battery.

b.  Bearing. The bearing accuracy should be such
that accurate tracking can be accomplished at maximum
range and must be commensurate with the inherent deflection
Gispersion 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 cne to three mils. Meximum possible bearing
accuracy 1is required for full radar control firing.

Cs Resclution. The range resolution should be of
(72 the order of mazgnitude of 100 yards 1n order to permit
tracking of targets close to land masses and to permit ef-
3 fective fire on targets having approximately the same bear-
: ing and differing slightly in range, and to permit accurate
spotting. Bearing resolution shoulid be such that twe tar-
gets having a range difference less than the range resclu-
tion of the ecuipment and z bearing éifference cf one &nd

i
1
$~;3 one helf degrees or more cen be clearly identified
I:;g' separete targeis.
i
=
f d. Spotting. Accurate spotting by radar is an
! essential requirement. All surface fire control radars
: should be provided with the be3u posceible means of radar
N spotting, both in range and ezimuth. In order toc atcomplish
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this it is considered necessary to design all surface fire
control antennae 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 satisfectory and is more easily maintained. How-
ever it is recommended that experiments be conducted to
ietermine the feasability of incorporating the nutating
wave gulde principle in horizontal scan antennze in order
to further simplify the scanning mechanism.

e. Presentation. The redar presentation should be
es similar to optical presentation as possible. The B type
presentaticn is admirebly suited for this purpose and is
! also the best method known fer spotting. The fleet has
found that equipments using the type B presentation have
been more useful than those using other methods such as fipip"®
matching and “wonder spotv.

- Automatic Tracking. Automatic tracking features
er'e considered very desireble. These features shouid be:
automatic remnging, automatic bearing follow up, wanual or
lock in® control, automatic feed of range and bearing rates
directly to the computer, computer aid circuits to permit
continuous tracking during momentary target fades, and pro-
visions for zutomatic display of target course and speed,

‘ own ship course and speed and cother pertinent data to remote

stations such as CIC, 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 obtalned.

T
E. Frequencye. The carrier output frequency of the
urface fire control radar should be as high as practicable
without suffering excessive interference from atmospheric
disturbances. The fleet hes experienced some difficulty in
the nXr® band cue to "treppingn", phzntom targets, and reduced
ranges in misty or foggy weather but is highly satisfied
with the higher resolution, greater accuracy, and lighter-
ecuipments obtazinecd by the use of these higher frequencles.

h. Snock Mcunting. Little cifficultly bas beexn
encountered in lzte moael eguipments, such as Kark 13, &s &
result of insufficient shock mounting. It is believed that
continued necrmel developments elong this line will correct
eny minor faults now existent.

Wlm
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i. JMaintenance. The maintenance of radar eguip-
ment must be such that repairs cen be acconyli :ed in the
minimum time possible. It is believed thet 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 units should be racked in the
main frame and be easily removeble. Inter-unit connection
may be accomplished by the use of pin-jack terminal boards
et the rear of each unit. Partizl examples of this type
of construction are found in most equipments, but the pregram
should be carried out wore fully. If space conditions per-
mit, it would be of advanteage to have bench testing facili-
ties which would permit servicing of the faulty unit et
leisure after the rapid repair was eccomplished by replacing
the faulty unit with a spare. It 1s believed that necessary
reductions in weight and size can be accomplished, as is in
the case of many aircreft radars, by the use of minizture
tubes and components encg higher frequency power sources.

2a Evaluzticn of single andéd double purpose
Equipment Types now in use Ior turiace rire control:

a. Mark 3 This was the first fire control radar
equipment used and is rapldly being replaced by more modern
types. 1t operated in the 700 mc. band. This eguipment
had many limitations which made it unacceptable for an ef-
ficient fire control redar. These limitations were: in-
ability to obtein accurate bearings; inzbility to give ac-
ceptable range and bearing discrimination; lnadequate pro-
tection against shock and vibration within the equipment
itself; limitec spotting CapabllltLeS. As an interim
equlpment in fire contrel radar development this radar
served a very useful purpose. It is now obsolete and
should be replaced on all ships in the azctive and reserve

fleet.

B. Mark 4: Since this equlpmenu, althougb a
double purpose e radar, is the same as the Mark 3, with the
exception of its antenna and position angle scopes, the
same comments as meﬂtioned above for the Mark 3 apply when

this equipment is used {or surface flre control. This
ecuipment is discussed in subseqguent peragraphs on &
aircraft radar.
(e ifark 8 Series: The Mark 8 ¥Mod O ma&in battery
s aevelopeda to eliminate the short-

fire contreol redzar w
comings of the iuea
ment to employ & rap
using a "polyreccd" an
®ith the "sS" pand 1

pe radar. It was the first eguip-
iinear norilzontal scanning beéam

a. This type of scan in conjunction
ency made use of type YB" presen-
spotting. "“e frequency used per-
mitted a narrower beam and its resultant i ease -in bearing
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accuracy. The chief disadventeges were extreme mechanical
and electrical complexity of the system as a whole znd the
excessive weight which limited its use to mzjor combatant
ships. The Merk 8 ¥od 1 improved the maximum range obtain-
able by use of a redesigned transmitter and receiver having
respectively greater power output and greater sersitivity.
The lark & od 2 was developed in response to fleet require-
ments that the range operation be removed from the director
to the main oatte¢y plotting rocm. 7The KMark 8 iod 3 develop-
ment resulted in the following advantzges: reduction in
antemna weight of nearly 2000 pcunds; an electricaelly and
mechanicelly simplified antenna; a greater maxipum rencge;
better spotting capabilities resulting from the i’ ler i
better bearing &ccuracy and resolution and the better range
resolution a2ll resulting from the higher "X" freguency band
used. It is recomuended that all ¥ark 8 radaers be replaced

by the Marx 13 (see paragraph (e) below) in all chips of the
active postwar fleet. If there are insufficient Mark 13
equipments now on hand or in production to supply the ships
of the inactive reserve fleet it is recousiended that the
liark 8 be retained in ships of the inactive reserve having
same until such time as new eguipments fully mecting the
requirements of tne fieet cen be produced. All of the liark
8 eguipments retzined shculd be brought up to tLe -tandards

of the Merk 8 Mod 3.

d. Mark 12 Series;: The Mark 1l2 Mod C was developed
as a replacement moael for the Mark 4 radar. This eguipment
has shown marked improvement in reliability, serviceasbiiity,
range capabilities, side lobe suppression, and tracking
accuracy. Its automatic trecking in range and the computer
aid circuit are a partial answer to the fleet needs for
complete automstic tracking features. Fleet reports heave
indicated that the spot presentation is a qupe rior msthod
for trecking in train and elevation, but reult cuwp1e 1ty
make proper adjustment difficult. These reno*ts eglso indi-~
cate that the lasrk 12 is superior to the Mark 4 and has given
very setisfactory results with the exceypticn of heving limi-

ted spotting facilities, and insufficient range and bearing

resolution. The Mark 12 Mod 1 is identical tc the nark 12
Kod C except that the range unit was removed fron thz direc-
tor to the recer transpitter room. In adaition 1 Liie
r**L;V(MAC" wmentioned for the Mark 12 Nod O, the Mark 12

¥od 1 is limited by the wanual range step control in the
director pernittlnb cenly & 300 vard per revolution chiange

in renge, and by the t%coasting¥ of the range step when :
using the sle'th control. The test unit incorporated in

1
i
|
P
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in fﬁﬂ transmitter has proved valuable, but it is difficult
to keep in prorer operation. When modifications are made

to permit better control of the range step by the range op-
eration in the director, it 1is recommended that Mark 12 Mod
D be converted to Kark 12 Kod 1 on all ships of the active
and reserve fleet. It 1s further recommended that the Mark
12 ¥od 1 be retained as duzl purpose Iire control equipment
until such time that a completely new radar system is devel-
oped which will satisfy the minimum conditions for the fleet

needs set forth in sections II-C~-1 and II-C-3.

e. Nark 13 Series: The experience gained through
the limited use of this ecuipment hes shown that of all ecuip—
ments now on hand it most nearly meets the requirements of
the fleet as stated in section II-C-1l. It has performed
well operationzlly, providing excellent spotting, a high
degree of range and bearing resolution, and good maximum
range. The system 1s 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 tracking features as discussed in paragraph (C,
1, f). It is recommended that Mark 13 equipment be in-
stelled on 2ll new construction battleships and crulsers.
It is 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.

s ¥ark 26 Series: This equipment was designed for
use on Destroyer Escorts and auxiliaries and is limited to
giving range data only. It 1s used with the Mark 52 direc-
tor and originally served the purpose for which it was de-
signed. However, if the ships on which the Mark 26 rzdar
1s installed are used for picket duty, as was done near the
termination of the war, it should be replaced by a mcre
versatile redar. 1Its performance within its designed limi-
tations has been considered very satisfactory and it is
recommended that it be retained for the use for which it
was designed.

E. Ker K 28 Series: The Mark 28 egquipment wes cyiw
€inally designecd for auuomauWC weapon contircl on lar
ships but was &adapted for use with the obsolescent hark e
director for secondary battery control on some large ships
and for main battery cecntirol on some destroyvers as an emer-—
gency measure. ILts performarnice in the above connection was
inadequate. Fleet reports hdve shown that this inadequacy
wes caused by the {ollowing: circuit complexity of the
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system as a whole, insufficient raznge capabilities to per-
mit tracking beyond the range of the gun battery involved,
inadeguate spotting facilities and lack of automatlic track-
ing features. The advantages of the Mark 28 Mod 0/3 are:
llg nt weight, smell space reguirements, adaptability to
unit replacement, reasonably good range and bearing resolu-
tion, and minimum side and back lobe radiation. It is
recomzended that the liark 28 series be classified obsolete
for mein and secondary pattery Ifire control and be replaced
by the Mark 24 ¥od 2, 3, 4, or some superior egquipment on
21l ships of the active and inactive fleet. If cnanges in
director systems permit the installation of heavier equip-
ments it is recommended that the Mark 12 ( or Mark 13 if
weight and space considerations permit ) be installed.

The Marx 28 eOuikﬁenu may prove useful as a general purpose
fire control redar for small ships and auxiliaries because
of its light weight and reasonable performance, and should
be retained for such use where required. It is also con-
sidered useful as a gunnery officers information radar and
should be retained as such in large ships until something
better is available. The Merk 28 ilod 2 and 4 was later
used with Kark 63 cutOMatiC weapons control system and is
discussed under ¥erk <8 in a later paragraph under AA fire
control redar.

3 inti-Aircraft Fire Control Radar:-

The followling general characteristics axrg
considered necessary for any radar to efficiently control
neval gunfire agasinst eircreft, glide bombs, end rockets:

8. Range: - The meximum range capabilities

should be such that a solution can always be obtained prior

to the time thse range bas closed to the meximum effective
range of the gun battery. In general, the fleet has found
thet the range cepsbilities of the latest types of anti-
eircraeft fire control raders have barely fulfilled this
reguirement for present 5" - 38 cel. batteries. It 1s bpe-

lieved thet with the sdvent of fester eircraft, gulded mis-

sileg, and rockets, the meximum renge of both radars ena
guns must be radicelly extended. Development of a grestly

improved long renge L.A, fire cozircl reder 1ls therefcrs
mehtrlcrr. The renge sccurscy of the recent type ecuipment
hes been setisfactiory ena consistent with the accuracy of
the associated gun battery. (i.e. fuse times etc.).

b Bearing - The besring accurecy should be
such thet te TrecaLing cen be eccomplished at meximum

L ]
ac
renge and su
%
(¥3
a

lent of the gi.en by cpticel methods. The permissible
error shculd not ve greater then 1 mil and sxoulu be &s
II -C -6

et gun-laying sccuracy will De tLe gouive-—
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much less as possible. The recent types of anti-aircraft
fire control redars have shown reesonably good bearing ac-
curacy. However, with the increased speed of aerisl targets,
Improvements must also be made in this respect. At present,
the primery difficulty experienced by the fleet can be
traced to the "humen"™ error resulting from presentation
methods (see Presentation) rather then from the inhereant
arror of the radar system itself. The Mark 25 rasdar (now

rk ‘ under contrect) is understood to have & bearlng accuracy
E - of 1 mil.

i.@l. : - g 3 d» 1 TP - ) . - (Y e
iné Ce Position Angle:- The sccuracy of deter-

mining position angle should be the same as that specified
above for bearing. Here again it is not so much the lack
of accuracy of the equipment, but the lack of eccurecy re-
sulting from the "human" error, caused by the method of
presentation, thet is not acceptable. Position sngle
should be determined to an accuracy of plus or minus one
mil for position angles from one degree to eighty-five de-
grees, The cnly eculpments which heve approaeched thls re-
gulrement are the lMark 22 end Msrk 34 which heve been able
to determine position angles as low as two degrees atove

¢ the horizon., The Merk 25 radar is understood to be eable
to determine position engles to aun accuracy of one mil.

be about 100 yards or better in order that the "avereging"”
effect of multiple targets ln the same general areas, causing
the radar to select the average poiat as the point of aim,
will not be sufficient to permit the targets to lie outsids
. the lethal radius of the projectile burst. The bearing and
. position angle resolution must also be sufficient tc elimi-~
- nate the effects of "averaging™ in these components., It

is believed thet 0.65 degree beam widths may satisfy this

- requirement and it is understood that this will be the Deanm
" width of the lerk 25 redar.

l d. Resolution:- The range resolution should
3
F

B €. Moving Target Indicator:- It is counsidered
essentiel thaet all sati-aircrafi fire control raders be
provided with a moving target indicsator system in order to

= permit trecking of eircreft making epproeches over lsnd

*c@“ mssseg
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T, Target Acquisition:- L1 enti-gircralt
fire centrol redars must bé provicded with a rapid end ef-
ficient mesns oi terget scguisition in order to permitl
tracking es socn efter detectlon as pos sible. ZProvision
should be mede for menual or eutomaetic locking of the scen
exis on the target after the target has besen found by tie
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3 Be e dle AA Fire Control Radar.

_‘ o
i
b

Agein it appears mecessary to comment that Mark |
25 Radar, although undoubtedly superior to those with which the flest
as & whole is familiar, should not be considered the uitimate ip design.
Continued effort towerdse improvement is desired. It is understood that
the Mark 35 Radar integrel in the Gun Director Merk 56 will provide a
much superior system.
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ecquisition bearz. "”'CU" such as used in the Mark 28
liod 2/4 and the Yark 34 Xod. 2, has provsen to be reason-

ebly satisfeactory, slthnougn thers has been limited exper-
ience with this equipmeni. It is recommezded that experi-
ments be conducted to determine tiLe feasitviiiiy of usiag
nuteting wave gulde scan for target ascquisition purposes,
Another possibility for improving target ecquisition systems
mey be the use of varisble beam width radiation patterns.

o Spotting:=- Accurate spotting by radar 1is
considered an essentia. requirement for the accurate control
cf long renge end medium range gunfire ggainst an eeriel
target. All AA battery fire control redars should be pro-
vided with the best pcssible means of redar spotting in
renge, deflecticn, and elevation, In order to accomplish
this, two possgibilities become apparent, These arse: the uss
of two antennas, one for vertical scan end the other for '
herizontal scan utilizing class "C" presentation (azimuth
versus elevation) for the purpose of elevation spotting and
cless "B" pres:zntation (range versus azimuth) for the pur-
pose of range and deflection spotiing, or the use cf a singlse
entenna employing a spiral scan end utilizing claess "D" pre-
sentatlon (azimuth versus elevaticn) for the purposs of
geflection aud elevation spotting and an "A" presentation
for renge spotting. However, for dual purpose gun fire con-
trol it is believed thet the first method is mors desirsable
Descriptions ¢f the Marx 25 radar which heve been received
by this Board indicate that this equipment may be adaptabxe
to the requirements set forth in this sect;on.

h. Presentation:~ The radar presentation
should be as similer to the optical presentation as possible.
The class "B" and clsss "C" methods are edmirably 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 operastor.

Autometic Trecking:- Automatic tracking
features are essentiesl for all antl-aircraft radars snd
associeted guns. These festures should be: sutomsatic
rencing, eutometic besring £nd elevetion follow up, maﬁual
or lock-in coptrel, sutometic feed of renge end beering
rates dlrect to the computl er, compuier eid circults to
permit continuous trecking during momentery terget ;eaes,
and provision for eutcmetic display of terget course, speed,
aive or o¢1;b engle, altitude, snd other pertinent data tc
remote stetions. The range, beering end elevation rates (mede
aveileble by eutometic tracking) used in conjunction with

Il = 0 =P
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target present position data could well be used to provide
an optical presentation of the overall eir attack plcture
by using this informetion to control a moving light spot
projected on a large plotting board.

L Remarks on Frequency, Shock, Mounting end
Maintenance: ere the same as set forth In paragraﬁhs (g),
(h), and (i) in Part II - C - 1,

4. The Eveluation of Ecuipment Types Now in
Use fo: ‘nti-Aircralc Fire Conurol.

‘ : 8. Mark L;- The same remarks es set forth in
paragreph II-C-20 apply with the following additional com-
ments: This ecuipment has proved unable to obtain eccurate
poeition angle deta at position angles below twelve degrees
end is therefore inedeguate for use ageinst aircraft ettack
et low positlocn angles. The Mark IV radar equipment is now
conslidered obsolete ené skould be replaced on gll ships of
the active and inactiive flests,

fl b, Magrk 12 Series:~ The seme remarks as
i set forth in IT-C-Zd apply to tihls series wihen used for AA
fire control. In sddition, difficulty has been experienced
in obteining asccurate 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
hes found that this combiretion of radars is reasonably
satisfactory within the limitations of the Merk 22 (Ses
s Mark 22). It is recommended thet the Mark 12 Mod. 1 -
= Mark 22 combinetion be retained on all ships of ivhe aciive
-~ and inactive fleet as a dual pur Tpose fire conirol system
~ until such time &s & new equipment is developed which will
.~ satisfy the bssic recuirements for the fleet set fortn in
baragraph Ii-C-3 ebove,

i Ce Mark 22 Serieg:- The Mark 22 Mod. O radar
e equipment was designed for use with rsdar ecuipments lMark 4

and Merk 12 to provide low angle tracking of eircraft.

This rader has proved very velueble when in proper cpera-

tion. However, leck of sufficient cperetionsl end meinten-

& apnce trelining and the circuit complexity of the system bel

[ " ceused the {lee. serious difficuluy LL meintaining the egui
ment 1n opereticn. These adirficulties have resulted Trom
the ollom;nb.

P —

U

(l) The Klystroan local oscillater, whose
frequency stability 1s Lighly sensitive fto temperature
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f cbenges, 1s located in the trensmitter unit on top of the
director in s very exposed posiiion, If practicable the
regnsmitter unit skould be reloceted within the director
or in & compartment as near the director &s possible.

(2) The Mark 22 Mod. O provides only ele-
vaetion Informetiion which is presented on & "collapsed™ "C%
scope glving elevation Information only at the pointer's
location in the director. It is understood thet in sd-~
cdition the lMark 22 Yod. 1 will provide the more desirable
feature of full "C" presentation at the range operstor's

position,

-

e

(3) This equipment is not sufficlently
shock mounted fer ship board use. As a result, tuning 4dif-
ficulties are experlenced, especielly in connection with
the sutomatic frequency coatrol features,

(L) Accidentsl movement of external con-
trols on the mein freme occurs as a result of crowded
conditions in the director. It is considered desireblse
/L\ that these contrcls be recessed into the front panel.

(5) Since the Mark 22 is "keyed" by the
Merkx 12, power supply breskdowns to the Mark 12 permit the
Merk 22 megnetron to cool and be dameged 1f the Mark 12
resumes operation before the Mark 22 is placed in the
"standby" condition., This could be remedied by a modifi-
cation to the Mark 22 ceusing the magnetron cathode heater
to be automatically cut on when the tube starts to cool.
Since the Mark 22 redsr equipment hess sided meterially in
fighting efficiency and since the above difficulties could
be remedied without mesjor chaenges in the system, it is recom-
mended thaet the Mark 22 Mod. 1 equipment be retained for
use in conjunction with the Mark 12 Mod. 1 on all ships
of the ective end inactive fleets as = auei purpose fire
control system urntil such time as new eqguipment meeting
all the btasic requirements for the fleet set forth in pera-
greph II-C-3a is produced.

&, Merk 22 Series:- The Mark 28 serles
rec¢er equipment hes been oniy partielly setisfeciory &8 &
duel purpose reder system with tTlie Mark 33 director, but

hes been ressonsbly setiefactory ess a heevy mechine gun
firs control radar with the Mark 63 directer.

The Marx 238 Mod. 0/3 equipment, as used
i with Mark 33 directors for dual purpcse contrcl, showed the

11 -C+=10
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following difficulties in addition to those listed in para=-
graph II-C-2g: serious aifficulty in locating air tergets
end poor position angle determination on low flying sir-
craft at position angles of 6 degrees or less. The Kark 28
Mod. 2/L equipments hed the additionel feature of a target
acquisition unit which sided greatly in loceting alr targets
and permitted these equipments to be used with the Mark g
director system. It is recommended thet the Mark 286 Hod u/)
be classified obsolete but that it be retained with Merk 23
directors only until such time as the Mark 33 director
system 1s replasced by & satisfactory director system. It
is further recommended that the Markx 28 Mods. 2, 4, used in
conjunction with the Mark 63 director system, be replaced
by Mark 34 Mod. 2, 4 cn ships of the active flest, but re-
teined on ships of the inective fleet until such time es an
equipment is produced which will meet the basic requirements
of the fleet a&as set forth in II-C-3a. The Mark 28 redar
hes besn used to sdventege as a gunnery officer's informa-
tion radar in large ships and should be retained as such
until somethlng better is available. The Mark 28 may also
be useful for inmstallation on auxiliary types of chips &s a
general purpose fire control radar. Many such ships that
will remein in active service heve no adequete fire control

radar.,

6. Nark 34 Series:- There appear to be very
marked advantages to the use of 3 centimeter redar systems
as compared with 10 centimeter systems for blind firing
control of AA sutomatic asnd heavy mechine guns on gll types
of ships. The Mark 34 series radars are composite equip-
ments using 3 centimeter transmitters and antennas, The
present status of the various Mods. is understood to be as

.~ follows:

Mod. 1 - Never produced.

Mod., 2 =~ Usesgs ST trensmitter and Mark 28
Iod 2 below deck componentis.

Mod. 3 =~ Uses Mark 19 below deck components.

¥od. L = Uses Mark 28 below deck comuponents.

S Sl g e

Merk 34, series beceuse 11 1ls & recent iustslletlion, How-
ever, operational training exercises b&ve indiceated Eu&t
this is an excellent rsder with wortiiwhile sdvanteges over
earlier systems. The fleet desires that this type of
equipment be caepsble of full automatic tracking in ell fu-
ture design and plsnning., In the interestis of stendardi-
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fied obsolete gand th
place the Mark 28 1o
systems on all ships
should be given to s
aective reserve,

'

d t the lfark 34 Mod. 3 be classi-
tle Merk 34 Mods. 2/4 be used to re-
in Msrk 63 and Mark director
active fleset. Consideration
lar replacement on ships of the in-

| ~a
147]

L. Mark 25 Series:- Thie rsdar, now under
contrect, will probebliy satlefy many of the present re-
guirements for en efficient enti-aircraft fire control
! redar. It is a combined 1.25 end 3 centimeter sutomatic
; trecking system with &n oversll weight of L4000 lbs. The
performeinice to be expected and the specificetions cf dsesign
ere listed in "Redar Survey"™ Secticn II page 2 -~ 69,70,71.
If the Marx 25 redar meets specifications it should be in~-
stelled in e&ll sppropriste units of the active fleet.

{+]

De Submarlne Fire Control Radar. The fol-
lowing generasl characterlistics are considered necessary
for a submarine fire cozirol radar Lo control efficiently

torpedo, gun, &id rocket fire.
g Rangs. The range cepabilitiss of sub-

perine fire control rader should be such that a solution
of the torpedo or gunfire problem can be reached before
the target should be fired upon. 1In the case of torredo
atteck part of the apprcech phase mey take place cn the
surface. This will require a meximum range of rater eguip-
ment of about forty to fifty thousand yards on large com=-
batant vessels to permit the necessery surface run to gein
position for sttack. The renge eccuracy of the latest
type radars has been setisfactory. Should the techmnigus

. of submarine detection by redar improve, the maximum

L - range should be increased to give a region in which the

. submerine can operate cn the surfece undetected.

be Bearing. The bearing-accurecy chcould b
o * ———— - & & -4 2
improved &s much &8s possible as the state of the art pro-

; gresses. The besring accuracy of the Model SS-1 rader is
setisfectory for torpecde fire. If it ie intended To kxeep
gun ermement on submerines, reders with beering accuracy
similsr tc t! fire contrel reders on surfece shiips shouid
be employec, snd the submerine equipped to usse redar o4-
trol of gunfire.

.

| Ga Rescluticn., The reange resolution shculd
‘ o | be in the order of 100 yards or lees to permit the track-
V. ing of a terget close to the shorelipe and for spotilng

2 T = G wlp
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f. Mark 25 Series.

The latest information aveilable is to the effect that
three centimeters only will be employed in the radar Kark 25. The
Gun Direcior Mark 56 with associcted raedar Mark 35 and built-in
canputer may prove to be such a superior system that curtailment of
the radar Mark 25 development program will result. It is understood
that both cf these systens are under intensive study at present and
operzting tests of the rader Merk 35 in Gun Director Mark 56 are
scheduled for the near future., However, radar Mark 25 appea——~ to bte
the ultimete racar for the gun director Mark 37 system,

P T L T LV B
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~ guirirs, Bearing resolution which will distinguish ten
tbousand ton merchent ships which sre 1000 yards apart :
at a range of 40,000 yerds is desired. It should be prac-—
ticabls to evsluate a contact on a group of ships at that
renge in order that the 0.T.C., may be saequately informed
of enemy composition, course, speed, end formstion before
the submerine dives to attack.

(o4 SQ ting. fLccurste spotting by redar is
an essentisl requirement: The low height of eye on a sub-
marine makes opticel spotting errstic. The latest redars
permits spotting in range only, Improvement in beam
width for deflection spotting is needed.

8. Presentation. The rader presentation
should te as similar to the opticel presentation es pos-
sible, The PPI scope and "B" scopse now faurnished 1is suit-
able for attack on surface tergets. It 1s epparently not
the present intention to use submerines as aanti-aircreft
vessels. Should this become necessary some other form of
presentation should be provided to inmclude the third dimen-
eion similer to that reguireé for surface ships AA redars.

- Automatic Tracking. Automatic tracking
features ere very desirable for submarine fire control.
The solution to the torpedo problem, because of complicated
zig-zag plens which will be used by the enemy, will require
a computing trecking mechanism with every possible feature
for predicting the enemy's course and speed during the
torpedo run. An integrated fire contrcl system is now
under development and is xknown as Computer Mark 31. One
trial installatlon, using some of the latest features, is
installed in the U.S.S. SEALEOPARD, and there are many
feults in thet system. Automatic traciing features sbould
be improved for submarines to include every possible aid
to the solution of the problen.

Ee Frecuency. Becauss of the resulting im-
proved beem shape, a highh freguency is desirable. It is
believed that no special frecuency is needea for submarines

-unless en sxtremely shcrt weve entenne ig desilgned for sub-

merged work et night. The present peris SCODe T&OET G05E NOT
resolve sufficiently in beering to permit its use &l Times
when a beering cennot be obdtained optlcal1y. Submarines
have used their redars for inter-communicetion with sonme
succesg, Heving ell submerine reders in tle seme genersal
bend would facilitets this but would increese interference
emong reders end vulnerebility to enemy jemming. Several
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comments heave bDeen heard suggesting that submarines use
radar to talk to friendly escort types. Thess questions
ere further discussed undsr the IFF section. It is recom-~
mended that submerine raders use the coptimum frequency band
required to obtein desired (radar) performence and that no
paerticular effort be made to have different ships use
videly different frequencies., Communication among sub-
merines and surfece creft cen be more efficiently hendled

in other weys,.

Ha Shock liounting. Present shock mounting for
submarine raders 1s setisfactorye.

i. liaintensnce, The maintenance problem must
be consldered e&s a part of the standardéizetlion progrem.
Small, lightweight functiocnel components with plug-in con-
nections eppeer to be the best answer to the problem of
meintenence, Standardlizetion will result in less timse
spent in trainiang personnel to service various radars.
Because of the small spaces and in some cases the unusual
geometric shepes of avellable spaces 1n submarines, neat
stecks of eguipment &re ot possible, but if components
ere cf the plug-in type repair will be an easier matter,

6. Evelustion of equipment types now in use
for submarine fire control.

a. SJ Series:- The SJ series radars served
their purpose well for torpedo fire control, but the method
of presentation (A and PPI scopes) and poor bearing sccurecy
do not meke it particularly suited for an sll-purpose fire
control redar such as the SS radar. (See additional comment
under Submerine Surfece Search Radar). The SJ series radars
are consldered obsolete and should be replaced in all sub=-
merines by the SV - SS compbination. Eowever, the training
program will not be mede less effective by its ccatinued usse
until it is repleced.

Be ST Series:=— This radar was &n immsdiate
success from the electronic stendpoint but, being a peri-
scope rader required & slighily lerger head on the periscopes
This feature compromises visual detection, but this is
offset by the repidity of observation giving ell necessary
informetion on the terget in 3 or 4 seconds., Since the SS.
radar will be installed, it 1s recommended that the ST
radar be reteined for training purposes until such time as
the model SS is instslled. : .

| -
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Co SS Series:- Thils equipment has not been
used on patrol during the war but tests have proven it to
be ideal for tihe submarine fire control problem., It nas
a range resolution of 75 yards, a bearing resolution of
1l degree, range accuracy of 15 yards plus ons percent of
the range, and bearing accuracy of .25 degree. The typse
of presentation, being either class A or B, mekes it useful
for gun controul and spotiting a&s well as for torpedo control.
It is recommended tihet the SS rader be used to replace the
SJ end ST radars on active subuaarines as soon as practi-

cable,
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Part II
Section G

Airborne Eerly Warning Equipment

B, LEW 8s a system, has not been used opera-
tionally except in tests &t CIC GTC Brigentine and on the
USS RANGER, in both cases using pre-production or experi-
mental equipment.,

25 The installatiorn in the USS BUNKER HILL is
he first complete shipboard installation and was only re-
cently given 1ts first operetiomal test., An installation
wes mde in the USS EORNET but &s vet it is untried.

34 There e&re several recommendations to be
mede regarding the msintenence of the AEW gear on board
ship. A separete meintensnce shop should be provided; it
ls imprecticable to service AEW in the usual shop instal-
ietions, because of size and weight., Also, & test bench
set-up seems particulerly necessary eveun et the expense
or removing some other installation,

Le In view of the fact that the equipment is
new, ond it is not known 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 Lt present AEW receivers are not being fur-
nished to ships other then the parent ships. Considera-
tion should be given to plecing equipment In other types
such as Fieet and Force flegs, pickets and submerines,

O The present form of AEW radar is considered
to be of limited end problematicel future value unless it
cen be redesigned to detect targets over lend masses end
elimineie ses return. The need for &n airborme rader
picket reder is ¢iscussed unéer Pert II, Section A cf this
TEPOTX T,
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PART IJ SECTICN G.

It is recommended that AZW equipment already develeped
be given a2 thorough trizl in the fleet, It hes definite desirsble
characteristics., In view of the complexity of the AW arrangement in-
volving air operations, plane~to-ship relay of radar signals and
difficulties of interpretation of the pattern presented on shipbioard
as relayed fraom a fast moving radar, many probleus are presented
which must be worked out at same length, Improvements are needed in |
the equipment and the development of effective operating procedures
must be completed before the full value of this equipment can be
realized, Attention is invited to the previous cament on paragraph
17, page I - 7, regarding the potential value of this eguipment for
the exercise of camm=nd in the zir,

e dhadbiced o d _u g
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Section J.

IFF Equipment.

e Despite the important and useful service
rendered by the kark 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:

8o Unreligbility. rcept for submarines, which
have hed fair to good resulis with the present system, re-
ports incdicate 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 gualified to service IFF equipment.

It is felt that a system which requires constant expert ser-
vicing to produce reliasble performance, and which does not
have the full confidence of the fleet, will be of very
limited uvsefulness, It is therefore felt that every ef-
fort must be mede to insure the maximum of reliability,
simplicity, standerdizestion, and facility of servicing
(including accessibility and the provision of carefully

e

prepared instruction bcaks).

be Inability to discriminate between targets.
This is caused by insufficient discrimination in range,
bearing, and elevation. Tke 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 some IFF antennas, and of back
and side lobe radietions from directional IFF antennas,
eneny targets were coften confused with friendlies when they
approached the same range as friendly targets, even though
the bearing of the friendly and enemy targets might be as
fer apart as 180 degrees, Other difficulty was encountered
when varistions in the vpulse length of IFF signals caused
variations in range discrimination. War-time experience
has indicated the necessity for providing IFF equipment
with range, bearing and elevation discriminations equal
to that of the redsr with which it works.  This is con-
csiderec to be of greet impertence for IFF egquipmeni ae-
signed tc operete witkh fire-contirol redars. .

Cs Antenna size. As & result in the greet .
increese in the pumbers of electrconics equipment instelled
in Naval vessels ané ¢f the consequent increase in the
number of antennas, serious interference has developed
between the antennas cof édifferent electronics equipment
resulting in serious distortions of electronics sntenna

2 T
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radiation patterns, often causing blank spots in radia-
tion patterns on some bearings. In order to reduce to a
m%nimum the interference of IFF antennes with the radia-
tion vpatterns of other eguipment, it is imperative that
I7F antennas be made as small as possible consistent with
the required range, bearing, and elevation discrimination
characteristics. In order to accomplish this it is rec-
ommended that the use of higher frequencies for IFF, be
exploited to the fullest extent.

o Lack of security. Reports of enemy use
of IFF equipment having signsls similar to cur Mark III
system at times caused considereble perturbation in the
Fleet. The security of our IFF syster i85 of great impor-
tance, In order to maintain such security, some system
of coded challenges and responses is required. This sys-
texm should provide for the continued use of equipment,
and for security, even after the basic equipment has been
compromised. In order to provide additional security, it
is felt that provision must be made for the identification
of ships and aircraft by means of local triggering of coded
radar signals or of coded IFF signals in additicn to pro-
visions for distant triggering of IFF transponders by
friendly IFF transmitter-responders. For identification
without interrogating and triggering of distant transmitter-
responcers, the use of coded modulations superimposed on
own radar pulses to be identified by friendly RCM intercepts
is considered to be a necessary development.

= (225 Inabilitvy to discriminate between differ-
¥+ ent nroups of friendly tercsets. In many cases where dif-
 ferent codes of the Mark III system were used in an attenmpt
~  tu provide for identification of different groups of friend-
0 ly craft much loss of time and inaccuracy occurred, es a
" result of tne necessity for very close examination and

. lengthy thought processes un the part of operators. The
e tvpe of presentaticon of IFF signals con present indicators
makes it extremely difficult to discriminate between dif-
Terent IFT code responses, particularly at long ranges.
It is felt that in the improved IFF, ccdes used shoulid

-

?

T
provide for the identificetion of at least twelve differ-
ent groups of eir end/or surfece creft simuliepeously,
<
t

and should provide facil

ities for varyving the code used
within each group &t leas
e

twelve times within twenty-
four hours without reguiring the retura of aircraft to
carriers or shore bases for the accomplishment of such

-
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changes. A definite need sxists 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 units in different
colers 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 Toe, but aiso be-~
tween different types or groups of friendly craft. The
type of indiceticn used for both purposes should be com~
pletely sutomatic and should not required either careful
exemination or lengthy though processes on the part of
the operators. The second type may take longer end have
much more restricted presentation than the first.

T Difficulty of keeping IFF equipment set
on proper frequencies. 1n the present state of the art,
IFF systems which operate on a spot frequency are unde-
sirable in view of the probeble difficulties in lining
up all equipments on the same frequency and keeping them
so aligned. A reasonably broed transmitter and receiver
are desirable to improve reliability of responses.

Se Lack of IFF eguipment on fire-control
radar. The inability to discriminate between friendly
and enemy targets on the screen of 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 lastely Mark 32 fire-
control IFF, have been mounted on some gun directors,
and a moderate degree cf successful operation was obtained
therefrom for both main and anti-aircraft batteries, the
utility of these installations was severly limited by
the short-comings of the basic Merk III IFF equipment,
as discussed above. It is considered essential that
each fire-control radar be eguipped with IFF capable of
repid identification of its own target. The perfection
and installation of setisfactory IFF equipment on &all
fire-control radars on active Fleet vessels should bs
given a high priority. :

b, lack of IFF fgecilities ir reder couniter-
messures ecuipment, The ineblility of reaer counter-
messures coperators to discriminete between signals of
friendly end enemy creft at times ceuszd considerabls
confusicn, It is reccmmended thet serious study be mede
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as to the desirability cf incorporating IFF features in
radar ccuntermeasures equipment. The value, to a sub-
marine for example, of bteing able to positively identify
friendly radars w1thout making any interrogating trans-
mission is obvious, :

i lack of standardization. The failure to use
standardized components, standardized cabinet and mounting
facilitles, standardlzed power supplies, and stendardized
output impedances caused meny unnecessary difficulties.

As an example: In an attempt to attain directivity of A-
band IFF, BO enternas were used with =N interrogators.
This resulted in an increase of directivity, but caused
fairly considerable decreases in maximum range because of
missmatch., If more than one system of IFF is developed,
it should be designed to be used in the same cabinet, or
at least to be installed in the same space, and to oper-
ate with the same power supplies and connections, so that
installations in the Fleet can be wvaried in as short a
time and with as little work as possible during war-time.
Any new IFF system daveloped should be standard for Army,
Navy, larine Corps and Air Forces.

2. This Board deoes not concur in the opinion
expressed in paragraph 4(e) of CNO letter serial 00140225A
of 15 October 1945 to the effect that IFF development should
proceed separately from redar 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 Mark VI IFF systems, although
improvements over the Mark III system, stvill 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
hend-in-hand with new search and fire-contrcl radar sys-
tems, and with radar countermeasures equipment. Further-
more, regardless of the progress of IFF studies and de-
velopments, it is felt that provisicns for IFF should be
included in each search anf fire-control radar and counter-
measures system in order to insure that the Fleet can bs
prepered in minimum time to conchL offensive operations
vtilizing *‘19 letest types of equipment rcluu_,j,' eyveil

M®able, Apainst an alert and modern equipped enemy, an
-adequate IFF will be a most vital peart of every radar

system.,

iT -Jd - 4
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COMMENT BY CINCPAC

SECRET

- It is felt that some unwarranted apprehension is indi-
cated here on the part of the board. Cincpac does not interpret
Paragraph L(e) of CNO letter serial 00140225A of 8 October, 19L5, to
preclude the proper coordinetion of radar IFF and RCM development.

It ie recommended that all possible means of electronic identification
be investigated with a view to early development of a satisfactory

IFF system to replace the Mark III. A reserve system should also be
provided.
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. Part II.

Equipment Types.
Section K

Countermeasures (RCM)

(teneral Comments.

s Research and development to improve
countermeasures metheds and equipment should be vigorously
carried out. Our present equipment should be redes;gned
unified as to racks or cablneus and power supplies, sim-
plified and made more flexible. Improved directional
intercept recelvers 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 1s considered that RCHK ac-
tivities should be a part cf, or controlled by CIC. Our
ships and aircraft sk ould make continued and determined

orts to intercept strange electromagnetic wave radia-
- tions in all pzerts of the world. Knowledge of what cther
‘ nations are doing is vital in this field.

8. ELECTRONIC DECEPTIVE DEVICES.

a. Electronic deceptive devices have not
rlayed a major role in the Pacific Theatre. The decep-
tive device which was aveilable for use againcst the Jap-
anese was Moonshine, £N/4P¢-15. The inadequacy of the
Japanese racar made the use of this deceptive device not
worth while

e Ls racdar and operating techniques improve
throughout the worlcd, it probably will be necessary to
have various electronics decptive devices develcoped for
use zgainst air search and fire control radars. In spite
of the cost of research and the lack of evidence of the
value of these devices to date, 1t is recommended that
the Navy continue development of present devices and ex-

perimenteticn with new iu+fs‘ Procduction should be limited
to those needec for test ana traeining purposes.
3. NOR-ELECTRONIC DECEPTIVE DEVICES.

B These deviccc in generzl, consist of
hLHdOw, Balloon-suprorted aeuoy , ¢nd corner reflectors
of various typres. ¢Such devices were not cnly used in an

I)::
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sacgm'f .
attempt to deceive the enemy, but also for tfkiuing our
radar operators znd maxing radar tvargets of life rafts,
for search paru:es and of target rafts for radar-con-
trolled gun practi

ou
o)
0

. X Such devices have been used by our air-
craft, surface vessels, and submarines with good r=asults
and have proved to be valuable weapons. They are light-
weilght,; rugged,; and easy to use.

(8 It is recomnended that experimentation
with non-electronic deceptive devices, both propelled and
non-propelled, be continuea. Production should be limited
to those reguired for test and training purposes. Small
stocks of any specielly useful device developed might be
useful in an emergency. '

Lo CONTROLLED DEVICES COUNTER¥EASUKRES (ROCCH) .
a. ROCCH has not been used in the Pacific be-

cause the Japeanece dia not employ radio operdted control-
led missiles, proximity fuzes, and similar devices agzainst

cur forces as did the Germans.

b. Several DE's in the Pacific were equipped
with intercept, analysis, and dcmmlnb guided missiles
countermeasures equipmeuu for use in the event that the
Japanese used such missiles against us.

G - Radio operated controlled missiles employ-
ed in a next war Lrob;b*y will not use the same frequency
range as did the ones of the recent war, out the necessity
for combating such asvices will be ever increasing.

d. he seame recommenaat on 1s made for KOCCH
as was made for COuCM in that section.

o COLLIUNICATION COUNTERMEASURES (COMCH) .

a. COLCY has been used very little by the
Fleet in the Pacilic War. &ttempt have been made orn Sev-
eral ovﬁfv*o*f to jam enemy radjc communicetions by CW

LG P o4
§ st ¥ e 5y oo S R SR T w7 Tecdio Treviemsiiers
JIoteriere? St Y1l ) t( Le-cilaill LLTLS
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t
The UL (XCE; pe = or stendard shipboard trans-
mitters have nct been used in Jamming operctior

as far as is kmow

b. It is recommended that the developnent
ci COLCH and ROCCK eguipment be carried on simultancously
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with a view to using the same or similar equipment for

both purposes. It is believed that ROCCM should be given
the higher priority in view of the probabllity of the
greater use of radio operated controlled missiles, prox-
imity fuzes, andéd similar devices. Eowever, COKCM should

not be overlooked and may prove very important in the future.

6. INTERFERENCE WITH VT FUZES.

a. The introcduction of VT prcjectile fuzes
opened another excellent possibility fcor the use of counter-
measures by the enemy. There is no knowledge of the enemy's
use of jamming for the purpose of ceusing premature cdetona-
tion of VT projectiles, but there is evidence that during
the operation fer the capture of Okinawa, VT projectiles
were detonated early, presumably by interference from ocur
own 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
adeguate protection from enemy countermeasures and the
development of devices for use against enemy projectiles
of a similar nature.

7. POST-WAR EMPLOYMENT OF RADAR CCUNTERNMEASURES.

It 1s recommended that the every-day em-
ployment of RADCH be prosecuted with vigor. With this in
mind, the following recommendations and comments are offered:

a. The treining of radar technical and non-
techniczali persomnel in schools should continue as it 1s
presently carried on. All commissioned personnel should
become familiar with RADCH, its capabilities znd limitations.

e Training afloat might be as follows: Fleet
training exercises cculd be particinated in by all ships
and aircraft equipped with RADCK ecuipment. Exercises
would include the intercepticn of cur own radar signals (or
of strenge signals procduced to simulste enemy radars) deter-
mining the bearing, and finally the electronlc jamming of
such radars or simulzted radars. Operators of
raedars would then attempt to minimize the effectis of such
Jamming by means of the various AJ techniques. Coordina-
tion of RADCKE znd CIC must be stressed in order to cobtain
the maximum benefit from such fleet training exerclses.

~

these victin

She In order to familiarlize operating perscn-
nel with the radars cf other ccuntries of the world,

II1 -EKE-3
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intercept receivers and direction finders in our ships
and aircraft should be used while in the vicinity of
foreign countries anc in their ports, for reasons given
earlier in this report. To aid personnel in identifying
the signals of our own radars, the information concern-
ing their characteristics should be promulgated to all
ships and aircraft as necessary. Sufficlent and accurate
1n¢orm¢t10n conc eﬁhlné our own radars was not available

e iy T T s e o -
to all b.u.:.ps of the fleet until late in the war.

d. One of the greatest lessons of the wear
in the Pacific was the realization of the necessity for
adequate intership communications for RADCH control.
Should RaDCil assume greater importance, it might be nec-
essary to ascsign a seperate communication channel for its
control. It is felt, however, that existing radio chan-
nels, as employed during the war, will suffice. Training
in radar intercept reporting and control of jamming must
be conducted in order to familiarize our personnel with
RADCM terminolcgy. In order to maintain the proper secu-
rity of our own radar frecuencies, our training and poli-
cles, line of sight UHF voice channels in lieu of HF or
VAF chznnels should be employed in these training exer-~
¢lses.

e. The countermeasures organization on board
ships should be a part of the CIC organization although
the actual RCi eguipment need not, and usually should not,
be in CIC. All information obtained by RCM intercepts
should be delivered to CIC and evaluated by the RCHM 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 cannot
be tolerated. CIC shouid control both intercept and
countermeasure subject to the policies and decisions of
the embarked Flzg Officer, if there be one and the Cap-
tain of the ship. Flag Officer and Capteain must be kept
inTormed on RCK matters and make basic decisions.

8. RADCM INTEETOR COMUUNICATIONS.
z. Intericr communications between RADCYE &nd
CIC hus consisted meiniy of the use of sound powered tele-
phones. Tnis LLDC{ civeult CLLen has been shered with the
radar operators'! circuit or o s, which has often re-

sulteda 1n ccnfusion.

IZ — K = 4
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b. Good interior communications are essen-
tlal between the two stations since both must work together
in order to obtain the best results from each. It is re-
commended that there be a separate sound powered telephone
circuit between these two stations on all types of ships
in corder to obtain good interior communications. If a
particular ship desires to have RLDCH on a sound powered
circuit with other stations, they then can parallel the
circuits as desired. It is advisable that RADCM be cne
of the staticns on one of the shipt's MC systems in order
to provide a secondary (or it mizht become a primary)
means of interior communications.

INTERCEPT ECUIPLENT.

9. General.

a. It is recommended that the variocus pileces
of eguipment 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 ddaptor, it seems logical that the complete equip-
ment should be considered as a unit. There should be
free access to component parts for ease of repair and
maintenance. Such a design would eliminate the trouble-
some patch cords now used and would decrease the size
and weight of RADCW installations.

B It is recommended that adequate test equip-
ment be provided each ship eguipped with radar counter-
measures eguipment. Such equipment is essential for the
proper and continuec calibration of receivers and Jammers
and for the periodic lining up of the receiver and pano-
ramic adaptor.

Crs Careful ccnsideration should be given to
the redesign of 2ll RADCA equipmsnt. Huch more sensitive

and selective equipment is requlred, capzble of recelving
any enemy ‘requency ana tazking accurage bearings on pulsed
signals up to the upper frecuency limit of our own radars.

(] -~ - 3 . -~ e . ( 1 a ~l
Present eguipment is inadequate in muny respects: (1) 1la

ot

CK

ei selecthltv, \A‘ inabili to take accuratie é¢irectior
finder bearings, and (5) cifficuliy cf maintenence.
d. L detailed study of antenna design and

location is recuired to cetermine the pest antenna gain

possible, taking into consideration practical limitations
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size and weight end the reguirement for ali-round
coverage, utilizing a minimun number of antennas. Somne
shlps now reguire at least two antennas of each receiv-
ing type to obtain 360 degree coverage. Direction find-
ing antennas have often been blanked out in some Sectors,
due to poor choice of locations.

10. AN/SPR-1

a. The AN/SPR-1 radar intercept receiver
has operated with very few electrical or mechanical fail-
ures and has stood up well under long periods of service.
However, it is not a satisfactory pilece of equipment for
the future. The selectivity is poor &nd image and harmonic
responses to strong signals are prevalent. The large num-
ber of responses czused by the ship's own radars and those
of nearby ships exasperates meny an operator and reduces
the efficiency of the intercept watch. Wave Traps have
been designed znd inserted in the antenna input line.
Although they have beeu of assistance in determining
whether a signal was true or false, they leave much to
be desired in ectuel performznce. It is possible that
each wave trap might bpe geared by means of cams to its
corresponding tuning unit and that az simple switch might
be employed to cut the wave trap in or out of the antenna
input line.

D. 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 & way as to provide free access to
component parts for ease of repair and maintenance. At
the preseni time, connecting coaxial czbles are at the
front of the equipment and are liable to damage by strik-
ing and bending. It 1s also recommended that, 1f practi-
cable, the tuning unics to be employed with an intercept
receiver, be inccrporated in the eoalpment changing from
one freguency band to another to be accomplished by meuns
cf a2 simple but reliable switching arrangement.

Ca Irtercept recelvers must be designed and
perfectied soon which will receive signels upr to the nigh-
est frecuencies of our ovn ragars ¢r of amy which we uig“*

encounter in wer with any power. Such equipment should be
used during peace time in our ships and aircraft while in
the vicinity of other countries and in fereign ports, to -
2id in the determination of the trends in the fiela of

IT - KX -6
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radar by other natione and to provicde tr.ining for our
ovn operators.

G It is reccummended thet a most careful and
Getziled stucy of the desizn of antennas to be usec with
this eculpment continue, with a view to obtaining the very
best antenna gzin consistent with practicable size, weight,
ruggedness, and ccmp;ex*uv Great consicderation must be
given to the placement of antennas aboard ships and uir-
craft to obtain 260 cegree coverage vwith a minimum number
of antennas.,

e. Tecst eguipne nt should be proviced to line
up and to cslibrute tre interceplt receiver and associated
equipment. Experience hus ﬂow the need for signal
generators to czlibrate rroperly the pliug-in tuning units.
Such calibrations must Da repeatec at vurious intervels,
egpecially after replacing cdefective vacuuwn tubes.

11. RDO.

a. The EDO radar intercept recelver designed
to replace the AN/SPR-1 was deliwered to the Fleet during
the latter stuges of the wur., Mt many units of this
type were used in combat operations. The meagre experi-
ence gained from the use <f the KLO indicates that, al-
though the receiver is capable of detecting the desired
transmissions, its lack of selectivity makes it quite
difficult to identify properly intercepted signuals. It
proved troublesome in this respect to even the most ex-
perienced operators. The comments on the selectivity of
th» AN/SPR-1 apply equally well to the RDO. 4An intercept
recelver is desired which is suificiently selective to
make possible immediate and positive discrimination of
intercepted signals. The motor-driven plug-in units whiclt
are supplied with the rRDO are a helpful addition to t.ie
manually tunsd units. However, ships do not always have
28 volts dc available for the tuning moter. It has been
found that the speed at which the units are tuned through
their range is too fast and that after constant usage,
the moteors becowe cuita neisy. ‘ine driving motor situa-

[3%]

tion should be reviewed with a view toward elimination of
211 noise whetner in audio or radie¢ freguency banas.

b. Previcus remarks on pfaeing all unitc in
a single stack or cabinet, and on the jecessity for study
and redesign of antennas, 51l apply to the RDO as well as

the LN/SPR-1.
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(,\a 17. AN/APR-54Y.
K\

a. The AN/APR-5AX radar intercept receiver
was designed and procurec on & crash basis to provide
the fleet with & receiver whose frequency range was above
that of the AN/SPR-1 to detect enemy radars suspected to
be in that range. It 1s not a satisfactory piece of
equipment for the future nor for training purposes. Op-
eration of the receiver is far too complicated. Due to
the lack of any ﬁreselecclcn, our own S-band radars clut-
ter the receiver with & myriad o responses. This equip-
ment is not suitable feor the needs of the fleet.

B. It is suggested that it may be practicable
to provide a blanking pulse to be applied to similar in-
tercept receivers which will shut off the receiver for the
period during which the ship's own radars of S-band or
higher frequency are transmitting.

Cie The APR-5AX possesses a broader band pass
than the RDO and, in operating technique, requires that a
signal be intercented in at least two positions of the
tuning dial in order to make identification possible. It
is well understood that the development of a satisfactory
search receiver covering frequencies above 1000 mcs has
confronted laborztories with many difficult problems.
However, until a sufficiently selective receiver with
sharp band pass to make rossible immediate and positive
identification of intercepted signals is developed, search
receivers covering the range between 1000 and 6000 sheould
be considered as only stop-gap equipments.

'T)

13. SPR-2.

a. The SPR-<2 radar intercept receiver was
to replace the AN/APR-5.X. Reports indicate that per-
formance is little, if any, better than that of the AN/
APR-54X. However, relatively few units have been used
in the Pacifiec and it Ws possible that the equipment
has not been given a fair trial.

b. 1t 1s Tecommended thai developuent of
intercept receiver:s for ranges above 1000 mcs con
with special emphasis on improvement of QeLﬁctivwzv end
simplicity of operation.
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PULSE ANALYZERS.

s, AN/SPA-1 (LN/APA-6A).

a. The AN/SPA-1 pulse analyzer hus given
satisfactory performance under all battle conditions.
While not capable of procducing absolutely accurate measu-
rements of PRF's and pulse widths, nevertheless results
were usually gocd enough to permit recdar identification
by experienced operators. The great difriculty was ex-
perienced when two or more radar signals were passed by
the companion receiver, the AN/SPR-1 or the RDO. This
criticism applies to the selectivity of the receiver and
not to the materiel performance of the pulse analyzer.
This AN/SPi-1 measures PRF's with an accuracy that is
seldom better than 15% unless the set is constantly cali-
brated, which cennot be done when the equipment is in
constant use. It is considerea 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 sudio oscillator is availzble. At present
¥ an audio oscillator should be part of RALUCM installation
if an SPA-1 is installed.

b. It has already been recommended in the
SPR-1 suoction that the analyzer be integrated into one
cabinet with tne intercept receiver and panoramic adaptor.

35. EDJ .

_ 8. The chief zdvantage of the RDJ pulse ana-
lyzer is the inclusion of a bullt-in zucio oscillator for
providing a more nearly accurate measurcment of the PRF
of the intercepted rzdar signals.

i hagl Sy sy
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b, Comment on the success of the RDJ and its

A

operation at sea is very limited cue to arrival and instal-
lution of only a very small number of such units this far
in the Pacific Fleet. It is consicered thz:t the use of a

5" scope instezd of the 3" scope in the clder AN/SPa-1 is
‘e an improvement worthy of mention in addition to the built
ﬁgfln audio oscillator.
.'l“V:. - - — -
" PANORAMIC ~DAPTOHS.
16. RLK.
a. The RDK was the first pznoramic adaptor
Fal 5 & P : e 4 ‘ on 4
iurnished the fleet and it zided in Tilling a very great
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need for an equipment to further znulyze intercepted
radar blgndls, to place jamning 51gnals exactly on the
freguency of the victim racer's Ireguency, to discover
off-frequency jamming, to discover any shift 1n the freq-
uency of the victim's radar.

B. The mein objection to the RDK was the
narrow freguency bana widtn presented on the CRT, 3 mcs.
This was too smzll and, hz=d the enemy been able to shift
his radar freguency guickly, the RDK would not have been
satisfactory.

@. It is recommended that all RDK's be re-
mgved from ships of the fleet and they be replaced by the
RDP.

17. REB.

a. Trie REB paroramic adaptor is superior to
the RDK in that it provives a wider frequency presentation
of the spectirum selected by its companion receiver.

B. The REB has been quite difficult to align.
HMisalignment hes Iesultca in conly a fair performance, due
to non-linearity of response

e It is recommended that the REB be retained
until a satisfectory panoramic adaptor can be procured.
in adaptor with & 10 mc presentation is desired, but siu-
plicity of design and construction is essential. Eguip-
ment delivered to the fleet must be capable of servicing
by technicians of avercge ability.

18. hDP.

d. The RDP is the latest panoramic adaptor
and is scheduled to reprlzce the RDK and RKRFEB types. Very
fev HDP!'s have been uced in action. It is considered
that the 10 mc bzndwidih presentation will probably be
satisfactory for fleet use.

1 ‘hen the Ffirst RDP's were used, they were
found to run | 2 1 exrs to have been recti-
fied by the wer motor on the baci oOF
the set. The 'th the ADP!'s 1s tne
lengthy at® tadlous wliznume procedure necessary. The

1e set is not gocoa. & éosd
. hours to align tne S&tT

pernenence or
Lecnn;c1hn ofze
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and in some cases it has been found impossible to get
rid of the humps in the response curve.

e. A further study of the design of the RDP
should be made with a view to simplifying the process of
its alignment and to providing means of vastly improving
the permanency of alignment of the set. It is possible
that performance may have to be sacrificed slightly in
order to get equipment which can be maintained at zn
operating peak more easily.

DIRECTION FINDING EQUTIPLIENT.
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-1.

a. The DB¥-1 radar direction finder has not
proved entirely satisfactory. The lack of selectivity
of the various receivers produces a large number of spur-
ious responses caused by the ship's own and nearby radars.
The low frequency antenna has very low sensitivity in the
range from 90-250 mecs. This was very unfortunate because
the majority of the Japanese radars lay within this freg-
uency range. The physical size of the low frequeancy spin-
ner antenna is limited by the problems of size and weight
aboard ship and is one of the causes of poor perfcrmance.
Some success in direction finding below 250 mcs has bheen
obtained by use of the rotating TDY antennras. It is
possible that with a more directional low freguency TDY
antenna it may not be r=cessary to have a separate radar
direction finder as suck, capable of taking accurate
bearings below 250 mcs.

B. There has been difficulty with own ship's
gunfire pilercing the radomes. Greater care should be
given to the placement or antennas, not only to keep
them clear of the arc of gunfire of own guns, but also
To give ezch anienna & reletively unobstrucied view
through 360 degrees of zzimuth in order to reduce a mini-
mum bearling errors due to reflection.

a. It is recommended that research continue
to develcp antennas for direction finding which will have
Erezater antennz gain, greater accur

%
a
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cy, and more reliabllity.
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RADAR JAMITING EQUIPLENT.
2l General.
& Powerful shipboard jamming equipment

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 developuent,
and fleet training. Size and weight of shipboard radar
Jammers must be kept to a minimum, but high power output
is essential feor successful jamming. Most shipboard
Jamuers now available heve inadequate power.

b. Airborne radar jammers need further dev-
elopment. The mzjor requirements are: (1) ease of opera-
tion, (2) reliabiiity, (3) minimum weight and space, and
(4) maximum power output. Frequency coverage of such
Jammers should keep pace with that of shipboard jammers
in so far as practicable. '

]
22. AN/SPT-1 (AN/APT-1) Series.
a. This series of radar jamming transmitters

were airborne equipments, modified later for shipboard
use.

b. All hed relatively low power output, but
they were the only availeble radar jammers when they were
delivered. Some were unreliable in operation and others
were difficult to tune to the proper frequency. For ship-
board use, all zre considered obsclete and should be re-
moved from ships of the fleet with the exception of the
AN/SPT-1 and AK/AR(Q-8. The latter two should be retained
on board ship since there are no replacements for them
as yet in the greater part of their frequency ranges,
which are 90-210 mecs ané 25-105 mcs respectively. It is
recommended that for aircraft, mcre efficient and easier-
to-tune radar Jemming transmitters be developed.

ol TDY, Tr--1, TDY-la.
= The TDY redar jamnming transmitter was
intended to be the ultimzte eguipment for racar jamming.
b The criginal freguency range cof the TDY
was from 350-770 mcs and was of little use to the Pacific
Fleet against the Japenese. However, when mugnetrcns were
delivered to the fleet which went as low as 120 mes, the
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TDY-1, as it was then named, becawme an iuportant equip-
ment for radar countermeasures: for providing relatively
strong signals to Jam enemy radars, to give jamming
signals for the AJ training of our own radar operators,
and for radar direction finding, because it was found
that the low frequency rotating TDY-1l antennas gave good
bearings when used in conjunction with the AN/SPR-1 and
RDO.

i A number of difficulties with the TLU¥-la
have been experienced in the fleet. Too much time 1is
expended chznging cscilletor units when the order is
to change the jamning frequency. For sucess of rada
ming operations, it must be possible to shift frequenc
quickly, which 1s not now the case. At present it takes
about A5 minutes toc shift jamming from the 10 mc band to
the 120-7700 mc bend., A4 standard modification is required
so that the least possible tisie is required for a charnge
over, Coaxiazl connectors become loose, allowing dirt «nd
salt spray to enter the comnector. This trouble has been
experienced with the coaxzial connectors to the receiving

&
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antennas and the need fcr some type of moisture-prcof
,_L covering for the connectors has been cdemonstrated for 21l

connectors exnosed to the weather.

d. The physical location of the TDY antennes
has not been szatisfactory. It has been necessary to em-
ploy duplicate zntennas on ships in order to obtain 360
degree coverege. The 10 cm antennas have not been of
sufficiently rugged construction and some have been broken
due to shock of gunfire. It is considered that a smazller,
lighter-weight antenna czan be developed which will allow
the antenna to be moved up higher. -The present locations

# of most of the RADCH uantennas are too low, yet there must
B Dbe access to them for purposes of inspection and mainte-
Jé; nznce. ransmitcting antennas should be m:de more direc-
&= tionzl, not only tc provide a greater zntenna gain, but
tc avoid causing interference to our oun radars and VHF/
UHF radio chamnels. If directione: trensmitting antennas
zre used for Jj-mming, they must .e contrellable or nmulti-
ple installations must be provided, with different direc-

= S .~ -~ - - < -
tional eheracteristics.

€. 1t is considered tnat the size and vel g
cf the transm. ter can be reduced, but this nust not be
done at the expense of the power output. The power out-
put of the TDY¥-la and of later equipments should be in-

reased 1f possible.
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e It is recommended that future develop-
ment attemp®t to decrease the size and weight of trans-
mitter and antennas, to increase the directivity of the
TDY antennas &s that of direction finding antennas is
increased, and to simplify the shifting of frequency.
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8B and 0BR Radar /llowances

Section B

4, many inprovewents are very desirable in
both search and rire contirol radar types and cheracter-
istics for the newer battleships which will be retained
in active service, although the allowed number of radars
for each is generally satisfactory as listed in the
Radio Type allowance Booklet Hilla 100, As a basic
principle it is considered that BB's need a nuaber of
radars for different primary purposes, capable of limited
use for other purposes when casualty requires. The prin-
ciple of developring one radar to perform all functions
is not sound unle®ss several such radars are available on
each ship. A4 fast 3B 1s so dependent on Radar that it
cannot afford to depend on a single radar and should have
many alternates or spares for each fumction. For the
L OBB's, the specified allowance of REL1A 100 1s considered
adequate until the ships are pleaced out of commission,

24 The latest type of long range search
radar is considered as important for fast BB's as it is
for CV's. The latest type SR with improved antenna
should be instelled es soon as available. Further im-
provements should be added as they become available.
There 1s more need in BB for a zenith search radar than
there 1s for a second, medium renge, air search. The
best type of zenith search redar should be installed in
all suips as soon as available.

vl 63 Wity

x I All BB's need two surface search radars:
" a long range search; and a medium range seerch and station
! keeping set that can ect as a standby in case of failure

- to the long range equipment. & third surface radar with
very short range and good resolution is desirable for
accurate station keeping and close work.
3 k. An 1rLercerL redar of the SP type
& ¥Yery desirable on fest BB's. Depending on the nuebel

. of SF radars avallao¢e and estimated production of SX,

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
SF, such as 35X, will be available for BB within ap-
proximately 1 year, the installation of SP in BB seems
unwarranted and SX should be instelled instead.

6o The idark 13 main battery fire control
radar should replace the ¥ark 8 con all BB in active
service, The superiority of llark 13 and the value of
having two of the same systems in each suip makes the
expense thoroughly justified in this 3oards opinion.

6. The ilark 25 should replace the kiark 12 -
tlark 22 combinations as soon as available., There is a
real need for improvement in all AA fire ccntrol radars
as soon as practicable. The general principle of one
radar system for each separate director system seems
sound. Where each mount has a director system, a radar
and ITFF system should be a part thereof.

T All fast BB should have the most im-
proved "X" band radar of the iark 29 or liark 34 type or
better for heavy azachine gun control.

B Ljost ships feel there is a need for a
gunnery officers information and standby radar in the
r.C. tower. The ilark 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 when high level directors and radars
become knocked out. This Board believes remote PPI
adapter units are desireble for liark 27 radars,’

9. There is a need for a remote PFI of the
V¥ 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 automatic
oordinaticn of search and fire contrecl radars in target
acqu1s1tlon is very desirable. Present use of sound-power
telephone for this purpose ig inedequate.

10, The inpstelletion of redar switchboards in
CIC is not recommended for ships elreecy builL unlegs
they are given & mejcor modernization overhaul The system

has merit and should be used in new cons»ruculon.

IIT - B = 2
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- By Cincpac concurs in replacing Mark 12 and 22 radars by
Kark 25 radar in the Liark 37 director. However, the lark 37 director
can be improved and it is considered that an integrally designed
director end radar system capable of high speed tracking is needed.
Wnen a new director and radar system becames available, kiark 25 radar
may become cbsolete. It is understood that the Gun Director Mark 56
with integral Radar lark 35 shows much pramise. '




SECRET

T, Opinion is unanimous that each search
and fire control radar siaould have IFF as an integral
part thereof.

12, It is recommended that eacli active BB,
both 80% and 30% complement, have a complete allowance
of the latest type of RCil equipment.

23, There is a need for VI remote FPI's in
Flag F*lots and conning towers. One VF, or possibly one
VK or PPI is desirable in the Chart House.

IIT - B - 3
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Part IIX,

Section C,

Crulser Allowances,

T The present allowance of radar and counter-
measures equipment for cruisers as given in the Radar Typse
Allowance Booklet RE114100 is counsidered reasonably ade-
quate for all cruiser clesses, both active end reserve, for
the Immediate future except for the need of an efficient
zenith searcn radar.

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

3. To meet the needs of the foreseeable future
it is considered thet the allowance for cruisers should in-
clude the following equipments, meeting the requirewments
set forth in CNO l1ltr. (Op-25) Serial 001402254 dated 8
Octobser 1945,

8., One long renge air search radar.

b. One long renge control of interception rsadar.
Ce A positive IFF system installed on or con-

nected with each search and fire control readar.

d,. Remote PPI or similar indicators at each
station where ship control or flag officer‘'s group coatrol
may be exercised. Automastic dissemination of information
and en instant complete picture of the tacticel situa*ion
ere required.

é. Compleie Autometic itrscxking fire coatrcl
redars, both enti-aircraft and surfece, for all batteriec.

iItT - C -1
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2. If a new and satisfactory Gun Director and integral
“W‘ radar system becomes available, it should replace the Mark 25 radar
§ & ",: nd Kark 37 director.
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T Countermeasures (intercept and jamming)
equipment as dictated by future nseeds,
. One long range surface search radar,
h. One medium range and station keeping sur-

face seesrch radar,
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Part IV,
Internal Organization and Personnel,
Section Aie

Internal Organizetion of Combatant Ships.

1. L1lthough this Board is not required to come
ment on the internal orgenizsticn of ships, the members have
encountered so nmuch comment on the pros and cons of certain
propossals for the reorganizaticn of ship departments that
the following discussion is submitted as being pertinent to
post-war planning for CIC and radar development. It is con-
sidered that provision of a sound organization for handling
electronic and CIC matvers in our ships is more important
to the progressive development and utilization of radar and
reGio equipment then many of the materiel questions,

2. Having in mind the shape of things tc come
in the way of new weapons and countermeasures therefore,
it is considered very important that the question of pro=-
vision of an adequate and improved internal orgenization
of cur ships be studied and settled as soon a&s practicable
so that new developments can be efflciently incorporated
in our ships.

de Members of this Board have interviewed the
Captains and appropriate officers of a large number of
fighting ships. Nany 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 cpinions as there are officers. However,
a few salient points re-appear in similer 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
rreblems impesed by CIC asnd electronic equipment apd by
the add;t*onpl speed and complexity of modern war.

4, Most of the Captains inverviewed had
eprperently mede speciel arrangeme"*f cr edjustments of
their orgenizetion to insure the most effjcient use of their
aveileble personnel based on the ;na viauel personeclities
of their officers. As usual, successful cocrdination de-
pended on individual interest end ebility rather then on
details of orgenization. There appears to be, however,

a certain p&utern to most of the arran gemﬂnts which were
mede &8 a matter of local expediency. In most chernges

there appeared to exist en "operations group™ whether it
was so named or not. There was almosti slweys, separate
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2. Cincpac concurs in the desirability of continued study

cof and experiment with the internal organization of ships with a view
to determining the best werking arrangenent to neet modern conditions,

3e The fact that opinions differ widely indicates that a
very thorough consideration is necessary before complete reorganiza-
tion is effected, |
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from the Executive Officer, an experienced officer who
acted as special assistant to the Captain in the matter
of obtasining and evaluating combat information. This same
cfficer usually essisted in planning and carrying out op-
erations. The Executive Cfficer was separately placed to
take over in case of a casuslty, and was so concerned with
administration, training and housekeeping that he had too
little time to study and keep track of operations. There
was always good officer supervision of damege control.
Aboard the aircraft carriers the handling, housekeeping
and logistics of the aircraft were controlled by one of-
ficer, often the Assistant Air Officer. The Air Officer,
sometimes called the Air Yperaticns Officer, devoted his
time to planning and executing the airborne operations of
the aircraft as distinct from shipboard lending, 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
staff officers and Ceptains that CIC should be accessable
to senior officers and that it should be located in the
island if possible. CIC was often used to transmit mes-
sages and for other cperational functions. On one ship
some of the CIC JO's hung a "Western Union" sign over the
door, Almost all senior officers appeared to feel that
the average CIC tends to soak up information but does not
give out necessary informetion without prodding.

De In official correspondence, ComAirPac has
made certaln recommendetions, which are concurzed 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 cerrier groups. It has
been suggested that the operations group or department of
& carrier should include the navigation department; air
department, gunnery departiment, communicetion department,
and the CIC department or division. It is noted that even
the opponents of the coperational department in carriers
appeer tc group certain depertments into en operstlions
group in bettle elthough they edminister eech Geperiment
separately., One of the basic difficulties of present cr-
genizations appears to be that the duties of the Executive

Cfficer of a large ship, eccording to Navy [ egulatxonu,
are so extensive thet it is difficult and often impossible

IV -« A - 2
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Le The shortcomings of the average CIC are appreciated.
A great portion of CIC officers during the recent war simply had not
had sufficient time to accumulate the experience so necessary to
complete understanding cf tactical problems. This had to be eccepted
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 CIC cfficers.

Hie ttle organization does not necessarily heve to
parallel administrative organization. Exercise of the functions of
the Executive Officer does not necessarily imply the carrying out of
all the details of administration. The entire ships campany ere
subject to his orders and he should have the assistance of other of-
ficers. A poor Executive frequently is snowed under by details; a
good one rises above them, utilizing the services of such assisting
officers as necessary to permit him to keep abreast of the operationzl
situation so that he will be ready in any emergency to take over the
comnand should the Canmanding Qfficer become incapacitated. HNo
organization afloat is recammended which relegetes the Executive
Officer tc purely administretive funciions. There seems to be 2 ten—
dency in ihie direcilon in some cof the Yopereiion deperumenis' pro—
posed recently.

Ay
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for any one 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 urable during wer time to coordinate
the operationsal duties and activities of the various de-
partments and can give little or no personal time to the
functioning of CIC unless he delegates most.of his duties
to some other experienced officer.

6. The opirions on battleship and cruiser or-
ganizations are varied. The Captains interviewed did not
Teel the need of an operastions department as strongly as in
the carriers. Since the primary weapon of these ships is
their gunfire, it is netural that CIC has become closely
allied with the gunnery department. Prior to the war these
ships had the nucleus of the CIC in the old central statlon-
plotting room combination. Although many ships appear quite
sgtisfied to have CIC a part of the gunnery department,
others were enthusiestic over the possibilities of an op-
erations depariment which would Include pavigation, CIC
end communications. An officisl letter by ComCruDesPac
concurs in the CRO prcposal to establish en operations de-
partment, The need toc treat communications as a separate
department and have the communication office a head of
department was concurred in by almost all officers in the
absence of an operations department. Many officers felt
that establishment of CIC end look-out divisions as a
separate CIC department on a level with the gunnery and
commmunications department was the best improvement which
could be made and the simplest chenge. The CIC officer
could then be assistant tc the Captain for operational
planning.

7« Certein ships already have an experimentsl
operat;ons department which include communications, navi-
gation and CIC., Without exception the official repcrts
from these ships indicete that the scheme has worked well
and has definite value in combat.

8. The gquestion of how to handle electronics
meintenence under the verious orgenizetions wase discussed.
¥ith the tremendous incresse in electronies equiprer‘ on
all ships cu-igg the war it has been necessar3 to ve &

large groun of cfficers end men on almost all shlvs vho
ere concerned solely with the technical operatiocn and main-
tenance of electropics equipment. Radio maintenance has

IV « A =« 3
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be It is understood that directives from the Navy
Department may be expected in the near future to give the Communica=-
tion Officer the status cf a head of department, Cincpac has pre-
viously expressed concurrence in this decieion in Cincpac Serial
8840 of 30 August, 1945, and in Cincpac dispatches 012048 and 060350
of Octe; 1945 This step is deemed essential regardless of any
future reorganization tending to form a so-called Operations Depart-
ment o

Te t is considered thet the board has read into the
reports & unenimity of zpproval which is open to question, The
reports have indicated that such a2 department will operate satisfac-
torily, but heve not estetlished superiority over the conventional
orgarization,.

20252, Y S
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occasionally 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=-
casional rivalry. It 1s 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 coptimum
readiness and reliability of electronlcs equipment at all
times. This technical group should vary in size with the
type of ship and might well be a separate division, some-
whet similar to the present E division, on large ships.
The electronics divisicn might well come under the CIC
or communication department or, better still, under the
operations department where such a department exists.
The cognizance of some IC systems and announcing systems
which are primarily electroniecs equipment should be trans-
ferred from the E division to the electronics division
in order to insure adequate m=intenance by treined per-
sonnel.

- I This Board recommends that final decision
for or against the esteblishment 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
CNO. Mecst of the senior officers interviewed on these
matters egree that, since opinions are so varied, it will
be necessary for CNO to meke arbitrary decisions on or-
ganization changes and give them service trials prior to

final decisions.

IV -« A - 4
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8. Cincpac concurs in the desirability of having a single
organized group of electronics maintenance personnel responsible for
the care, repair, and adjustzent of all electronic egiipzent.

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 some detail reasons for not establishing the operztiors de-
partment. Cincpac serial 07266 of 9 September 1945 and serizl 033712
of 26 Cctober 1945 confirm the reasons and reiterate the opinion ex-
pressed.

It is again stated here that Cincpac does n¢t recommend
an operaticns department at this time but agrees with the board irn
considering the problem of ships internal crganization an importzat one
deserving further study and experiment.
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Part VI.

Bibliograrphy.

General and Policy.

de

8.

0

10.

ComBetRon Two conf, ltr. FCl-2/A22, serial 0546 dated.

23 October 1945.
Subject: Compiled References for Survey Conducted by

Radar and Countermeasures Board.

Com3rdFlt conf. ltr. 567/(20) serial 0597 dated 15
Octsber 1945, :
Subject: Electronic Equipments, comment concerning.

ComAirPac restr., ltr. FFl2-5/S67/(586-Ce) serial 21460

dated 13 October 1945,

Sub ject: Electronic Equipment - Sets of equipment spares
- Reduction in number carried aboard ship.

CNO 1ltr, (Op-25) serial 001402254 of 8 October 1945.
Subject: Radar and CIC - Long range development for Air
problen,

Com3rdFlt A6/(20) serial RE-027 dated 6 October 1945,
Subject: Communications, Observations, Comments and
Recommendations concerning.

ComAirPac restr. ltr. FFl2-5/F42-1(1)/F42-1/(541-Cy)
serial 20681 dated 3 October 1945.

CAP 1ltr. FFl2-5/F42-1(1)/F42-1/54-CY) serial 20578 dated

1 October 1645,
Subject: Airborne Flectronic Equipment - Requirement for
spare parts for.

ComPhibsPac conf. ltr. serial 02361 dated 22 September

1945,
Subject: Demobilization arnd Consolidation of Amphibious
Forces, Interim Plan,

ComPhibsPec conf. S/L CAF/SL serial 02352 deted 21
September 1¢4D.
Subject: (None given).

€O, USS BUNKERGILL conf. ltr. CV17/465 serial 0367 dated

14 September 1¢45,
Subject: Radio Radar and RCM Equipment aboerd this ship -
Information regarding.
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11.

lz.

13.

15‘

16.

i7.

i8.

19.

ComServPac conf. ltr. F}/C-S67/(70-3C rial 06
dated 11 September 1945, ' eerind. soos
Subject: Electronics Equipment - Obsolete,

CNO conf. ltr. Op-25-C/A5/mmr serial 0197125C(s -

dated 31 August 1945, i

Subject: Shipboard Search and Detection Redar - Recuire-
ments for Post-war Fleet, F

ComBatRonTWO conf. ltr. serial 0427, dated 25 iupuet
1945. 1st End. by ComServPac BB/C-567/(70-98) serisal
06368 dated 11 October 1945,

Subject: Design Problems, Vibratioa, etc,

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

21 August 1945,

Sut ject: Adoption of Use of Signal Corps Kanual of
Standard Descriptions in Nomenclature issign-
ment end Stock Numberinf of Electronic Zguip-
ment in the Navy.

CominCh conf. ltr. FF1/S67 serial 02438 dated 18 August

1945.

Subject: Electronic Equipment Requirement for Post-war
Fleet.

CinCPac conf. ltr. S67 serial 0311 73 dated 19 July 1945.
Subject: Ejectronic Installation in Ships, :

USS MISSOURI conf. ltr. BB63/A3-1 serial 086 dated ¢ May
1945 with lst End. ComBatDiv 9 serisl 042 dated 9 Mey
1945. 2nd End. ComBatRon 2 serial 0522 dated 3 October
1945.

Secret chart: Planning Organization of the Post-war
Naval Forces of the United Stetes dated 1 May 1.¢45.

Shipboard Search Radar Program, April 1945 - Prepered
by Code 915 Electronics Division BuShips in Compliance
with CNO Op-25-A5 serial 0076525A deted 31 Nerch 1945,
Electronics Divisiocn Directive No. 4656.

Surfece Seerch Radar,

20.

ComBatRonTW0 conf., ltr., FCl-2/567-5 serial (0529 dated 6

October 1945 with Znc. (4), CO USS IOWA coaf. 1ltr. BR61/

S67 serial 0137 deted 9 September 1943 and lst-End. thereto.

Subject: Radar Plen Position Indicator (PPI)} Repeater Tfor
bBattieship Sgquadrcn TV0.
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21.

22.

Alr

CNO conf. ltr. Op-25-C2/Grm(SC)S67-5/CV, serial 0178225C

dated 7 September 1945.

Subject: Class CV-¢ Vessels - Removal of Second Air and
Surface Search Radar.

CNO conf. ltr. Op-25-C2/mfg(SC) S67-5 serial 055525C

dated 17 March 1945.

Subject: Radar PPI Repeaters -~ Installation of in U. S.
Kaval Vessels - Revision of.

Seerch Radar,

23,

25.

26.

27.

CNO conf. ltr. Op-25 C2/mju over (SC) S67-5/CV serial

0216925C dated 28 September 1945,

Subject: Radar - Installation of Model SX in New Con-
struction Carriers.

CO USS CATFISH (SS339) conf., ltr. 5S339/S67-5 serial 017
dated 25 September 1945,
Subject: SV Radar, Service Operation Performance of,

CNO conf. ltr. serial 0197425C dated 25 August 1945,
Subject: SP Radar for new construction, for CVE's.

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

CNO conf. ltr. Op-25-C2/gmv over (SC) S67-5 serial
072525C dated 13 April 1945.
Subject: Overhead Seerch Redar for Large Combatant Ships.

Airborne Search and Intercept Radar.

28.

0.

ComAirPac conf. ltr. 416-3(6)NRB/ jes serial 06889 dated

13 October 1645.

Subject: Brief of action report USS BELLEU WOOD 2 July
tc 15 August 1945,

Commander Air Support Control Unit Pacific Fleet Top
Secret ltr. CASU/AL6 serial 00038 dated 6 October 1945
with ConrFPhibsPec lst End. seriel 000367 detec 1& COciober
1g45.

Sub ject: Airborne Redar Pickets.

CinCFac Pearl Top Secret Dispatch 132057 August 1945.
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SECRET
Battleship Radar Allowences

The following letters on the subject of Radar and
countermeasures equipment from the CO, USS ALABAMA have
been considered by this tcard in making recommendations
for radar and countermeasures equipment and allowances
for battleships.

G401

a. CO ALA., itr. Serial dated 15 August
b. CO ALA. ltr. Serial 0373 dated 26 July
1945.
c. CO ALA. 1ltr. Serial 0269 dated 19 June
1945.
d. CO ALA. ltr. Serial 0242 dated 1 June
1945. '
e. CO ALA. ltr. Serial G241 dated 1 June
19L45.
£f. CO ALA. ltr. Serial 0240 dated 27 Nay
1945,
g. CO ALA. ltr. Serial 0237 dated 29 May
1945. :
| 2 h. gghéLA. ltr. Serial 0212 dated 7 May
i i. CO ALA. 1ltr. Serial 0211 dated 1 Nay
1945.
j. CO ALA. ltr. Serial 0199 dated 24 April
1945,
k. CO ALA. ltr. Serial 0116 dated 1 October
: 1945.
i 1. CO ALA. ltr. Serial 716 dated 28 August
: 1945.
I m. CO ALA. ltr. Serial 620 dated 25 July
i 194L5.
§
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%
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SECRET

77. ComCru-DesPac Conf., ltr. S65-7 serial 0646 dated 10
December 1944,
Subject: Coordipation of Operational Functlons of CIC
on board Combatant shlps.

78. Cominch conf, ltr. FF1/S67-5 serial 03765 dated 8
November 1944,
Subject: Coordinaticn of Operational Functions of CIC
on board Combatant Ships.

Bocks, Famphlets, Feriodicals,

79. U.S. Radar Survey Section Nos. l‘through 7, Published
by the Authority of the Joint Cormunications Board of
the Joint Chiefs of Staff, December 15, 1944.

80. CIC Magazine October 1944 to October 1945.

8l. ComCruDesPec Suggested Revision to R4D-SIX.

82. Radio Type Allowance Booklet RE11A 100 Revision
No. 11, dated 1 August 1945.




