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by 

E DWARD J. WmTz, Jn., & RoY Nmr\11 
Service Force, U.S. A t.lant.ic Fleet 

Since th e middle of World War II, RADCM 
(Radar Countermeasures) has greatly increased in 
prominence. Today, it is as important as "radar 
silence" is to a ship in enemy infeste d waters. It 
should b e of prime concern to every ET that his 
ship can count on ALL of the RADCM gear operat· 
in g properly. Failure of just one uni·t can place 
many units or even the complet e system out of 
operation, since they are inter-related. 

In 1943, German U-boat s were the first to em­
ploy radar countermeasures to detect th e radar 
equipped ships of th e Allied Fleet. Shortly the re­
after, in July of 1944, th e United States Forces 
successfull y used counterm easure warfare against 
th e .Japanese fleet. 

The purpose of the R ADCM equipment is to in­
tercept radar signals from oth er ships while still 
beyond the echo ran ge of th eir radar receive rs, and 
al so beyond the r an ge of your own radars. Then , 
after intercepting and studying the characteristics 
of th eir rada r signal s, to use this informfltion to: 

l - Aid your ship in evading detection by their 
ra dars. 

2- Use your own ship's countermeasure jammers 
to pt·event th e enem y from makin g intelligent u se 
of his radar. 

, . 

. 3- D eceive him by creating false and misleading 
readings on his radar scope (through such methods 
as setting up false target indications) . 

Whatever use it is put to, RADCM is still the 
"early warning" gear that will allow you to out­
guess the en emy. 

The equipment compnsm g the bulk of the 
RADCM installation includes: the low frequency 
Radar Search R eceiver, T yp e RDO ; the high fre­
quency Radar Search Receiver, Type AN/ SPR- 2 ; 
the Panoramic Adaptor ( used for viewing a wide 
band of frequen cies ) , Type RDP ; the Pulse Ana­
lyzer ( used for determining the charact eristics of 
th e receive d signals), Type RDJ ; and the Direc­
tion Finder (which covers both high and low fre­
quency rada r r anges) , Type DBM. 

Since the above RADCM equipment is that most 
frequently found (aboard a ship designated for 
countermeasure servi ce ) this article will be de­
voted to " hints and kinks" for the ET, to h elp him 
service it correctl y and maintain it in peak operat­
ing condition. 

DBM Service and Maintenance 

Common Troubles 

The most frequent trouble experien ced with the 
DBM direction finder is in the antenna r-f rot ar y 
joint, E - 202. Ironicall y enough, the m ajority of 
cases of this troubl e can be blamed upon lack of 
proper maintenance by th e E T. Bi-weekl y clean­
ing and lubri cation of this joint is required if th e 
antenna is subjected to continuous duty. The con­
tact fingers should b e insp ected for deformation 
and excessive wear. Proper technique for cleaning 
and lubrica ting this joint and also slip ring assem­
bly, E- 203, can be found in the instruction book. 

The indications of a n eglected r-f rotary joint 
are noise and intermittent signals in th e receiver. 
As m entione d in Fi eld Chan ge # 3 (applicable to 
DBM serials 1 through 252 ) , signal attenuation and 
noise can often be attributed to the steel pin in 
th e r-f rot ary joint being in contact with a beryl­
lium copper cup, causin g uneven wear due to <the 
relative h a rdness of th e two m e tals. Field Chan ge 
#3 contains a r e placement for this pin m ade of 
soft brass and silver plated. 

The antenna sp eed control vanac (T- 108) is 
anoth er component requirin g careful adjustment 
and frequent checking. Such symptoms as broken 
antenna counterweights and a shot·ted variac r an 
often he att r ibute d to improp er settings of the 
va riac stops. The first st ep in adjusting the antenna 
speed is to set the variac low speed m echanical 
stop so that th e variac output voltage is npproxi-

mately 30 volts and the high speed mechanical 
stop so that the output voltage is approxima tely 
87 volts. The final setting of the low sp eed stop 
is determined b y the starting torque of the antenna 
motor. The low sp eed stop should be set at the 
point where the output voltage from the variac i s 
just sufficient to start the antenna motor rotatin g 
the antenna slowly from a still position. It must 
b e rem embered that the voltage n ecessary to cause 
the antenna motor to continue to rotate the an­
tenna is less th an ·the voltage n ecessary to start 
the antenna rotating. The low speed stop must. b e 
set a t the point wh ere tl1e voltage is just enough to 
overcom e the startin g torque of the motor, causing 
the antenna to commence rotating from a still posi­
tion. A setting of the low sp eed stop at a point 
where tlt e variac output voltage is less than this 
voltage wi1l r esult in excessive current through the 
variac and antenna motor, causing damage to 
either or both. When adjusting for high sp eed 
rotation, setting tlte variac to a1low too high an 
output voltage will cause a centrifugal force to ibe 
created which will be in excess of U1e physical 
stren gth of the counterweight mounting. The result 
of the excessive sp eed will b e another one of those 
equipment failure r eports stating, " antenna coun­
terweight broken and dragging on the radome". 

The a ntenna spinner should be ch ecked for 
proper seating on the driveshaft. Improper seating 
m ay result in excessive antenna vibra tion ; loss ef 
signals at Ute indicator due to lack of continuity 
in Ute r-f lin e be tween the antenna and the an­
tenna internal connector (E - 201 ) ; the antenna 
becoming loose, sh earing off leads from the r-f 
r elay (K- 201 ), placing an excessive strain on the 
ant enna internal connecto r (E-201 ) , and possibly 
causm g damage to tJ1e antenna and radome. 

Less Common Troubles 

Proper adjustment of U1e b eam modulator con­
trol (R- 137) will u sually take care of th e common 
complaint o( " dim r a dial trace with inten se center 

sp ot brilli ancy" . 
The followin g cases of equipment failure, and 

correc tive m easures tak en, are recent troubles hut 
of a less frequent n ature ! 

The bias control potentiom eter (R - 160) in the 
!!rid c ircuit of Lh e vid eo p ower amplifier (V- 104 ) 
had no effect. Thi s was due t o a shorted cable be­
tween the - 90 volt supply and R- 160. 

The trace was off-center. Thi s was caused by de­
fecti ve ve rti eal and horizontal restorers, V- 106 a nd 

V- 107. Foll owing replacem ent of th ese tubes it 
was necessary to readjust U1e sca nning- ('aparitor 
trimme r (C..-141 ). 
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The video gain was low. Only a faint trace was 
visible with bias and gain controls in their maxi­
mum clockwise positions. The lead to the input 

capacitor (C-106) was found to he open. 
Pattern on' the cathode-ray tube off center and 

distorted. Visual inspection showed the cap was 
off the lower vertical deflection plate of the 
cathode-ray tube (V-112). 

Switches which have been replaced due to me­
chanical failure include the main power switch 
(S-101); the horizontal-vertical relay switch, an­
tenna #2 (S-l02A); the horizontal-vertical relay 

switch, antenna #I (S-102B); the battle short 

switch (S-103); the antenna motors power supply 
switch (S-104) and the aural search switch (S-105). 

Fuses F-101 and F-102 were blowing when the 
equipment was turned on. This was caused by a 
partially shorted power input buffer capacitor 
(C-148). 

The video gain control potentiometer (R-101), 
when varied, caused random flashes on the screen. 

This potentiometer was worn and required replace­
ment. 

The true bearing indication was displaced 180°. 
This was caused by reversal of the gyro input at 
Terminals 38 and 39 on the main terminal panel. 

Erratic signals due to damaged fingers in the 
right-angle connector assembly (E-202). This was 
caused by incorrect seating of the cable assembly 
(E-201). 

The high frequency antenna measured open in 

both the vertical and horizontal positions. This 

was caused by defective contacts on the transfer 
relay (K-201'1. 

The low frequency antenna was inoperative. The 
collar on the antenna mounting plate was found to 
be broken. This was corrected in accordance with 
instructions contained in C.E.M.B., Sedion 4, Page 
DBM-3, Supplement No. 31. 

Main line fuses (F-101 & F-102) were blowing. 

The trouble was traced to the slip ring assembly 

( E-203) on the antenna spinner. The slip ring as­

sembly was mounted approximately 1/16" too high 

on the shaft, allowing the upper brush to ride on 

the lower edge of the upper slip ring and arc over 

to the lower slip ring. The line fuses would blow at 
the time arcing took place. The r-f relay ( K-201) 
was passing excessive current during the arcing, 

causing damage to the antenna speed control variac 

(T-108). 
The fiber gear on the drive motor (B-201) was 

stripped. Since the equipment spares did not in­

clude a replacement part, this gear had to he fahri· 

cated hy a tender. The cause of this gear heing 

stripped was excessive torque applied by the drive 

motor due to too high a setting of the antenna 
speed control variac (T-108) for high speed rota­

tion. 

AN/SPR-2 Service and Maintenance 

Common Troubles 

The most common trouble with the AN/SPR-2 
radar search receiver is low sensitivity due to a de· 
fective 1N21 crystal (Y -501) · The C.E.M.B., Sec­
tion 11, Page AN/SPR:1, Supplement No. 31 con· 
tains information on the construction details, elec· 

trical details, and instructions on checking and 

changing this crystal. 
The cavity oscillator tube (2C40) in the tuning 

unit often fails to oscillate and requires replace· 

ment. 
The oscillator cavity in the tuning unit has given 

more than its share of trouble. There are no fa­

cilities available for replating the cavity and spares 

are not available for replacement. When the oscil­

lator cavity is suspected of giving trouble it would 

he wise to check all other associated components 

hefore this unit is disassemhled. If definitely de-

termined to be the cause of the trouble, the oscil· 
lator cavity should be very carefully disassembled 
and handled while it is being cleaned. 

Erratic operation of cavity oscillator is caused 

by dirty track and roller. Both the track and roller 
should be kept clean. 

Erratic signals and loss of signals when the 
AN /SPR-2 is used with one of ·the antennas while 
reception remains good· on the otlter antenna can 

usually he attributed to a faulty coaxial cable or 
antenna. Routine megging of the antenhas and co· 
axial cables should he a part of tlte preventive 

maintenance program. 

RDP Service and Maintenance 

Common Troubles 

In the RDP panoramic radio adaptor one of the 
common troubles is that the high voltage filter re· 
sistor {R-181) changes value due to overheating. 

Excessive overheating and ripple in the horizontal 

trace on the scope are indications that this resistor 
has changed value. 

Signals and grass appearing only at the right side 
· of the sweep. This was corrected by aligniiient of 

the r-f and oscillator sections and adjustment of 
the screwdriver front panel controls. These front 
panel controls should be adjusted only if complete 
adjustment can he accomplished. 

Less Common Troubles 

RDP was inoperative. The d-e blocking capaci· 
tors C-116, C-117 and C-120 were shorted. 

The RDP was causing interference in the RDO 
receiver when the "center frequency" and "sweep" 
controls were advanced. Upon checking the align· 
ment, it was found that the FM oscillator coil 
(Z-101-09) was improperly adjusted. When the 

frequency was varied by the reactance modulator 
at 30 cps, the oscillator would pass through 30 Me 

(the intermediate frequency of the RDO receiver) 

causing spurious oscillations. The trouble was cor· 

rected by adjusting the local oscillator. 

The local oscillator was not functioning properly. 
The FM oscillator coil (Z-101-09) had a shorted 
turn. 

The RDP was inoperative. Fuse F-101 was blow· 
ing due to a shorted 2X2 tube. 

The sweep was just visible above the lower edge 
of the scope mask. Operation of the vertical posi· 
tioning control (R-124) would not permit raising 
the sweep to the correct position. R-126 in the 

cathode circuit of the push-pull video amplifier 

(V-107) had changed value from 750 ohms to 
680 ohms. 

Intensity was too brilliant and could not be ad­
justed with the brilliance control (R-177). This 
was caused by improper resistance values in the 
high voltage bleeder circuit. R-175 had increased 
from 300,000 to 500,000 ohms. A 2-megohm and 

3-megohm parallel resistor combination was found 

in place of R-173 and R-184. These resistors ·were 

replaced with resistors of the correct values and 
the circuit functioned properly. 

RDJ Service and Maintenance 

Common Troubles 

No elliptical sweep throughout all or a portion 

of the range when the "Elliptical Sweep Range" 

control was set on the 25-180 position. The oscilla­
tor frequency determining resistor (R-140), a 
985,000-ohm precision resistor~ was open. Any one 
of the precision resistors~ R-140 through R-147 
and R-149 through R-156, opening up will cause 
the above indications. 

The linear (slave) sweep was unstable. This was 

caused by a dirty "pulse amplitude" potenti­

ometer (R-101). 
The elliptical sweep frequency dial was incor­

rectly adjusted (when the "Elliptical Sweep Tun­
ing" crank knob was rotated counterclockwise un­
til the knob stopped, the Figure 170 did not appear 
under the hairline on the mid-frequency hand). 
Excessive torque had been applied to the "Ellip· 
tical Sweep Tuning" knob and had bent the dial 
stop pin and loosenP,d the flexible coupling. It 

was necessary to tighten the coupling and reposi­

tion tlte dial stop pin. 
The power transformer (T-102) had shorted in 

a few reported cases. 

Less Common rroubles 

The PRF meter (M-101) was inoperative. This 
was caused by a defective meter tube (V-107). After 
replacing the tube it was necessary to recalihrate 

the meter on all scales. 
The PRF meter (M-101) would not calibrate 

correctly. The plate meter resistor (R-134) in the 

plate circuit of the meter tube (V -107) had in­

creased from 33,000 ohms to 38,000 ohms. 
The PRF meter (M-101) would not indicate on 

a received pulse. The meter fuse (F-101) was open. 
The PRF meter (M-101) was reading off-scale. 

The meter tube (V-107) was shorted. 
The linear (slave) sweep was erratic. This was 

caused by an intermittent third video amplifier 
tube (V-103). 

Erratic operation of the "calibrate" sine wave. 

The sweep length determining capacitors C-122, 

C-123 and C-124 had a poor ground connection. 
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ROO Service and Maintenance 
Common Troubles 

The input m eter (M- 201 ) was not functioning 
properly. This is a common trouble and is caused 
by the meter input bleeder r esistor (R-265 ) chang· 
ing value. 

Less Common Troubles 
The receiver output was low as indicated on the 

output meter (M- 202 ) . This was caused by an 
open V-211 screen filter resistor (R- 276 ) . 

No signals were being received on the DBM in­
dicator from the RDO receiver. The RDO video 
output coaxial cable had a recessed center pin. 

When the RDO receiver is functioning normally 
b ut no signals are bein g received from it at the 
DBM indicator, the most common ca uses are : 

cables accidentally cuunecte d to the wron~ posi­
tion, defective cables and coaxial connectors, and 
defective coaxial switches. 

Afterthoughts about the over-all picture . . . 
The above article has been prepared for every 

ET whose job it is to service and maintain RADCM 

gear. It contains importan t data from actual fail­
ures. Use it wisely as a guide for findin g present 
a ud future "weak spots" in your equipm ent so that 
you may anticipate many troubles before they ac­
tually h appen. N ever forget that each unit is 
m erely a link in your R ADCM chain, and if one 
unit is inoperative the rest are of much less value, 
if n ot totally useless. Think twi ce about the value 
of RADCM, th en you' ll he a ste p ah ead of your 
enemy and his radar. 

MARK 25 MOD 2 
D-1 536 71 Balanced Converter 

T h e E quipment was not ca pable of ·trackin g 
planes out beyond 20,000 yards. Beli eving tha t low 
current from the crystal CR (3F )4, T ype 1N23B, 
m igh t he a contributin:.r fa ctor, it was replaced. 
NegUgible improvement was observed a fte r this 
replacement. 

D-153567 Radar Antenna Assembly 
Continuing on the assu m p tion that poor power 

output might b e responsible for the poor pe rform­
ance reporte d, an i n vest i ~ation was m a J e of the 
entire wave~uide run. In the sca nne r it was found 
that the choke flange on th e end of th e scanne r 
waveguide section was badly defo rmed . It ap· 
peared as though the end might have been ham­

mered, or dropped rep eateJly, so that tl1 e quarter­
wave trap had been flattened out and th en bent 

back into a semblance of proper shape with some 
tool, possibly a sc rewdriver. Th e trap was actually 
a series of short irregular chords rath er than a 
true a rc of exact dim ensions as it should be. Know­
ing that some loss of p ower was inevitable from 
such a trap, the ship's spare scanner was installed 
hy ship pe rsonn el. Aga in subsequent tests proved 
Ji sappointin~ as p erformance was but sli ghtly 
better than be fore. 

D-1 53 556 Range Error Detector 
A number of tracking runs had been made b y 

the tim e th e above work was completed. It h ad 
hecome apparent that the equipment sensitivity 
was normal hut th a t the automati c following cir­
cuits were n ot capable of h oldin g in as they should . 
Re balancing of th e ATI cirf'uits was indicated. 
After replace ment of tuhc \' (12M ) 7 ( 6SN7) , which 

was necessa ry iu ord er to ge t a null point with 

!!Witch Test # 1 h eld down, the circuit was adjusted. 
Again only negligible ch anges in operation were 
noted. 

D-153541 Range Unit Assembly 
After considerable checking and testing it was 

found that the trouble was in m echanical binding 
of the ran ge unit drive m echanism. At th e separa­
ble coupling assembly, Drawing: BL-72171, the 
upper h alf coupling was slightly loose on its shaft 
due to loosening of the Allen screws. The coupling 
would shift its position on th e shaft with vibration, 
change of range, or espec ially as a r esult of high­
speed slewing. At some positions operation was 
about normal while at others a very appreciable 
amount of drag could be felt. After r e-ali gnin g 
the parts in the ir proper relationship the set screws 
were ca re fully ti ghtened. One tracking test was 
then made out to beyond 47,000 yards. Additional 
tests would have been desirable but there was an 
absence of planes beca use of very inclement wea­
ther conditions. However, it is beli eved that the 
equipment will operate normally as a result of the 
above corrective m a intenance. 

A. J. ]ONES 
w. A. WITHEHS 
F. c. Zt~IMEH~IAi\' 

U.S.S. Moale (DD-693) 
The hearing and eleva tion sweeps on the indica· 

tors of this equipment were jumping aperiodically. 
The trouble was finally traced to th e terminal con­
nections in Connecti on Box # l. Several lugs were 
coming loose as a r esult of the nuts securing them 
slackin g off. The result in the case of one connec­
tion was intermittent circuit continuity. It was 

found that only one nut p er <terminal was used, 
instead of the four nuts which are provided for. 
It is suggested that this practice, if i t is such , be 
discontinued, and that other connection boxes be 
investigated for simil ar conditions.- V. G. PoPOF 

U.S.S. Des Moines (CA-134} 
It was n oted that op eration of th e AFC unit was 

erratic as evidenced by the fact that the multi­
vibrator would lock in on one side instead of 
ch anging over at ten-second intervals. It was dis­
covered that if the AFC input cable was removed 
at the balanced converter output, J (3F) 2, the AiFC 
unit would still lock in on one side, but if th e in­
put cable was removed from th e AFC tmit., J (3F ) l , 
input the flip-flop circuit operated properly. The 
cable was inspected and it was found 'that the 
coaxial plug termination at P (3K)l was improp· 
erly made in that the t·e was no connection between 
the cable shield and the outside of tJ1e plu g. The 
cable was re terminate d and <the trouble disap­
peared.- RoscoE M. LEWIS. ] n., \V. A. WITHEnS. 

U.S.S. Sumner (DD-692} 
The modulator selector switch (S-8 ) on the 

console I Uni t 4) was found brokeu due to m e­
chani cal interference wi tit the radar indicator 
power plugs wh en stowed on th e hanger brack et. 
T he bottom deck of th e switch jammed against the 
stowed plug when th e control pan el was lowere d. 
The switch was replaced from ship's spares and to 
prevent r epetition of this troubl e the yard (Phila­
delphia Naval Shipyard ) was requ este d to shot1 en 
th e plu~ stowing han ger brack et. Other instances 
of this difficulty have b een en countered. 

- A. J. ELlA 

4C35 DIFFICULTIES IN MARK 25 MOD 2 
Considerable difficulty h as been experienced in 

the Flee t with Type 4C35 tubes used in th e modu­
lator of Radar Equipment Mark 25 Mod 2. In 
gen era l, it h as been necessar y to make indi vidual 
selections to find tubes which will operate sa tis­
factorily. Recently the USS Newport Ne rcs r e· 
ported that Sylvania-made Type 4C35 tubes will 
not opera te at all in th e Mark 25 equipm ent even 
when new. However, the ship stated that afte r 
several hundred hours' use in Had ar Equipment 
Ma•·k 35, th e tubes perfo nn cd sa tisfactoril y in the 
Mark 25 equipment. This hold s true even aft er 

the tubes h ave become inop erative 111 th e Mark 33 

equ ipment. This discover y, th e Nerl'port Ner('s re­

ports, has r edu ced th e casualty rat e of 4C3.5 tubes. 

from approximatel y 70* to 5tjr . 

Pcndin ~ develop ment of a bas il' re med y for th e 

above difficulty, it is suggested that ships ex perie nc­

ing trouble with th e 4C35 Syl va nia tubes follow 
th e procedure in d ica ted hy th e N('r('port. Ne rcs. 
This will r esult in obtaining man y morc l10m·~· 

of operation from tubes whieh mi ght o th e rwise he 
declare d fault y ancl IHit he used at aiL 

Have you ever wondered about the freque ncy limits of the various sub-bands? See "Letters to the 
Editor" on Page 28 of this magazine. 
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A lo t o f wa te r h as r ush ed past th e bows of U.S. 
::\avy ships since the first shipboard elect roni cs in­
stalla t ion was com pleted in 190-!. In th ose days 
electronics was barely out of the gadget stage, and 
few :.\TaYal stra tegists b elie,·ed tha t it would become 
a s ignifi cant facto r in th e design and op era t ion of 
::\a ,·al vessels. E lectronic communica Lions were 
th en a minor subdi vision of a ship 's eng ineering 
o rgan izat ion . 

For m an y years, wh ile rad io increased in ut ility 
and impor tan ce in 1 aval warfare and "Ommunica­
t ions, e lec tron ics r em ained a subordina te p ar t o f 
shi ps' en f! in ec r ing sys tem s, a nd descripti ons of elec­
tron ic eq ui p m ent we re contain ed in th e E lectr ical 
::VIachin cr y Ins talla tion Descripti ons. 

Durin g the pe riod immed ia tely preceding World 
\\la r H , th e ad ven t of ra dar. sona r, direction find­
ing equ ipment a n d o th er na,·igational a ids, to­
gether with th e rap id expansion of r adio com­
munications. po in ted u p th e need fo r a sepa ra te 
an d m ore comprch ensiYe inst alla tion descripti on 
of elec troni c equipment for 1 an 1l ,·cssels. T h e 
complexi ty a nd va rie ty of electroni c gear h ave 
multiplied so rap idly tha t electronics h as g rown 
from a tepchilrl o f electrical eng in eer in g into a 
separa te and vitall y i m portant ph ase of technology. 

T he Bureau of hips was quick to recognize this 

FIGURE !- Arrangement of ante nnas on the CV-34. 
Mast is in stowed position for passing under Brooklyn 
Bridge. 

8/eetrPuic Svstems 
!ustallatiPH :DeseripfiPHS 

rap id growth a nJ its signi ficance in Naval planning 
and tactics. The General S pecificati ons for Ma­
chin ery of the United States 1 avy, prepare d du r ing 
19-J.S, clearly delinea te th e forma t, contents and 
functi on for sepa rate text on E lectronic System s 
I nstalla ti ons to he pre pa red fo r each a val vessel 
or group of vessels. F o r va rious reasons the prepa· 
ra ti on of such text s did n o t progress into a r eality 
as soon as was to he dcsi re cl. H owever, a t th e 
present time several hooks of thi s typ e are in vari· 
ous stages of pre para tion or compl e ti on a nd they 
will douhtless prove of p;reat value in th e oq rani­
zation of electronics ac ti viti es on hoa rd ship. These 
sys tems descriptions have been d csil!ncd to h elp 
achieve op timum e ffi ciency in th e op e ra tion al use 
of electronic equipm ent a nd to facilita te prompt 
and correct m ain tenance. 

T his article is in tende d to a cqua int NaYal per· 
sonnel r espons ible fo r th e technical or o pe rational 
usc and applica tion of elect roni c ~car, with th e 
::reneral layou t and purpose of the E lectronic Sys· 
tems In stalla ti on Descripti ons. R efere n ce is made 
to th e first Yolume of th e general de~cri p ti on of 
electroni c systems in stall a ti on fo r th e USS Oriskany 
(CV- 34} , whi ch rcpre~cnts a ::rood exampl e of this 
type of t ext antl is one of th e first to h e prepared 
in compli ance with th e specifi cati ons. The Gen eral 
Descripti on of E lectroni c SyFtcm s Ins tallati on s for 
Aircraft Ca rri er CV- 3-J., Volnm c l , wa >; compiled 
hy th e cw Yo rk 1 aval hip ya nl. 

AE Fhiphoarrl el rc troni cs installa ti ons h ave l! rown 
in complexity a nti f un cti on. it h as h ecom e in· 
crcasin f!;l y difficult fm· the tPf' ltni cal as well as non· 
elect ronic;; personn el , wh o must d Pp r n tl upon these 
cqui p ment s fo r tac ti cal. n av iga tion al. anrl I'OI11· 

municati ons info rma ti on, to m a int a in a wo rkin g 

kn owled p;e of th ei r FCope a ntl limit a ti on ;;: . Wh at 
earl1 piece of gear can and ca nnot do, its de penda­
l,il ity, r ange, anti m an y o th e r fa Pto rs must he un· 

derstood to use electronic devices to the best ad­
vanta ge. E lectronics personnel are becoming more 
and m ore speciali zed ; some expert in radar, others 
in one o r m ore of the va rious specialized equip· 
m ents. T h e gen era l description of electroni~ sys­
tems installation fo r a given vessel o r type of ves­
sel is designed to facil ita te instruction of hoth elec­
tronics and n on-electronics pe rsonnel in th eir ship' s 
elect ronic equipm ents and layout. This general de· 
scription .is th e first of two volumes dealin g with 
th e elec troni cs installati on system of the CV- 34. 
The second volume, to be described la ter in this 
a rticle, will contain tes t, calibration ami perform · 
ance da ta. 
. The Gen e ral Description of E lectronic ystems 
Installa tion fo r the Aircraft Carrier CV- 3-t., pro­
vides th rough the use of t ex t m a ter ial, drawin gs 
and ph o tographs, a description of each of the ma­
j o r units o f th e ins tallation and their interrela tion, 
and gives gen eral information on each system as a 
whole. A conc ise description of the general pur· 
p ose and function of the various systems is in ­
cluded, setting forth the funda mental opera t ional 
and ins tallati on features. The in terre Ia tionsh i p of 
th e electri cal a nd electronic systems on boa rd the 
vessel is clar if-ie d . A study of th e int e~rat cd clcc· 
tri cal and electronic functions and requirements of 
th e va ri ous pieces of gear, as presented in thi s in­
struction hook, h elps electronics personnel to know 
and unde rs tand the ir r esponsibilit y with respect 
to powe r suppli es, cabling, intc n:ommunil'atiuns, 
e tc., necessa t·y fo r th e proper operati on of the el ec­
tron ic insta lla ti ons. 

Bu hips specifica tions fo r th e l!ene ral descrip­
ti on of e lec troni cs system installations r equire de­
scripti ve m a te rial and jllustrations for ea('h of th e 
fo llowin g m a jo r electroni(' Fy~ tPm S on hoard 1ava l 
vessels : 

1- Rad io. 

2- Rada r. 
3- IFF. 
..J..--Countermeasures. 
5- Sonar. 

The table of contents o f the volum e prep a red 
by the New York N aval hi pyard fo r the LS.S. 
Oris/,:any (CV-3-1.) mustrates th e complete cover­
age provided in this instance and gives som e idea 
of the layout of this typ e of instruction b ook : 

Secti on 

Section 

Section 

Section 

Section 

! - Airborne E arl y ·warning. 

2- B eacons. 
3- Carri er ControJled App roach. 

4- Countermeasures. 

5- I den tifica Lion . 
Section 6-R a dio Communi ca tions. 
Section 7- R adio (Navigational). 
Section 8- Radi osonde E quipment. 
Section 9- Radar (Fire Control ) . 
Secti on 10- R adar Sea rch . 
Section 11- Sonar . 

FIGURE 2-Search radar control room on the CV-34. 

FIGURE 3-Radio Central (Radio I) on the CV-34. 
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Together with descriptive text material, fu~c­
tional diagrams of each system and of the maJOr 
equipments which make up those systems are m­
cluded in the instruction book. Lists of electronic 
circuit designations, electronic equipments installed, 
and the locations of individual units are also 
included. 

Figures l and 2 are represen tative of the many 
photographs sh owi ng orienta tion of individual 
equipments and various electronic systems. 

The combat information center , search radar con­
trol room, cap tain's plot and message center, radio 
transmitter room forward, and radio central loca-

R adio Receiver Extension System. 
Radio Transmitter Remote Control System. 
Radiophone System. 

Teletype System. 

R adar Repeater System. 
Power Supply System (between distribution 
cen ters and electronic equipments, and b etween 
units of these equipments) . 

The second volum e of the electronic systems in­
stallation instruction book will contain the calibra­
tion, p erform an ce and test data required for main­
tenance of -th e elec tronic equipm ent and systems. 

FIGURE 4-Combat Information Center on the CV-34. 

tions are shown in photograph s such as Figures 
3 and 4. 

Each electronic ci rcuit is adequa tely described 
throu gh text material and gen eral isometric and 
elementary wiring diagrams. Plans sh owin g the 
arrangement of equipment are also shown for the 
major electronic spaces. 

A master plan, showing the arrangem ent of all 
electronic spaces on shipboard, is provided, and in 
this volume, as in all those to be prepared for 
major combatant vessels, each radio, radar, sonar, 
iff and countermeasures space is shown in detail on 
a separate plan. 

Profile drawings and plans used for the follow· 
ing electroni c systems are also included: 

All information n ecessary to keep gear properly 
ali gned and in operatin g condition will b e pro­
vided. This volume will also con tain instructions 
for calibration of th e various electronic equipments 
and pertinent test data indicating p e rformance 
characteristics of th e system as a whole. Diagrams, 
ch arts, graphs, reduced size plans an d other de­
scriptive ma tter to enable p ersonnel to properly 
orient, test and calibra te all th e ins talled electronic 
equipments are included in t his second volume. 

While the cal ibra tion s, records of p erformance 
and test data wh ich will h e provided will, of n eces­
sity, b e informati on obtain ed prior to deli very aud 
acceptance of the vessel b y the Navy, they will 
provide information that will h e useful in ship· 

board tes ts and operational use. This information 
will include : 

! - Radio-frequency character istics of various 
radio receiving and -Lr.~nsmillin g antennas. 

2-Antenna calibration and pattern measure­
m ents as appli cable in accordance with standa rd­
ized procedures, techniques and report forms es­
tablished by th e Bureau of Ships. 

3- Radar range calibrations, including descrip­
tions of targets, together with charts showin g ac· 
tual latitude and longitu de of th e fixed targets 
employed a nd their loca tion relative to th e dock­
ing area. 

4--Reco rds-Initial cal ibrations of LF / DF, l\'IF / 
DF, HF / DF and UHF / DF covering a typical set of 
conditi ons and frequencies plus a statement of 
overall characteristics and expected performance. 

5- Calibrations of surface search radar bearings 
as compared with p elorus bearings. 

6- Radar calibrations- Records of test point 
wave forms with the th eoretical aud actual waYe 
form s indi cated at each test point. 

?- R ecords of fi eld ch an ges. 
8- R ecords of transmitter performance. 
9- Records of radio transmiller tuning. 
10- R ecords of radio receiver tuning. 
11-Sonar reco rds : 

a- Panel me ter r ea dings. 
b- R esistance readings. 
c-Voltage a nd current readings. 
d-lVIon i Lor m easurem en ts. 
e- M odificati ons an d attachments. 

System planning provides fo r th e installation of 
equipment, wh ich, while not readily available at 
th e time of construction and delivery, may be in­
stal1ed wi th minimum displacemen t of existing in­
sta1led faciliti es, since the plans for the equipment 
a re integra te cl wi th the oth er electronics systems 
at th e t ime of cons truction and before preparation 
of the h ook. 

This ins tructi on book prO\·i des a compreh ensive 
listing of a vai la ble elec tronics fa cilities and the ir 
polentialitie fo r ready reference in planning cont­
m unica tions, racLu, sonar and oth er e lectronics 
functions in a ny ship, unit, t ask force or fl eet 
ac tion. Offit·c rs wi II h e able to leam readily th e 
fun cti ons, uti I i ty a nd opera 1 ion of elect ron ic gear 
unde t· th e ir ('ogn izance. 

The easil y refe renced catal ogue of equipm cn ts 
a nd syste m,:, a n rl th eir fun eti ons ami req uirements, 
togethe r w ith th e diagrams providctl, will meas­
urably sp eed apprai sa l of battle damal!c ami rapid 
ada ptation of rPrn a ininl! ope rating eq uipment to 

the maintenauce of optimum comba t efficieu cy. 
These tests on the electronics systems installation 

will p rovide a means for speedin g the orientation of 
electrouics and n on-electronics personnel insofar 
as the fm1ctions, needs, scope and limitations of 
electronic equipments are con cerned. New per­
sonnel may use i t to become familiar wi th the 
ship's electron ics installation. 

The many drawings and plan s located together 
in one source, make i t possible t o plan shipboard 
ch anges with a minimum of confusion. 

The presen t plan is for th e h ome ship ya rd of 
each vessel to retain th e ori ginal of both th e text 
and illustrations for the book and h ave the re­
sponsibility of main taining ·th e b ook curren t. In 
this way the book will be kept up to date and the 
ship will he p rovided with th e la test drawings. 
tex:t, instructions and organizati on al material for 
th e eq uipment curren tly installed on board. 

Through th e various diagrams p rovided, the 
maximum use of cabling facilities may be obtained, 
m inimizing th e number of cables and cabling 
ch a nges required. 

Similarly, the optimum use of antenna facilities, 
in routine operations and after battle dam age, m ay 
be quickly p lanned by r eference to the applicable 
text and illustra tion information m th e systems 
i nstallation instruction book. 

Interference be tween equipments o r from out­
side sou rces will be subject to analysis with con­
siderably greater faci lity than was possi ble wi thout 
this reference on the entire electroni cs installation, 
;mel corrective measures may therefore be de­
veloped and action taken more efficien tl y. 

The electronic systems installation iustruction 
books will be a very welcome addition to a sh ip's 
iustruction book library a n d a useful tool in learn­
ing and using the ship's electronics installations to 
their best advanta ge. Those whose upervisory 
duties requ ire knowledge of th e broad phases, pur­
poses and functions of th e various elect ronics sys­
tems installed, as well as the electron ics personnel, 
who will doubtless m ake good use of th is co m pen­
d ium of information, will find this text a real h elp. 

The systems in truction book is no t design ated 
to supplant the prc~c nt type of eq uipm en t instruc­
tion hook. R ath e r. it is inten ded to supplement i t, 
a id in system p lanni ng and furth e r th e most effi­
cient integrat ion of electron ic faciliti es under the 
ehangi ng con ditions of sh ipboard activity. As 
rPpresented hy th e General Description for E lec­
tron ic Systems Installa ti on for th e Aircraft Car­
r ier CV- 3-l, this type of instructio.n hook will erve 
well in sh ipboa rd elec-tronics. 
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Roch elle salt crys tals b ecom e unservi ceable a t 
te mperatures in excess of 116° F. and were super­
seded by ADP (a mmonium dihydrogen phosphate ) 
type crys tals. The ADP type crys tals are servicea­
ble up to tempera tures of approximately 21 2° F . 
Sin ce the production cost of th e magne trostric tive 
t ran sducer is lower th an th a t of th e crystal type, a 
design h as been comple te d by th e Ordnance R e­
search Labora tory, P enn sylvania S ta te College, 
which is an exact electro-acoustic and m echanical 
r epl acem ent of th e cr ystal type for u se in the above 
torpe does. 

I n th e comm only used pi ezoelec tric or crystal 
h ydrophone ', th e cr ystal elem ents produce vohages 
wh en they are alte rnately s tre tch ed and compressed 
by th e acoustic waves strikin g th em. 

I n gene ral principle, magn e tostri c tive h ydro­
ph on es a r e simila r to th e cr ys tal t yp e, con sisting 
essentiall y o f a number of active elem ents actuated 
by th e vi bra tion s of a diaphragm in cont ac t with 
the water. 

In a m agne tostrictive hydropho ne, however, th e 
core o f each elem ent is a len gth of magn etic m a­

terial which ch a n ges in degree of magne tization 
wh en it is stre tch ed or compressed. E ach of th ese 
cores is surround ed b y a pi ck-up coil through 
which tl1e m agn eti c lines of flu x pass, so th a t as 
the soun d vibrations ca use the magneti zation of 
the ba r to flu ctua te, th e ch ang ing lines of flux in­
duce correspon d in g voltages in the coi l. 

T h e m ost sensit ive cr ystal substances det e rio­

rate a t tempera tures that may be r each ed on a 
shi p's deck in th e hot snn or be neath a n airplan e · 

n ear t he en g ine exh a us t. Magnetostrict ive trans­
du cers, on the o th e r h and, ar e constructed to en­
dure temperatures very much high er. Additional 
advantages o f m agn e tost r ic ti ve h ydro ph o nes are 
th ei r greater mech an ical ruggedness a nu their pre­
viously ment ioned lower producti o n eost. 

'In the terminology of underwater acoust ics work, a " h y· 
drophon t•" is an i n ~trumen t used to t ransform m·onsti r sig· 
nal s into e le l' t ri•·al s igna ls, and a " proj e l"l o r" or " transmitter" 
transform s e lel'lri('a ) signals into a!'o usti<' o i ~mds; a " u·ans· 
dtiC'er'' performs either funct ion or both . 

Like piezoelectri city, m agne tostric tion is a r e­
versible phenom enon. If volta ges ar e appli ed to 
the coils surrounding th e ma gnetostric tive ele­
m ents, the r esulting chan ges in magnetization of 
the elem ents will set up s tresses whi ch m a y b e 
u sed to produce acous tic signals. The hydrophone 
then becom es a projector. 

The commonly used magn etostric tive m aterials 
are nickel, nickel-iron alloys, and iron-cob alt-vana­
dium all oys. 

Both magne tostri c tive and piezoelectric trans­
ducers are inh erently well suited to receivin g tl1 e 
high pressures and low amplitudes en countered in 
und erwate r sign als (contrasted to th e much lower 
pressures and much high er ampl itudes which im­
pinge on a r ece iver of air-horn e sound, such as a 
te le phone receiver ) . Con versely, they are also well 
suite d t o producing underwater s ignals because, 
furnishin g high forces with little amplitude th ey 
are able to op erate e ffi ciently when loaded with 

water . 
Since aJl transdu ce rs operate most e ffic iently at 

the natural or r esonant frequ en cies of their vibrat­
ing elem ents, magne tostrictive and crystal el em ents 
ar e useful principally at u1trasoni c frequencies he­
cause units r esonant in t h e audible ran ge are u su­
ally too large to be practi cal. Magne tostri ctive 
transducers h ave a sm aller ran ge of u seful fre­
quen cies than do crystal hydrophones because their 
efficiency of conversion between electrical and 
acoustic energy (in eith er direction ) decreases 
more rapidl y at frequencies off the resonant fre­
quency. An additional hi gh-fre quen cy limitation 
is im posed on magnetostric tive transducers by the 
difficulty of constructing very small elements. 

The performance of a hydrophone is usuall y ex­
pressed in terms of its sens itivity, or th e voltage it 
develops in a given sound fi eld. Howe ver, since 
this voha f.!;e i s dep endent on th e electrical imped­
ance of the hydrophon e, th e impedan ce must h e 
specified h efore a sensiti vity figure is m eaningful. 
Crys tals have extrem ely hi gh impedance, and the 
sensttJvJttes of pi ezoelectric hydrophones are, 
th erefore, gen erally high er than those of magneto ­
stric tive h ydrophones. Direct comparison hetween 
hydrophones of th e two types can he made only 
wh en th e sensiti vities are conve rted to effi c iencies, or 

wh en on e hydroph o ne is fitted wi th a tunin" d evice 
b 

to make its imp edance equal to that of th e other. 
Magne tostri c tive h ydrophones designe d to re p lace 

cr ysta l on es are pro vided with s uch tu!l in rr d evices ,., 
so that the sam e elec tronic panels m ay he used 

with out r edes ign, and th e resulting sens itivi ti es 
are a lmos t id ent ir·a l to th e origina l. 

\Vh ercas in p iezoelectricity, stre tching corre­
sponds to electri cal pohrizat ion of one sign and 
compression to polarization of the opposite sign, 
in ma~n etos tri ction the sign of the force ( tension 
is considered positi ve, compression negative) and 
th e direction of magnetic polarization are inde­
p endent. F o r example, if a bar of nickel is com­
pressed, th ere is an increase in whatever magnetic 
polarization it already happens to have, and if t he 
bar is stre tch ed , this polarization decreases; con­
versely, if th e polarization is increased by electri cal 
m ea ns, the bar shorten s, and if the polarization is 
decreased , the bar lengthens, r egardless of th e di­
rection of polarization. If an alternating magnetic 
fi eld is appl ied to an unmagn etized har, the bar 
vibra tes at twi ce the frequency of th e applied fie ld. 

Some magn etos tri ctive materials undergo an in­
crease in magn etization when th ey are stre tch ed 
and a decrease whe n th ey are compressed ; for 
others th e ch ange is th e r everse. R egardless of the 

the alternating fi eld is superimposed. Provision of 
this polarization may be accomplish ed b y sendin g 
direct current through Lh e coil, by placin g a p er­
manent magnet in close proximity to th e bar_ o r 
by using one of several magnetostric ti ve alloys 
capabl e of re taining a hi gh r esidual magne tism . 

Although a solid bar of magnelostric ti ve material 
may be used as a vibrator, it is ve ry ineffi cient h e­
cause of en ergy losses due to e ddy currents within 
th e material. To elimin ate eddy currents, the bar 
may he bu il t up of laminations electrical ly insu­
lated fro m one anoth er , or a thin t ube may be u sed 
instead of a bar. 

Besides the longitudinall y vibrating elem ents de­
scr ibed above, radial magnetostri c tive vibra tors ar e 
also used. A radial vib rato r may simply be con­
sidered as a l on~itudinal vibrator whi ch has been 
bent to form a cl osed loop. the coil surrounding 
it becoming a toroid. As the loop changes in leng tJ1 , 
it also changes in diame ter , and acoustic en ergy 

8 
.- A 

Explode d view of fou r-tube magnetostrictive hydrophone developed at the Ordnance 
Research Laboratory. A-Rubber pad used between transducer diaphragm and 
shell of torpedo; B-Diaphragm ; C-Tubular magnetostrictive elements; D-Coils; 
E-Polarizing magnets; F-Case; G-Cablc to electronic panel. 

magne tostric tive characteristics of 1he material, 

howeve r, applie d forces can cause changes only in 
th e existing magnetization of the material; no ap­
pli ed force can cause a reversal of th e magnetic 
polarization. A completely unmagnetized bar 
would re main unmagne tized r egardl ess of the ma g­

nitud e aJHl the dit·eetion of the forces applied. In 
fac t, th e degree of conversion between m echani cal 

and electrical eu e rgy is ver y low anywhe re near 

ze ro magnetization , reaching a maximum only 

wh e n th e magne tization is quite _hi gh. 

For I h ese r easons, rnagn elost ricti ve vi hrators arc 

g iven a s tead y ntagnetie po lari zation upon which 

is radiated equall y in all direction s in th e plane of 
the loop. R adial vibrators are usu ally built as 
stacks of ring laminati ons. They are u sed wh ere 
non-direction ali ty is desired , in such appli cations 
as artifi cial noise targets. 

Be!'ause of the ir ad va nt ages, magnetostri c ti ve 
h ydroph ones will probably comp le tely supersede 
piezoelectric hydrophones in som e appli ca t io ns. 
Crystal tra nsdu ce rs will continue to he used wh e t·e 
the ir inh crf'nt qualiti e~ mak e th e m most a p plica­
bl e, especiall y a t hil,!h frequenci es a nd where good 
response ch a ractct·i stics o ver a h roacl f requency 
r ange are cl e~ ire (l. 

- R11lletin of Ordnanre lnf:)rmatirm 
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EDITOR 

This new feature is the answer to numerous suggestions and requests from flee t and shore pe r­
sonnel for a medium of presenting their individual problems, gripes and questions on e lectronics 

matters and obtai ning answers to such q ueries. 

As a matter of conve nience, it is suggested you write directly to: 

Edi tor 
BuSH IPS E LECT BO N 
Sir: 

\'\.ie a re unable to find in any of the technical 
publications on board a definition of 1l1e frequency 
sub-bands identified as Ss, Xb etc. W e would ap· 
preciate your runnin g a table of the frequency spec· 
t rum sh owin g th e frequency l imi ts of all suclt 
hands and sub-bands. 

LT. J.D. A., u.s. i . 

T he requested information follows: 

BAND FREQUENCY 
(Kilocycles) 

VLF Below 30 
LF 30 to 300 
/IITF 300 to 3,000 
HF 3,000 to 30,000 
VHF 30,000 to 300,000 
LHF 300,000 to 3,000,000 
SHF 3.000,000 to 30,000,000 

A 
( M Pgacyeles ) 

1."57 to 137 
G 19-1- to 212 
p 225 to 390 
L :No to 1.550 
s 1 ,550 to 5,200 
X 5,200 to ] 1,000 
K 11,000 to 33,000 

L,, SlO to 725 
L8 900 to 950 

·-

The Editor, BuShips Electron, Code 993, 
Bureau of Ships, Navy Department, Wushington 25, D.C. 

Editor 
BuS111PS F.t.ECTRO:\" 

Sir : 

950 to 1,150 
1,150 to 1,300 
2,400 to 2,600 
2,700 to 2,900 
2,900 'LO 3,100 
3,100 to 3,400 
3,-1-00 to 3,700 
6.220 to 6,900 
s:520 to 9,000 
9.000 to 9,600 
9:600 to 10,000 

10.000 to 10,250 
10:250 to 10,900 

Editor 

I s it p ermissibl e for an ET to he put in the op­
e ration s division rathe r· than tlr e engineerin g Jivi· 
sion? T hi s ques tion pe r ta ins to small craft. 

If so, can it be don e at th e d iscre tion of the 
COilllllanJ in g office r or docs h e h ave to I!Cl p e r­
miss ion fron t th e B u rea u ? 

R. L. D., 1-:T 2, USN 

This can be done at the discrl't iun of the com ­

manding officer, ·1cithow permi.ssion fro m th e 
Uur('(UI. 

Editor 

-------------------------------------~- -

Twenty-twenty eyes and glasses 
~ 

Will not help him find his parts, 

When they're stowed without a system, 

He is licked before he starts. 

On the other hand, this sailor 

Needs no glasses now to see; 

With the INTEGRATED SYSTEM 

He KNOWS where his parts will be. 

---, 



"I shot an arrow into the air 
It fell to earth, I know not where." 

Henry Wadsworth Longfellow 

Navy radar knows "where." It locates, 
identifies and destroys the enemy far 
beyond the horizon. Navy radar is 
bound to make a hit. 

1 


