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WARNING 

DANGEROUS VOLTAGES EXIST IN THIS EQUIPMENT 

Be careful when working on all components of the mdar set. 
Up to 900 volts exist in these components. 

DON'T TAKE CHANCES! 

EXTREMELY DANGEROUS VOLT AGES EXIST IN THE 
FOLLOWING UNITS: 

Radar Receiver-Transmitter RT- 268/ SPN- 11 In }lodulator power 
supply and trans­
mitter circuits 
( :l,OOO volts). 

Azimuth and Range Indicator IP-193/ SPN 11 In PPI circuits 
( 5,000 volts). 



Changes in force: C 1 and C 2 

CHANGE } 

No.2 

TM 11-1535 
C2 

HEADQUARTERS 
DEPARTMENT OF THE AR:\IY 

WASHI:-:GTOX, DC,27 .1/ay 1977 

RADAR SETS ANj SPN-11 X (NSN 5840-00-503-3532) 
ANj SPN-11Y (NSN 5840-00-503-3531) and 

ANj SPN-11 Z (NSN 5840-00-503-3529) 
FIELD MAINTENANCE 

TM ll-15:~5, 80 December 1954, is changed as fol­
lows: 
The title is chang·ed as shown above . 

ParJe 5. Paragraph 2 is superseded as follows: 

2. Reporting of Errors 
The Reporting of errors, omissions and recom­
mendations for improving this manual by the in­
dividual user is encouraged. Reports should be 
submitted on DA Form 2028 (Recommended 
Changes to Publications and Blank Forms) and 
fotwarded d i1·ect to Commander, US Anny Elec­
tronics Command, ATTN: DRSEL-MA-Q, Fort 
Monmouth, N.J 07703. 

NOTE 
Refer to TM 11-1335 for applicable 
forms and records. 

Paragraph 2.1 is added after paragraph 2. 

By Order of the Secretary of the Army: 

Official: 

PAUL T. SMITH 
Major Ge11 em I, U11 i ted Stat e.<; A.rmy 

Th c r\ clju fa 11 t r;c lleml 

Distribution: 

2.1 Reporting Equipment Improvement 
Recommendations (EIR) 
EIR's will be prepared using DA Form 2407, 
Maintenance Request. Instructions for prepar­
ing· EIR's are provided in T~1 38-750, The Am1y 
Maintenance Management System . EIR's should 
be mailed directly to Commander, USAimyElec­
tronics Conm1and, ATT~: DRSEL-:\IA-Q, Fort 
Monmouth, XJ 07703. A reply will be furnished 
direct to you. 

Page 177, figure 1-18. At pin 1 of V107 change 
"550K" to read "11\Ieg." 

Figu)'(• 222. Add the following under "2. RF 
SYSTEM." 

C. TEST WAVEGUIDE RUN (THE POWER 
OUTPUT WITH WAVEGUIDE RUN CON­
NECTED SHOULD NOT BE MUCH LESS THAN 
WITH THE DUlVIMY LOAD CONNECTED). 

BERNARD W. ROGERS 
r;e11era/, Coited States .Anny 

Chief of StH.f.{ 

To be distributed in accordance with DA Fonn 12-51, Direct and General Support maintenance re­
quirements for AN/SPN-11. 

tf U.S. GOVERNMENT PRINTING OFFICE: 1977-765010/497 

1 



DEPARTMENT OF THE ARMY 

US ARMY AG PUBLICATIONS CENTER 
1655 WOODSON ROAD 

ST. LOUIS. MISSOURI 63114 

OFFICIAL BUSINESS 
PENALTY FOR PRIVATE USE S300 

POSTAGE AND FEES PAID 
DEPARTMENT OF TH E ARMY 

DOD 314 
U.S. MAIL 



TM 11-1535 
c 1 

TECHNICAL MANUAL 

RADAR SETS AN/SPN- llX, AN/SPN-llY, AN/SP N-llZ 
FIELJD MAINTENANCE 

'l'M L 1 l 535 } 
CIIANOI•JS N 0. 1 

TM 11-1535, 30 December 1954, is changed as 

follows: 
Paae (j, paragraph 4b. Chnnge tho fifth entry 

from Lhc top of the puge to re1Hl: 
Blower motor 115, 32, or 2·1 vdc, from shipboard 

input. supply; or 115 v, 400 cy·cle ac 
from motor generator (on r·eceiv­
er- trans mitt crs bearing Order 
No. 28468· Phil a-55) . 

Page 7, paragraph U. ~l11kc the following 
chnnges in the "Component" column m parl1-

gruph G: 
l n a, chnnge "Blower motor (115 ,·de)" to 

rend: Blower motor 115 v de (Il5 v, 400 
cycles a c for blower motors mount•ed in 
receiver-transmitters bearing Order No. 
28468-Phila-55) . 

In b, <'hnnge "Blower motor (:32 vel c)" to 
rend: Blower motor 32 v d e (115 v, 400 
cycles ac for blower motors mounte d in 
receiver-transmitters bearing Order No. 
28468-Phila-55). 

In c, cb1mge "Blow<'r motor (24 vdc)" lo 
rend: Blower motor 24 v de (115 v, 400 
cycles ac for blower motors moun ted in 
receiver-transmitters bearing Order No. 
28468-Phila-55). 

J>age 8, paragraph 7. Chungc Lho fi.gure rofer­
onc·os aL Lhc end of the pnmgr11ph ti lle to read: 
(fig~. 2, 3, nnd 3.1). 

Page 9. Add figure 3.1 nftcr figure 3. 
Paae JJ, paragraph l:J. ~ l 11ke the following 

chnnges: 
[n lh<' ehnrt in b, chnngc the fifth line in the 

"A /S PN-llX" column to rend: 115 v de 
(115 v, 400 cycles ac in receiver-trans­
mitters bearing Order No. 28468-Phil~l-55) . 

Chnnge the fifth l ine in the "A TfSPN- llY" 
column to retld: 32 v de (115 v, 400 c:ydes 
ac in receiver-transmitte rs bearing Order 
No. 28468-Phila-55). 

DEPART~lENT Oli' 'l'f lE AR?viY 
WAsiTINM'ON 25, D. C., 30 li'ugust 1955 

Chnnge the fifth liJle in the 11AI'\/SP~-11Z" 
coh~nm lo .read: 24 ,, de (115 v, 400 cycles 
ac m receiver-trans mitters b earing Order 
No. 28468-Phila-55). 

Add c 11fter b. 
c. Changes and Additions (Order No. 28468-

Philct-55). The following changes or ndditions 
lutvo boon m11de in Rnclnr Set AI\/SPN-llX, 
pro<·urcd on Order r o. 284() -Phiht-55: 

(1) Blower motor B 01 oporntes from tho 
115-volt, 400-cyde, motor-generator out­
put. 

(2) Terminal bonrd TB 05, fuse F805, and 
sl nrting capacitors C802 nnd C803 ba ve 
b.cen added for t!JC' C'onncctions nnd opera­
! JOn of the blower rn otor (fig. 204 .1). 

(3) The convenicnC'O pnn<'l hns been changed 
so that. 11 huger 11ir fi lter can be installed. 

(4) Spare brushes for the motor generator, 
tho antenntl dri,·c motor, nnd the de­
Ocction coilnre suppli<'d. 

(5) 11\lso F301 in the modulntor power supply 
hns been chnngNI from 2 11mpores to a 
1-ampcre, slow blow type. 

Page 15, Paragraph 18. Jn c, ndd the followina 
to the lusL sentence: except, on rccciver-trnns~ 
miLLers bonring Order No. 284G8-Philtl-55, Lbe 
blower motor opemtes from tho motor aeneraLor 
1 15-volL, 400-cycle output "' 

Page 74, paragraph 83. In b, ch11nge the firsL 
sentence to read: The 115-voll 400 cps ac is fed 
through fuses to the low-,·oilllgc power supplies, 
the modulnlor power supply, the ppi power 
supply, and the blower motor (on receiver­
transmitters bearing Order No. 28468-Phila-55 
only) . 

fJa.ge 7 4, 1Jaragraph 84. C hnngo the figure 
references tlflor tho pnragrnph houding to read: 
(figs. 73, 73.1, and 74). 

Page 75. Add figul'e 73.1 uftcr flgure 73 . 
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~-"·. 

Fig~l:e s.'t. ' Rada!' Receivei- Tran$rnitler RT-~68/SP:V-11 ('units bcm·in(J Orttr.r No. ~81,(18-PhUa-65), front view, wit'• 
''·, . ., · ' h:tn(l<ld panel open. ' • 

Page 76, paragraph 85. In e, change the last 
. ~e~tence to read: T;he ship's supply voltage 

(or in the case of receiver-transmitters bearing ,, . 
Order No. 28468·Phila-55, the 115 volts, 400 · 
cps) is fed to the blower motor on the bottom of 

the receiver-transmitter. 

Page 77, figure 75. Add the following note: 

f 

NOTE 
THE BLOWER MOTORS OF · 

RECEIVER-TRANSMITTERS ~~DAR 
SPN:..ll BEARING ORDER NO 2;

268
1 

PHILA-55 ARE ENERGIZED BY T~ 
115-VOLT, 400-CPS, MOTOR-GEN 
ERATOR OUTPUT. -

Page 80. Add figure 81.1 after figure 81. 

1'AGO 113CIA 



Figure 7S.l. Rect.>iver-transmitler (units bea;ing Order No. 281,68-Phila-55), front of hinged panel, location of pot~~er system 
parts . . 

Page 81, paragraph 90. Make the following 
changes: 

In b, change the figure reference nfter the 
heading to. rend: (figs. 81 and 81.1). 

In b(l ), insert the following after the second 
sentence: The blower motors of receiver­
transmitters bearing Order No. 28468-
Phila-55 n.re energized . by the 115-volt, · 
400-cps, motor-generator output. As soon 

TAOO 1185A 

ns the motor generator stnrtst power is fed 
through fuse F805 to the blower motor. ' 

Page 85,figure 86. Add the following note: 

NOTE 

FUSE F301 IS A 1 AMPERE, ' SLOW 
BLOW, IN RECEIVER-TRANSMIT­
TERS BEARING ORDER NO. 28468-
PHILA-55. 



115 VOLTS 
400 CPS 

F805 
lAMP 

C802 
.5UF 

C803 
. I UF 

TM 1535-CI-4· 

Fi(JW't' 8 1.1. l 'otvl'l' for blowt•r motor 1~( N·I'Citer-lrcwsmillers 
bearing Ordl'/' No. 281,f18-Phila-55. 

Page 92, JIC£'1'Ct{JI'aJ>h .99e. Chnnge the period 
af ter the first word on tho pn~e ton comma and add 
the following: 0xeept, on l'eceiYer-trnusmitters 
bearing Order 1:\o. 2 4()8-Phihl-55, the blower 
motor operntes from the 115-voll, 400-cps, molor­
genN:llor output. 

Page 115. Add figure II :3.1 nfter figure 113. 

.. .. 

... ... 
:a :a 

TB803 

NOTE: 
ALL WIRES ARE WHITE WITH TRACER. 
OOLOR SHOWN IS COLOR OF TRACER. 

1111~35-CI-5 

Fi(furc 11.'3.1. Hrcrir,rr-/r(lll!lllliflrr (unit.~ bearing Order No. 
281,68-Phila-66), blower circuit, schematic diagram. 
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Paue 116. Paragraph 108. Make the follow­
ing changes: 

Clumgc tho figure reforenc<'s after the parn­
graph h<'nding to rt'nd: (ftgs. 113, 113.1, 
114, nnd 204 .1). 

In a, ins('l'[. I lit' following nfter the llrsl sen­
lenC'C: On rcc·<'i,·er-trnnsmit lcrs bearing Or­
der 1o. 284H8-Philn-55, :1 fifth lt'rminal 
boHd (1'1380:3) is ()1'0\'idcd for connections 
of the blower motor <"irC'uit. 

Page 12fi, fJClmfJra ph II 0. J\ f 11 ke the following­
chn ng-t's: Opposi to 14':30 I in t hr ch1nL, clw ngo 1 
amp, 2:)0\T in the H.nl ing column lo l'C1td: 2 nmp, 
250V (or 1 am1>ere, slow blow ty1>e, in receiver­
transmitters bearing Ord er No. 28468-Phila-55). 

Add th o following to tho fll so table. 

Fuso 

F805__ Blow<'r <·ircuit, 

Hllt.inl( T.ocn!.ion 

t~mp , 250 Back of blower 
v. mounWng 

panel. 

Page JDD, paragmph 20.3. After the Lenth lino 
of parngrnph 20:3, udd the following: On reC'eiver­
trn.nsmillers benri ng Order 1\o. 2846 -Philn.-55, 
another terminnl bo:ml (TB8Q;)) is pro,·ided for 
conneetions of the blower motor ('il'(·u it. 

ParJe 211. Acid figur(' 17:3.1 ufter fig-ure 173. 

Page 247, fJ<II'af!ra.ph :246. ('hnngc the figure 
refcrciH'<'S nt t II<' 011d of p:ll'llgi'H ph 246 to rend: 
(figs. 204, 204.1 , 20.1, und 205.1). 

Pa.rJe 247. Add fi gurr 204. 1 1lfter figure 204. 
Paye 248. Add figu re 20!i. l nfl<'r figure 205. 

PctrJe 248, 7Ut.?·etyra.ph 247. C 'hunge th e figmo 
refcron<'c in t.h<' first line to rend: (figs. 204 and 
204.1 ). 

Pctge 240. Add pnrngrnp h 248.1 nf t.er para­
grn.ph 248. 

248.1. Disassembly and Reassemb ly o f Blower 
Motor of Receiver-Transmitters Bear­
ing Order No. 28468-Phila-55. 

(fig. 205.1) 

a. Loosen the two sctsert'ws hy using a 3~2-inch 
(across rlnts) 1\llen wrench nnd remove the cen­
t.rifugnl imp01ler. 

b. Remove the four motor mounting screws and 
lockwnshers nne! scpnrn to Lhe impeller housing 
from the molor. 

'l'AOO 1135A 



TM 1535-CI-6 

Fi!fllrt 17.-j. 1 · II ward l)(lllel. nar r·i<'ll' (ll<'t irw-transmilltrs bear ill!/ Ordl'l .Yo. JS-~68-Phi/a-.;5) . 

c. Remo\·e th<' f?tll' cap moun tiJlg screws and 
lock wnshors by us11w 1 he :lt. 1'110]1 All.e 1 • "' 1.\2- 11 WJ'Oil (' l 

u.nd l'Omove Ll1o front, crtp. 

d. Remove Ll1o roto r. 

e. Remove tho h<'rtrings by uc:ino- 'l h . 
II . d . . . ' <:> < eunng 

pu e1 llrl exe1 t 111"' J)l'<'~sur" \0' · , 1 . n · · " 1 ..,nms., I 1e mnor 
nH'C only. If I he rcrtr hc·u·ina l'e . . . . ' .,. mnms 111 tls 
housmg, place a wood<'n dow<'l in the hole nl lh<' 
r<'nr .of th~ motor nnd lnp it with a mallet. The 
bcnnng w1ll fall 011t. 

Caution :. Alwnys wor k in <l dust-free nn •n 
when romovmg or replacing berl rings. 

f. When ro.nssomb ling lhc hlowcr motor, pill<'<' 
t ho .rem·. ber~nug securely in its housing nnd push 
ngnmsL tts Jnncr rne<• with It wooden dowel until 
tho outer race docs not extend nbo\·o its housing. 

. ff. To complete tho rcnssembly, revers<' tho 
dtsnssem bly proct'durcs in a through e above. 

Figure 212. Add lh<' foll owing note: 

'f.\00 l135A 

NOT !~ 

!•'USE F30l JS A 1 A?\IPER 8, SLOvV BLOW, 
rN REC 1~ 1 \' I~H-1'RANS1vCITTER S 
BE . .\.H l NG OR D E R N O. 28468-

PI!IL.\.-55. 
Fi[JUr( 2.20. .\.cld tlw following notes to figure 

220: 
5. 0:\ REC" I~l \' I~H-THAXS~liTTERS 

BK\.RIXG ORDJW J\0. 28468-PIJILA-
55, BLOWgR ~ IOTOR B801 IS CON­
NECTED ( IN SI~ IUER WITH FUS ii; 
Ir805) AC HOSS TIIIG ~ IO'I'OR-GENERA­
TOR AC vV lN DL ro (1'ERM1NALS 8 
AND 9 OF 'L'I3GOI) AS SHOWN 1~ 
Ji'IGL1tE 113. 1. TilJG RE T OF 'l'Hg 
CIRC'CITRY IS .\S SIIOWX. 

6. FG E F:301 [S .\ 1 .\~[PERE, , LO W 
BLO"-, I:\ H I~Cgl YER-TRAXS~fiT­
TERS BE.\HJ XG ORDER NO. 2 468-
PHILA-:'55. 

lAC: 413.44 (2.i .\ug 55)) 
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TERMINAL BOARD ITB805) 

CLEANER ELEMENT (0801) 

Fir1",., • .tn~. t . 

6 

FUNNEL (HBIO) 

STARTING CAPACITORS 
(C802,C803) 

FUSE ( F805 l 

BLOWER MOTOR 
( 8801) 

TMI535-CI-7 



REAR BEARING FRONT BEARING LOCKWASHER IMPELLER HOUSING 

ROTOR 

MOTOR 
( B801Al 

FRONT CAP LOCKWASHER 

MOTOR MOUNTING 
SCREW 

SETSCREW(2) 

j 

CENTR IFUGAL 
IMPELLER 

( 68019) TM 1535-CI- 8 

Fi!Jtm· J(ili.J. 11/otNr ax~<·mbly of reaiver-lransntillers bcariny OrriN .\'o. J8~ti8- f>ltila-:i•i , aplorlcd l•i•·lf•. 

lh OHIH:II Of>' '1'111-: St:CI:ET.\HY lW 'I'll!·: .\IDlY: 

On·H'I.\1 .: 

.lOll :-\ .\ . KL I•: l )l, 
.lfa)ot' {,'r' IH rol . ( 'nilu/ S/rlf<··~ I '1'1'' • I ' .'1• 

'!'he . l d)ulrtnt {,'1 twr((/. 

I ) IS'I'Itlllll'I'IO N: 

.\ clil'<' . l rmy: 

(':\C.: II (I) 

'I'Pt 1'-ivt·, I).\ ( I ) 
'I'Pt' 1'-ivt• l id ( I) 
COl'\ t\ IW (ii) 

C ON t\ IW lld (int· l t•tt ' l'<'>< t HC'c) ( 1) 
t\ l'lny At\ ('otn cl (2) 
OH i\'l :tj ( 'omd {!i) 

OH IIU'<C' ('Oil HI (ii) 
l .ol-( ('om <I (!i) 
l\11) \\' ( I ) 

i\ rnlit•s {!;) 

(:en & Br Hn· St"11 {ii) 
Hip;(' Hch (25) 
C:cn Depots (2) ext'!' PI 

Atlan t.n <:en Dt•poL (l'\onp) 
SigO Roc, 0<'n Dcpol s (I 0) 
HigC' Dl'pots (20) 
POE (2) 
OS Sup AJ.(cn('ics (2) 
Sil-((' Fld .\ l aint Shop,. (3) 
HigC Lab (5) 
i\lil Dist. {I) 

~1.\XWELL D. T.\ YLOH. 
Oefll ral. {' 11 ittrl Staff'x .lnny. 

Chit j OJ ,\fn,tf. 

II IUH, llq & llq C'o, ~ig Bu, 
('orps OJ' :\lm C'orps (2) . 

ll -ii7 H .\nnd Hig Co {2) 
ll - 12il,l, Sip, Hcp C'o (2) 
1 1- 128 H., Hi!!. Depot. Co (2) 
11-iiOOB (J\ ,\-AE), :->i~ :-;,•t• Org 

(2). 
l l-iiii7H, .\bn Sig Co (2) 
11 -587 1( :Si!! nn,e :\[aint ('o (2\ 
ll-5!l2H: llq & Hq C'o, Sip; lla~c 

Depot (2). 
Corps (2) 
Tn~ Div (2) 

Units organi1.cd uud<•r followllll( 
TO I•:'s: 

11-;i\liH, ;-;ig Ba~c Dcpot Co (21 

lo'L & ('p (2) 1J-7R, Sig C'o Inf Dh (2) 

NC: Htalt• A(: (li): 11nit~-><11mc as .\eti\'<' Arnw except allowant·c is mtt• l'll(l\' to l':ll'h unit. 
l/8:\1(: I\ one. · · 

For cxplanation of abbn·,·iations II>'Cd, Sl'C l:lH 320-50-1. 
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TM 11-1535 

TECHNIC' AI. \lA:-11 AI.} 

~0. 11- 1535 
DEPART:..tE::"l"T OF THE AR~lY 

\\".\SIII!\GTO:-: 25, D C., SO December 1954 

RADAR SETS AN/SPN-llX, AN/SPN-11Y, AN/SPN-llZ 

fiELD MAINTENANCE 

PART 0Nt::. THEOR Y 
CHAPTt::U I. GENERAL DESCRIPTION Patagraph 

---------- ---Section 1. Introduction ------------------------------ ----------------------------------------- -· -- 1, 2 
If. Description ------------

III. Sitnplificd block diagran1.. -------- - -- ---- ----·--·-----·--- .............. .. 
3-12 

13-18 

CHAPn;R 2. THANSMITTI NG SYSTEM ------- -- ------ ------ 19, 20 
Section I. Introduction - --- ------ - ---------------- _ 21- 24 

IJ. Timing circuits - --------- -- -------- ----------------- 25- 27 
III. Tru.n~unittcr circuits ---------------·---·-·------- ------ ----------
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CHAP'l'BH 8. SYSTEM TltO UBLES IIOOTI NG 

Section I. Introduction ---------~----
IT. Troubleshooting procedures .• --- --------- ----
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PART ONE 

THEORY 

CHAPTER 1 

GENERAL DESCRIPTION 

Section I. INTRODUCTION 

1. Scope 
a. This technical manual contains n discussion 

of the theory and instructions for the repair of 
Hn,dnr Sets AN/SP N- llX, AN/SPN- 11 Y, and 
AN/ SPN- llZ. J nstnllation and operation in­
stntC'tions nre provided in TM 11-la!~5. 

b. Official nomenclature followed by ( *) is used 
to indicate all models of the equipment item cov­
ered in this manual. Thus Radar Set AN/ SPN­
ll( *) represents Radar Sets AN/SPN- llX, 
AN/SPN-llY, fwd AN/SPN-llZ. 

2. Forms and Records 

The following forms will be used for reporting 
unsntisfactory conditions of Army equipment and 
when performing preventive mtLintennnce. 

a. DD Form 6, He port of Dama.ged or Improper 
S h ipment, will be filled out ~tnd forwarded as pre­
scribed in SR 745-'J.5- 5 (Army); Navy Shipping 

Guide, Article 1850-4 (Navy); and .AFR 71-4 
(Air Force). 

b. DA Form 468, Unsatisfactory Equipment 
Report, w.ill be filled out and forwarded to the 
oflice of the Chief SignnJ Officer as prescribed in 
SR 700-45-5. 

c. DD Form 535, lTnsnlisfactory Report, will be 
filled out and forwarded as prescribed in SR 
700-45- 5 and TO 00-35D- 54. 

d. DA Form 11- 238, Operator First Echelon 
Maintenance Check List for Signal Corps Equip­
ment (Ra.dio Communication, Direction Finding, 
Carrier, Hadar) will be prepared in accordance 
with instructions on the back of the form. 

e. DA Form 11- 2:39, Second and Third Echelon 
Maintenance ('heck List for Signal Corps Equip­
ment (Radio Communication, D irection Finding, 
Carrier, Radar) will be prepared in accordance 
with instructions on the back of the form. 

f. Use other forms and records as authorized. 

Section II . DESCRIPTION 

3 . Purpose and Use 

Ha.dar Set AN/ SPN (*) (fi~. 1) is a shipboard 
navigational aid which provides position data on 
vessels and landmarks that are not vis ible because 
of fog or darkness. Over a range of 75 yn.rds to 
20 nautical miles, the radar set is used to obtain: 

rt. A nticollision <lata by observing the positions 
1tnd courses of vessels on the open sen. 

b. Piloting informntion by observin~ the posi­
tion of buoys and other markers in channels and 
harbors. 

f•. Bearings and ranges of known landmnrks to 
plot the position of the radar-equipped vessel. 

rl. Storm wa rni ng data by observing and plot­
l ing the movements of heavy rain or snow squalls. 

4. Technical Characteristics 
a. Pou•er Stlppi,IJ R equirements. 

ltadat• Set : Slllpboard suppLif 

A:'\'/ SPX-11 X------------------ - llt; vclc at 1,000 w, 
A:'\'/ SPN-11Y------------------- 32 \'dC at 1,000 w. 
AN/SPX- 11Z------------------- 24 vdc at 1,000 w. 

b. Radar Receive?·-1'?'aWJmitter· R'l.'-~68/SPN-
11. 

'J'ransmitter: 
Frequency _____________ __ One preset channel in the 

9,320· to 9,4:lO-mc bnnd 
C :t2'l- :U X em). 

:Modulation_____________ Pulse. 
Pulse "idth ____________ A usee. 
Pulse repetition rnte __ __ _ 1,000 cps. 
Duty cycle______ ------ 3:3.8 db. 
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'frnnsmitter- Continned 
Power output ( peak ) ___ _ 
l'ower output (average) ­
Source of rf power---- ---
Hange (appt·oximnte) ___ _ 
Blower motor (Input) --

Number of tubes-------­
Rndur Ueceiver R-480/SPN­
ll: 

30 kw (74.6 dbm). 
l:l w (40.8 dbm ) . 
?llngnt>tron, type 725A. 
7u yd to 20 na utical mi. 
115, 32, or 24 vdc, from 

HhlpbOurd ·supply. 
18. 

I•'reque~ncy -------------- On<> prN;et channel in the 
0,320· to 9,430-mc bund. 

Ret-elver type ___________ SntX'rhet~>rodyne. 

Intermediate frequency __ 30 nw. 
nundwidth ------- ------ 5 me. 
Minimum discernible s ig- !)() dbm. 

nnl. 
Type of signaL-- - ------· Puis('. 
Number of tubeS--- ------ 16. 

Duplexer CU-311/SPN-11: 
'J'It tube ________________ 1B24A. 

Anti-'£R tube----------- lB:l:i. 
F't'NIIlCil<"Y Mixer S'tnge CV-

23!)/SPN- 11: 
AFC erys taL ____ ------- 1N2:1B. 
Rigoni CI'YStUL----------· 1N2!m. 
I<lyHtron oscillator _______ 2K2:i or 72-'lA/ B. 

c. A ntenM AlJ- 599 IS P N - 11. 
TyJX' of feed ________________ Horn. 

Refiectot· ---- ---------- - ---- Pnrnholie. 
l•'rcqucncy runge __ ___________ 9,:120 to 9,430 me. 
Input Impedance ____________ 400 to fiOO ohms. 

Renm width: 
HorizontaL-- ------- ---- 1.0". 
Vertlcul __ ______________ 20". 

Bearing resolution__________ 2". 
Attennntion of back and side 25 db. 

lobes. 
Speed of antenna horn rota- 17 rpm. 

tlon. 
Gear ratio, transmitter syn- 10: 1. 

chro to antenna born. 
Antennn drive motor (Input) _ lUi, :12, or 24 l'dc·, from 

shlpbonrd supply. 

d. Azim;uth and Range Jtndicato'l' I P- J9.J/.SPN-
11. 
Huu~:ws ------------ - -------- 1, :1, R, uml 20 nautical mi. 
Azimuth (relative hearings) -- o• to :!60". 
lndl<-uto•· -------- ----- ___ 7-indt cuthode ray tube. 
'l'yJX' or prl'sentation _________ Plun position indicator. 
illnmlx'r or tubes ____________ ](). 

e. AI oto1· Generato1·. 
Motor: 

6 

luput --------- --------- ll:i, 3:l, or 24 vel<-, from 
shipbon rd supply. 

l<'it•l<l ------ ------------- ( 'ompound wound. 
Spet?d of rotation ________ l,71G rpm. 

Ot•twrntor: 
Input (to field) - --------

Output -------- ---------

11 :;, :!2, or 24 vdc, from 
s hipbmtrd supply. 

11a-Yolt, 400-cycle single­
phusc voltage at 6.5 amp, 
7£'i0 va ( tor all comP<>­
nt•nts , l'x<.:ept blower, 
ht•nlers, nnd drive mo­
tor~>). 

5. Nomenclature Assignments 

The letter suffixes X, Y, nnd Z are used as 
voltage designators. Thus busic nomenclature 
followed by X , Y, or Z ind icates that the com­
ponent or nu:lar set operates on a dix-ect current 
(de) supply source of 115, :~~, or 24 volts, respec­
tively. A list of nomenclature assignments for 
the components of Radar Set AN/ SPN- 11 (*) is 
given below. A common usRge mtme is indicated 
aft.er each component. 

Notnen.ctulllrc 0 01n.mon t~cwte 

Radn•· ~eiYer·Transmitter Rt>t«.>lvE'r -trnnsmitter 
RT- 268/ SP::'\- 11. 

Dunlexer <'U--.311/ SPN- lL ___ Dupl t>xer 
Frec1UNH'Y ~nxer Stage C\'- l\flx«.>r 

2:!»/ SPN- 11. 
Hndur Rl><·e ivcr R480/ SPN- Re<.·elv«.>r 

11. 
Antenna AS-509/SPN- lL ___ Auh•nna 
H.-~IHtnuce Element IID- 124/ Jlt•n(l.'l' (115 volts) 

SPN- lt. 
He~lstnucr Element IID-lZl/ 

SPN- 11. 
ll t•ntN· (;{2- or 24-volt) 

Azimuth nnd Run~:e Indicutor 
IP-t!I:~;Rt'::'\ 11. 

.J um·tlou Box J-497 / SPN- 1 L _ 
Switch Box SA- 284/ SPN- ll __ 
Switdt Box SA-283/SP~-lL_ 

Motor Htnrt~r SA-287/SPN-
Il. 

Mvtor Sturter SA- 286/Sl'N-
11. 

Molor Hlnttl'r SA- 285/ SPN-
11. 

l\lolOJ··GI'nernto•· I'U- 243/ 
HP~ 11. 

MMor-Gent'rll tor PU- 24ri/ 
!ii'N Jl. 

Mutur-Generntor PU- 244/ 
Hl'N- 11. 

\' Ollllj!l' ltt•gulntor· (':'\ 192/ 
SPN 11X. 

Vultng!' Regulator CN- 103/ 
HPN- ttY. 

V<)llnl!<' Hl'gulntor UN- l!l4/ 
~l'N-llZ. 

fndlt-ntor 

Jmwtlon hox 
S\'o' ildl box (ll'i·I'Olt) 
Rwlteh box (32- or 2-l·I'Oitl 
Stnrtt-r (115-volt) 

HI nrt.l>r (:~2-volt) 

Stnt·trr (24-volt) 

Motor gcut>rutor (115-vOlt) 

Motl11· gt>nerutor (32-volt) 

~lotor generntor (24-volt) 

Vuilltl!e regulator (115-

volt) 
Voltnl!l' re,::ulntor (32-volt) 

Voltnge r!'gulutor (24-I'Oit) 





7. Radar Receiver-Transmitter RT-268/ 

SPN-11 
(fig. 2 and 3) 

The receiver-transmitter is an upright rack with 
a door covering the entire face of it. W11en the 
door is opened, the front of It hinged panel, upon 
which are mounted parts for the transmitting 
system and low voltage power supplies, is re­
vealed. The duplexer, which funnels the t i·ans­
mitted and received energies to the proper points, 
is mounted in the upper right-hand corner of the 
hinged panel. Directly beneath the duple:x:er is 

MAGNETRON 
ASSEMBLY 

BL OWER 
HOSE (H812) 

TRANSMITTER 
CHASSIS 

LO W-VOLTAGE 
POWER SUPPLIES 

the receiver chassis which is connected to the du· 
plexer through the mixer. On the opposite side 
of the hinged plmel is n. shielded compartment 
that contains other transmitting system and power 
supply parts. Terminnl boards that have inter· 
connecting points between receiver-transmitter 
parts und all the other components of the radar 
set are mounted on the lower inside portion of the 
ruck. A convenience panel, upon which are 
mounted switches, fuses, 1tlternating current (ac) 
receptacles and a blower, is attached at the bottom 
of the rack. 

RECEPTACLES 

MIXER 

CONVENIENCE 
PANEL 

T M 1335-8 

Figure 2. Raclar Receiver-Tr01t8mittrr R'l'-468/l:JPN-11, frl)llt t'icw. 
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WAVE GUIDE 
CLAMP 

HINGED 
PANEL 

KEEP-ALIVE 
(-900 V) 
POWER SUPPLY 

SHIELDED 
COMPARTMENT 

COUPLING 
UNIT (0 802) 

r--- KNOCKOUTS 

-----TERMINAL 
BOARDS 

---------- BLOWER 
MOTOR 
FUNNEL 

CLEANER 
ELEMENT 
(0 801) 

(HSIO) 

TM 1535-501 

Fig1we S. Ralla-t· Recei·ver-7'1·ansmitter R'J~-2 68/SPN-ll,tront view, tcUh Mngell panel open. 

8. Antenna AS-599/SPN-11 
(fig. 4) 

a. The antennn, is composed of two parts: the 
rotating assembly 1\nd the pedestal The rotating 
assembly includes the antenm\ horn and reflector.. 
The pedestal has two compartments : the dr ive 
housing which holds the antenm\ drive motor, and 
the gear housing which contains all the gea.r 
assemblies. 

b. The wave guide is connected at the bottom of 
the gear housing to wave guide assemblies that 
run up through the pedestal to the antenna horn 
and reflector. 

c. The pedesh\l also holds the trn.nsmitter 
synchro. This synchro is connected to the antenna 
drive motor through a gearing system and pro­
duces a voltage that is fed to the receiver synchro 
in the indicator. These synchros cause the sweep 
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DRIVE 
HOUSING 

DIAL LAMP 
(I 101) 

= 

fi'i(!urc .f. Antr mw AS 599/RPN- 11. 

DIAL AND CURSOR 
HOUSING ASSEMBLY 

CONTROL PANEL 

ANTENNA 
REFLt- 'TOR 

I 

TMI!>3f> 182 

TOP COVER 

BOTTOM 
COVER 

TRUNNION 
BRACKET 
(AIOI) 

TM 1535-511 

Jt'igure !i. . lzimut II a11d Range Jll(licatm· I P- 19.J/ SPN-11, tro11t rielc. 



on the plan position indicator (PPI) to rotate in 
unison with the antenna horn. 

d . • \ can nssembly in the pedestal 11ctuates 
headin~ flash circuits in the indicator. 

9. Azimuth and Range Indicator IP-193/ 
SPN-11 

(fig. 5) 

a. l n t.hC' center of the front panel of the indi­
cator is the cathode ray tube which ~ives 1t PPI 
pres<•ntation of the surroundin~ area. The cath­
ode rny tube screen is mnde more viewable by 
means of the lens cover which !>hades the screen 
and by menns of the trunnion bracket which en­
ables the indicator to be titled. Around the tube 
are the vnrions controls needed for t,he operation 
of th<• radnr set. Top and bottom covers are re­
moved by loosen ing captive screws in the rear of 
the unit. 

b. In the indicator are the mn~e, sweep, video, 
PPI and synchronizing circuits. The synchroniz­
ing circuits work in association with the trans­
mitter ~ynchro in the antenna. 

t'. Cables are used to connect power, trigger, 
and video si•rnals between the receiver-transmit-

t" 

ter and the indicator. ,Junction Box .J-+fl7/ SPN-
ll (fi~. 11W) is used as an interconnection point 
bet ween Lhe recei ver-transmitler 1Wcl the indi­
cator. 

1 0. Power Group 
(fig. 5-9) 

The power ~roup consists of four components 
that are used to convert the ship's line voltage to 
115 volts, -!00 cycles per second (cps) which are 
fed to the radar set proper. The power group 
components are-

a. H'witcl! Bow (fig. (:i). The swit<:h box con­
ta ins ll lever switch that turns t.he ship's line volt­
age on ancl oiL The box a lso contail1S fuses. 
Switch Box SA-28!/SPN- 11 is used with a sup­
ply ''olta~e of 115 volts de. Switch Box SA-
2H:3/ SPN- ll is used with a supply voltage of 32 
or 24 volts de. 

b. Motor Starter (fig. 7). The motor starter 
protects the motor generator durin~ the starting 
period by incrensing the power applied to the 
moLot· genern,tor in three steps. A 11 overload relay 
is also included. Motor Starter SA- 287/SPN-11 
is for use with a supply voltage of 115 volts de; 
Motor Stnt'ter SA-286/SPN-11 is for use with a 
supply voltage of 82 volts de; Motor Starter SA-

TM US5·504 

F'itfrtre 6. Switch Box SA-~84/Sf>N-11. 

RESET 
BUTTON 

TM 1535-503 

Fitllll'f: 7. Jl OIOJ' Ntartcr. 

285/SPN-11 is for use with a supply voltage of 
24 volts de. 

c. M oto?· Generato?' (fig. 8). The supply volt­
age is applied through the motol' starter to the 
motor ~enerator. The motor generator converts 
the input voltage to an output voltage of 115 volts 
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BRUSH ACCESS 
COVER 

Figrtl"e 9. Volt11ge n svulato,·. 

TERMINAL 
BOARD 

TM 1335-13 

Figur·e 8. Motor UC'IIC'I"OfOI·. 

of 32 volts de · Motor-Generator PU- 244/ SPN-11 , 
is for use with n supply voltage of 24 volts de. 

d. V oltage Hegulator (fig. 9). This unit con­
tains a rheostat to vary the output voltage of the 

HEOSTAT motor genenttor and n voltmeter to measure the 
output voltnge. The leads from the voltage regu· 
lator are connected to the motor generator through 
the terminal board on top of the motor generator. 
Voltage Regulator CN- 192/ SPN- llX is for use 
with a supply voltage of 115 volts de ; Voltage 
Reguln.tor CN- 193/ SPN- 11 Y is for use with a 
supply voltnge of :32 volts ; Voltage Regulator 
CN- 194/SPN- llZ is for use with a supply voltage 
of 24 volts. 

11. Wave Guides 

TM 1335-17 

400 cps. Both the input voltage and the output 
voltage lines nre connected to the terminal board 
mounted on top of the motor generator. Motor­
Generator PU- 243/ SPN- 11 is for use with a sup­
ply voltage of 115 volts de; Motor-Generator 
PU- 245/SPN- 11 is for· use with a supply voltage 

'Vave guide sections !or use with Radar Set 
AN/ SPN- 11 (* ) are illustrn.ted in figure 22. One 
flexible section (not illustrated) and a number of 
stmight, bent, ~~nd twist sections are furnished to 
fncilit1~te instJtllntion and to provide the short~t 
possible wnve guide run. I~ach section is terrnt· 
nnted with 1t plain flnnge ttt one end and a choke 
flange ut the other end. "When the sections ure 
coupled, the choke flange end of one 5ection Is 
joined to the plain Hnnge end of the next section. 
The flexible section is 48 inches long, and the 
stmight sections are furnished in 1/z-, 1-, 2-, 3-, 4-, 
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~ · 8-, and 12-foot lengths. C'urved sect;ons '"• fur­
nished with E or H bends of 45° or 90° respec­
tively. E bends are cun•ed on the wide surface 
(90° g , fig. 22); H bends are curved on the narrow 
sm·fnce ( 45° Hand 90° H, fig. 22) . A wave guide 
deck fitting, a wave guide ceilin~ dress plate, and 
wave guide clamps also are furnished. 

12. Differences in Models 
a. Common 00'1nponents. The basic nomencht­

ture Radar Set AN/SPN- 11 is used in this manual 
to refer to the group of components thnt operate 
from the 400-cycle, 115-volt output of the motor 
genet·ator. These common components are listed 
below. 

(1) Radar Receiver-Transmitter RT-268/ 
SPN-11, including Rndtu· Receiver R-
480/SPN-11 but less blower motor. 

Item 

(2) Antenna AS-599/ SPN-11, less antenna 
drive motor and heaters. 

(~) Duplexer CU- 311/ SPN- 11. 
(4) Azimuth and Range Indicator IP-193/ 

SPN--11. 
(5) ,Junction Box J-497/ SPN- 11. 
(H) Frequency Mixer Stage CV- 2:39/ SPN-

11. 
(7) Cables (except W710 and W712) . 
(8) '\Vave guide sections. 

b. Additional Oou1-ponent.'l. The letter suffix X, 
Y, or Z is added to the basic nomenclature to indi­
cate that the particular radar set includes the addi­
t ional components for operation from n de supply 
source of 115 volts, 32 volts, or 24 volts, respec­
tively. T'he table below indicates the additional 
com ponents that are requ i1·ed to make up each 
model of the mdar set. 

-
Radar Set 

AN/SPN- IIX AN/SPN- llY AN/S P:-1- IIZ 

oltage _______ _____ ___________________ 
Supply v 
Motor-0 
MotorS 
Antenna 
Blower r 
Resistan 
Switch B 
Voltage 
Fuse (F6 
Ful!e (F 
Fuse (F 
Cable W 

115 v de. _____ -- -- 32 v de _____ _______ _ 24 v de. 
enerator.---------- - - ----------------- PU-243/SPN-1 L PU- 245/SP T -1L ___ PU- 244/SPN-11. 
tarter ----- -------------------------- SA- 287/SPN-lL --- SA- 286/SPN-lL __ __ SA- 285/SPN- 11. 
drive motor _- --- --.-------••• ------- - 115 v de ____________ 32 v de __ ___ ________ 

24 v de. 
notor------- ------ ------------------ - - 115 v de __ ___ _______ 32 v de ___ ___ __ _____ 24 v de. 
ce Elements (Heaters) ______ •. ____ ._. ___ HD-124/SPN- 1 L -- HD- 123/SPN- 11 .••• IID- 123/SPN-11. 
ox •••. ------------------------------ SA-284/SPN-1 L .. - SA-283/SPN-lL. ___ SA-283/SPN-11. Regulator ___ __ __ ____ _________ .. _______ CN-192/SPN- llX . CN- 193/SPN-11 Y __ CN-194/SPN- llZ. 
01) ----------- --------------------- 250 v 25 amp --- - 250 v 60 amp ______ _ 250 v 60 amp. 

602) ------------ ----- ----------------- 250 v 25 amp -- ...... -- 250 v 60 amp ___ ___ _ 250 v 60 amp. 
801) ---------- ------------------------ 125 v 10 amp --- .. -.. 125 v 15 amp __ ___ __ 125 v 15 amp. 
710--------- - - ----- ---------------- - - DHFA 23.---- ·---- DHFA 23 . -- ------ _ DIIFA 40. 

Section Ill. SIMPLIFIED BLOCK DIAGRAM 

13. General 
a. To s implify discussion, the rndar set has been 

divided into five systems: the tnmsmitting sys­
tem, the radio frequency (d) system, the receiv­
ing system, the synchronizing and indicating sys­
tem, and the power system. In this section, the 
functions of each system will be given in a general 
way (fig. 10). In the chapters that follow, each 
system wil l be broken down into its individual cir­
cuits, u.nd •the function of every ptllt in each stage 
will be explained in deta.il. 

1b. The system breakdown is 011 u functional 
basis . Not td l parts of a system are necessarily 
contained in one component. The rf system is com­
posed of pat·ts in the receiver-transmit ter and in 

the an tenna, as well as of wave g uides that connwt 
these two components. Par t of the synchroniz­
ing and indicn.ting system is in the 1mtenna, and 
p<U't is in the indicator. The power system is 
composed of four components: switch box, motor 
starter, motor generator, and voltage regulator; 
there ure also circuits in the receiver-transmitter 
and the indicator. For convenience; miscellane­
ous pu.rts, such as the blower and antenna drive 
motors, and the heaters, are discussed with the 
power system. 

14. Transmitting System 

a. A muster blocking oscilln,tor in the t ransmit­
ting system produces timed triggers thu.t fire the 
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1 I •I 4 COMBINES VIDEO SIGNALS AND RANGE 
MARKS FOR PRESENTATION ON PPI 

POWER SYSTEM 
I CONVERTS SHIP'S LINE VOLTAGE TO 

115 v, 400 CPS 
2 . DEVELOPS ALL VOLTAGES NEEDED FOR 

OPERATION OF COMPONENTS. 
3 . OPERATES HEATERS, BLOWER AND 

ANTENNA DRIVE MOTOR 

TRIGGER TM 1535-1 



sen!iilivity time control c.ircui1!:> in the rooeivi~1g 
system and the multivibrator in the synchr~J~JZ­
inrr und indicating system. The pulse repet1tlon 
fr·;q uency ( prf) of these triggers is 1,000 pulses 

per second. 
b. 'fhe modulator circuits fire the magnetron a't 

the prf. The ma~etron generates high power rf 
(9,a20 to 9,430 megacycles (me)) pulses that have 
a. pulse width of .4 microsecond. 

1 5. Rf System 
a. The high power rf pulses pass through the 

duplexer and the connecting wave ~nides to the 
antenna horn. The horn together w1th the para­
bolic reflector cnnses a narrow beam of energy to 
bo radiated into space. Returning echoes are 
pic·ked up by the reflector and brought to a focus 
at the hom; from the horn they retnrn.along the 
wave guide sections through the duplexer to the 

receiving system. . . 
b. T he duplexer contn.ins the trans1mt-receive 

(TR) and anti-TR tubes. The TR: tube preve~ts 
the transmitted energy from entermg the l'cceJv­
ing system; the unti-TR tube prev_en~ the received 
energy from entering the trans1ruttmg ~ystem . 

a. The antemHt drive motor located m t.he an­
tenmt pedestnl rotates the antenna horn and re­
flector when the ra.da.r set isscaning. 

16. Receiving System 
a. The target echoes 1tre fed to the mixer where 

with the aid of the klystron local oscillator an 
intermediate frequency (if.) of 30 me is produced. 
The si.rnals are then amplified, detected, and 
passed :s video signals to the synchronizing and 

indicating system. 
b. An stc circuit in the receiving system im­

proves the display on the PPI tube in the syn­
chronizing and indicating system. 

c. An twtomatic f requency control (afc) circuit 
is used to ('Orrect the klystron frequency so that the 
if. will be constant. A small portion of the trans­
mitted signal leaves the transmitting system and 
goes to the afc crystal in the mixer. " 7hen the 
signal mixes with the klystron ontput the if. pro­
duced i!; ampl ified and fed throug h a chnrging 
diode and phantastron circuit. This circuit stabil­
izes the output of the klystron local oscillator. 

17. Synchronizing and Indicating System 
T he synchronizing and indicating system has a 

<'at.hode my tube that giYes a PPI presentation of 

the surrounding area. All the circuits in this sys­
tem enable the range and bearing of targets to be 
read from the scope. 

a. As mentioned before, the trigger from the 
master blocking oscillator in the transmitting sys­
tem fires the one-shot multivibmtor in the syn­
chronizing and indicating system. The one-.shot 
multivibnttor, in tum, ctutses the sweep nnd range 
mark circuits to operate. The sweep circuits pro­
duce a. signal that deflects the electron be~1m in the 
PPI from the center to the edge of the screen. The 
range mark circuits produce timed pulses that en­
able the operator to read the mnge of targets. 
The one-shot multiYibmtor also provides nn un­
blanking signal that prevents the sweep return 
trace from being visible on the PPI . 

b. As the antenna horn rotates, a transmitter 
synchro in the nntennn pedestal sends a. signa l to 
the receiver synchr·o in the indicator. The receiver 
synchro, in turn, causes the deflection coil on the 
PPI to rotate, thus making the sweep rotate in 
synchronism with the antenna horn. The syn­
chroni:dng circuits also operate cams that produce 
fore and aft heading flashes. These tlnshes, which 
appear ns intensified lines on the PPI, enable the 
operator to rend the bearing of targets with refer­
ence to the ship's heading. 

e. The video signals from the. receiving system 
are fed to the video circuits in the synchronizing 
and indic11ting system. Here they !tre combined 
with the nmge marks and amplified before being 
applied to the PPI. 

18. Powe r System 
a. The ship's line voltage is fed through the 

switch box and the motor starter to the motor gen­
erator. The motor starter protects the motor gen­
erntor by making it a.ccelerate to full speed slowly. 
The motor generator converts the ship's line volt­
age to the 115 volts, 400 cps that nre needed by 
the radar set. A voltage regulator is used for 
adjusting the output voltage of the motor gen­
er!ttor. 

b. The 115 volts, 400 cps are fed to the low volt­
ngo and modulator power supplies in the r·eC'eiver­
transmitter, and to the PPI power supply in the 
indicator . 

('. The ship's line voltage is used to opemte the 
antenna drive motor and the heaters in the an­
tenna, and the blowe1· motor in the receiver-trans­
mitter. 
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CHAPTER 2 

TRANSMITTING SYSTEM 

Section I. INTRODUCTION 

19. General 
a. The trnnsmitting system generates pulses with 

a pulse repetition rate of 1,000 cps. These pulses 
are used to key the magnetron, to trigger the stc 
circuits in the receiving system, and to synchronize 
the timing of the sweep, unblanking, and range 
mndc circuits in the synchronizing nnd indicating 
system. 

b. The transmitter circuits are. located within 
the shielded compartment (fig. 12) and on the 
front of the receiver-transmitter (fig. 11). With­
in the shielded compartment attached to the tra.ns­
mitter chassis is the modulator subchassis. The 
subchassis holds n.ll the transmitting system tubes, 
except the magnetron. 

TR TUBE 

TRANSMITTER 
CHASSIS 

20. Block Diagram 
(fig. 13) 

a. Timing Circwits. The signals produced by 
the timing circuits are used to synchronize the 
various circuits in the radar set. 

(1) Master blocking oscillator stage V307A 
provides the basic timing for the set. 
The output pulses are fed to amplifier 
stage V307B, to the stc circuits in there­
ceiving syst.em, and to the synchronizing 
and indicating system where they control 
the range mark circuits and the sweep cir­
cuits. 

(2) Amplifier stage V307B amplifies and in­
verts the output of the master blocking 

TN t5H-506 

Figttre 12. Shielded compartm.e11t. 
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(3) 

(4) 

oscillntor and isolates stage V307 A to 
prevent feedback from vaos. 
Triggered blocking oscillator stage V308 
gener ates a relatively wide pulse with a 
steep leading edge thttt is used to t rigger 
the modulator. 
Cathode follower stn,ge V:309 is used to 
match the output impedance of stage 
V308 to the input impedance of modu­
lator V305. 

r...a02, pulse forming network Z:301, and magnetron 
puiS<\ tmnsformer Ta02, controls the operation 
of the magnetron. Magnetron V:306 produces the 
d energy. 

c. Low Voltage Pou•er .'-t'upplies. The low 
voltage power supplies provide the B+ voltages 
needed for operation of the stnges in the trans­
mitting system. They are described in para­
graph 93. 

b. Transmitter Circuits. Modulator V305 in 
conjunction with resonant cl\lu·ging inductor 

d. Modulator Po-we?· S1lpply. This power sup­
ply produces 3,000 volts for operation of the mod­
ulator. A time delay circuit prevents the power 

c er-------..e --s..----~sn 
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I 

BLOCKING TRIGGERED CATHODE 
OSCILLATOR f--. AMPLIFIER BLOCKING 
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from being applied to the modulator until the 
filaments of the transmitter tubes have been ade-

quately heRted. The modulator power supply is 
described in paragraph 94. 

Section II. TIMING CIRCUITS 

21 . Master Blocking Oscillator 
(fig. 14) 

Master blocking oscillator V307A generates 
trigger pulses with steep lea.ding and tra.iling 
edges. The pulse repetition rnte of these triggers 
is controJled by means of a variable resistor. 

a. When plate voltage is applied, plate current 
increases and produces an expanding field about 
the plnte winding of transformer Ta04. The 
voltage induced into the grid winding as a result 
of this increasing magnetic field drives the grid 
positive. At the same time, Cltpacitor C306 is 
chnrged as shown. The more positive the grid 
becomes, the greater the plate current flow through 
the tube; the greater the plate current, the more 
positive the grid becomes. This regenerative 
action quickly drives the tube to saturation. The 
sudden increase in current flowing through cath­
ode resistor :&'314 produces the steep lending edge 
of the trigger. 

b. As the t.ube reaches satumt ion, the pla.te cur­
rent becomes fllmost unvarying with time. As a 
result, t.he potential induced ncross t.he grid coil 
decreases, thus making the grid less positive. As 
the gt·id poteutial decreases, the plate cunent de­
creases, and the potential induced across the grid 
coil reverses in polarity. On the grid is the swn 
of this induced voltage and the neg1ttive voltage 
across C'i306, which developed during the time the 
grid was positive. The more negative the grid 
becomes the lower the plate current flow through 
the tube ; the lower the plate current. the more 
negative the grid becomes. This regenerative ac­
tion quickly drives the tube to cutoff. Thus, sud­
den cutting off of current through R314 produces 
the steep trRil ing edge of the trigger. 

c. After the generation of the tt·igger pulse, the 
voltage across capacitor Ci306 keeps the tube cutoff. 
As the cn.pacitor discharges through resistors R312 
and R313, the grid bias decreases (becomes less 
negative) until it reaches the cutofl'level. At this 
point, increasing pla.te current flow generates an­
other C'ycle and another trigger pulse is produced. 
Therefore, the pulse repetition ft·equency is deter­
mined by the resistance-capacitance ( RC) time 
constant in the gt·id circuit. Since the time con-

stnnt can be vat·ied by means of R:313, this resistor 
controls the pulse repetition frequency. 

22. Amplifler 
(fig. 14) 

The trigger developed across R314 is applied 
to the grid of V307B, which amplifies and inverts 
the trigger. l t also isolates tube V:307 .\.from tube 
V:308 to prevent feedback. Ca.pacitor C307 by­
passes cathode bias resistor R315. 

23. Triggered Blocking Oscillator 
(fig. 14) 

When the amplified pulse is applied to the trig­
gered blocking oscillator, the output is a trigger 
pulse with a sharper leading edge and a flatter 
top. Since this stage cannot oscillate of its own 
accord, its output is at exactly the snme frequency 
as its input. 

a. Triggered blocking oscillator V308 is nor­
mally biased beyond cutoff by keeping its grid at 
-55 volts. This is done by mea.ns of It voltage 
divider consisting of R316 and Hal7 connected 
across the regulated -300-volt supply. Wl1en 
tube V:307B is triggered, the chnn~e in current 
through the plate winding of transformer T305 
induces a voltage across the gt·id winding that 
CH-ttSes the COntrol grid of V:308 to go positive. 
The more positive the grid becomes, the more cur­
rent flows through the plate winding; the more 
the current flowing through the plate winding, the 
more positive the grid becomes. This cHmulative 
action quickly drives the tube to saturation. 

b. As the plate current approaches snturation, 
the current increases at a slower rate; consequently 
the voltage induced across the grid winding de­
creases. As the grid potential decreases, the plate 
current decreases and the potential induced across 
the grid winding t-everses in polarity. The tube is 
quickly driven to cutoff and remains cutoff by the 
bias from the voltage divider until the next pulse 
arrives. 

c. '!'he output of V308 is coupled by separate 
zwindings of transformer T305 to the gt·id of 
cathode follower tube V309. ('apacitor C309 fil­
ters the - :300-volt supply. Capacitor C308 is an 
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ac bypass across R316. Resistor R:321 and capaci·· 
tor C311 form a plate decoupling circuit. 

24. Cathode Follower 
(fig. 14) 

The cathode follower stage plus transformer 
T306 and its associated circuit.t·y presents an al­
most perfect impedance match between the trig-­
gered blocking oscillator output and the modula·· 
tor input. At the same time, it prevents the occur­
rence of any undesirable oscillations that may 
cause unwanted triggering. 

a. The output impedance of V308 is matched to 

the high input impedance of V309 by tmnsformer 
T305. The output impedance of V309, which is 
determined mainly by R318, is matched by means 
of transformer T306 to the input of modulator 
V305. Capacitor C310 keeps de plate current 
from flowing through the primary (PRI) of the 
transformer. 

b. Two precautions are taken to prevent unde­
~irable oscillations. First, damping resistor R319 
lS placed across the primary (PRJ) of transformer 
T306. Secondly, the secondary of transformer 
has two windings Sx and S1 • Energy is coupled 
from sy into a third winding s. and is dissipated 
by resistor R320. 

Section Ill. TRA.NSMITIER CIRCUITS 

25. Modulator Stage 
(fig. 15) 

The modulator, by applying high voltage nega·­
tive pulses to the cathode of the magnetron, con­
trols its operation and permits rf energy to be 
produced in short powerful pulses. The modu­
la.tor tube can therefore be compared to a high 
speed switch. The pulse forming network in its 
plate controls the exact time the switch is closed. 

a. Af odlulator. 
(1) While thyratron V305 is cut off, pulste 

forming network Z301 charges up tc:> 
6,000 volts. The voltage reaches this high 
value because resonant charging chok•e 
L302 keeps up the momentum of charging 
even after the network has charged up 
to the supply voltage. 

(2) When the sharp positive trigger from 
T306 is applied to the grid of the 4035 
thyrsttron, the tube is ionized and plate 
current flows. Pulse forming networ:k 
Z301 now discharges through the low im­
pedance path formed by the conducting 
tube and t~ primary of pulse trans­
former T302. Since the impedance of 
the pulse transformer is the same as thRt 
of the pulse forming network, the 6,0CIO 
volts are distributed evenly between the 
two. Three thousand volts immediately 
~~ppear across the primary of pulse tran:s­
forrner T302. 

(3) The pulse forming network nets like lUl 

open-ended transmission line. The sud­
den application of a discharge path to the 

network produces a. wave tlmt travels 
from A to B. At B the wave sees an 
infinite impedance, and it therefore is re­
flected back to A. The time it takes for 
the wave to travel from A to Band back 
to A ( .4 microsecond in this case) de­
termines the length of time the voltage 
across the primary of T302 rem1tins at 
3,000 volts. In other '~ords, a sharp­
edged f1Rt-topped pulse of 3,000 volt-am­
plitude and .4-microsecond duration is 
produced across the primary P of T302. 

( 4) An oversimplified way of explaining why 
the pulse forming network discharges in 
such a manner as to obtain n flat-topped 
output pulse is as follows. Capacitor Cx 
discharges through coil Lx. At the same 
time (\ discharges through LY into C., 
thus replacing the depleted charge. As a 
result, the voltage across Ox (and there­
fore the output voltage) remains con­
stant. In the same way, capacitor C. 
discharging through L, into C1 keeps the 
voltage across C1 constnnt. Until C. and 
then cy discharge fully' the output volt­
age is kept constant by the full charge 
across C.. vV'11en Ox is finally allowed to 
discharge, the output voltage falls sud­
denly to zero and produces the steep trail­
ing edge of the output pulse. 

b. M agnet1•on Pulse Transformer. 
(1) The function of pulse transformer T302 

is to step up the input pulse from 3,000 
volts to 10,000 volts and to match the 
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impedance of Z301 to the input im­
pedance of the magnetron. The trans­
former has a wide :frequency response, 
so that it passes the pulse without ma­
terially altering its shape. 
Two secondary windings, Sx and Sn are 
wound on pulse transformer T302. 
When n. 3,000-volt pulse is applied to the 
primary, 10,000 volts are induced across 
each secondary. Since capacitor C305 
keeps the lower ends of both Sx and Sr at 
ac ground potential, points (' and D are 
at the same potential with reference to 
ground. Therefore, the pulse does not 
cause any difference of potential between 
C and D. The voltage across the mag­
netron filament (between C and D) is 
determined solely by filament trans­
former T303. Therefore, by using two 
secondaries in pulse transformer T302, 
filament transformer T303 does not have 
to be insulated for 10,000 volts but may 
be a conventional transformer. 

network Z301. Their purpose is to protect reso­
nant charging choke L:302, pulse fot·minO' network 
Z 

b 

:.:301, and magnetron pulse transformer T302 
from heavy overloads Citused by fluctuation of the 
ship's supply voltage. They also protect modu­
la.tor high-voltn~e transformer T301 and filter 
choke L301 in the modulator power supply (fig. 
86). The extra power developed during these 
ovel'loads is dissipated across the .036-inch gap 
across E301, and the .072-inch gap ncross E302

1 

rnther than through the foregoing p1trts. 

27. Magnetron 
(figs. 16 n.nd 17) 

26. Spark Gaps 
(fig.15) 

a. Magnetron V306 is a 725A tube. It is essen­
tially a diode mounted between the poles of 11 

powerful permanent magnet. The anode con­
sists of 12 hole-and-slot resonttlors that are 
coupled together by double ring straps. During 
mtmufacture the magnetron is pre-tuned, an out­
put loop is placed over tlLe hole of one of the 
resonators, and a matched coaxittl-to-wave guide 
junction is built in. (For a detailed discussion 
of magnetrons, refer to TM 11-673, Generatioll 
and Transmission of Microwave Energy.) 

Two spark gaps, E301 and 1~302, are con­
nected one across either side of pulse forming 

2'2 

b. The magnetron plate is at ground potential. 
Application of the 10,000-volt negative pulse fron1 
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pulse transformer '1'302 (fig. 15) to the magnetron 
cathode produces tt strong electric field across the 
diode. Electrons, emitted by the filament, travel 
in near-circular paths determined by this electric 
field as well as the ma~etic field, which is per­
pendicular to the electric field. The number of 
times per second the electrons travel near-circular 
paths determines the frequency of the generated 
electromagnetic waves. The magnetron oscillates 
for .4 microsecond, ns determined by the length of 
the pulse applied to the cathode. 

c. While the magnetron oscillates, cathode cur­
rent flows through coil L304 and resistor R322. 
When test meter switch 8401 is placed in the 
MAG. I position, test meter M401 is connected 
across resistor R322 anu indicates the magnetron 
current. L304 and C:305 prevent rf energy from 
entering the meter. 

d. When the POWER switch in the indicator 
is turned on, full filament voltage of 6.3 volts is 
applied to the magnetron filament. After a delay 
of 3 minutes, rela,y K302 (fig. 86) operates and 
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Figure 17. M agnetron 7UA, cut-(JIWav view. 

causes the magnetron filament voltage to be re­
duced to 4.5 volts. The high voltage rect ifiers 
operate at the same time. The higher filament 
voltage, 6.3 volts, is required at first to heat the 
magnetron filament before the application of high 

24 

voltage; the lower magnetron filament voltage, 4.6 
volts, is used for proper magnetron operation after 
high voltage has been applied. Refer to para· 
graph 94 for t~ complete discussion of the modu· 
lator power supply. 
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CHAPTER 3 

RF SYSTEM 

Section I. INTRODUCTION 

28. General 
.a. The rf system receives pulses of microwave 

energy from the transmitting system and trans­
mits these pulses to free space via the duplexer, 
wave guides and the antenna. The antenna radi­
ates into space a highly directional beam of micro­
wave energy that scans through an azimuth range 
of 360°. When this energy intercepts a target, a 
sma.ll portion is reflected back to the antenna and 
is conducted via wave guides and the duplexer to 
the receiving system. 

b. The duplexer, which contains the TR and 
anti-TR tubes, is mounted in the upper right hand 
corner of the receiver-transmitter (fig. 18). It is 
directly atta.ched to the magnetron in the trans­
mitting system and to the mixer in the receiving 
system. The antenna is connected to the duplexer 
by a wave guide run between the anteni1a and the 
flange at the end of the duplexer. 

c. The antenna (figs. 19 and 20) includes the 
rotwting mounting base, the antenna. drive motor, 
and the rotating joint. The horn and reflector, 
wruch are bolted to the rotating mounting base, 
radiate the microwave energy. The antenna drive 
motor and rotating joint cause the rotating mount­
ing base to rotate through an azimuth range of 
360°. The transmitter synchro is also mounted 
inside the antenna pedestal. 

d. A PHONES jack for communicating with a 
man at the indicator location is included in the 
antenna. 

29. Block Diagram 
(fig. 21) 

The parts of the rf system are the wave guides, 
Duplexer CU-311/SPN-11, and Antenna AS-
590/SPN-11. 

a. Wave Gwidea. The wave guides (fig. 22) 
connect the duplexer with the antenna. 

b. Duplercer OU-311/SPN-11. The duplexer 
permits the use of a single antenna for both trans· 

mission and reception. Its components are listed 
below . 

( 1) T R tul>e. The TR tube automatically 
prevents energy from entering the re­
ceiving system when microwave energy is 
being radiated. 

(2) Anti-Tr tui>e. The anti-Tr tube prevents 
received energy from entering the trans­
mitting system and being dissipated in 
the magnetron when microwave energy is 
being received. 

(3) Atte111Uator. The attenuator is a hole in 
the duplexer through which a small 
amount of the transmitted energy is fed 
to the afc crystal in the mixer. 

c. Antenna AS-.599/SPN-11. The antenna is 
composed of the following. 

(1) Antenna. lumt. The antenna horn radi­
ates and receives microwave energy. 

(2) An.tenna reflector. The reflector directs 
the energy into a narrow beam. It also 
receives energy and focuses it onto the 
antenna horn. 

(3) Sutppreasor. The suppressor reduces the 
energy fed by the side lobes of the radi­
ated beam. 

( 4) Fixed joint aa.YernlJly. This assembly 
couples the energy from the horizontal 
wave guide to the vertical wave guide 
with a minimum loss of energy. 

( 5) Rotating jobtt aasem.lJly. The rotating 
joint permits the transfer of microwave 
energy from the fixed joint assembly to 
the rotating joint assembly ; from here it 
goes to the antenna horn and reflector. 

(6) Antewna driiVe motor. The antenna drive 
motor rotates the rotating joint assembly 
and the horn and reflector through a 
complete a.zimuth scan at the rate of 17 
rpm. The antenna drive motor as well 
as the thermostat and heaters are dis-
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PLATE (A701) ~--WAVE GUIDE CLAMP 

(H705) 

1--- STRAIGHT WAVE GUIDE 

DECK FITTING 
BASE {A 702A) 

90° H BEND 
(W717, W718, W719) 

DECK FITTING 
(A 702) 

90° E BEND 
(W714,W715, W716) 

~ 45°H BEND ~(W720,W721) 

TWIST SECTION STRAIGHT SECTION 

TM 133~ - 21 

Jo'i{lrtrc 22. Wave guide section.~~. 

cussed more fu lly in the power system 
(par. 90). 

(7) T1·a1Mntittl'r IIYltchro. The tmnsmitt.er 
synchro is geared to the a.nt.0nna drive 
motor and produces a signal tlutt makes 
the sweep on the PPI rot~ te in synchro­
ni ~·nn with tho llntennn. horn and l'ef\ec·tm·. 
~in<:e it. is par t. of tho synchronizing cir-

cuils, the trnnsmitter synchro is dis­
cussed more fully in the synchronizinj! 
and indicating system (par. BO). 

rl. Keep-Alive ( - .900-volt) Powe1· Supply. 
The 'l'R tube requires tt voltage that is obtained 
from the keep-alive power supply . The keep-alive 
poW('J' Hllpply is dis~.:u sH('<l mm·c fully in t.he power 
system (par. Ha). 

Section II. RF TRANSMISSION CIRCUITS 

30. Wave Guides of wttves. These waves have crests t\,nd troughs 

where the electric field intensity is maximum in a 
positive nnd negative direction, respectively (A, 

a. Natu?'e of Radiation. Rf energy, like nll 
electromagnetic energy, is propagated in the form 
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ONE WAVE LENGTH IN FREE SPACE 

OIIECTION OF TAJIIo/EL 

A. REPRESENTATIVE WAVE 

11. WAVE FRONT APPROACHING 
WAVE GUIDE WALL 

F. POINT OF CANCaLATION OF 
INCIDENT AND REFLECTED WAVE 

twAVE LENGTH IN FREE SPACE 

• - + 
0 - -

C AS ONE WAVE FRONT REACHES 
WAVE GUIDE WALL 

E. POINT OF REllfllR::E.MENT OF 
INOOENT AND REFLECT£D WIWE 

1 
0 

L.l!!il~=~!:::.====:.:::&&:=t....J 1 
G fORMATION Of ~ WAVI! LENGTH 

IN THE WAVE GUIDE 

T 
0 

L_..!.vm~==~=F~~=~~=l__j ..L 
twAVE LENGTH IN THE WAVE GUIDE DIRECTION OF PROPAGATION DOWN THE GUIDE 

H. LONGITUDINAL CUT OF WAVE GUIDE TM 1535-582 
SHOWING WAVE DISTRIBUTION 

/<'lt/111'1' l :1. Nle<' ll' l!' IC' !II>t' ll 111 11' 111>(' flllflll'. 

fig. 23). The successive crests and troughs lie in 
parn.llel planes tlmt move through space with the 
speed of light. Wave length is the measure of dis­
tance between successive crests or troughs. 

b. Reflection. Consider these successive waves 

of energy striking a flat reflecting surface such as 
the side of a section of rectangular wave guide (B 
and C, fig. 23). At the points of reflection, the 
field intensity of the waves passes through zero, 
and the reflected waves undergo a phase reversal 
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so thctt the incident crests become reflected troughs 
(D and E, fig. 23) and the incident troughs become 
reflected crests. 

c. Intersection of Reflected and Incident Waves. 
The reflected c1ests and troughs intersect the1 in­
cident crests and troughs along 1\nes parallel to the 
reflecting surface. At the intersection of two 
troughs, the intensity is twice that of a single inci­
dent or reflected crest or trough (F, fig. 23). 
Where a crest and trough intersect, the intensity is 
zero. The distance between the reflecting surface 
and the regions of double amplitude depends on 
the wave length and the angle at which the waves 
strike and reflect from the surface. As the inci­
dent and reflect waves progress, their points of 
intersection move parallel to the reflecting surface. 

d. Dovl:>le Reflection. If another reflecting· sur­
face were placed pf~rallel to the first, the en.ergy 
could be confined to a relatively narrow space, 
dimensions of which would be determined by the 
points of intersection. The row of intersections 
nearest the first (original) reflecting surfact~ has 
double intensity. The second row of intersec.tions 
of crests with troughs has zero intensity. The 
second reflecting surface actually is placed along 
this latter row (G, fig. 23). The resulting wave 
pattern (H, fig. 23) consists' of zero electric field 
intensity at both refleeting Rnrfa~p_c; nnn of double 

MAGNETIC 
INTENSITY 4------. SIDE. 

A.END VIEW 

~WAVE LENGTH 

I ELECTRICAL 
INTENSITY 

I· ·I 
~[JffiiiTI!lli[ITilllm! DI 

B. SIDE VIEW 
SHOWING ELECTRIC FIELD 

I 
2WAVE LENGTH 

I 1 
:: -, r- - 'r - --, 1 []T ..,_-,I ' r----, r-----, ' 
• - '\I • I,.--~-'\ II ,.----'\ 11 

- _) • t •••• c. . :) ''' '' ' c-) ••• 1\ 10 __ .1..) Ill._\,- =---''1 1 I'--:::..; 'I , 
~- ::.- ..) '- -----'..) '\..\, ____ ..)..)' • II .... - __ ...,__ _ - -. 1 

C. TOP VIEW 
SHOWING MAGNETIC FIELD TM 1535-583 

Figure 24. Electt·ic and. magnetic field itltensity in 100vc 

guide. 

intensity at points midway between the reflecting 
planes. 

e. Wave Guide Electr'mnagnetic Fields. The 
mode of transmission described above is known 
as the TE1,o mode. A, figure 24 shows a cross­
section of the ~rttide and the c.Iectric n.nd magnetic 
field!l. The- electric field is most intense at the 
center and diminishes toward the sides. One-half 
of a wn.ve length down the guide from a region 
of maximum intensity the field is again maximu.rn 
but of opposite polarity (B, fig. 24). The mag­
netic field, at right angles to the electric field, 
forms closed loops lying in a plane at t·ight angles 
to the narrow sides of the guide (C, fig. 24). 
Figure 25 is IL cross section of a wave guide show­
ing wave propagation. 

TM 1535-584 

Figm·e 25. Wave f)I'OfJUgution in W(lve guide. 

f. Limits of Di8tance Between Refl('cting Sta•· 
faceiJ. The distance between successive intersec· 
tions of incident and reflected crests is known as 
the guide wave length (H, fig. 23) t~nd is grenter 
than that of a 'vave length in free space because 
of the limits set by the reflecting surfaces. The 
guide wave length increases as the reflecting sur­
faces are moved closer together, because the angle 
of incidence must decrease to maintain the double 
intensity intersections at the center. When the 
distance between surfaces is equal to a half wnYe 
length in free space, the angle of incidence is ze~ 
and the wave guide wave length is infinite. Tins 
is the minimum permissible separation of reflect­
ing surfaces to have the wave propngate in the 
TE1,o mode . 

g. Guide Dim~nsions in Radar Set AN jSPfl~. 
11(•). In the hollow rectangular wave guide 
used with this radar set, the two reflecting ~:;ur· 
faces a re the nan·ow sides (b) of t.he wa.ve guide. 
1' he distance (a) between these planes must be, for 
3.2-centimeter (em) operation, greater than 1.6 



em. The actual dimension is 2.29 em. The dis­
tn,nce (b) between the other two sides of the wave 
guide is made les'S than one-half wave length 
in space so that modes other than the TE1,o mode 
will not be propagated. The actual distance is 
1.02 em. 

k. Energy T?·amsmission. If a suitable means 
of introducing and removing energy from the 
wage guide is provided, attenuation is small. The 
metal sides shield the magnetic field from the out­
side of the wave guide. Current flow caused by 
the magnetic field is confined to a layer of metal 
only a few hundred-thousandths of an inch thick 
on the inner surface of the wave guide. Hence, 
all of the energy is confined within the wave 
guide. The only losses are heat due to the re­
sistance of the current-carrying layer and reflec­
tions due to mismatch in the wave guide. To 
reduce the heat loss, the inner surface of the wave 
guide is made corrosion resistant to decrease the 
resistance of the current-carrying layer. 

i. Cutoff F?·et]uency. A '"ave guide acts like a 
high pass filter: it does not. pass frequencies below 
a certain cutoff frequency. The cutoff frequency 
has a wave length in free space twice the width 
(a) of the wave guide. In order that a wave 
guide may transmit energy of a given wave length, 
its width must be more tha.n one-half the wave 
length of the energy to be transmitted. The wave 
fronts in a wave guide when the frequency is wen 
above cutoff is shown in A, figure 26. Note that 
the width of the wave guide is considerably larger 
thRn one-half wave length in free spnce, and that 
the angle thnt the wave fronts make with the wave 
guide axis is large. In B, figure 26, the same 
width of the wRve guide is only slightly more than 
one-half wave length when the frequency is near 
cutoff. The n.ngle that the wave front makes with 
the axis of the wave guide is small, and therefore 
the angle of reflection also is small. The wave 
length within the wave guide then becomes large, 
and the wave fronts travel down the wave guide 
ne11rly parallel to the side wa1ls. Most of the 
energy in the wave front is absorbed in the side 
~valls and, at the cutoff frequency, all the energy 
IS absorbed. 

j. Ourrertt Fl()w. A current, produced by the 
magnetic field of the wa.ve, flows thron~h the wave 
guide. This current circulates around the wave 
guide as shown in A, figure 27. A narrow slit may 
be cut along the top or bottom of the wave guide 
without disturbing or causing reflection of the 

327711 o- 55-3 
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I 
2 WAVE LENGTH 

IN FREE SPACE 

WAVE FRONT PATTERN FOR FREQUENCIES NEAR CUTOFF 
B 

TM 1535-585 

Figure 26. Change in refl.ection nngle 1oith change of 
frequency. 

A. LINES OF CURRENT FLOW 

SLOTS PARALLEL TO LINES OF 
CURRENT FlOW 00 NOT AFFECT 
TRANSFER OF ENERGY 
THRU WAVE GUIDE 

B. TYPES OF OPENINGS 
TM 1535·586 

Figure ;n, Etr~ct ot openings in tcavc gttide. 
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traveling energy, because the potential across the 
slot is zero. For the same reason, a slot mu.y be 
cut along the width of the narrow side (B, fig. 27). 
Any other type of cut, such as a circular hole on the 
narrow side, permits energy to be removed from 
the wave guide, because a potential difference 
exists across this type of opening. 

k. 0 hoke Joints. Choke joints are designE!d for 
easy assembly and disassembly of lengths of wave 
guide without a high loss of energy. They are 
used wherever two sections of wave guide are 
couploo, or where some part, such as a magnetron, 
is mounted to the wave guide. The two halves of 
a choke joint are shown in A, figure 28. One of 
the flanges contains a circular groove one-fourth 
wave length deep at a distance of one-fourth wave 
length from the inner surface of the wave ,guide. 
A cross-section of the joint is shown in B, figure 28. 
The L-shtLped cavity (fig. 29) is similar to a ljz­
wave length t ransmission line shorted at the far 
end. Current and voltage are so distributoo along 
a transmission line that a short looks like a very 
high impedance at a distance of a. one-fourth wave 
length from it. At n distance of one-four th wave 
length, the line appears shorted (fig. 29). At the 
point where the ftange bolts establish contact, the 
choke joint represents a high impedance that 
matches the high line impedance. Henc~, to 
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A. TWO HALVES OF CHOKE JOINT 

B. CROSS SECTION OF CHOKE JOINT 

Fi{Jut·e i8. Ch-oke joit1t. 

energy traveling down the guide, no discontinuity 
is apparent, and no reflections are set up. It is 
as though the inner surface of the wave guide 
remained unbroken even though the two sections 
of the guide are connected together by means of a 
choke joint. 

E 

p=---~ ~ ,_ -----

~ WAVE LENGTH ~ 
APPE ARS AS A 
SHORT CIRCUIT 

A. SHORTED HALF-WAVE LINE 

E 

r:_::..:::::: --I ....... 

B. CHOKE JOINT 

Ji'igut·e 29. 'l'heOI'II of 01>0mtion ot clwke Joint. 

l. Wave G1~ide Bend11. Sometimes bends in the 
wttve guide are necessary so that proper conJlec· 
tions cttn be mttde between the wave guide and 
associated components. Such bends in rectangu­
lar guides should be gradual so that only minimum 
reftection will rei:>1.1lt. 

rn. 1'y pical Wave Cfuide Run. F igure 30 shows 
a typical wave guide run from the receiver-trans­
mitter to the antenna. 

31 . Duplexer 
T he duplexcr i!i 1\ wnve guide that is used to 

connect the trunsmitting system and the reeei"Vil\1 
system to the same antenna. To prevent inter-



NOTES: 
I . DRAINAGE FOR CONDENSATION DRILL £ ANTENNA CHOKE FL 

HOI.E, FREE FROM BURRS, ON 14 
UNDERSIDE OF LOWEST 1" 
HORIZONTAL SECTION ( 14 SlOE). 

2. WAVE GUIDE RUN SHOWN IS TYPICAL OF 
AN EXTREME CASE WITH SEVERAL BENDS. 
MORE DIRECT RUNS SHOULD BE MADE 
WHERE POSSIBLE. 

5. ~~~~~tsL:~GfA~~OJ~~~.r.wK~O S~~~IN 90" "E" BEND 
NEOPRENE GASKET IS IN PLACE ON 
CHOKE FLANGE. 

WAVE GUIDE RUN DOWN 

TOWER 
STRAIGHT SECTION 

DECK 

TAIL OF FLANGE 
CONNECTION 

8-32 X r ALLEN SCREW 

WAVE GUIDE 

PLAIN' FLANGE 

USE 12 IN. TWIST 

SECTION (90•) 
FOR ATHWARTSHIP 
INSTALLATION------<>\ 

METHOD OF CONNECTING RUN 
TO TR~NSMITTER FLANGE 

Til 1335-~0 

Figure SO. 'l'ypica/ tcave rmicle t'lt.n ft·om t·ccciver-tt·an.smitter to a.ntenn~. 
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ANTI" TR TUBE TR TUBE 

TR TUNING SCREW 
T M 1535-SO& 

Ftgure 31. Duplezer OU~ll/SPN-11. 

action between the systems, the TR tube a.nd the 
anti-'l'R tube are placed at a distance of one-­
fourth wave length from the main line of the 
duplexer (fig. 31}. These tubes present either a 
very high impedance or a short circuit t01 the 
transmitted or received signal and control! the 
impedance along the wave guide, thus controlling 
the signal path. 

32. TR and Anti-TR Tubes 
a. SiJmple T R Switch. A simple type oiE TR 

s'vitch may be a spark gap. The power from the 
transmitter circuits builds up a voltage across the 
spark gap until the gap breaks down and effec­
tively shorts the receiving system input. The 
energy of returning echoes is not sufficient to fire 
the gap and, if the reflected impedance of the 
magnetron is made high at the gap, most of the 
received energy of the returning echoes will go to 
the receiving system. 

b. Drcuwbacks of Simple T R Swith. N•ot all 
of the transmitted power goes to the antenmL. At 
the beginning of the pulse, there is a short interval 
before the gap fires; during this interval, a short 
burst of power, called a spike, flows into the receiv­
ing system. This spike shortens the life of the 
crystal in the mixer. During the remainder of 
the pulse, the impedance of the gap is low but 
is not zero, since there must be a voltage drop 
across the arc. Thus, there is an additional Zealc­
age power flowing into the receiving system. A 
minimum of spike a.nd leakage power is obviously 
desirable. 

c. Reducing the Spike. Several methods may 
be used to reduce the amplitude and duration of 
the spike. 
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( 1) To fire at lower voltage, the gap may be 
operated at greatly reduced pressure in a 
sealed glass or metal container. 

(2) At the time the voltage is applied to th~ 
electrodes of the TR switch, at least 1\ 
few ions are required to start the dis" 
charge. If no ions are present, the volt" 
age must rise to a very high value to pro" 
duce ions by electron bombardment of tll~ 
atoms in the gas. The resulting spilel:"l 
may oo reduced by furnishing a. constant 
supply of ions. This may oo done in 
two ways: 

(a) A radioactive salt is applied to one of 
the electrodes, a.nd a keep-alive volta~ 
is maintained between one of the gllp 
electrodes and a third electrode. 'l'ne 
radioactive material emits a stead~· 
stream of ions to help start conductiol\. 
The keep-11live voltage maintains a 
constant low-current dischRrge. 

(b) The time for firing the gap may also 
oo shortened by the use of a step-up 
transformer. This steps up the voltngt> 
and fires the gap while the incorninfZ 
voltage is still relatively low. To dll­
crease the likelihood of damaging the 
crystal, another transformer is used to 
step down the arc voltage before the 
voltage is applied to the crystal in the 
mixer. 

d. R educing Leakage Power. The leakt1ge 
power is proportional to the square of the arc 
voltage. The use of low pressure around the gap 
reduces the gap voltn.ge and hence the loss. The 
step-up and step-down tra.nsformers cause the ef­
fective voltage, as seen from the wa.ve guide or the 
receiving system, to appear still lower, and further 
reduce the leakage power. 

e. OUJI.Jity-Type TR Tube. 
(1} The microwa.ve TR tube (fig. 32} con­

sists of a. resona.nt cavity that contains a 
spark gap. Energy is coupled into and 



out of the cavity through openings cov­
ered with small disks of glass (windows) 
in opposite sides of the cavity. The step­
up and step-dow~ ratios are relruted to 
the size of the openings; the step-up ratio 
is higher as the SIZe of the openings is 
reduced. The gap electrodes are inserted 
into the top and bottom of the resonant 
cavity. The hollow lower electrode cone 
is fixed, but the upper electrode cone can 
be made to move up and down by means 
of the TR tuning screw. The resonant 
cavity is connected to the gas reservoir 
through a small port in the lower cone 
from which. hydrogen and water vapor 
flow into the ca,vity to replace absorbed 
gas. The keep-alive electrode, inserted 
into the hollow lower electrode, obtains 
its -900 volts through a cap at the lower 
end of the reservoir. 

(2) The resonant cavity of the TR tube acts 
like a tuned circuit at the operating fre­
quency. During transmission, the high 
potential applied to the tube breaks down 
the gap, effectively placing a short-cir­
cuit across the duplexer. At the end of 
the transmitted pulse, the arc is ex­
tinguished and echo signal energy is 
allowed to enter the receiving system. 

(3) The TR tuning adjustment consists of 
two concentric screws. The inner and 
outer threads of the screws differ slightly 
in the number of threads per inch. The 
thread ratio of the two screws causes the 
inner screw to move down and the elec­
trode to move a distance equal to the 
difference in travel of the two screws. 
The totn1 tuning range •of the switch in 
wave lengths is 3.1 to 3.5 em. When the 
electrodes are moved closer together, the 
equivalent capacity is increased a.nd, 
therefore, the frequency is lowered. 
When the electrodes are moved farther 
apart, the equivalent capa,city is decreased 
and the frequency is raised. 

( 4) The negative keep-alive voltage main­
tains a continuous discharge between the 
keep-alive electrode and the hollow cone. 
Some of the ions formed by this discharge 
enter the space between the cones and 
cause the gap to break down more readily 
when a microwave pulse is applied. The 

glass boot around the electrode causes the 
keep-alive discharge to be concentrated 
in. the region nearest the gap. To pro­
tect the signal crystal in the mixer during 
the warmup period, the keep-alive voltage 
is applied 3 minutes before the main rf 
power is turned on. (A complete dis­
cussion of the keep-alive power supply 
can be found in the power system chapter 
(par. 93).) 

( 5) A certltin period of time-recovery 
time-is required for the ions to become 
neutralized after a pulse has fi red the 
gap. During this recovery period, there 
is a loss in signal strength because a con­
siderable portion of the signal energy is 
absorbed by the ions. A new TR tube 
has a recovery time of 1 to 2 microseconds 
during which the loss is approximately 
one-half the signal power. 

IIO'IAIU COH£ 
!L!CTROOI 

TR TUNING SCREW 

KEEP- AllY[ VOl TAO[ (-900'1) CAP 

Pigm·c 82. 7'R tttllc. 

f. Anti-TR TuJJe. 

fiX£0 ItO\. LOW 
CONE EL[CTROOE 

T hl l535·400 

(1) If the output impedance of the mag­
netron were always fixed, it would be a 
relatively simple matter to divert all re­
ceived signals to the TR tube and from 
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there to the mixer. The length of the 
wave guide from the magnetron to the 
TR tube could be adjusted so that the 
magnetron would present a high im­
pedance to the signal, and most of the 
signal energy would flow through the 
lower resistance path of the receiving sys­
tem. However, the magnetron imped­
ance varies over a wide range and, there­
fore, ltn anti-TR tube (fig. 33) is neces­
sary to establish the proper impedance 
to control the signal path. 

(2) Anti-TR tube V201 is a gas tube thltt 
does not use a keep-alive electrode and 
is untuned. The loaded Q of the cavity 
is made very low by a large window at 
one end. The cavity is placed in series 
with the line from the transmitter cir­
cuits by substituting the face of the tube 
containing the window for a portion of 
the broad side of the wave guide. Dur­
ing transmission, breakdown takes place 
across the inner face of the window. 
During reception of returning echoes, not 
enough energy is present to cause the 
anti-TR tube to break down. 

TMl535-403 

Figm·e 33. Anti-TR tuiJc and. m01mt. 

33. Equivalent Circuit of Duplexer 
a. The duplexer can be compared to a trnnsmis­

sion line. (See TM 11-6'73, Genern.tion and 
Transmission of Micl'Owave Energy.) The TR 
tube, which is connected to the narrow side of the 
duplexer, is effectively in pan\llel with the equiva­
lent transmission line. The anti-TR tube, which 
is connected to the broad side of the duplexer, is 
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effectively in series with the equivalent transmis­
sion line. The complete equivalent circuit of the 
duplexer is shown in A of figure 34. 

b. When the magnetron fires, the high rf energy 
flowing down the duplexer causes the TR and anti­
TR tubes to fire as shown in B of figure 34. The 
short at the TR tube causes the line between it and 
the main body of the duplexer to act as a one­
fourth w1we length, short-circuited stub. No 
energy is diverted to the receiving system. At 
the same time, the short across the anti-TR tube 
effectively makes the transmission line solid at 
that point. Practically all the energy from the 
transmitter circuits tr~tvels down the line to the 
ftntenna. 

c. During the time the magnetron is not firing 
and echoes are being received by the antenna, 
neither the TR nor the anti-TR tubes receives 
enough energy to fire. The TR and anti-TR 
tubes are open ns shown in C of figure 34. The 
open at the anti-TR tube effectively opens up the 
line at that point. This open is reflected as a 
similar open three half-wave lengths back. The 
received energy is thus prevented from going 
down to the transmitter circuits, but is deflected 
through the TR tube to the receiving system. 

34. Antenna Wave Guide Assemblies 
(figs. ~5, 36, and 37) 

Microwave energy is coupled from the wave 
guide run to the wave guide flnnge in the back of 
the antenna pedestal. Inside the pedestal , the 
energy is coupled from a fixed joint assembly to a 
rotating joint assembly to which is attached the 
antenna horn. 

a. Fixed .Toi11t Assembly. The stationary rec­
tangular wave guide is clamped to the gear hous­
ing of the antenna pedestal. The round sta­
tionary section extends through a vertical hollow 
shaft (not shown in fig. 35). 

b. Rotating .Joint A.<1sembly. Attached to the 
hollow shaft. and above it is the roblting mounting 
base to which are bolted the antennn, horn and 
reflector. The vertical hollow shnft, nnd thus the 
whole assembly, is made to rotnt.e by the ant.enna 
dr·ive motor through gearing assernblies. (See 
pat·s. 2:n through 237 for a discussion of the gear­
ing assemblies.) 
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Figure 35. lVavH guide run through antenna. 
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Figure 36. Coupling ot energy between (imed and rotating joint assem'blieB, v iew of E lineB. 
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.-----MODE MATCHING 
BLOCK 

,-----ROTATING 
JOINT 

CHOKE JOINT 
TM1!!35-19!! 

F'i(l1tre 37. 
ctiOI~ of rotating joint, cutaway Rotating &e 

-.ricw. 

Ooupli?l{J Enet·gy Between Assemblies. 
c. (l) Energy is applied ~rom the recta~gular 

,vave guide to the circular wave gmde o£ 
the fixed joint assembly. From the fixed 
joint assembly, the e~ergy is coupl~u. to 
the circular wave gmde of the rotatmg 
joint assembly, and £rom this circular 
wave guide back to a rectangular wave 
guide that feeds the energy to the an­
tenna hom. 
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(2) In the rectangular wave guide, the 
energy is propagated in the TE too mode 
and in the circular wave guide, in the 
TM M mode. In the TE 110 mode, the 
electric field is parallel to the narrow 
siqes of the wave guide. In the TM 011 

mode, the electric field is parn.llel to the 
axis of the wave guide. By properly 
placing a mode matching block n.t the 
bottom of the circular wave guide, the 
electric field can be made to change to 
the configuration required for the TM 011 

mode (fig. 36). Another mode matching 
block at the top of the circular wave guide 
serves to change the electric field to the 
proper configuration required £or the 
TE 110 mode. 

d. Impe&ance Matching. To match the imped, 
nnce between the rect.angulnr and circulnr section~ 
of the fixed joint assembly, an impedance match, 
ing block is placed as shown. A similar match in~ 
block is placed in the rotating joint assembly. ltt 
addition, a choke joint is made between the fixed 
and rotating sections. 

35. Antenna Horn 

The antenn~ ho.m ~ a flared wave guide, att 
electromagnettc dn·ectmg device similar to ILl\ 

acoustic horn. However, the throat of an acoustic 
horn usually has dimensions much smaller thall 
the sound wn.ve lengths for which it is used, while 
the throat of the electromagnetic h01•11 1 d' 

. li\S Jmen.-
sions that are ~ the order of magnitude of the 
wave length bemg used. The hOl'll match h 

'd · d t th · es t 6 
wn.ve gm e 1mpe ance o e 1mpedance of f 
space in order to radiate a maximum amount r: 
energy into space. A plastic cover over the m.o th 
o£ the horn keeps out moisture which would oth:t­
wise attenuate the radiated energy. 

36. Antenna Reflector 

a. The antenna. reflector is designed to direct 
radiation at the frequency employed by Radar Set 
AN/SPN-11. The reflector is made of uniformly 
spaced, parallel metal tubes. This type o£ con­
struction provides good reflecting properties and 
reduces weight and wind resistance. However, 
because of the comparatively small spacing \:>&­
tween successive reflector bars, a very small 
amount of energy is lost. through leakage. The 
mouth o£ the ho1·n is adjusted to the focal point 
of the reflector £or maximum directivity of the 
beam. 

b. Bearing resolution, or the ability of the radar 
to separate two closely spaced targets at the snme 
range, depends mainly on the horizontal bea.rn 
width, which is approximately 2°. 

37. Suppressor 

Although the reflector directs most of the energy 
in one narrow bettm, a smttll nmount of energy is 
used up in short range secondary beams called side 
lobes. These side lobes llll ve a short mnge. Never­
theless, they may reflect from nearby objects and 
cause false echoes to appear on the PPI. To mini­
mize the effect o£ side lobes, a suppressor is 
mounted in front of the horn window. 



Section Ill. MISCELLANIEOUS CIRCUITS IN ANTENNA 

38. Antenna Drive Motor 
The antenna drive motor is powered by the line 

voltage of the ship. Through a gearing system, 
it rotates the antenna horn at 17 rpm. The method 
of applying power to the antenna drive motor is 
discussed in the power system chapter (par. 90). 

39. TransmiHer Synchro 
The rotor of the transmitter synchro is coupled 

mechanically to the antenna drive shaft at a step­
up ratio of 1: 100. Therefore, when the antenna 
horn is rotating at its normal speed of 17 revolu­
tions per minute (rpm), the transmitter synchro 
rotor rotates at 170 rpm. The stators of the trans­
mitter synchro are connected electrically to the 
stators of the receiver synchro in the synchroniz­
ing and indicating system. By means of the 10: 1 
step-down gearing between the receiver sync:hro 
rotor and the PPI deflection coil, the deflection eoi1 
is made to rotate at the same speed as the antenna 
horn and reflector. Transmitter and receiver 
synchros are discussed in the synchronizing and 
indicating system chapter (par. 80). 

40. Heading Flash and Synchro Alinement 
Cam Switches 

The synchro alinement nnd the heading fltash 
cu.rn switches are clamped to the antenna drive 
shaft and rotate at the same speed as the antenna 
hom and reflector. The alinement cam switch in 
the antenna is normally closed for 330° of antenna 
horn rotation and may be used in conjunction with 
the alinement cam switch located in the indica,tor, 
to aline the synchros. The heading flash cam 
switch actuates the hending flush circuit located in 
the indicator to give fore u.nd n.ft heading flash 
signals on the PPI. These circuits are discussed 
more fully in the synchronizing and indicating 
system chapter (par. 81 and 82). 

41 . Heaters and Thermostat 
The nntennn ge<'wing system, which is contained 

in the ~ear housing of the antenna pedestal, is sub­
mor~ed in oil. The oil is kept at a constant tem­
perature by means of heaters and a thermostat. 
These circuits are discussed in the power system 
chapter (par. 90). 
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Figure 38. Phone cirruit, scllcmatic. 

42. Phone Circuit 
(fig.38) 

PHONES jack J501 is located in the antenna, 
PHONES jn.ck J803 is located on the receiver­
tmnsmitter, and PHONES jack J104 is loca.ted in 
the indicator. A battery-powered handset may 
be used at either the indicator or receiver-trans­
mitter locution to effect telephone communication 
with the antenna location. 
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DUPLEXER MIXER 

SIGNAL CRYSTAL ~~~~~~~f..:.j__ !CR20il 
-._~;;;;..;...--;;.;_r-- AFC CRYSTAL 
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~~~=:::--ir-~i-- KLYSTRON LOCAL 
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!VIDEO OUT! 
JACKSJ201ANDJ202 

-.:;o----.:irr'---;r---+-- POWER JACK (J2 04) 

..._-;;...--;r;....-r-- CABLE(W804) 
...-.;;iii~ .. il!i:--tr;....-+-- CABLEIW803)· 

fi'{,gut·e 39. Receiver-tran-amitter, receiving system parts. 
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CHAPTER 4 

RECEIVING SYSTEM 

Section I. INTRODUCTION 

43. General 
(fig. 39) 

a. The receiving system is essentially a highly 
sensitive superheterodyne receiver that is designed 
to mix the rf echo signal with the output of a local 
oscillator; to amplify and detect the resultant if. 
signal; and to couple the video output to the 
synchronizing and indicating system for presenta­
tion on the PPI. Afc circuits are provided to 
control tJ1e local oscillator frequency so that the 
intermediate frequency can be maintained con­
stant at 30 me. Stc circuits control the gain of 
the signal circuits. 

b. Radar Receiver ~80/SPN-11 is mounted 
on the front of the hinged panel of the receiver­
transmitter. Frequency Mixer Stage CV-239/ 
SPN-11, which contains the signal crystal, the 
afc crystal, and the klystron local oscillator, is 
mounted on the front portion of the receiver chas­
sis. Receiver power (with the exception of fila­
ment power) is obtained from the low-voltage 
power supplies on the front of the hinged panel. 
The receiver filament transformer is located in 
the receiver chassis. 

44. Block Diagram 
(fig. 40) 

The receiving system consists basically of four 
sections: the mixer circuits, the afc circuits, the 
signal circuits, and the stc circuits. 

a. Miwer Oi1·cuits. 
(1) Klystron local oscillato?'. Local oscilla­

tor V203 is a klystron that generates a 
frequency 30 me above the magnetron fre­
quency. 

(2) Signal crystal. Signal crystal CR201, 
which is a type IN23B crystal diode, 
mixes the incoming echo signal with the 
klystron output to obtain an if. of 30 me. 
This output is fed to the signal circuits. 

(3) Afc 01·ystal. Afc crystal CR202, whose 
construction is identical with that of crys-

tal CR201, mixes a portion of the 
radiated energy with the klystron output 
to obtain and if. of 30 me. This output 
is fed to the n.fc circuits. 

( 4) Orystal (JWrrent mete?'. Meter M201 in­
dicates the de current flowing through 
the signal crystal or through the afc 
crystal. 

b. Afc Circuits. 
(1) Afcif. amplifi-ers. Tubes V213 and V214 

amplify the intermediate frequency 
signal. 

(2) Afc discrirninator. Discriminator V215 
provides negative output pulses when the 
if. is above the proper frequency, positive 
pulses when the if. is below the required 
point, and no pulses when the if. is at. 
the proper frequency. 

(3) Afc pulse amplifier, chargi•ng diode awl 
phantaat?·on. The discriminator pulSf·s 
are amplified and inverted in afc pulsE\ 
amplifier V216. These pulses, when ap­
plied to phantastron V218, keep the if. 
centered about the correct value of 30 
me. Charging diode V217 aids in con­
trolling the a.ction of the phantastron. 

c. Signal Circuits. 
(1) /f. amplifiers. There are seven if. stages. 

The 30 me if. output of the signal crystal 
is applied to a cascode amplifier consist­
ing of V204 and V205. The remaining 
if. stages are V206 through V210. 

(2) Video detector and cathode follower. 
The output of the last if. stage is applied 
to video detector V211. This stage re­
moves the if. component from the echo 
signal. The resultant video pulse is ap­
plied to cathode follower V212. The low 
output impedance matches the 75 ohms 
coaxial cable that conducts the video sig­
nals to the video circuits in the synchro­
nizing and indicating system. 
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d. Stc Oircuits. Stc generator V219A is trig­
gered at the same time the magnetron is fired. 
The stc signal is fed through stc cathode follower 

V219B to if. amplifiers V207 nnd V208. The feed. 
buck pulse reduces the if. gain at the beginning ot 
the PPI sweep, thus suppressing sea return. 

Section II. MIXER CIRCUITS 

45. Mixer 
The mixer consists of the klystron local oscil­

lator, the afc and signal crystals, and the mixer 
cavities. Hoth crystal circuits convert signals ttt 

the frequency of the transmitted pulse to if. sig­
nals at 30 me. 

a. Signal (/rystal. 
(1) Signn.l cr·ystn,l CR201 is a small silicon 

crystal in contact with a sharply pointed 
flexible tungsten whisker (fig. 41). The 
entire unit is sealed and mounted hori­
zontally inside the signal crystal cavity 
of the mixer. The upper end of the crys­
tal is grounded to the cavity; the lower 
end plugs into a coaxinl connedor. 

(2) The echo signals enter the signal crystal 
cavity through the TR tube. The kly­
stron local oscillator output, which is 30 
me above the echo signal frequency, en­
ters the signal crystal cavity through the 
coupling window between the oscillator 
cavity and the signal crystal cavity. The 
degree of coupling between the klystron 
local oscillator· and the signal crystal CRV­

ity can be varied by means of adjustment 
(A, fig. 44). The difference frequency 
between the echo signal and the klystron 
local oscillator output is detected by sig­
nal crystal CR201 and fed through the 
coaxial connector to the input of the cas­
code if. amplified (V204, V205). 

b. Afc 0?-ysta:t. 
(1) Afc crystal CR202 is similar· to CR201 

and is mounted in the llfc crystal cavity 
in the same rmmner as the sigmtl crystn.l. 

(2) The transmitted signal is coupled 
through a hole in the duplexet· to the afc 
crysttd cavity. The hole attenuates the 
high powered signal by 70 decibels (db). 
Th~ klystron local oscillator output, 
whrch is 30 me above the mttgnetron 
frequency, enters the de crystal cavity 
through the coupling window between 
the oscillator cavity and the afc crystal 
cavity. The degree of coupling between 
the klystron local oscillator and the afc 

crystal cavity can be varied by means of 
ndjustment (D, fig. 44) . The difference 
frequency between the magnetron output 
and the klystron local oscillator output 
is detected by u.fc crystal CR202 and fed 
through the conxiltl connector to the grid 
of aft if. amplifier V213. 

TUNGSTEN WHISKER 

TM 1!101-43 

J•'lgurc 41. C1·1t8lul cfi<Ufl' JN2.~B. construction. 

46. Klystron Local Oscillator 
(fig. 42) 

a. r'on11tructicm. Klystron oscillator V203 is 8 

tube consisting of an electron gun, a. control grid, 
a. resonant ctwity, two bunching grids, and are· 
ft ector plate. A cavity tuning strut around t_he 
top of the tube deforms the cavity and thus varl~ 
the point of resonance. Coupling between ~h& 
tube and the mixer is made thl'Ough a coaxial hne 
that extends through the base of the tube .. J 
coupling loop ut one end of the inner conxial lme 
picks up rf energy from the tube; the other en? of 
the coaxial line extends a quarter-wave length mto 
the oscillator cavity in the mixer. . 

b. Oenera:t 07>&ration. The control grid, wh1ch 
is mainta.i ned at +300 volts, ttccelerates cathodr 
electrons into the area between the bunching grid~. 
After passing through the CLLvity grids, the el~· 
trons are repelled by 1 he negative reflector volt~ 



to the cavity grids. If the phase of the electron 
current returning to the bunching grids is such 
that energy is given l'O the cavity, cavity oscilla­
tions will be reinforced. 

-120V TO - 165V 
FROM AFC CIRCUITS 

6.3V 

B. SCHEMATIC 

RESONANT 
CAVITY 

+300V 
REG 

CATHODE 

TM 1535·150 

Fi{lllrC 42. KlyHti'0/1 IONII OIICil!ator, C01tllt1·uction. 

c. Bwnching. Since the bunching grids are at­
tached to the cn.vity, the electric field about the 
grids varies at the same frequency as the cavity 
(1, fig. 43). The effect upon an electron shot 
through the bunching grids depends on the arrival 
time of the electron with reference to the varying 
field about the bunching grids. 

Note. The graph In ti~n~re 43 I;; not drawn In terms of' 
voltage, but in ter11111 ot the eftect of the field upon an. 
electron: a positive vnrlatlon on the graph Indicates thE! 
field is ln such a dlre<·tlon us to nccelerate an electron, 
upwurd; a negative vurlntlon lndlcntes the field Is In sur hi 
a direction ns to nccelel'ute nn electron downward. 

(1) An electron ttrriving at the grids whenL 
the field is changing from an upward a.c .. 
celerttling field to an upward decelerat·· 
ing one (point 11) is unu.ffected by the 
bunching grids. The electron continual> 
until it is repelled by the negative reflec·­
tor voltage and returns to the grids when 
the field about them is as shown a1~ 
point x. 

(2) An electron reaching the grids is r&· 
tnrded when the field is ns shown a.t poinrt 
b. Consequently, it does not travel as falL' 
as the first electron before being repelled 
by the reflector field. But since it starts 
out 1lfter the previous electron, both 
reach point x simultaneously. 

(3) An electron arriving at the gt·ids is a.c­
celerated when the field is as shown at 

point c. As a result, it tra.vels a. grea.ter 
distance upward before being repelled 
by the t·eflector field. But since it starts 
out after the first electron, both reach 
point x simultaneously. 

(4) Thus electrons are bunched. Optimum 
performance of the oscillator is ma.in­
tained when the bunched electrons arrive 
at the bunching grids at the time the field 
offers the greatest retarding force (point 
x). Since decelerating electrons give up 
energy, the oscillations of the cavity are 
sustained. 

d. Modes of Ope1·ation. The relative phase of 
the bunched current and the voltage across the 
bunching grids is controlled by the reflector 
voltage. Changing this voltage varies the time 
spent by t.he electrons in the field and therefore 
the point at which the bunches return to the 
buncher grids. Instead of being made to return 
at point x, the reflector voltage can be adjusted 
so that the bunches return any number of cycles 
later (point x', x", and so forth). Thus there­
flector voltage controls the m.<>de of operation. 

e. Tuning. Tuning may be controlled either 
by the turning cavity tuning strut, which varies 
the size of the cavity, or by changing the reflector 
voltage. The latter cnn be done manually or 
a,utomatically. 
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(1) Mnnutd tuning is obtained by varying 
REFLECTOR TUNING control R250 
(fig. 48) which is ncross the minus 300-
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volt supply. Switch S202 should lbe at 
the MAN. TUNE position. 

(2) With switch S202 at the AFC OPE~RA­
TION position, the output of tho afc 
phantastron, V218, is coupled to the re­
flector maintaining the osciJJator output 
frequency at exactly 30 me. 

47. Crystal Current Meter 
(fig. 44) 

CRYSTAL CURRENT meter M201, which is 
a 0 to 1 milliampere (rna) de meter located in the 
center of the receiver chassis, measures eithe1r sig­
nal or afc crystal current, depending on the posi­
tion of switch S201. This meter, therefore,, en-

abies the operator to chl.'ck quickly the condition 
of the mixer circui ts. 

a. Signal ('rypdal ('urrent. With switch SlZOl 
in the SIGNAL XTAL I PUSH (depressed) 
position, the output of signal crystal CR201 is 
filtered of ac components by L230, L215, C223, 
nnd C224 and fed to meter M201. The meter t11us 
reads only de. Resistor R255 limits the curre~t. 

b. Afc O'rystal ('1t1'rent. With switch S20Im 
the AF(' XTAL I (normal ) position, the output 
of afc crystal CR202 is filtered of ac components 
by L~H1 and C225 and fed to meter M201. The 
meter thus reads the de com ponent of the 11fc 
crystal current. When the de current of either 
crystal is being measured, the de current of the 
other crystal is run to ground. 

Section Ill. AFC CIRCUITS 

48. General 

a. Automatic frequency control is used to olbtu.in 
a difference between the magnetron frequency und 
the ~lystron local oscillator frequency that is ap­
proximately constant and equal to the if. of 30 roc. 
Afc is necessary because variations in the standing­
;v~ve ratio arising from an asymmetrical rot:ILting 
JOlDt or reflections from nearby objects can pull 
the magnetron off frequency. Also, the ma.gne­
tron and klystron local oscillator do not hold. con­
stant frequency after several hours of operntion, 
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nor do they vary together. Variations in voltage 
and temperature produce frequency changes. 

b. A phantastron circuit produces a sweep volt­
age, which, when applied to the reflector of the 
klystron locltl oscillator, makes the output fre­
quency of that tube vary from a low to a. hi&:h 
value. In the mixer, this varying frequency 1s 
combined with the magnetron frequency t{.J pro­
duce an if. That varies fr·om a value below• 30 
me to a value above 80 me. 



c. An if. below 30 me, when applied to the dis­
criminator, produces a positive pulse that is made 
negative by the de amplifier. Since negative 
pulses have no effect on the phantastron, the phan­
tastron continues to increase the output frequency 
of the klystron local oscillator, which, in turn, 
causes a further increase in the if. 

d. When the if. increases to a value slightly 
above 30 me, the discriminator produces negative 
pulses which are made positive by the de am­
plifier. These positive pulses, when applied to the 
phantastron, momentarily reverses the direction 
of its sweep. The frequency is thus brought back 
to 30 me, where it i!3 locked in. 

-''C IF AMPLI,ICft UC lr:' AMPLIFI(R 
Vtla Y214 
tAK~M IAIIC!tl 

t-lf--!+DIS'c~t~:AtOft 

FltO .. AFt 
CftYSTAL Cllt202. 

cue 
4·>0 

RZ2t 

'"" 

Figure 45. Ato if. am•plifi<-.,.8, 8Cllematic. 

49. Afc If. Amplifiers V213 and V214 
(fig. 45) 

\121~ 

a. Two stages of ldc if. amplification (V213 and 
V214) are provided. The input circuit of V213 is 
tuned to 30 me by vat·iable capacitor 0226 and coils 
L217, L218 and L219. Capacitor 0227 keeps the 
de afc crystal current off the grid. R229 is the 
grid load resistor and R231 is the cathode bias 
resistor. 

b. The amplified signal developed across plate 
load resistor R230 is coupled through C228 to 
grid coil L220. The signal developed across L220 
is amplified in the plate of V2H and appears 
across the plate lond consisting of L2:H and R233. 
R233 widens the band-pnss characteristics of the 
stage. The cathode and screen bypass capacitors 
(marked with !tn asterisk (*) in the figure) are 
molded into the tube sockets of both stages. 

50. Afc Discriminator 
(fig. 46) 

a. The afc if. pulse from tube V214 is coupled 
to a.fc discriminator V215 tlu·ough capacitor 0229 

327711 0-55--4 

and appearS' across coil L221. Coil L232 together 
with its distributed capacitance and 0241 reso­
nate at 27.5 me. Coil L233 together with its dis­
tributed capacitance and 0242 resonate at 32.5 me. 
Resistors R252 and R253 broaden the frequency 
response of the tuned circuits. L232 is connected 
to the plate (pin 2) of diode section A of V215, 
and L233 is connected to the cathode (pin 1) of 
diode section B. A pulse applied to diode A 
charges 0230 so that point A is positi>e. A pulse 
applied to diode B charges C231 so that point B 
is negative. 

b. If a 30 me if. pulse is applied to the dis­
criminator, the amplitude of this pulse across 
tnned circuit L232 and C241 is the same as that 
across tuned circuit L233 and 0242. As a re­
sult, the posit.ive pulse developed at point A is of 
equal amplitude to the negative pulse developed 
at point B. Considering R235 and R236 as a 
voltage divider, it can be seen that the potential 
at point 0 is zero. At the end of the if. pulse, 
the positive potential on the cathode of the diode 
A and the negative potential on the plate of diode 
B cause both sections of tube V215 to stop con­
ducting. Capacitors 02:30 and C231 discharge 
throu~h resistors R235 and R236. Since both 
ca.pacitors are equally charged and they are dis­
charging through the same path, the potential 
at point Cremains zero (fig. 47). 

c. An if. pulse whose frequency is below 30 me 
has a greater amplitude at diode A than at diode 
B. As a result, the instnntaneous positive poten­
tial at point A (e,-~) is greater than the in­
stantaneous negative potential at point B ( ea). 
Since the potential at point 0 is 

e,. +eu 
eo=--

2
-

it is obvious thttt point(' is positive. At the end 
of the !tpplied pulse, both diodes stop conducting 
because the c1tthode of diode A is positive and the 
plate of diode B is negative. The capacitors start 
discharging towards the value of ec. Because of 
its smaller charge, C231 discharges first allowing 
diode B to conduct. .\s this happens, capacitor 
C2:}0 discharges through diode B. Therefore, the 
lower the if. applied to the discriminn.tor, the more 
positive the pulse nt point C. The maximum posi­
tive pulse occurs at 27.5 me (fig. 47). 

d. An if. pulse with n frequency aboYe 30 me 
produces an instnnttmeous negath·e potential at 
point B that is greater thnn the instantaneous posi-

49 



R2ll2 
4,300 

L232 

L233 

R2ll3 
4,300 

NOTE: 

AFC 
DISCRIMINATOR 

V21ll 
&ALl! 

C242 

' 

C241 

' 

C230 T 100 

+1C231 
100 

-t A 

TO AFC 
PULSE AIII'~IF.E' 

V216 

L221 
RFC 

UNLESS OTHERWISE SHOWN, 
RESISTORS ARE IN OHMS, 
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Figure 46. Discrinunator schematic. 

tive potential at point A, thus making point C 
negative. Because 0230 now has the smaller 
charge, it discharges first allowing diode A to 
~nduct. C231 now discharges quickly through 
diode A. Therefore, the higher the if. applied to 
the discriminator, the more negative the output 
pulse at point C. The maximum negative pulse 
occurs at 32.5 me (fig. 47). 
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POSITIVE r 
r-·~, 
NE8ATIVE 
VOLTS 

TMICH-toe 

Ftqure 41. D£1Crlminator output. 

51 . Afc Pulse Amplifier 
The output from point (C, fig. 46) of tb& di:· 

criminator is fed to a conventional amplifier, \"21 
(fig. 48). To stabilize the circuit, signa_l d~ert 
tion is obtained by leaving cathode b1as reslst 
R239 unbypassed. The output is similar t() tr 
discriminator output, except that it is amplifit' 
and reversed in phase. The positive pulses~ 
the discriminator, which occur when the lf. ' 
below 30 me, become amplified ne~ative pulses 1 

the tic amplifier output. The negat1ve pulses.~. 
the discriminator, which occur when the lf. · 
above 30 me become amplified positive pul~ 
When the if. 

1

is at 30 me, no pulses a.re applied an 
therefore none are obtained from the pulse atnplt 

fier. 

52. Charging Diode and Phantastron 
(fig. 48) 

The output of pulse amplifier V216 is coupl 
through C232 to charging diode V217 and to 1 

grid of phantastron V218. Wave fonns for 
phantastron are illustrated in figure 49. The vol 
age on the plate of V218 is determined by the 
across resistor R243. The screen potential is d 
termined by voltage divider R245 and R244- Bot 



FROM AFC 
DISCRIMINATOR 
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OF KLYSTRON 

LOCAL OSCILLATOR 
V203 

Figttre .fS. Pulse ampllfl.e,·, charging aioae ana phantastron circuit, schematic. 

plate and screen potentials ure negative with re­
spect to ground, but positive with respect to the 
cathodes of V217 and V218, which are at minus 
300 volts. This arrangement is used to produce a 
negative voltage for the reflector of the klystron 
local oscillator. The negative voltage is obtained 
from across voltage divider R249, R250, and R251. 
With switch 8202 ih MAN. TUNE position, RE­
FLECTOR TUNING control R250 is used to de­
termine the reflector voltage and therefore the 
frequency at. which the klystron local oscillator 
operates. With switch 8202 in A. F. C. OPERA­
TION position, the phantastron output voltage 
combines with the REFLECTOR TUNING volt­
age to determine the klystron local oscillator 
frequency. 

a. 0 peration With 30 M c If. l nput. A 30 me if. 
pulse produces no di.scriminator output and, there­
fore, does not disturb pulse amplifier V216, charg­
ing diode V217, or phantastron V218. Tube V218 
therefore acts us an ordinary phantustron circuit 
( (1) through (5) below). 

( 1) Assume that the grid of tube V218 is 
becoming more positive (or less nega­
tive). As a result, the plate current in­
creases, thus reducing the potential at the 
plate. 

( 2) The falling plate potential eventually 
comes close to the cathode potential. 
When this happens, tube current is di­
verted to the screen causing its potential 
to drop. This voltage drop, when coupled 

-tOO 
TO 

-225 v 

-300 v 

to the suppressor through C235, cuts off 
plate current; as a result, there is a sud­
den rise in plate voltage. Since the grid 
is connected to the plate by means of 

I 
I 
I 
I 

PLATE IVOLtAGE 
r------.1 t-' ----

j SCREEN n VOLTAGE r 

SUPPRESSOR GRID VOLTAGE 

NOTE: THESE WAVE FORMS NOT 

DRAWN TO THE SAME 

VOLTAGE SCALE. 
TM 1535•320 

Figure 49. Phattta8tron wave torm.s. 
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0234, the grid potential rises and drives 
the screen to saturation. 

(3) The screen current and the plate poten­
tial remain at a maximum while the nega­
tive charge on C235, at the suppressor, 
leaks off through R242. As t he sup­
pressor potential r ises toward the cathode 
potential, a pulse of plate cur-rent occurs. 
The resultant negative voltage spike at 
the plate drives the grid negntive through 
0234, cutting off the screen current. The 
suppressor now quickly rises to its origi­
nal positive value and no longer acts to 
stop the flow of plate current. 

( 4) The negative potential on the control 
grid leaks off through R241 and R240. 
The resultan t rise in grid potential causes 
an increase in plate current that reduces 
the pln.te potential. This voltage drop, 
when coupled back to the g rid through 
0234, retards the rise on the grid, which 
in turn slows down the plate voltage de­
crease. This feedback between the grid 
and the plate produces a str aight line de­
crease in plate voltage. This varying 
plate potential, when applied through 
R246 to the reflector of klystron locnJ 
oscillator V203, clmses its output sweep 
to vary at a constant rate over u. large 
rtmge of frequencies. 

(5) When the falling plate voltage comes 
close to the cathode potential, tu~e c~r-

t . d" ted to the screen causmg Its ren IS tver 1 · thus 
potential to drop. A new eye e 15 

initiated. B low !JO 'A/c. An 
0 Operation With If. Input 8

40 volt positive 
· . 30 produces a -

if. pulse below ~c . . t output that be-
. . . the d•scnmma. or l.fi 

var1at10n 1~ . verted by pulse amp 1 er 
comes negative .when lm does not change the non­
V216. A negative pu se 

conducting state of charging diode V217. Ther 
fore, the phnntastron circuit acts as describ~ 
above. 

o. Ope1·ation With If. Input Above 30 Mo. ~f. 
p~ilse.s ~bove 30 me prod~ce negative pulses at t~6 
~hscrtmmatot· output whJCh become positive wh~ 
mverted by pulso amplifier V216. These positi:e 
pulses, when coupled through C232 to the plato f 
cha rging diode V217, cause it to conduct and I> 
J?lace a ~1egative ~harge on th.e V217 side of capo_~ 
1 to~· 02.32. Resistor R241 IS a current limiti~u 
res1stor that prevents the grid of V218 f t·om dm\; 
ing current and affecting the charge on capl.\c­
itor 0232. 

(1) d~echause R240 is so large, 0232 can~ot 
1sc t~rge muc~1 between pulses. Thel_\e­

fore, t he uegn.t1ve ch~trge becomes gren~ 
1md greater until it cuts oft' tube V2lS. er 

(2) ~he sudden cutoff causes the plate po~n­
tiaJ of tube V218 to rise. This rise . 
voltage, when fed to the klystron 1~ 1~ 
oscillator, ca.us~s its output frequenc a 
decrease, thus decreasing the if. ente~ to 
h d . . . llhg 

t e Iscnmmator. This conditi 
. t"J h "f on CQn tmues un 1 t e 1 . is decreased to -

value where no positive pulses the 
plied to the charging diode. Ttre 1\p­
dition occurs at 30 me. u s CQn-

(3) When no pulses t"trc applied to tJ 
ing diode, the phantnstron a 1~ chal,\g­
duces a downward moving sweega•n P\'o­
cr·enses the local oscillator ftequ~ that \n­
the if. ncy a~Q 

( 4) A s soon as the if. increases 
positive pulses are applied "t'Y slight\ 
and the cycle is reversed. o;:~e dioJ'~ 
shows how the cycling d . •gure .e.-

k esct·1h- ; vO 
rna es the frequency of the 1 1~ abo"-
] k . oca oa~· ve 
oc m at the value that prod ""llla~ 

of exactly 30 me. Uces at\ \t 
Section IV. SIGN}\L CIRCUITS 

53. Cascode If. Amplifier 
(fig. 51) . 

d (grounded-cathode, grounded-grid) 
A casco e . . . I "f 

. fi ·s used to amplify the mcommg stgna I . 
amph er 1 "f l"fi T1 

f . ·tis applied to the other I . amp I ers. le 
be 01 e 1 h. I . I 
cascode if. nmplifier has a very xg 1 sxgna -to-
noise ratio. 

a. The input circuit of the cascode amplifier is 
tuned to approximately 30 me by variable capaci-
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tor 0201 and coils L202 and L2oa 
0233 keeps de afc crystal current f · Capacif4r 
of V204. rom the grid 

b. Because triodes are inherent} le . 
pentodes, tube V204 is triode-conn:te~ 11018Y ~hall 
R201 und capacitor C205 prov"d · Res1sto:r 
Th 

1 e cathode b · 
e plate load is provided by L 205 h. . las. 

I d b R ' w tch 1s de 
coupe y 202 und C202. Coil L204 feed ~ 
f r tl t t · s back om le ou pu a Signal that neutralizes th . te 

• em r-
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Figure 50. Action of ate circ·uit&. 

CASCODE IF AMPLIFIER 
V204 V20~ 
6AK5 6J6 

NOTE· UNLESS OTHERWISE SHOWN, 
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CAPACITORS ARE IN UUF. 

I•'iom·c 51. Cascod<' if. amplifier, schematic. 

TM 1535-555 

B+ FROM +140V 
UI\IREG SUPPLY 
THROUGH R215, 
R213, R211 a R214 

TM 1535-15 

electrode capacitance of the tube. This further 
reduces the noise within the stage. 

ther reduces the overall noise level. The output 
of V204 is impressed on the cathode through 
coupling capacitor C204, cathode bias resistor 
R203, and cathode bypass capacitor C206. The 
signal is thus effectively placed between the cath-

c. The next stage (V205) uses a grounded-grid 
triode. The grounded grid acts as a shield and 
reduces the interelectrode capacity; thus, it fur-
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+140V 
UN REG 

'-------~If'---- FROM STC CIRCUITS Ai'ID 
(GAIN l CONTROL. 

* \000 UUF CAPACITORS MOLDED IN SPECIAL TUBE SOCKET 
AT PIN NUMBERS Z,3,6 ANO 7 TO GROUND. 

NOTE• UNLESS OTHERWISE SHOWN , RESISTORS ARE 
IN OHMS , CAPACITORS ARE IN UUF . TMI53!H6 

F'i{Jure 52. If. cuntllifters, schematic. 

ode and grid of the stage. The amplified signal 
appears across plate load E201, which consists 
of a coil self-resonating at 30 me with a shunt 
resistor to broaden the pass band. The plate load 
is decoupled by R204 and 0203. The output is 
applied to if. amplifier V~06 through coupling 
capacitor 0207. 

d. B+ is provided from the +140 volt supply 
through dropping resistors R215, R213, R211, and 
R206. Note that since R204 is in series with R202, 
V204 can lose its plate voltage if R204 opens up. 

54. If. Amplifiers 
(fig. 52) 

The signal from the cascode amplifier is fed 
through five stages of amplification (V206 through 
V210). All the stages are very much alike ex­
cept for the frequencies to which they are tuned. 
The plate coils are adjusted to resonate at 30 me, 
and the grid coils are adjusted to resonate at vari­
ous frequencies about 30 me. As a result, the out­
put of the entire if. section is a band of frequen­
cies 5 me wide, symmetrical1y placed about the 
center frequency of 30 me. 

a. Each stage obtains its bias with a cathode 
resistor (R205, R207, R212, R214, and R216). 
Plate and screen voltages are obtained through a 
decoupJing resistor (R206, R211, R213, and R215) 
in the first four stages, and through a decoupling 
choke (L213) in V210. To stabilize the charac-
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teristics of the if. section, 1,000 micromicrofarad 
(1'-P-f) bypass capacitors for the cathodes a:nd. 
screens are molded into the tube socket. 

b. The grid coi~s (L2~6, ~207, L208, L210, a:nd 
L211) resonate w1th the1r distributed capacita:n 
plus the interelectrode capacitance of the tu~e 
The plate impeda~ces (E202, E203, E204, a.:nd 
E205) of the firs't four stages consist £ .

1 h. h · 0 COl s 
w 1c resonate w1th their distributed c · .. _ . apactwo.llce 
plu~ any stray capacttances, and parallel resisto 
wh1ch help broaden the band-pass cha te · . rs 
T · ra.c rtstlcs, o lmprove the band-pass characterist· f 
stage V210 has only a resistor (R256) l CS. urth~r. 
load. as Its platE 

c. In addition to cathode bias sta 
V208 have 1.1. constant negative ~ote g~ V207 ~::no 
GAIN control (on the indicator ntJal ft·om thE 
and a negative pulse from the stc ~ntr?l Pan~l ) 
h . 'd Th . lrcu,ts ~ t en· grt s. ese mputs affect the .. -l.~ t< 
h 'f t' I 2 . sensttl"it--.-t e I . SeC !On. ' 09 IS a filter chok v.y oj 

is developed across R209. Resistor ;2o The hi~ 
pacitor C209 form a grid decouplin .8 and ca.­
V207; R210 and C211 form a gril ~lrcuit !or 
circuit for V208. ecoupli:ng 

55. Detector 
(fig. 53) 

The si~al from i~. a~plifier V210 is developed 
across coli L212, whtch IS resonant at a frequenc 
slightly above the if. Stage V211 rectifies the if 
signal and produces a negative video pulse at the 
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FiQttre 53. Detector and cathode tollo10er, 1chemattc. 

plate. Choke L214 and capacitor C215 filter out 
the if. component so that only the video portion of 
the signal is developed across R217. 

56. Cathode Follower 
Stage V212 limits the video signals to nega­

tive 1 volt with a low impedance output that 
matches the impedance of the output coaxial cable. 

The video signal is coupled through C216 to the 
grids of the two parallel-connected sections of the 
tube. The input signal is developed across grid 
load R218. The low impedance output is taken 
from across cathode resistor R221. Capacitor 
C243 filters the + 140-volt supply, R219 is a plate 
dropping resistor, and C217 keeps ac from flowing 
through R219. 

Section V . STC CIRCUITS 

57. Stc Generator 
(fig. 54) 

Stc generator V219A, also known as the sea 
suppressor, generates a wave form which is fed 
to the grids of the second and third signal if. 
stages immediately af ter the transmitter circuits 
are fired. The pulse decreases the gain of the 
signal if . circuits so that, in the area surrounding 
the radar, only the stronger echoes appear on the 
PPI. 

a. The positive trigger is applied across R228. 
Because C221 cannot change its charge instan­
taneously, the peak positive potential appears in­
stantaneously at the cathode of V219A and tends 
to cut it off. I mmediately afterward, the positive 
pulse charges capacitor C221 through the low re­
sistance path provided by crystal CR204, as shown. 

The rapid charging of this capacitor produces the 
sharp, initial negative downswing of the pulse 
developed across R227 (fig. 55) . 

b. With the positive trigger removed, V219A 
conducts. Capacitor C221 now discharges 
through the path provided by the. tube in series 
with R225, the power supply, and R228. The 
slow discharging of capacitor C221 provides the 
exponential portion of the pulse developed across 
R227. 

c. The SUPPRESSOR control varies the grid 
bias of V219A. Varying the grid bias changes 
the effective resistance of the tube. Changing the 
resistance of the tube varies the discharge time 
constant of capacitor C221. By varying the dis­
charge time constant, the SUPPRESSOR controls 
the length of the pulse developed across R227 (fig. 
55). 

55 



SENSITIVITY TIME CONTROL 
GENERATOR AND CATHODE FOLLOWER 

V219 

8 
"'cR203 

IN34A 

TO IF. 
AMPLIFIER 

V207 AND V208 

NOTE: 

TO~ 
CONTROL 

UNLESS 'OTHERWISE SHOWN, 
RESISTORS ARE IN OHMS, 
CAPACITORS ARE IN UUF. 

C221 

R228 

~~ --<:(CI>--
t J 

"fCATHODE MARKED 
WITH A BAND. 

I 
I I 

Flg~tre 5,S. 

I CATHODE I I 
1 V219A I 1 
I I I I 
V;-~......,, .... ~: ---~v.>/,-"1 

J I r I '/i/ : 1/ I 
: l I I 

TIME­
~~M~Oo~::-R~E::-::-;;:-;: I SUPPRESSOR] 

56 

TM 1,3,·188 

Flum·e 55. Stc generator, wave torm11. 

12AU7 

I C222 
=.OIUF 

!TRIGGER I 
J203 

CHARGE 
PATH 

DISCHARGE 
PATH 

Stc circ-uits, sc-hematic. 

58. Stc Cathode Follower 
a. Tube V219B acts as a cathode f 

isolate the stc ge11erator from the sign 1 ~llo~~l' t 
to which the stc pulse i~ fed. Resist~r· 1i Ctt·cuit~ 
crystal CR203 act as tt cltpper cir·cuit tl 224 an<:t 
the positive overshoot of the pulse. lat remov~ 

b. GAIN control R177 varies th 
h "d f . e neooat· 

I 
on t e gl"l s o s1~nal if. amplifiers n tve bias 
V20_8 to vary the s1gnal if. sensitivit V207 and 
l-m1le range, the stc pulse is add d toy. On the 
de bias to reduce the signal if. gaie S the normal 
SOR control Rl81 determines th ll.l UPPRES-
th . I "f . e enbl"th of ti e stgna 1 • gam is reduced. llle 



Section VI. RECEIVING SYSTEM POWER SUPPLIES 

59. Filament Power Supply 
(fig. 56) 

This supply is located on the receiver chassis 
and provides filament power for all tubes in the 
receiving system. The primary of filament trans­
former 1'201 is energized by the 115-volt, 400-cps 
power obtained through POWER connector J204. 
The two secondaries of the transformer energize 
the receiving system filaments as follows: 

a. Mixer Circuits. Klystron local oscillator 
V203 has its filament energized directly from one 
of the secondaries. Ca.pacitor C240 bypasses d 
around the filament. 

b. Afc Circuit.~. Tubes V214, V215, and V216 
are placed in parallel across the lower secondary. 
Tube V213 is also in parallel across this secondary, 
but it has fil ter choke 1.229, which separates it 
from the other filaments to prevent interaction 
between this and other stages. Charging diode 
V217 and phantastron V218 are connected across 
the other secondary. The sockets of afc if. am­
plifiers V213 and V214 have filament bypass ca­
pacitors molded into them. 

c. Signal Circuits. All the filaments of the 
tubes in the signal circuits are connected across 

NOTES: 
I. CAPM:ITORS ARE IH UUF. 
t.ll I,OOOUUF CAPACITORS MOLDED 

IN SPECIAL TUB£ SOCKETS. 

~-----1 

I I 

\ I 
I I 

I I 
I 
I 

the lower secondary. All the if. filaments are 
separated from each other and from the other 
stages by means of chokes (L222, L223, L224, L225, 
1.226, L227, and L228). The filaments of the cas­
code i.f, amplifier (V204, V205) are bypassed b 
capacitors C236 and C237. The filaments of th~ 
other if. stages are bypassed by capacitors molded 
directly in the sockets. 

d. Stc C'ircwits. Tube V219 is a 12AU7 and 
therefore needs 12 volts across its entire filament 
or 6 volts acs·oss half of it. By applying the a~ 
from the secondttry to the center of the filament 
and connecting the two ends of the filament, 6 
volts are placed across each half of the filament. 

60. Other Power Supplies 
The 1ow-voltn~e power supplies that provide 

the B + for the receiving system are located on 
the front panel of the receiver-tra.nsmitter. The 
+300 volts, - aoo volts, +140 volts and +320 
volts from the low voltage power supplies are fed 
to the receiver chassis through POWER connec­
tor J204. For a complete discussion of the low 
voltage power supplies, refer to the power system 
chapter (par. 93). 
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l<' ig1tre 56. Receiver filament ~uppl1J1 schematic. 
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CHAPTER 5 

SYNCHRONIZING AND INDICATING SYSTEM 

Sedion I. INTRODUCTION 

61 . General 
(figs. 57 and 58) 

a. The synchronizing and indicating system has 
all the operating controls and performs the fol ­
lowing major functions: 

' HEADING FLASH 
( RI87)-POWER {SJ05) 

RINGS 
{R/65) 

( 1) Genemtes sweep, range mark and ' un-blanking signals. 
(2) Combines vi~eo and mnge mark sig'hals 

for presentation on the PPI. 
(3) Synchronizes sweep rotation with an­

tenna horn and reflector rotation. 

CENTER EXPAND 
(5102) 

SUPPRESSOR 
(RJ81) 

TM 1335-51 

Figure 51. Indicator, front view. 
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DEFLECTION 
COIL 
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MULTIVIBRATOR 
-+----SWEEP AND 

RANGE 
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TM 1~35-~02 

Figure 58. Indic•Jtor, top view, cover removed. 

(4) Produces fore and aft heading flashes 
on the face of the PPI. 

(5) Presents range and bearing information 
on the PPI. 

b. All the circuits of the synchronizing a.nd 
indicating system, except the synchronizing cir­
cuits, are located in the indicator. The PPI is 
located in the center of the indicator with a sub­
chassis on either side. The multivibmtor, sweep 
and range subchassis is on the right and the video 
subchassis is on the left. 

c. Some parts of the synchronizing circuitB are 
located in the antenna, some parts are locatE:d in 
the indicator, and the interconnecting points are 
fed through the terminal boards on the receiver­
transmitter. The transmitter synchro and. the 
synchro alinement and heading flash cams are 
mounted inside the antenna. pedest1tl. The re­
ceiver synchro and the heading flash circuit a.re in 

the indicator. The SYNCRO fuse is mounted 
on the r£ceiver-trnnsmitter convenience panel. 

d. The PPI power supply parts are mounted 
on the video subchnssis of the indicator. How­
ever , since the PPI power supply is considered 
part of the power system, it is discussed in the 
power system chapter (par. 95). All the other 
B + voltages are obtained from the low voltage 
power supplies in the receiver-transmitter. All 
the operating voltages as well as the trigger, video, 
and synchronizing signals are fed from the ter­
minal boards in the receiver-transmitter, through 
the junction box, and to the receptacles in the 
back of the indicator. 

e. A PHONES jack for communicating with 
n man at the a.ntenn~t location and a convenience 
outlet to ttid in troubleshooting are included in 
the indicator unit. 
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62. Block Diagram 
(figs. 59 and 60) 

a. One-Shot A!ultivib?'atO'r. At the same time 
that the transmitter circuits are fired, a positive 
pulse from the master blocking oscillator in the 

trru1smitting system triggers one-shot multivibra­

tor VlOl in the synchronizing and indicating sys­

<OOm. This one-shot multivibrator produces 
rectangular pulse.s whioh unblank the PPI and 
trigger the sweep circuits and the range mark cir­
cuits. 

b. Sweep Oircuita. The sweep circuits receive 
a positive square wave from the one-shot multivi­
brator and produce a. sweep signal that is applied 
to the deflection coil surrounding the neck of the 
PPI. The stages are as follows : 

60 

(1) Sweep gene?'ator. Stage y
102 

erates a saw-tooth wave form. t A ge't\­
of the wave form is determi' he length 
setting of the RANGE switcl ned by th.e 

(2) Sweep voltage amplifier. ~~ 
amplifies the saw-tooth wave fot~ VIoa 

(3) De restorer. Stage Vl02B : . 
h b I. f . mamtatn 

t e ase me o all mput pulses t s 
sweep current amplifier at the s 

0 
the 

. I ... t h f ame po-
tentia so •w1at t e ull magnitude of the 
sweep can be used by the deflection coil 
of the PPI. 

(4) Sweep cntrrent amplifier. Stage V101, 
amplifies the sweep current to the de­
gree necessary to drive the deflection coil 

c. Range M a1'l,; Oircntita. The funotion of 
these circuits to produce range marks (rings) on 
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thePPr 
th screen to b e range of tl en a lethe observer to determine 
lows: le target. The stages are as fol-

(1) Range k . ceives ~r o~mllator. Stage V107 A re-
one-shot egat~v~ square wave from the 

se
,.; • multJvtbrator and produces a 
.. es of · · pips and ~~stt~ve_ pips. The number of 

termined e tJmmg between pips is de­
switch by the setting of the RA.t~GE 

(2) R . ange ma?·k l' . V107B m . . ~n:tter and amplifier. Stage 
pulses t amtams the amplitude of the 

(3) R u. a constant value. 
CNI{Je mark irn• t . . Vl 08A a 

1
. •vver er (.CTn.pUfier. Stage 

mark . mp Ifies and inverts the range 
(
4

) R s1gnuJs. 
ange 'lna?·k 7 • VlOSB ?>eatc~ng (Jflnplifier. Stage 

edges sfharpens the leading and trailino-
o the . t.._ o 

range . k P1 ps ~fore apply ing the 
d. Video o·, m~r s to the video circuits. 

Oal · ~? CU?.t8 V' d · Circuits 
1
· 

1 
· 1 eo s1gna.ls from the sig-

01a k 11 t 1e re · · b 1' s from th cet vmg system and range 
Y the video .6 n~nge mark circuits are amplified 

( 
1
) . cn·cutts. 

lltdeo mi:»i . am r fi ng a?nph{ie1·s. Stage V109 
P 1 esther nals. At ange mark and video sig-

. the same t' · tnteracf tme, 1t prevents 
(2) Vid ton between the two signals. 

eo output . acts ampltfie?'. Stage VllO 
as lt powe. . and . r amplifier for the video 
lltnge I • k . stage tl n.w Signals. From this 

(8) D ' ley are a,pplied to the PPI. 
c resto?'e?· C the ba . · rystal CR104 maintains 

se lme of 11 sam . . a range mltrks at the 
e. PPJ e potentml. 

cat} · The PPI · · ti lode ray tube tl ts an mtensity modulated 
on. 1'he out 11~t uses electromagnetic defie</ 

put from tl1 · · · e sweep ctrcUtts ts ap-

plied to the deflection coil and causes a radial 
sweep to a.ppear on the screen. At the same time, 
the deflection coil is rotated causing the sweep to 
rotate upon the screen. Range marks and echoes 
from the video circuits are applied to the cathode 
of the tube and cause the sweep to intensify. To 
make the return tmce invisible, the unblanking 
signal is applied to the grid during the sweep time 
but not during the retrace time. 

f. Synchronizing Oircwits. 
(I) Tran-m'bitter sync Mo. Trn.nsmitter syn­

chro !3501, located in the antenna (fig. 
20), trnnsmits to receiver synchro B101 
an error voltnge that corresponds to the 
degree of antenna. horn 1md reflector 

rotation. 
(2) Receiver syncM·o. Receiver synchro 

BIOI (located in the indicator, fig. 58) 
receives the error voltage and rotates the 
sweep line by an amount corresponding 
to the amount of rotation of the antenna 
horn and reflector. Consequently, the 
sweep line rotates on the PPI screen in 
synchronism with the antenna born and 
reflector rotntion. 

(3) Alinement ca1n switches. Alinement 
cam switches 8501 (in the antenna) and 
8104 (in the indicator) are used to aline 
the synchronizing circuits when the 
radar set is first plnced in operation. 

( 4) Heading ftas h circuit. Heading flash 
cam swi tch 8502 (in the antenna) re­
duces the Cltthode bias on the PPI when 
the a.ntenna. horn a.nd reflector pass the 
fore 1tnd a.ft positions. Sweep intensifi­
cation is thus produced at the 0° and 180'0 

points. 

Section II. ONE-SHOT MULTIVIBRATOR 
63 ' General 

Theo t 
in h u Put of ma te . t e trans . . 5 r blockmg oscillntor V307A 
01ulr . mtttmg t . · lVtbrato V .sys em tnggers one-shot 
In~ f r 101 · b o::. or the ' winch produces the tim-
-1.'-i\.~ synchron · · 
0 

GE switcl S Jzmg and indica.ting system. 
ne·sh 1 101 1 · . · 

tl 
ot multt' 'b c utn.ges the wtdth of the 

1e s Vt rator 
t 

Yncht·on· . square-wave output so that 
o co Jzmg and . d' . t·t·espond t m tcattng system is timed 

0 the mnge being used. 

64. One-Shot Multivibrator 
(fig. 61) 

One-shot multivibrator V101 is a two-stage RC 
coupled amplifier with the output of each stage 
fed to the input of the other stage. 

a. In the balanced condition, tube VIOlA con-
ducts hea,vily because of the positive potential on 
its grid, and V101B is cut off because of the 
negative potential on its grid. A ,positive TRIG-
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GER pulse applied across cathode-bias resistor 
R106 momentarily increases the bias, thus lower­
ing the plate current of VIOlA. The resultant 
rise in plate potential is applied through capacitor 
0105 to the grid of the tube VlOlB causing it to 
conduct. Increased plate current in tube VlOlB 
causes a decline of plate voltage, which is coupled 
through capacitor C103 to the grid of VlOJ.A. 
This decreasing grid potential causes a further 
decline in plate current, which in turn causes a 
further increase in VlOlA plate potential. This 
action continues until tube VlOlA is cut off and 
tube VlOlB is saturated. 

b. The circuit remains in this condition as long 
as capacitor 0103 (on the 3 mile range) main-

62 

~tins u. sufficiently negative potential on the grid 
of tube VIOlA. When 0 103 has disch 
through RlOl sufficiently to allow t ube VlOlA t 
conduct, its plate potential decreases. The de­
crease in plate voltage is coupled through C1?5 
to the grid of VlOlB. The decrease in gn 
voltage of VIOl B causes its plate current ~ ~ 
crease and its phtte voltnge to increase. Thts ~­
is impressed on the grid of VlOlA, further m 
creasing its plate cunent. This action takes pia . 
almost instnntaneously, so that tube VlOlA I 

quickly returned to its nonn1tl stage of conduc 
tivity, nnd tube VIOl B is u.ga.in cut off. 

c. The time from ~ to t..r ( fig. 62), which is t~ 
time VlOlA is cut off, is controlled by the time 1 
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takes 0103 to disc.harge through rN;ist.c.w R101L. 
On each range setting, RANGE switch 8101 
places a different value of capacitance in the cir­
cuit thus changing the time constant; this, in 
turn, changes the length of time it takes V101A 
to reach conduction and therefore detennines th.e 
length of the square-wave output. On the S-mile 
position, V101A does not reach conduction until 
time~ (fig. 63). 

ll ___ _ 
ta t2 t 2• TIME 

TM 15SS·Itl 

F'i(lrl?·e ~. One-shot mttltivibrator, wave form~ with an 
increase of RO. 

d. Three outputs are taken from the multi­
vibrator. A positive pulse is taken from the volt­
age divider consisting of R103, R105, R102, and 
R104, tmd applied to the grid of the PPI to un­
blank it during the sweep time. Another positive 
pulse, taken from the cathode of V101B, is used to 
trigger sweep generator V102. The negative pulse, 
developed at the plate of V101B, is u~d to trigger 
range mark oscillator V107 A. 

Section Ill. SWEEP CIRCUITS 

65. General 
To cause the spot on the PPI to move linearly 

with time, a saw-tooth current wave fonn is ap­
plied to the deflection coil of the PPI. In rada~, 
a range of 1 nautical mile is equivalent to approxi­
mately 12.2 microseconds (6.1 microsecond to 
target, 6.1 microsecond to retum). Thus, on the 
1-mile range, the spot must move f rom the center 
to the edge of the PPI in 12.2 microseconds· on the 

' 3-mile range, in 36.6 microseconds; on the S-mile 
range, in 97.6 microseconds; and on the 20-mi le 
range, in 144 microseconds. To cause the swec~p 
to rotate about the center of the PPI so that a~~i-

muth readings can oo made, the deflection coil is 
rotated in synchronism with the antenna horn at 
the rate of 17 rpm. 

66. Sweep Generator 
(fig.64) 

a. Sweep generator stage V102A gives the 
proper sweep for each range. Tuoo V102A con­
ducts until the positive square wave from one-shot 
multivibrator V101 is applied to its cathode. The 
tuoo is then cut off and allows capacitor C10S (on 
the 3-mile range) to charge through resistors Rll4, 
R112, Rlll, and RllS. As soon as the square 
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Fig"re 65. Stocep gem>raeor, wave forms. 

wave is removed, the tube conducts and imme­
diately discharges the capacitor. The output 
sweep wave form is shown in figure 65. 

b. The time constant can be adjusted by sweep 
length control Rl18 (on the 3-mile range) to give 
the proper slope to the sweep. If the time con­
stant is too small, the sweep moves out to the edtge 
of the PPI too quickly, and the last ring does not 
appear (B, fig. 66). If th~ time constant is too 
long, the sweep may not reach the edge of the PPI, 
which will make the entire picture too small (C, 
fig. 66). 

c. The circuit theory is the same for the 8- and 
20-mile positions of the RANGE switch, except 
that the sweeps are made longer. For the 1 mile 
range, the sweep is made shorter. In addition, the 
trigger pulse from master blocking oscillator 
V307 A is applied to the pln.te of V102A simullt.'t­
neously with the opening of the tube. This is 
done to assure proper linettrity at the beginning 
of the sweep. 

67. Sweep Voltage Amplifier 
The positive output of sweep generato~ V102A 

that appears across resistor Rl12 is applied be­
tween the grid and cathode of sweep voltage am­
plifier V103A. Capacitor C106 blocks the diJt-ect 
current of tube Vl03A from the sweep genemtor 
stage. Cathode bias resistor R124 is left unby­
passed to provide degeneration. The amplified 
signal developed across R123 is coupled through 
blocking capacitor Clll to the grid of V103B. 
The output of this stage, which appears across 
R126, is a positive sweep pulse. 

68. De Restorer 
The function of this stage is to maintain the 

base line of all input S\veeps nt the same potential. 

327711 0-IS:i- 11 

The voltage divider, composed of R127 and R128, 
across the minus 300-volt supply produces a. nega­
tive potential at pointY. Before a pulse is applied 
to the circuit, the grid side of capacitor Cl12 
charges up to the same value as pointY. When 
the positive-rising portion of the sweep pulse is 
applied to the V102B cathode, the cathode becomes 
more positive with respect to the plate, thus cut­
ting off the diode. The positive rising sweep is 
added to the negative potential at the grid of tube 
Vl04. When the sweep V'Oltage falls to its base 
line, the bias is removed from the cathode of 
V102B, causing the de restorer to conduct. Ca­
pacitor C112 discharges rapidly to the value at 
point Y. The sweep applied to the grid of sweep 
current amplifier V104, therefore, varies above the 

A. CORRECT SWEEP 

B. FAST SWEEP 

C. SLOW SWEEP 

I I I 
0 I MILE 2 MILE 3 MILE 

RANGE MARKS PPI PRESENTATION 

TMI535-301 

Figm·e 66. Effect ot sloto aud fast stveep8 on PPI pictut·e. 
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potential at point Y. In other words, V102B acts 
as a positive clamping circuit. 

69. Sweep Current Amplifier 
a. Sweep current amplifier stage V104 amplifies 

the sweep current to the degree necessary to drive 
deflection coil LlOl of the PPI. Resistor RH!9, in 
addition to providing bias for this stage, jfeeds 
back out-of-phase energy to V103A to inc1rease 
the linearity of the output of the entire amplifier. 

b. At the end of each sweep, sweep current 
amplifier V104 is.cut off because of the high nega­
tive potential on its grid. As a result, the cmrrent 
through the deflection coil stops immediately., and 
the energy in it is dissipated in plate resistor H131. 

Because of the action of the unblank:ing circuit 
(par. 78o), the damped oscillations in the deflec­
tion coil cnused by the shock of interrupting the 
current do not affect the scope pattern. 

c. If deflection coi I cun-ent is not reduced to 
zero in the time between sweeps, the spot on the 
screen does not return to the center of the PPI. 
The PPI indication is a small ci rcle blacked out 
in the center of the screen. This may be accOm­
plished deliberately by placing CENTER EX­
PAND switch 8102 in the ON position. When 
this is done current Ao\VS through the deflection 
coils even when V104 is nonconducting. The 
current pl\th is from ground, through Rl30 and 
the deflection coi 1, to + 600 volts, back to ground. 

Section IV. RANGE MARK CIRCUITS 

70. General 
To accurately determine the range of the target, 

the following range marks should be displayHd on 
thePPI: 

2 concentric rings, a half-mile apart, fo-r the 
1-mile range. 

3 concentric rings, 1 mile ap~trt, for the 3-mile 
J'o.nge. 

4 concentric rings, 2 miles apart, for t:he S­
mile range. 

4 concentric rings, 5 miles apart, for the 20-
milerange. 

To obtain more accurate readings of range o:n the 
1-mile sweep, the CENTER EXPAND switch 
is used to make the first half-mile cover mc1at of 
the scope. 

71 . Range Mark Oscillator 
(fig. 67) 

a. 'J1h~ gt:id of rnnge mark oscillator stage 
Vl07A lB shghtly positive because the grid is re­
turned to the + 320-volt supply through nlSistor 
R149. Resistor R148 and capacitor C124A com­
pose o. decoupling circuit,. ThuH1 wit.h no ·signt~l 

input, tho t.ube conductH hetwily t\.nd current flows 
through one of the LC tanks of ZlOl, as deter­
mined by the setting of RANGE awitrll A 101 
When the negRtive Rqlii~J'e W" V(l f , • ' 

1 . 'b , •• tom on,e-shot 
mu tlVJ rtLtor V101tH applied to the grid through 
coupling capacitor Cl19, tube V107A cuts off. 
However, as the magnetic field around coi'l Ll04 
(on tho a-mile range) collapses, n voltage is in­
duced in the con that tends to keep current flow-

66 

ing. Since the tube is cut off, this voltage charges 
capacitor C121. The capacitor alternately 
charges and discharges, and produces a damped 
sine wave (fig. 68). When the pulse is removed, 
the tube conducts ones more and is ren.dy for the 
next puhm to produce another damped sine wave. 

b_ The tuned circuits and their frequency of 
oscillation in terms of equivalent distance in radar 
mi1es for ench setting of RANGE switch 8101 
nre as fol lows: 

Pot!Uon 

I - - -- - -------- • 

a -------------------8 ____________ ____ • 

20 

Tuned circuit 

1. 103, 0 120 
L104, C l21 
1.105, C122 
1,1011, ('123 

72. Range Mark Limiter Amplifier 
(fig_ 67) 

Equivalent dlt­
W!oe In ,.dar 

miles 

Tho chunpcd oscilllltionH from mn~ mark oscil­
lntor V 107 A are applied to l'l\llf<6 nuu·k limitt>r 
amplifier stage V107B. Grid limiting resishlr 
Rlol clips the positive portions of the w~ve. 
Whl'>n tho tuho iH 1t! (•utofr, the Jwgnt ive port.wns 

or tho wu.ve llre clipped. 

73. Range Mark Inverter Amplifter 
(fig. 67) 

The purpose of range mnrk invel't.cr nmplitlt>r 
stage VlOSA is to amplify and invert the range 
mark oscillations. The tube is overdriven to fur-
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ther flatten out the w1we. RPsistor Rl Ml and rt\­
Pllcitor C124 B compoHO ~~ llltltu decoupling circuit. 

7 4. Range Mart< Peaking Amplifier 
Range mnrk pMking t\mplifier stage V l08B is 

a shock-excited o!lCilh\tot· th1\t produces t~ slu\I'p 
peaked output when triggered by the leading edge 

of the range mark inverter amplifier Vl08A out­
put wave. Coil L107 is tuned by means of its dis­
tributed capacitance to a frequency of several 
ml~gn<•ycl t•Ji. Rl.'HiHto•· R159 ct\uses the oscillations 
to <lnmp ont. ·~ft c,•· hnH' n c·yc•lt\. 'l'ho r cHult iH n. 
narrow output pulse. 

a. Tho t.nbo is bin sed 1\t. rntoff, nnd the plate nor­

nU\lly doo~; not drMv current.. 'l'he posit.ive-goin~ 
half-cycle input permits the tube to overcome its 
bias rmd conduct. With the application of plate 
current, oscillations are set up in the resonant cir­
cuit. A voltage is induced across the coil of such 
~~ po lnl'ity IIH to in'lwdo t h(\ flo w of cm·t·(lnt, thus 
producing 11 negllti vo potNttinl nt the platte. R e­
sistor R159 damps out the positive swing. 

b. When the top portion of the input wave is 

renched, cmrcnt t hron~h coil l ~ 107 do('S not vtn·y 
much. Therefore, no potential is induced acrrn;s 
it, tmd the plate returns to its orig inal high poten­
titd. The result is ~~ series of sharp negative 
pulses, spttced lll\ ext\ct distance aptu-t us deter­
mined by the setting of RANGE switch 8101. 
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fi'ioure 69. Video circmits, sch-ematic. 

Section V. VIDEO CIRCUITS 

75. Video Mixing Amplifiers 
(fig. 69) 

To prevent blooming-an intensification of the 
PPI trn.ce caused by the simultaneous ocurrenoo 
of ec~10 and range mark signals-video mixing 
amph.fier st~g~ V109A amplifies the video signals, 
nnd vtdeo m1xmg amplifier stage V109B amplifies 
the range marks. Adverse interaction between the 
two signals is prevented by means of a crystal 
diode. 

a. The video output is fed from cathode fol­
lower stage V212 in the signal circuits of the re­
ceiving system through coaxial cables W706 and 
W707 to VIDEO jack J103, and is applied across 
CONTRAST contl'ol R160. Resistor R160 is used 
to control the amplitude of the video signal before 
it is coupled through Cl31 to the grid of V109A. 
The amplified signal appearing across plate load 
1esistor R163 lmd peaking coil L108 is positive. 

b. The range marks are fed from range mark 
pea~ing amplifier ':108B through blocking ca­
pacltor C129 to RINGS control R165. Resistor 
R165 controls the amplitude of the range marks 
before they are coupled to the grid of V109B 
The amplified signals that appear across pla~ 
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load resistor R164 and peaking coil L109 are posi~ 
tive. Resistor R162 and capacitor C133 form a 
plate decoupling cit·cuit. 

c. 'Vhen no video is present at the plate of 
V109A and a positive range mark appears at the 
plate of V10913, the ritnge mark passes through 
crysta.l diode SD10:3 and is coupled through Cl35 
to the grid of video output amplifier VllO. When 
the video u.nd rn.nge mn.rk signals appear on either 
side of the crystal diode simultaneously, they buck 
each other because they t\re both positive. As a 
result, only tt well.k t ange mark passes through the 
crystal diode, thus preventing blooming. 

76. Video Output Amplifler 
(fig. 69) 

The video 1\.nd range marks applied to the grid 
of video output amplifier VllO are amplified in 
the plate circuit across load resistor R168 and 
peaking coi l L110. Screen potential is obtained 
from the voltage divider consisting of R170 and 
Rl71. Capacitor C137 keeps the screen at rf 
ground. The output is fed to the cathode of the 
PPI through Cl38. The plate circuit is decoupled 
by means of R167 and 0134. 



F£om·e 70. PPI tt~be, seotionat 11icw. 

Section V I. PPI CIRCUITS 

n . General 
(figs. 70 11.nd 71) 

The PPI (V105) is a 7MP7 tube. The grid and 
first anode are small cylinders with small holes 
through their centers. Both the focus and defle-.c­
tion coils are mounted about the neck of the tuhe. 
An Aquadag coating on the inside surface of the 
tube acts as the nccelemting anode. The accelHr­
ating potential is fed through the anode cap. On 
the inner surface of the face of the tube is the 
fluorescent screen. 

a. Formation of Beam. When the cathode is 
heated, it generates a stream of electrons that is 
accelerated by the + 300 volts on the first anode 
and the plus 5,000 volts on the accelerating anode. 
The holes in the center of the negative grid a.nd 
positive first anode narrow the electron beam so 
that it forms a spot on the screen. 

b. FoCU8ing. Cunent flowing through c:oil 
L102, because of the + 320 volts potential, focuses 
the beam. By varying the parallel resistaince 
across Ll02 by FOCUS control R138, the amolttnt 
of current flowing through L102, and thus the 
focus, can be adjusted. 

c. Intensity OonM·oZ. Resistors R173, R135, nnd 
R134 comprise a voltage divider that is placed 
across the - 300-volt supply to tap off a negat;ive 
potential for the grid of the PPI. By varying 
I NTENSITY control R135, the grid potential is 
changed, thus changing the number of electrons 
that strike the screen. The number of electrons 

that strike the screen per unit time determines the 
intensity of the spot. Parallel resistor R174 causes 
R135 to have a finer contl-ol of intensity. Filter 
capacitor C113 keeps the point between R135 and 
R134 at a steady de potential. 

78. PPI Inputs 
Three separate inputs ure applied to the PPI : 

the sweep signal from sweep current amplifier 
V104; video and range mark signals from video 
output amplifier VllO; and an unblanking pulse 
from one-shot multivibmtor VIOl. 

a. Sweep lnJYU.;t. By applying the output of 
sweep cmrent amplifier V104 to deflection coil 
1..101, the spot on the screen is made to trace a 
line from the center to the outer edge of the P PI . 
At the same time, L101 is rotated about the neck 
of the tube, thus ettusing the lines generated on the 
face of the scope to rotttte, effectively covering the 
entire fa.ce of the PPT. When CENTER EX­
PAND switch S102 is placed in the ON position, 
a dark circle appe1u·s nt the center of the screen. 

b. Yideo ln7mt. A voltage divider across the 5-
kilovolt (kv) PPl power supply places +10 volts 
on the PPI cathode. When the video and range 
murk signals ure coupled to the cathode through 
capacitor C138, they decrease the bias and, there­
fore-, increase the intensity of the trace on the 
screen. Resistor Rl72 and crystal CRl0-1 comprise 
a. de restorer that clamps all signal~ below the ref­
erence level of + 10 volts. 
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o. Unblardcing l11put. The unblanking pulse 
keeps the return trace portion of the sweep in­
visible. The potentials on the PPI electrodes are 
arranged so that the tube normally is nonconduct­
ing. The positive square wave from one-shot 
multivibrator VIOl is coupled to the grid through 
C114 only during the time that the linear portion 
o£ the sweep is applied to the deflection coil. By 
making the grid more positive, the tube 'Conducts, 
enabling the sweep to be traced on the screen and 
the video and range signals to be seen. At the end 
of the unblanking pulse, the grid returns to its 
previous negative potential cutting the tube off. 
The return trace can not be seen on the PPI. 
Resistor Rl:33 and crystal CRlOl comprise a de 
restorer that clamps all unblanking pulses above 
the reference level of the potential at point X. 

79. PPI Picture Compensation 
(fig. 64) 

The synchronizing and indicating system in­
corporates two means for maintaining a steady 
picture on the PPI, despite line voltage varia­
tions. 

a. Piaflur·e Size Oompemation. To maintain a 
steady picture on the PPI, changes in the uru·egu­
lated 5 kv on the second anode of the PPI are 
balanced ngainst changes in the unregulated+ 600 

volts that feed sweep generator V102A. If the 
line voltage increases, the accelerating anode volt­
age increases and the picture size decreases. To 
maintain the same picture size, the amplitude of 
the sweep wave form applied to the deflection coil 
must increase. To do this, the sweep charging 
capacitors are charged to the voltage at the junc­
t ion of H.121 and R122 (point X), \Vhich is be­
tween the + 600-volt urwegulated and the + 300-
volt 1·egulated supplies. The increase in line volt­
age causes the +E>OO-volt unregulated output to 
increase, causing the potential at point X to in­
crease. This causes the amplitude of the output 
sweep wave form to increase automatically to com­
pensate for the change in line voltage. When the 
line voltnge drops, the reverse process occurs. 

b. Pic&ure Intemity Oompen8ation. When the 
line voltage increases, the 5 kv on the twcelerating 
anode increases, thus increasing the intensity of 
the trace. To compensate for this intensity varia­
tion, the cathode is connected to the lower end of 
the voltage divider across the 5-kv PPI power sup­
ply. When the 5-kv increases, the potential at 
pointY, which is applied to the cathode, also be­
comes more positive. This reduces the intensity 
of the trace to compensate for the change in line 
voltage. When the line voltage drops, the reverse 
process occurs. 

Section VII. SYNCHRONIZING CIRCUITS 

80. Transmitter and Receiver Synchros 
(fig. 72) 

a. General. Transmitter and receiver synchros 
synchronize the azimuth of the PPI sweep with 
the a.zimuth of the antenna horn and reflector. 
The antenna horn and reflector are geared to the 
transmitter synchro, which produces an error sig­
nal. This signal causes the receiver synchro and 
the PPI deflection coil, to which it is geared, to 
rotate with the antenna horn and reflector. As a 
result, the sweep on the PPI is made to rotate in 
synchronism with the antenna horn and reflector. 

b. Tr(];1'1JJmitter Synahro. The rotor of trans­
mitter synchro B501 (in the antenna) is a coil of 
wire that is wound on an iron. core. The 115 volts 
at 400 cps are applied to the roLor through slip 
rings. The stator has three coils, fixed in position 
but spaced 120° apart. By transformer action, the 
magnetic field built up in the rotor, induces across 
each stator a voltage that depends on the position 

of each stator with respect to the rotor. The dif­
ference in voltage between Sl and 83 is called t~e 
error voltage, and is zero only when the rotor IS 

alined so tha.t the voltage induced at Sl is equal to 
the voltage induced at 83. 82 is connected to 
reference point Rl. As the tl.ntenna horn turns, 
the rotor turns, rotating a magnetic field. ~he 
voltages induced in Sl and 83 vary, thus v~rymg 
the error voltage sinusoidally with the rotat10n of 
the rotor. Since the rotor turns continuously, a.n 
ever-varying sinusoidal error voltage is produced 
between Sl and 83. 

c. Receiver Synch:ro. The construoti~n ~f. re­
ceiver synchro BlOl (in the indicator) IS surular 
to the construction of transmitter synchro B501. 
The error voltage across Sl and 83 of the trans­
mitt&· synchro is applied to the stators (81 a.nd 
83) of the receiver synchro. The 82 terminals of 
B501 and BlOl are at the same reference potential 
because they are connected electrically. Current 
flowing through the stator coils sets up a resultant 
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magnetic field that is in the same direction with 
respect to the stator windings. of the receiv~r ~n­
chro as the field in the tra.nsm1tter synchro IS Wlth 
respect to the stator windings in the transmitter 
synchro. The rotor acts as an electromagnet and 
tends to aline itself with the stator field. B·~­
cause the rotor is geared to deflection coils L101, 
the deflection coils are moved the same amount 
and in the same direction as the antenna horn. 

d. Gea1•ing Arram.gement. The transmittl~r 
synchro is diven through a. 1-to-10 gear rnrtio ar­
rangement. Consequently, when the antenna 
horn rotates at 17 rpm, the rotor of the tl'll.n.smitt<er 
synchro rotates rut 170 rpm. The rotor of the 
receiver synchro also rotates at 170 rpm. The 
gearing between the receiver rotor and the deflec­
tion coil is 10-to-1. This causes the swoop to 
rotate a.t the speed of <the antenna. horn, or 17 rp1rn. 
This gearing system reduces synchro errors to 
one-tenth the normal values, and in addition, pro­
vides increased torque for turning the deflection 
coil. 

81. Synchro Alinement Cam Switches 
(fig. 72) 

When the equipment is turned off, the deflection 
coil L101 coasts to a stop. Since the position at 
which it stops is independent of the enor voltage 
produced by transmitter synclu-o B501, the syn­
chronizing circuits must be rea.lined when t.he 
radar set is again placed in operation. 

a. Both synchro alinement cam switches (Sti01 
in antenna and S104 in indicntor) rotate at the 
same speed as the antenna horn. Synchro aliJOe­
ment c.am switch S501 is normally closed, exe~~pt 
for a 30° interval. Synchro alinement cnm swilt.ch 
S104 is normally open, except for n 20° interval. 
Because the cam switch contacts are in series, no 
current flows through the synchro alinement re­
lay K101 when the cam switches are actuated 
simultaneously. This is the normal mode of op­
eration for properly ali ned synchronizing c.ircu its. 

b. If the synchronizing circuits are out of aline­
ment, the contacts of the synchro alinement cam 
switches do not close simultaneously. Both tra.ns­
mitter synchro B501 and receiver synchro BllOl, 
through a gearing system, turn cnmshaJts u·ntil 
the receiver synchro camshaft causes synchro 
alinement cum switch S104: (in the indicator) to 

close its contacts. Since the synchronizing cir­
cuits are out of alinement, synchro alinement cam 
switch S501 (in the antenna) is open. Conse­
quently, a closed circuit is offered synchro aline­
ment relay K101. Relay K101 is energized and 
a short is plnced across Sl and S3 of receiver 
synchro BlOl. This effectively removes Bl01 
st1ttor from operation, which results in tempo­
rarily locking the rotor in place. When synchro 
n.l i nement cam switch S501 opens its contacts, relay 
KlOl is de-energized, and the short is removed 
from the receiver synchro. The receiver synchro 
JIOW rotates in step with the transmitter synchro. 

c. K101 is a 24-volt de relay. The source volt­
age is rectified by crystal CRlOl, filtered by ca­
pacitor C115, and then reduced to its proper value 
by resistor R183. 

82. Heading Flash Circuit 
(fig. 71) 

As the antenna horn rotates past the fore posi­
tion of the ship, n. camshaft, geared to transmitter 
synchro B501 (in the antenna), closes heading 
Hush cnm swit<:h S502. When the antenna horn 
rotates pnst the aft position, heading flash cam 
switch S502 is agnin closed by a second cam on 
the camshaft. When cam switch S502 closes, fore 
and aft heading flashes are produced on the screen 
of the PPI. 

a. When hending finsh cam switch S502 is open, 
Cl41 nnd ('142 charge with the polarities indi­
cated in figure 71. C11pacitor C142 charges 
through R18H and R190. Cnpacitor Cl41 charges 
through R186, R184, R172, and R188. The po­
tentials across the capncitors have very little effect 
on the PPI cathode potential becnuse they buck 
each other in the path between cr.thode and 
ground. However, when heading flash cam 
swit<:h S502 is closed, Rl90 and C142 are shorted, 
effectively placing the negtttive charge of C141 on 
the cathode. Thus, the bias is reduced and the 
sweep intensifies momentnrily. The action is 
momentary because C141 discharges quickly 
through R184, R1 '72, nnd R188. 

b. The nmount of charge on C141 and therefore 
the brightness of the heading flash is controlled by 
the potential applied across the capacitors. 
HEADING FLASH control Rl87 varies this 
potential. 
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C:HAPTER 6 

P01WER SYSTEM 

Section I. INTRODUCTION 

83. General 
a. The common components (par. 12) of R:adar 

Set AN/SPN-11 operate from a 115-volt 400-cps 
power supply. Because most ships do not llutve 
this type of supply, each set includes a power 
group that converts the ship's supply to 115 volts 
400 cps. The power group consists of the switch 
box, the motor starter, the motor generator, and 
the voltage regulator. 

b. The 115 volts, 400 cps are fed through f11ses 
to the low-voltage power supplies, the modulator 
power supply, and the PPI power supply. The 
115 volts are fed also to the receiving system fila­
ment transformer and to the transmitter and re­
ceiver synchros. 

84. Location of Power System Parts 
(figs. 73 and 74) 

a. The parts for the low-voltage power supplit'l8 
are mounted on the lower portion of the hi~ 
panel of the receiver-transmitter. The parts for 
the modulator power supply ttre mounted on the 
hinged panel close to the transmitting system. 
The PPI power supply is mounted on the video 
subchassis of the indicator. The receiving system 
filament transformer is mounted on the receiver 
chassis. 

b. The terminal board on top of the motor PD· 
erator is an interconnection point betwen compo. 
nents of the power group nnd between the power 
and the various power supplies. From the motor 
generator terminal board, power is fed through 
the receiver-transmitter terminal boards and 
through switches and fuses on the convenienee 
panel to the power supplies. 

Section II. POWER GROUP 

85. Block Diagram 
(fig. 75) 

Figure 75® is a block diagram of the power 
group for Radar Set AN/SPN- UX. T his is the 
nomenclature for the equipment when the power 
group provided is used with a ship's suppl;y of 
115 volts de. When the power group is used with 
a ship's supply of 32 volts de, the nomenclatu·re is 
Radar Set.AN/SPN-11Y (fig. 75@}. When. the 
power group is used with a ship's supply of 24 
volts de, the nomenclature is Radar Set AN /SlPN­
llZ. (fig. 75@). Except for their ratings, all 
power group parts are similar in operation. 

Note. I~ the ship's ~;~upply Is 280 volts de, 115 volts ac, 
or 280 vol ts ac, dltferl'nt power group components must 
be procured. 

a. S'lbitch B()(D. The switch box connects the 
ship's power to the radar set. Switch Box SA-
284(SPN-11 is used for a 115-volt de power line; 
Sw1tch Box SA-283/SPN- 11 is used for a 32- or 
24-volt de power line. ' 
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b. Motor Starter. The motor starter prevents 
the full supply voltage f rom appearing across the 
motor generator when starting to protect'the pn· 
erator from burning out. Motor Starter SA-
287/SPN-11 is used with a ship's supply of 116 
volts de; Motor Starter SA-286/SPN-1~ is used 
with a ship's supply of 32 volts de; Motor Stamr 
SA-285/SPN-11 is used with a ship's supply of 
24 volts de. 

c. 111 otor Gert.erator. The motor generator con· 
verts the ship's supply to 115 volts, 400 cps. Motor­
Generator PU-9A8/SPN- 11 is used for a ship's 
supply of 115 volts de; Motor-Generator PU-246/ 
SP N- 11 is used with 32 volts de; and Motor-Gtm· 
erator PU-244/SPN- 11 is used with 24 volts de. 

d. V olta,ge R egulator. The voltage regulatclr 
controls the output voltage of the motor genen ror. 
Voltage Regulator CN-192/SPN-llX is ,u'J8Cl 
with a ship's supply of 115 volt.<~; Vol~ Rela­
lator CN-193/SPN-llY is used with 32 voludo· 
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Voltage Regulator CN-194/SPN- llZ is used with 
24 volts de. 

e. Receilver-t?·ansm.titter. The 115-volt, 400-cps 
output of the motor generator is fed to the ter­
minal boards on the receiver· transmitter. From 
the terminal boards, the voltage is fed to all parts 
of the radar set. The ship's supply voltage is fed 
to the blower motor on the bottom of the receiver· 
transmitter. 

f. Antenna. The ship's supply voltage is fed 
from the receiver-transmitter terminal boards to 
the a.ntenna drive motor and to the heaters. The 
115-volt, 400-cps output is fed to the transmitter 
synchro. 

g. Indicator. The 115 volts, 400 cps are fed 
from terminal boards on the receiver·transmitter 
through the junction box to the receiver synchro 
and the PPI power supply in the indicator. 

86. Switch Box 
(fig. 76) 

Note. On schematics of power group components, power 
symbol~:~ that nre slightly different from radio symbols 
are used. 

The switch box controls all the primary power 
to the equipment. When the operating handle is 
in the on position, the ship's line voltage is con-
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neded to the radar set. Fuses F601 and F60'. 
are in series with each leg on the load side of tht 
sw1tch circuit for protecting the ship's mail1 

power line. 

87. Mc:!or Starter 
( figs. 76 and 77) 

a. When P OWER switch 8105 in the indicator 
is rotltl ed clockwise, line voltage is applied nerO>" 
the A ·section of solenoid 1..602 through the nor· 
mnJJy closed cutout contltcts, and the closed con· 
tact of thermal switch 8602. T he solenoid oper· 
utes lt11d pushes out the opemting rod. Si_nce tl1~ 
operu.ting rod is attached to a pin rumung bt­
tween the open ends of the U-slutped clevis, the 
devis is made to rotate through an arc about th 
dutch shaft. 

b. \Vhen the clevis is rotated, a finger on top o 
the clevis opens the cutout contacts, thus remo" 
ing the short from the B -section of L602. Sin 
the voltage now is applied to the entire solenOJ 
coi I 1...602, the current through the coil is reduc 
to the vnlue necessary to keep the solenoid co 
in plnce. Resistor R602 is connected across th 
coil to dampen oscillations that ma.y occur upo• 
sudden npplication of power. 
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c. Rotating with the clevis is the right-ha:nd 
clutch section to which is attached the movable 
line contact; the right-hand clutch section rotates 
until the movable and fixed line contacts close. 
As soon as this happens, line voltage is applied 
directly to the motor field for high starting 
torque; and through resistors R603 and R604 to 
the ttrmature to limit the current to l\. safe vallue 

while the motor is accelerating. This is condition 
1 (fig. 78). 

d. The left-hand clutch section is attached to 
the right-hand clutch section through the torsion 
spring. As the right-hand clutch section rotates 
to close the line contacts, the spring winds up and 
tries to make the left-hand clutch section rotate 
nlso. But attached to the left-hand clutch section 
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Ll .J ------ 3. BLOWOUT COIL. CLosED. 

Figure 76. Power group, schematic. 

CONTACT NO. I 

LEFT-HAND 
CLUTCH SECTI 

QUADRANT GEAR------

TORSION SPRING 

FIXED LINE CONTACT 

CHUTE 

™ 1535-558 

Figure 77. Motor starter, simplified. mechanical (liag,·am. 

is a qu11drant gear coupled to a mechanical. timer 
(fig. 77). The timer slows down the rotation of 
the left-hand clutch section so that movable ac­
celerating contact No.1 wi11 not close until2 sec­
onds after the line contacts have closed. Closing 
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of accelerating contacts No. 1 causes resistor R603 
to be shorted out. More current is allowed to flow 
through the motor. This is condition 2 (fig. 78). 

e. By making the arc through which movable 
accelerating contact No. 2 moves greater than the 



arc through which movable accelerating contnct 
No.1 moves, the No. 2 contacts are made to close 
1 second after the No. 1 contacts. Closing of the 
No. 2 contacts causes resistor R604 a.s well as R€103 
to be shorted out . Full line voltage now is a.p­
plied across the motor condition 3 (fig. 78). 

IS 
TlltOI 

., 
TBIO I 

CONDITION I 
STARTING 

Ill 
T8601 

CONDITION 4 
STOPPED 

TM 111!111·156 

Figur e 18. Four con<Utiott.B of motor· staner opera.ti~n!. 

115 YD<: PU•ZO ISPH·II 

f. When POWER switch 8105 is turned off, all 
contacts open up and no current flows through the 
motor condition 4 (fig. 78). 

g. To prevent an arc from forming between the 
line contacts when they are opened, blowout coil 
L601 is connected in series with the line contacts. 
Line current flowing through blowout coil L601 
produces a magnetic field whose lines cross the 
contacts. Wben the contacts are opened, the mag­
netic field between them diverts the arc current up 
the arc chute. 

h. All motor generator current flows through 
heating element HR601. An excessive amount of 
current flowing through this element causes it to 
heat and make a bimetallic strip expand. The 
expansion of the bimetallic strip causes a pair of 
contacts to which it is linked to open and de­
energize the solenoid coil. De-energizing the sole­
noid opens all the contacts, thus removing the 
power from the motor. After the bimetallic strip 
has cooled, the relay contacts may lx> closed again 
by pressing the RESET button. If the overload 
persist.'3, the cycle will be repeated. 

88. Motor Generator 
(figs. 79 and 202) 

De applied to the motor turns armature E601, 
which, in turn, rotates the generator rotor. As a 
result, the de input voltage is converted to an ac 
output that can be used by the radar set. 

a. De M ot01·. When voltage is applied to the 
motor current flows in the annature and in the 

) 

field windings. TI1e interaction between the mag-
netic fields set up by the armature and tlie field 
winding currents causes the armature to rotate. 
The motor is compound-wound: four shunt field 
windings spaced 90° apart produce constant 

DC MOTOII .. _·:: _____ ··------------------------------------0 
~ 

* .OIUF 

N:. GEHERATOII 
15YN:., 400 C'I'Cl.E I-
1.5 AMI'S 1,715 RPM 

t4, 32, 011 II ~Y Dt 1.5 H~ 
1111 IIPII COIIPOUMD WOUNO 

Jl'tqtwe 19. Motor· venerator, sch-ematic. 
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speed, and a series field winding increases the 

starting torque. . 
b. Ac Gene1·atQ'I'. The opposite end of the arma-

ture holds the generator rotor. On ge~er~tor 
stator E606 are a de winding and an ac wmdmg. 
The de wi nding acts as an exciter. Whel'_l c~rrent 
from the power source flows in the de w:mdmg, a 
magnetic field is developed around the. Cir~umfer­
ence of the rotating field ~oles. This, m turn, 
develops u. rotating magnetic field .. A~ tb~ poles 
of the rotor sweep past the ac wmdmg .m .the 
stator, an ac voltage is induced i~ the ac wmdmg. 
The speed of the rotor, the magmtude ?f ~he ma.g-

t . fi eld and the number of ac wmdmgs are 
ne 1c , "' 1 · 1 
designed to generate an output of llo vo ts, smg e 

phase at 400 cps. 

89. Voltage Regulator 
(fig. 76) . . 

a Rlteostat. By varying the reststance .m 
seri.es with the exciter field, rheostat R6?1 vanes 
the current that flows through the exciter, and 

(!YNCHR[J 

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

115 VOLTS 
400 CPS 

F80::1 
3AMP 

TRANS 
SYNCHRO 

R2 

AI 

REC 
SYNCHRO 

thus the magnetic field around it. Because th~ 
output of tlw ac generator is proportional to th~ 
exciter magnetic field, varying the rheosta-t 
changes the output of the generator. 

b. Voltm-eter. Voltmeter M601 is connecte<l 
across the output terminals of the ac generator. 
Thus the output voltage of the generator can ~ 
observed. 

90. Miscellaneous Power Connedions 
a. Synclt?'<mizing C'ir('Uits (fig. 80) . The 115-

volt, 400-cps power is applied through SYN. 
CIIRO fuse F80i3 ltnd MG OUTPUT fuse F SO{ 
on the convenience pn.nel of the receiver-transtnit­
ter to the rotors of trltnsmitter synchro B501 ill 
the antennat and receiver synchro BIOl in the indi­
cator. After passing through fuse FlOl the a 
is rectified by crystal rectifier CR102 to obtai ...:~ c 

1 . f n '-lC: 
for t 1e opern.t10n. o synchro alinement rela _ 
KlOl. Synchro 1tlmement cn.m switches S50l :S 
S104 are in series with relay KlOl. a..l).cl_ 

FlO I 

2 AMP 

R2 

Rl 

CRI02 

Cll5 
I UF 

F804~~------j_--------------~----~~--~ 10 A':: 9501 5104 

..L-----~-<1'"\ I SYNCHAO ALINEMENT CAM SWITCHES 
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Figure 80. Power tor svnohrcm.~itl{l oircuit8. 
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Figure 81. Power tor blower motor an<l at~tcnt~a drtve motor. 



b. Blower Motor and Antenna Drive Motor 
(fig. 81). 

( 1) The receiver-transmitter blower assem-
bly consists of motor B801, a gua.rded 
fa.n, a repla.cea.ble air filter, and duct 
work. As soon as the switch box lever is 
placed in the on position, the ship's sup­
ply voltage is fed through heater HR601, 
blowout coil L601, and the line conta.ct.s 

5801 

C502 
IUF 

F801 
10 AMP 

Hll!IOI Hll502 
(OR Hll80)) L--...J(OR HR!I041 

TM 153!1-!161 
Figure 82. Heater <Mol~it. 

of the motor starter to the blower motor. 
Air is drMvn in through the filter and 
blown up the duct to the ma.gnetron and 
to other t ransmitting system parts. 
These par ts are thus prevented f rom 
overheating. 

(2) The supply line voltage is then fed 
thtough the two sets of conta.cts of AN­
TENNA MOTOR switch 8802, fuse 
F802, a.nd ON-OFF switch 8503 to an­
tenna drive motor B502, which causes 
the a.ntenna horn a.nd reflector to rotate. 

c. R eater8 (fig. 82). To keep the oil in the an­
tenna pedestal fluid in the coldest weather, re­
sistors HR501 and HR502 a.re connected a.cross 
the ship's supply through ANTENNA HEATER 
switch 8801 and ANTENNA HEATER fuse 
F801 and thermostat 8504. The thermostat keeps 
the temperature in the pedesta.l between 40 and 
45° by a bimetallic strip. When the temperature 
reaches 45 °, the bimetallic strip bends sufficiently 
to open a pair of contacts that remove the supply 
voltage from the heaters. When the t~;mperature 
cools to 40°, the bimetallic strip returns to its 
originn.l position and closes the contacts, thus re­
supplying voltage to the heaters. 

d. Convenience Outlets. Two convenience out­
lets are provided : J804 is located on the con­
venience panel of the receiver-transmitter and 
J105 is located in thO) indicator. These outlets 
are used to supply 115 volts, 400 cps to soldering 
irons or other equipment needed for trouble­
shooting. 

Section Ill. POWER SUPPLY CIRCUITS 

91. General 
Several de power supplies are incorporated in 

the radar set. The table below lists the voltages 
provided by these power supplies and indicates 
the systems in which each voltage is used. 

Power supplies 

Low voltage \Modu· PPI lat.or 

Syst4lm --
Rogu- Unregulated ] § 1 lntod .. 
~ ~ $ ~ ! § li 1.];; 

+ a"' + I + I I:> I:> - - - - - - --
Transmitting __________ X X --- --- --- --- X 
Rf (TR tube) _________ --- --- X ----Receiving _____________ X X X X --- --- ----
Synchronizing and in- X X --- X X --- ---- X 

dica t ing. 
Power (delay) ________ - --- --- --- X --- --- ----

327711 0-55- 6 

92. Block Diagram 
(fig. 83) 

a. Low-Voltage Power Supplies. The 115 
volts, 400 cps are fed to filament transformer T402 
a~d to power transformer T401. These trans­
formers feed all the rectifiers in the low-voltage 
power supplies. 

( 1) U'M'egulated swpplies. Rectifier V 401 
produces +140 volts, rectifier V402 pro­
duces +320 volts, rectifier V403 produces 

+ 600 volts, ttn.d the keep-alive rectifier 
(V409 and V410) produces - 900 volts. 

(2) R egulated supplies. The output of rec­
tifier V403 is fed through voltage regu­
lator tubes V 404 and V 405 to obtain a 
regul ated output of +300 volts. Recti­
fier V40G, together with voltage regula­
tor tubes V 407 and V 408, produces a 
regulated output of - 300 volts. 
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b. M odtdator Power Supply. Filament trans­
former T303 feeds the transmitting system fila­
ments as soon as the power is turned on and the 
low-voltage power supplies operate. Pl1us 320 
volts are applied to time-delay circuit (V301 and 
V302) which causes time-delay relay K301 to op­
erate after a period of approximately 3 minutes. 
The relay allows power transformer T301 and 
high voltage rectifier (V303 and V304) to pro­
duce + 3,000 volts for the modulator. R.ela;y K301 
also operates magnetron filament relay K302, 
which causes the magnetron filament voltage to 
be reduced from 6.8 volts to 4.5 volts. 

c. PPI Power Supply. The 115 volts, ·400 cps 
are applied to power transformer T101. This 
transformer produces a. high ac voltage that is 
rectified by V106 to obtain + 5 kv for ~he ~~I 
anode. Filament transformer T102, whwh ts m 
parallel with T101, prov~des voltage for all the 
indicator filaments and ptlot lamps. 

cl Filannent TrQITt8/()'f"'Mr· The 115 vOtlts, 400 
cps· are applied to transformer. ~1, which feeds 
the filament circuit of the ~?1v~g system. For 
a complete discussion of this circUit, refer 100 para-

graph 59. 
, e. Teat Meter M/1)1. The +l40-, +S20-, 

+SOO-, -SOO-, and +3,000-volt outputs rna~ be 

d test -'-Ar M401 when test meter sw1tch 
rea on m~ . · · Th 
8401 is placed in the appropriate posttlon. .e 

115 volts, 400 cps output of the power ~~up IS 

rectified by crystal rectifier OR401 to ob1t;am de; 
this de is read by test meter M401 w~?n te:3t meter 
switch 8401 is on the 115 V AO position. 

93. Low-Voltage Power Supplies 
(fig 84). 

Transformer T401 provides high voltag:e for all 
the rectifiers in the low-voltage power Bupplies, 
It is protected by fuse F401, which is moJUnted in 
the front of the hinged panel. Transformer T402 
is connected in parallel with T401 across the 115-
volt ac line and is protected by fuse F4~~. T400 
provides voltage for all the rectifier filaments in 
the low-voltage power supplies, except tlne keep­
alive power supply. The filaments of the keep­
alive ( - 900 v) power supply are fed by two small 
secondaries on transformer T401. The :separate 
power supplies are discussed below. 

a. Power Swpply, + 140-Volt. The ac voltage 
developed across the center-tapped winding be­
tween taps 9 and 11 of transformer T401 is applied 
to the plates of full-wave rectifier stag·e V401. 
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The rectified output is filtered by choke:s IA04 and 
IA05 and capacitors C405 and 0406, and then fed 
to terminal boards TB401 (fig. 74) and TB801 
(fig. 114). 

b. Power Supply, +31M-TTolt. The ac voltage 
a.cross the center-tapped winding between taps s 
and 12 of transformer T401 is applied to the 
plates of full-wave rectifier stage V402. The rec­
tified output is filtered hy IA02, 0403, L403, a.nd 
0404 and then fed to terminal boards TB401 a.nd 
TB801. 

c. Power Supply, +600- ancl +300-Volt. The 
ac voltage across the center-tapped, high-voltage 
secondary winding between pins 7 and 13 of trans­
fo~er T401 is applied to the plates of full-wa.ve 
rectt?er stage V403. The rectified 600-volt out­
put ts filtered hy 0401, IAOl, and 0402 and then. 
fed to terminal board TB801. Series resistors 
R401, .R~2, and R403 act a.s a bleeder and as volt­
age dtvtder. Th~ + 300 volts, developed a.cr 
the lower two resistors, are stabilized h h oea 
OD3/VR150 voltage regulator tubes (~:0: two 
V405) that are placed a.cross th . and. 
regulated + 300 volts are fed to e~e:st~tors. The 
TB401 and TB801. rnunal hoards 

cl. Power Supply, -300-Volt Th 
between tap 13 and tap 10, the ~0 ~ I>otentia.]. 
transformer T401, is applied to th~ ed tap of 
V 06 h. h · sed h If cathod. f 4 , w 1c IS u as a a -wave rect'fi e o 
output is filtered by 0407, IA06 and 

1 
et. The 

then applied across the bleeder and voltagc;o~ .a.nd 
consisting of R407, R408, and R409. Volt dtvld~ 
ulator tubes V407 and V408, across the 1 age reg... 

. ·to k th ower two res1s rs, eep e output constant at _ 300 v 
The -300-voltoutputisfed toTB401 and TB~lts. 

e. Keep-Alive ( -900 Volt8) Power Su 
01

• 
The two tubes used are V409 and y 410 ~ly. 
1-volt. filaments are fed through d . · he 
sistors R417 and R418. The voltage;:~:~ tr:-
12 and the ground of transformer T401 . li~ 
through capacitor 0409 to a point conn:t~pp th~ 
filament of V 409 and the plate of V 410. ng 

( 1) When the polarity of terminal 12 of 
transformer T401 is positive, tube V410 
conducts and capacitor 0409 charges 
through the tube to the polarity shown. 
(fig. 85@) · The voltage across 0409 
reaches 450 volts, the peak value of the 
applied ac. 

(2) When the polarity of terminal12 reverses 
and becomes negative, V410 stops con­
ducting. The 450 volts across the sec-



1
------- - ----------------, r----- ------ ------- - ' 

I POWER I I 
,..... TRANSFORMER r-- I I 

1 T4o l I I 

=11~5~Y~-~~ ~~ M01FIER ~--------~~~~-----------------------'~---•t ~V •oocPs I V40I 

11 
1 

I FILAMENT 
L....., TRANSFORMER t- I I I 

I T402 I I 
I ~ RECTIFIER r----------H-::=::::t:t::::::------- ----- -----i-1 - - t 320V 

I 
V40 2 

1

1
1 -

Ti lliE O£LAy I 

I

I II 

1

1 v30I, V3)2 I 

t--------------~~------T'------------------------------------r---•+~0V 
I f-. RtCT IFIER I I I 

V403 -

I REGULATOR t-~f-+-' --:=::1::-----------------~~---+300V 
I 

V40 4, V405 ·, I :--- I 
TIME D£LAY 

I RR~ I 
I ~ RECTIFIER ·--------+ 1

1

-i!-~:::l(i
3

1°~1:::~~------------JI~~-- 900V I V409, V410 t I I i KEEP ALIVE 

I I I l 
I L..o RECTIFIER REGULATOR ! I : - 300V 
1 Low - voLTAGE V406 ~--o V407, V408 t--t-,

1

-r ~ -----r~ - - ------------- - -----------r--
' POWER SUPPLIES I I 

---------------------'J : 
t-t;------------------------o--1.:..~ 

: ~g~~~A~~:PLY r-
1 M~GNEiii(i"N-
1 FILA"t~n 

REL.v I K3~ 
: ~ 

I ~----------~~ 

POWER 
TRANSFORMER 

T301 

RECTIFIER 
Y303,Y304 

L--'---- t 3,000V 
MODULATOR 

1 r R3 11 r 
I FILAMENT I--~-~AVvA~~~vv-------~~----------------------~~~~6 3V OR 45V 

TRANSFORMER I MAGNETRON FILAM ENT 

I T30 3 J-------------------~-----------------------~~T=R~A7,N:sM:I;J~GSYSTEM 
'---------------------------- - ---- - - - - _ _] FILAMENTS 

t 140V 

+320V 
+ 300V 

- 300V 

+3p00 v 

115VAC 

FILAMENT 
TRANSFORMER 

T201 
1-------------- - - ----...,__ _ _ _ ___ _ _ ________ """"":":~6.3Y 

RECEIVING SYSTEM 
FILAMENTS 

~--------------------1 

I FIL AMENT _I_ 
1 TRANSFORMER .------------:--- ------- - --- --- - -----------------6.3V 

I Tl02 I SYNCHRO AND 
INDICATING SYSTEM 

POWER RECTIFIER I FILAMENTS AND LAMPS 
I TRAN SFORMER Vl06 I 5KY 

I T IOI PPI POWER SUPPLY - ____ j PPI 

------------

TEs· 

-" ~TEST METER 
-" METER M401 

SWITCH 

CRYSTAL S401 

RECTIFIER 
CR 401 

TM I535· 562 

Figm·e 83. Power supply circutta , llZook diauram. 327711 o - 55 (Face p. az) 



II&V 
400 
CPS 

NOTE: 
UNLESS OTHERWISE 
INDICATED; RESISTORS 
ARE IN OHMS, 

7 

12 

13 

3 

4 

6 

7 

8 

9 

10 

R417 
43 

RECTIFIER 
V402 
~R4GY 

RECTIFIER 
V403 
~R4GY 

L.402 L.403 

L401 

R416 

+600V 

+300V 
REO 

VOLTAGE 
REGULATOR 

V404 
OD3/VRI!IO 

VOLTAGE 
REGULATOR 

V40!1 
003/VRI!IO 

RECTIFIER 
V410 
IV2 ._--------~~~~v-~2V.2~M~E~o _______ -.9oov 

R414 
~MEG 

C407 
IUF ~ 

F£gure 84. Low-11oltage power supplies, sohematic. 

C410 
.OI~UF 

-300V 
REO 

VOLTAGE 
REGULATOR 

V407 
OD:!I/VRI!IO 

VOLTAGE 
REGULATOR 

V408 
OD3/VRI!IO 

TM 1!13!1·9 

83 

I 



ondary winding are then added to the 450 
volts present across the capacitor, pro­
ducing an efl'ective 900 volts that are 
applied across tube V409 through resistor 
R414. Tube V409 conducts charging 
capacitor C410 to a peak value of 900 
volts as shown (fig. 85@). 

A 

B 

C409 
450V - R4 14 

+ C410 

ool!ooE:-------/ 9 oov 

TM 153S-8 

Figure 85. Keep-alive ( -900 volts) powe1· supply, charge 
M~<l discharge paths. 

94. Modulator Power Supply 
(fig. 86) 

Transformer T303 provides voltan-e for all the 
filaments in the transmitting sys~em. Trans­
former T801 is the plate transformer for the high­
voltage rectifier. Filament transformer T303 is 
e~ergized. when the POWER switch (on the in­
diCator) 1s turned on. To guard the tubes in 
t~e ~ransmitter circuits, a 3-minute time-delay 
ctr~mt prevents plate transformer T301 from ap­
plymg voltage to the high-voltage rectifier (V303 
and V304) until the tube filaments have warmed 
up. 

a. Delay Circuit. 
(1) When POWER switch 8105 (in the 

indi~ator) is turned on, +320 volts are 
applted to the plate of time-delay tube 
V301, causing it to conduct. Current 
flowing through the cathode resistors 
produces bias which limits plate current 
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flow. Cnpacitor C301 charges slow-1\ 
through resistor R301 to 11. positive vah1~ 
nn<l causes n decrease in grid bias, which 
increases the plate Clll"rent. 'When t1le 
current approaches 2.4 rna, the voltage 
across R:302 is sufficient to ignite neol\ 
tube V302, which in turn shorts out n. 
sistor R302. The resultn.nt decrease i11 
the cathode resistance produces a currellt 
flow sufficient to energize time-delay rela~· 
K301. The contacts of this relay clo~. 
causing voltagE' to be applied to the pri. 
mary of high-voltage plate transformer 
TaOl. Resistor R304 and capacitor C30.2 
protect the relay contacts from arcing. 

(2} When neon tube V302 is replaced, the 
starting bias of time-delay tube V30l1 

which affects the time of delay, should be 
n.djusted for optimum operation by varJ>. 
ing the amount of resistance in the 
cathode circuit. 

(3) Contacts of magnetron filament relay 
K302 normally short out resistor R3111 

so that 6.3 volts are applied to the mag. 
netron filament for rapid heating. 
When the time-delay circuit operates. 
voltage is applied to the coil of K302. 
The relay contacts open and remove the 
short from across R311, thus reducing tbe 
magnetron filament voltage to 4.5 volts. 

b. High-Voltage Rectifier. The voltage deve). 
oped across the center-tapped secondary of plate 
transformer T301 is applied to the plates of tu~ 
V303 and V304 in a full-\vave, high-voltage recti­
fier circuit. The output is fed through the filter, 
consisting of L301 and C304, and across the 
bleeder, consisting of R305, R306, R307, and R308, 
to the modulator stage. 

c. Safety Features. In addition to the time· 
delay circuit, the following safety features aN 

present in the modulator power supply. 
(1) Red pilot lamp I301, on the front of 

the hinged panel, lights when plate trans­
former T301 is energized. 

(2) Interlock switch 8302 removes the volt­
age from plate transformer T301 w~en 
the hinged panel is opened. The sw1tcn 
is located on the bottom of the transmit· 
ter chassis in the rear of the hinged panel. 

(3) HIGH VOLTAGE switch 8301 can be 
turned OFF to remove the voltage front 
transformer T301. 
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(4) 

(5) 

Fuses F301 and F302 protect tirana­
formers T301 and T303, respectively, 
from overloads. 
Filter Z302 prevents the powerful trans­
mitter rf pulses from feeding back to 
the other power supplies. 

95. PPI Power Supply 
(fig. 87) 

The accelerating anode of the PPI obtains its 
5 kv from the PPI rectifier. Filament trans­
former T102, mounted in the back of the indieator 
(fig. 58), feeds all the filaments and pilot" hLmps 
in the indicator. 

FI02 

~4AMP 

5103 

FlO I 
lAMP 

HV RECTIFIER 
VI06 
2X2-~~ 

a. Power transformer TlOl applies a l\igh 
voltage across V102 (2X2-A), which 1\ots as 
half-wave rectifier. After the 5-kv output i~ fil 
tered by 0117, R139, and 0118, it is fed fAf()ug· 
resistors R140 and R141 to the accelerati~ llllod 
cap on the PPI. The potential appearing 9-tlt. 1 
TEST jack J102 is that developed across tb~ }()"We 

portion of the voltage divider consisting of RH~ 
RI43, RI44, R145, Rl46, R147, and Rl~, 
voltage divider was put in as a safety J~ture 
The 5-kv voltage on the accelerating ano<le can hE; 
checked by reading the voltage at the H. V". 'f~ 
jack; at this jack, the voltage is reduced to CltUy 5 
volts. 

Rl40 Rl41 
500K 500K TO 
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~--------------------~ 400CPS 
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Figure 87. iPPI power 1upply, 8Chematic. 



b. Transformer T102 feeds all the filaments in 
parallel. In addition, a tap on the secondary is 
used to supply pilot lamp I 104, and the three 
lamps (I 101, I 102, and I 103) that illuminate the 
face of the PPI. The amount of light on the face 
of the PPI is controlled by DIMMER resistor 
R179. 

c. The 115-volt, 400-cps input is applied directly 
to J105, which can be used as an auxiliary outlet 
for a soldering iron or other equipment needed for 
troubleshooting. 

d. Fuse F101 protects both transformers. F102 
is additional protection for transformer T101. 
8103 is an interlock switch that opens the high­
voltage circuit when the indicator coverplates are 
removed. 

96. Test Meter Circuit 
(fig. 88) 

Test meter M401, together with the two sections 
of test meter switch 8401, is used to read the volt­
age outputs of all the power supplies, except for 

the PPI and the keep-alive power supplies. In 
addition, the meter reads the 115-volt, ac output 
of the power group and the current that flows 
through the magnetron. 

a. Plus 1./1) Volts. The output of the + 140-volt 
power supply is fed through multiplier resistor 
R406 to terminal number 3 of section 2 of test 
meter switch 8401. When switch 8401 is placed 
in the + 140V position, terminal 3 of section 2 is 
connected to the plus side of test meter M401; the 
minus side of test meter M401 is connected through 
terminal 3 of section 1 to ground. The meter and 
multiplier are thus placed across the +140-volt 
supply. 

b. Plus~ Volts. The output of the + 320-volt 
power supply is fed through multiplier resistor 
R405 to terminal number 4 of section 2 of test 
meter switch 8401. When switch 8401 is placed 
in the + 320V position, terminal 4 of section 2 is 
connected to the plus side of test meter M401; the 
minus side of test meter M401 is connected through 
terminal 4 of section 1 to ground. The meter and 

To TUBE +300V REG ----1,__ _ ___;...;;.;:~....:..:..:::..::..._ ______________ +TO T 8401-8 
V404 

TO JUNCTION 
OF --it--~ll--t----+.;-:::14?::0~V~U~~~R'!?E;.G --------r---1----+TO TB 4 01-10 

L405 & C4 06 +320V UNREG TO TB401-12 
r-~--~~~~V~RE~G~--------+-+-----. TOT8401-I 

TO JUNCT ION 
OF 

L403 & C404 

T0¥407------' 

SECTION I 
REAR 

R410 R412 
82K 50K 

2W 

Figm·e 88. Aleter circuit, 8Chematic diagram. 

115V 
400 CPS 
INPU T 

TM 1535-194 
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multiplier are thus placed across the +320-volt 
supply. 

c. PhuJ 300 Volts. The +300-volt output pro-
duced by the +600-volt and +300-volt power sup­
ply is fed throu~h multiplier resistor_ ~~4 to 
terminal 5 of sectiOn 2 of test meter sw1tch .::>401. 
When switch S401 is placed in the +300V lR.EG 
position, terminal 5 of section 2 is con~ected _to the 
plus side of test _meter M401; the mmus s1_de of 
test meter M401 IS connected through termmal 5 
of section 1 to ground. Although the test meter 
reads only the + 300-volt regulated output, it in­
dicates also the condition of the +600-volt se:ction 
of the power supply. 

d. Min'U8 300 Volts. The output of the --300-
volt supply is fed through multiplier resistor R413 
to terminal 6 ot section 1 of test meter switch 8401. 
When switch 8401 is placed in the - 300V REG 
position, terminal 6 of section 1 is connected to ~he 
minus side of test meter M401 and the plu:s ~Ide 
of test meter M401 is connected through te~mmal 
6 of section 2 to ground. The voltmeter m thus 
placed with the proper polarity across the --300-
volt output. 

e. PlU8 3,000 Volts. A voltage divider consist­
ing of R305, R306, R307, and R208 is across the 
output of the modulator power supply. Because 
the resistance of R308 is one-tenth the resistance 
of the entire divider, the actual voltage across 
R308 is only 300 volts. This voltage is :fed to 
terminal 2 of section-2 of test meter switch 8401. 
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·when switch 8401 is placed in the MOD. H. V. 
3,000 (300) position, terminal 2 of section 2 is 
connected to the plus side of test meter M401; th~ 
minus side of test meter M401 is connected through 
terminal 2 of section 1 to ground. 

f. 115 V .A 0. The 115-volt, 400-cps output of th.~ 
power group is fed through R412 and R410 t 0 
crystal rectifier CR401. "\Vben line M (fig. 88) is 
minus and line N is plus, electrons flow do,v11 
through rectifier D, from right to left across R.411 
down through rectifier B to line N. Wl1e ~ ... -' 

1 dN
.. nu.1.~S 

p u~ an 1s mm~s, electrons flow up through 
1ectifier A, from rtght to left through R411, up 
through C to M. In both cases elect fl 
f . , rons <>'" rom right to left through R411 nnd d 
1 ·t· · · pro uce po. ar1 1es across 1t as shown. The pl . d 
is fed to terminal 7 of section 2us Sl e of R411 
switch. 8401. When switch 8401 . of test ~et~r 
115 VAC position, terminal 7 of 18 ~laced m the 
uected to the plus side of t t sect1on 2 is COl\· 

minus side of test meter M:40le~ meter M401; th& 
terminal 7 of section 1 to the ~~~~ne~ted through. 
The test meter thus reads there t·~ Slde of R411. 
Resistor R412 is used to adjust th: ~d de oatp-uL 
ing to the same value indicated by the t tne~r read­
voltage regulator. lllete:r O:tl th~ 

g. Magnetron Current. Wh 
switch 8401 is in the MAG.I.4--5 en test meter­
position, the cathode of the magetMA.. (~00-~()0) 
with test meter M401 and ground r~ 1_s ln ~ries 
(fig. 15), shunted across the test· eslstor :Rl2-2 
to act as a. current meter. meter, causes it 



CHAPTER 7 

COMPLETE BLOCK DIAGRAM 

97. Purpose of Block Diagram 
The complete block diagram of Radar Set 

AN/SPN-11(*) can be used as a quick review of 
the theory by a radar repairman who has not 
worked with this equipment for some time. The 
block diagra.m also enables tl. repairman who is 
familiar with radar principles but is not ac-­
quainted with this particular set to gain a basic 
understanding of this equipment. In trouble­
shooting, the block diagram is invaluable because 
it enables the repairman to narrow the trouble 
down to a particular circuit before referring to a 
more detailed schematic. 

98. Timing 
(fig. 89) 

a. Pulling down the lever in the switch box ap­
plies the ship's line voltage through the motor 
starter to the motor generator. When it reaches 
normal speed, the motor generator produces an 
output of 115 volts 400 cps. This voltage is ap­
plied through the terminal boards and the con­
venience panel on the receiver-transmitter to all 
the filament and power transformers, except the 
plate transformer of the modulator power supply. 

b. The master blocking oscillator in the timing 
circuits of the transmitting system produces trig­
gers at the rate of 1,000 per second. These triggers 
are fed to the one-shot multivibrator in the syn­
chronizing and indicating system. The one-shot 
~ult~vibra~r places into operation the sweep 
ctrcwts, whtch cause a line to be t~d from the 
center of the PPI screen to the edge. When the 
antenna horn is made to rotate, the deflection coil 
rotates in synchronism with the antenna horn 
causing the sweep to cover the entire fa.ce of th~ 
PPI. The one-shot multivibrator also develops 
an unblanking pulse that is fed to the PPI grid 
to prevent the return trace of the sweep from 
being visible on the face of the PPI. In addition, 
t~e o~e-shot multi vibrator triggers the range mark 
cucmts, which produce pulses that are applied to 
the cathode of the PPI to form circles on its fa.ce. 

These circles represent distances from the radar 
set. 

~· Three minutes afte~ all the other power sup­
plies have been pl~d mto operation, the modu­
lator .Po,~er ~upply goes on. In addition to firing 
the c1rcu1ts ~n .the ~ync?ronizing and indicating 
system, the trmmg Cll'cwts now trigger the modu­
lator. All the important pulses are as shown in 
figure 89. 

(1) Operation of the modulator causes the 
magnetron to produce a .4-microsecond 
burst of rf energy (not shown to scale in 
figure 89) . The rf energy is fed to the 
antenna. Some of the energy is fed to 
the afc, which controls the output of the 
klystron local oscillator. 

(2) The unbl8Jlking pulse starts at the very 
moment the magnetron is fired. The 
pulse time duration is determined by the 
setting of the RANGE switch. 

( 3) The sweep signal starts the same time 
the unbla.nking pulse starts. Its length 
is the same as the unblanking pulse. 

( 4) On the 3-mile r8Jlge, the range ma.rk cir­
cuits produce three range ma.rks equally 
spaced a.cross the length of the sweep. 
On the 1-, 8-, and 20-mile ranges, the 
range mark circuits produce two, four, 
and four equally spaced range marks, r&­
spectively. 

( 5) Returning echoes go through the mixer 
and signal circuits of the receiving sys­
tem and are converted into video signals. 
These signals go through the video cir­
cuits to the cathode of the PPI in the 
synchronizing a.nd indicating system. 
The video signals a.ppear as intensified 
spots on the PPI screen. Their location 
on tthe time base is determined by the dis­
tance between the targets and the radar 
set. 

d. One-thousandth of a second after the pre­
vious trigger, another trigger sets off the mag­
netron, the unblanking pulse, the sweep circuits, 
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d the range mark circuits. Again the returning 
anh pear as intensified spots on the screen. ec oes a.p · 
The fast repetition rate produces a steady ptcture 
on the screen. 

____1 i ' TIMING 4--------.;-------1\._ 
CIRCUITS I I I 
TRIGGER 1 1 I 

I I 

I I l-MAGNETRON __jlt j 
PULSE ~ 

I I 

I o r---
UNBLANKING_j \ 
PULSE I I 

I I 
I I 
I 
I I 

SWEEP 
I : 
I I 
I I 

RANGE 
MARKS 

1 I 
I I 

.. us-1 I-
. I I 

i.-----.001 SEC ------1 
TM 1!!35-201 

Figure 89. Ratiar timing chart. 

99. Block Diagram 
(fig. 211) 

Functionally, the radar set is divided into five 
systems : the transmitting system, the rf system, 
the receiving system, the synchronizing a.nd indi­
cating system, and the power system. Each sys­
tem in the block ,diagram is inclosed by a block 
made of heavy solid lines. All systems, except 
the rf system, have groupings of stages that act 
together and are called circuits. These circuits 
are inclosed by blocks made of broken lines. Sig­
nal paths on the diagram are shown by solid lines 
with arrow heads, mechanical connections by 
dashed lines, and wave guides by double lines. 
The separate systems are described below. 
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a. Transmitting System. 
(1) Tilming cirouita. Master blocking oscil­

lator V307 A produces the positive trig­
gers that control the timing af the entire 
radar set. This timing is adjusted by 
R813. These pulses are fed directly to 
the one-shot multivibrator V101 in the 
synchronizing and indicating system and 
to the stc circuits in the receiving sys­
tem. The trigger pulses are run also 

through the rest of the timing circui~ 
to produce a sharp leading edged pul~ 
that is applied to the modulator. 

(2) Trans1nitter circuits. After a delaY\ 
power is applied through resonaPt 
charging choke L302 to modulator V305, 
Modulator stage V305, with the aid o~ 
pulse forming network Z301, produces ~ 
.4-microsecond pulse. Magnetron pul~ 
transformer T302 couples this pulse tl() 
magnetron V306, which produces an rt 
b_urst of energy of the same length ot 
time. 

b. Rf System. The rf energy is fed through th~ 
duplexer! the fixed w~ve-~ide joint assembly, aPc:l 
the rotatmg wave-gmde )oint assembly to the an. 
tenna horn and reflector. The TR tub ~-f . e preven"S 
ebner~ romt ~nter1mg the receiving system and 

urmng ou s1gna crystal CR20l E h 
picked up by the antenna reflecto · d c oes a.~ 
are coupled through the same w~v:n ~orn an~ 
duplexer to signal crystal CR201 . gu1des an~ 
system. The anti-TR tube preven~ t~e receiving 
entering the transmitting system. e echo fro)b 

c. Reaeilving System. 
(1} Mixer circuits. Echo sign 

1 bined with klystron local 
0 

a.~ are com­
signals in signal crystal C~~ ator V203 
duce an if. of 30 me. The fr 01 to pro. 
the klystron local oscillato equency of 
justed by REFLECTOR T~~~ be ad, 
trol R250. Part of the rf G con, 
the magnetron is fed throtlghentehrgy from. 

f e attenu, 
ator to a c crystal CR2o2 Th · e mag, 
netron frequency is combined .th th 
klystron local oscillator freque Wlto e 
d . ncy pro-

uce t~n 1~. of 30 me, which is fed to the 
afc ctrcUits. CRYSTAL CURRENT 
me~r M201 reads afc crystal current 
or Sign~~ crystal current, depending on 
the position of AFC XTAL I-SIGNAL 
XTAL I PUSH switch. 

(2) ~fa circuit~. The afc circuits are placed 
~nto operation when switch S202 is placed 
m t?e AFC OPERATION position. 
The If. from afc crystal CR202 is ampli­
fied by afc if. amplifiers V213 and V214: 
and is fed to afc discriminator V215. 
The discriminator produces positive, 
negative, or no pulses depending on 
whether the if. is below, above, or at 80 
me. These pulses, when applied to afe 



pulse amplifier V216, are inverted. 
When the inverted pulses are fed to 
charging diode V217 and phantastron 
V218, an output is produced that caw:.es 
the klystron local oscillator to lock at 
30 me. 

(3) Signal circuits. The signal if. is ampli­
fied by V204 to V210, detected by V211, 
and coupled through cathode follower 
V212 to the video circuits of the syn­
chronizing and i11dicating system. The 
GAIN control varies the sensitivity of lthe 
signa.l circuits. 

(4) Stc circuits. The trigger pulse from 
master blocking oscillator V307 A sets stc 
generator V219A into operation at the 
beginning of each sweep. The genera,tor 
produces a pulse thn,t is coupled through 
stc cathode follower V219B to the g;ain 
line of the signal circuits. The pulse 
reduces sea. return. The {tmplitude of the 
stc pulse is varied by SUPPRESSOR 
control R181. 

d. Synchronizing and Indicating System. 
(1) PPl. The PPI displays range a.nd bear­

ing information. The 5 kv from the JPPI 
power supply is applied to the sec:ond 
anode to accelerate electrons from the 
cathode to the screen. The sweep voltage 
is a.pplied to deflection coil LlOl. :Plus 
320 volts are applied to focus coil )[.,102 
through FOCUS control R138. The in­
tensity of the trace on the screen is deter­
mined by I NTENSITY control R135, 
which varies the potential on the first 
grid. 

(2) One-shot mJtJ.,ltivibrator. One-shot multi­
vibrator VlOl sets off the sweep circuits 
and the range mark circuits. It also pro­
duces the unblanking pulse for the grid 
of the PPI. 

(3) SUJeep circuits. Sweep generator V'l02A 
produces a straight line sweep at the same 
time that the magnetron is fired. The 
length of the sweep is determined by the 
setting of RANGE switch SlOl a1nd by 
individual controls R117, Rl18, R119, 
and R120. The sweep generator output 
is amplified by voltage amplifiers V102 
and V103 and by current amplifier V104. 
When CENTER EXPAND switch 8102 
is placed in the ON position, the defltection 

coil current does not reach zero in the 
time between sweeps, and the PPI indi­
cation is a dark circle in its center. De 
restorer V102B keeps the PPI trace 
steady. 

( 4) Range mark circuits. Range mark oscil­
lator V107 A produces oscillations whose 
frequency is determined by the setting of 
RANGE switch S101 and by individual 
controls L103, L104, Ll05, and L106. 
After the waves are fed through V107B, 
V108A, and V108B, they become sharp, 
well-timed pips. These range marks are 
applied to the video circuits. 

(5) Video cirCUJits. The amplitude of the 
range marks is varied by RINGS control 
R165. The range marks then are applied 
to video mixing amplifier Vl09B. The 
amplitude of the video signals from cath­
ode follower V212, in the receiving sys­
tem signal circuits, is var ied by CON­
TRAST control R160. The video signals 
then are applied to video mixing amplifier 
V109A. A crystal rectifier between the 
two video mixing amplifiers prevents 
blooming. The range marks and the 
video signals are fed through video out­
put amplifier VllO to the PPI cathode. 

( 6) S ynchronizing circuits. Geared to the 
rota-ting antenna horn is transmitter 
synchro V501, which sends an error signal 
to receiver synchro B101 (in the indi­
cator) . The receiver syMhro, in turn, 
causes deflection coil L101 to rotate about 
the neck of the PPI, in synchronism with 
the antenna horn. Synchro alinement 
cam switches 8501 (in the antenna) and 
S104 (in the indicator) aline the two syn­
chros when the radar set is first placed in 
operation. Heading flash cam switch 
S502 (in the antenna) controls the head­
ing flash circuit (in the indicator) to pro­
duce fore and aft heading flashes on the 
PPI screen. HEADING FLASH con­
trol R187 controls the voltage that the 
heading flash circuit applies to the PPI 
cathode, and thus controls the intensity 
of the flashes. 

e. Powe1· Systenn.. 
(1) Power group. The ships' line voltage is 

fed through the switch box to the antenna. 
drive motor, the heaters, and the blower 
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(2) 
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motor. The motor starter does not oper­
ate until POWER switc-h Sl05 (in the 
indicator) is turned on. The motor 
starter applies power to the motor gener­
ator gradually. As soon as the motor 
generator reaches ll5 volts, 400 cps, 
power is produced. The voltage regu­
lator controls the output of the motor 
generator. 
Po1.oe-r .vupply cireuits. The 115-volt, ac 
power feeds the low-voltnge power sup­
plies the modulator power supply, and 
the PPI power supply. The low-voltage 
power suppliesproduce +:~00-and -iWO­
volt regulated outputs and + 600-, 

+ 140-, and +320-volt unregulated out­
puts for operating the transmitting, re­
ceiving, nnd synchronizing system stages, 
and - 900 volts for application to the TR 
tube in the rf system. The modulator 
power supply contains a time-delay cir­
cuit Outt prevents high voltage from 
being applied to the modulator tmtil the 
filaments in the transmitter circuits have 
warmed up. The PPI power supply is 
located in the indicator, and it provides 
5 kv for the second anode. Test meter 
M401,. together with test meter switch 
S401, 1s used to determine the condition 
of the power supply circuits. 
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PART TWO 

TROUBLESHOOTING AND REPAIR 

CHAPTER 8 

SYSTEM TROUBLESHOOTING 

Section I. INTRODUCTION 

1 00. General 
Part two of this manual conta,ins all informa­

tion needed for troubleshoo\,ing nnd repair of the 
equipment. This chn.pter contains information 
that will enable the repairman to determine in 
what system (tr ansmitting, d, receiving, synchro­
nizing and indicating, or power) the trouble lies. 
The chapters thai follow contain information and 
procedut·es to enable the repairman to pin down 
the trouble to a. definite part, !tnd to repair it. 

101. Numbering System 
To facilitate part loc1\Lion, !\. block of numbers 

has been assigned to each system or component 
group according to the following table. 

\ 
Number System C'omJl()ncn~ or COmJl()nen~ group block 

Transmitting _ 

RL --------------

Receiving _____ ••• _ 

Synchronizing and 
indicating. 

Synchroniziug and 
indicating.• 

Power ____ _ 

Power 

Part of receiver-trans- 30o-399 
mitter (includes mod-
ulator power supply). 

Antenna (includes some SOo-599 
po.rt.s of synchronizing 
circuits). 

Part of rccei ver-tro.ns- lOo-199 
mitter (iuuludes du-
plexer) . 

Range and azimuth iu- IOo-199 
dicator (includes PPI 
power supply). 

Juncliou box _ ------- 70o-799 

Power group: 60o-699 
Motor jl;euerator, 

motor s tarter, 
s witch box, and 
voltage regulator. 

Part of receiver-trans- I 400-499 
m i ltcr {low-v oltage 
power supplies). 

• For trouble.<~hootlng puq>OSeS, the Junellon box can be considered as being 
In the synchronlzln~: and Indicating system. 

System 

Power b 

Compon~nt or COmPOnent group 

Convenience panel and 
terminal boards on bot­
tom of receiver-trans­
mitter. 

Number 
block 

soo-899 

b Mos~ or the POints on the convenience panel nnd ~he terminal boards are 
in tho Jl()Wer system. 

102. Troubleshooting Data 

This paragraph presents a general description 
of t.he troubleshooting data and procedures con­
tained in this manunl. .\.specific listing of appro­
priate charts 1\nd figurE's is presented before each 
t roubleshooting sect ion in the chapters that follow. 

a. Blo<'k Diagram.~. The block diagrams pre­
sent the electricnl nnd mechanical interrelation­
ships among the systems, circuits, and stages of the 
radar set. By determining the symptoms and 
then reasoning back to the causes, it is often pos­
sible to trace the trouble to a. particular box on 
t.he block diagram. 

b. Component Schematic-s. These schematics 
show all the circu itry present in each of the major 
components. The range and azimuth indicator 
schematic (fig. 2 l4) includes the PPI power sup­
ply. The anlennt\ schematic (fig. 159) includes 
I he antenna drive motor, the heaters, and the pa.rts 
of the synchronizing circuits that are mounted on 
t hl' antenna. The receiver-trnnsmitter circuitry is 
present.ed in thre(' separate schematics. Figure 
212 shows the transmitting system, together with 
the duplt'xer, the low-voltn.ge and modulator 
power supplies, and the test meter circuit.. Fig­
ure 21a shows en•rythin~ that is mounted on the 
t'l'<'eivl'r thassis, ex<'ept the duplexer. Figure 113 
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shows the terminal bo11rd and convenience pane} 
circuitry. 

o. Oablilng Diagram (fig. 219). This diagram 
shows how the radar set components are connect­
ed. It indicates wiring between terminal boards 
and plugs of one component and terminal boards 
and plugs of another component. This diagram 
is especially useful for tracing trouble between 
components. 

d. Power Distribution Diagram (fig. 220). 
This diagram indicates the relationships among 
the power group components and the various 
power supplies. It shows all the fuses and cir­
cuits they protect. Therefore, t lus diagram is 
helpful for troubleshooting in the power system. 

e. Wiring Diagram. After the trouble has been 
traced logically to a part on the schematic, the 
wiring diagram can be used to find the physical 
location of that part. Wiring diagrams are pro­
vided for the following four units or chassis: the 
indicator (fig. 218), the transmitter (fig. 215), the 
low-voltage power supplies (fig. 216), and the 

receiver (fig. 217). 
f. Wave-F01"11'b Cltarts. These charts present 

pictures of wave forms that occur in different 
parts of the radar set. They are useful for signal 

103. List of Test Equipment 

. . ch of 
tracing. Wave-form charts are gtven In ~ 
the following troubleshooting chapters. 'fbestl 

g. Voltage o:n.d Resistance Charts. • .. . t,li.Jl"" 
charts show the normal voltage and reS~5 or· 
r eadings at all tube socket pins and oth&r JJl'l~ g 
tant test points. They are helpful in ~raclllc& 
trouble to a. specific part. Voltage and JeS15~e­
charts are given in each of the following trou 
shooting chapters. ·tor 

h. Color Codes. Resistor (fig. 209), ca.paCl 
(fig. 210), and transformer color codes a.re pro­
vided to enable the repairman to identify pat* 

i. Oo1nponent Views. Top, bottom, side, froJlt, 
back, partial, and exploded views of co10poll6pts 
ure provided. Enough call-outs are induded to I ' 
enable the repairman to find and repair anY eleC' I 
trica1 or mechanical par t. 

j . .Alinem~t O~art (fig. 221). This chartgi1'115 

11 COmprehenSIVe VleW of the entire n}' t pfO' . ulnemen 
cedure. The expenenced repairman it sS 

. d f h 1. can use a remm er o t e a mement paramete 
k. Filnal Test Ohart (fig. 222) Thirss · ha '1ffP 

] . . f c rtgt 
a com pre 1ens1ve v1ew. o the entire final testillg 
procedure. The expenenced repairman se jf 
ns a reminder of the final testing pal·ametecan u rs. 

___________ N_am __ e_ot_e_qu-lp_m_en_t_~_d_n_o_m_M_cl_at_ur_o ___________ 
1 
__ F_rg_ur_o

1 
_______ P_ur_~-~--------------l~ 

Directional Coupler CU-78/UP ---- __ ---- ___ _____ ------- _________ - ---- ______ ------ --- -- ____ _ 
Test Set TS-147/UP _____ ___ _____ ______ ______________ _ 90 Measure magnetron frequency, TM 11_1247. 

Frequency Meter TS-328/U--- ____ --- - -----------------
Crystal Rectifier Test Set TS-268/U---------------- ---- -
Radio Frequency I ndicator TS-446/U ________ ____ ____ __ _ 
Voltage Divider TS-265/UP ____ ------ - ______ ----- _____ _ 

Signal Generator TS-452AfU ___ ---- --- ___ __ ______ ----- -
Fluxmeter TS-15B/AP ____ ____ _ ------ ________ ---- ____ _ 
Range Calibrator TS-102A/AP ______ ____ __ --- -- _____ __ _ 
Square Wave Generator TS-583A/U--- ------- ----- ----- -
Radio Frequency Test Load TS-108A/AP ______ _ · - -------
Spectrum Analyzer TS-148/UP _____ __ _ - --- _ ----- _ --- __ _ 
Electron Tube Test Set TV-7/U------------------------
Osoilloscope TS-34A/ AP ___ __ _______ _ --- _- ____ _ - ______ _ 
Test Set AN/GPM-1 Oscilloscope TS-239/UP ___________ _ 

power level. 
91 Check 400 cps- - - - ---- _______ _ 
92 Test crystal rectifiers.----.---- TM 11-1242· 
93 Test for rL __________________ _ 

94 Enable high-voltage pulses to TM 11-1241· 
be observed on scope. 

95 If. alinement _______________ __ _ 
96 Test magnet _______ ___________ TM 11-2559· 
97 Calibrate range marks _______ --· 
98 Test stc and other amplifiers ___ _ TM 11-5024· 
99 

100 
101 
102 
103 

-M;;;~r~- ;;;~~;t-r~~- f;e-~u-e-n-~; ~ = 
Test tubes ___________________ _ 

View wave forms 

Depot maintenan~~: = = = = =:: = = = = 
Audio Oscillator TS-382A/U _ _ _ _ __ __ __ ___ ___ __ __ __ _ 104 

------------------------------

TM 11-1249. 
TM 11-5083. 
TM 1H067A· 
TM 11-1080. 
TM 11-1260· 
TM 11-Z684A· 
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Electronic Multimeter TS-505/U-------------------- 107 

------------------------------
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----------- -------------------
-- --------------------- -------
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TM 11-1082· 
TM 1H51l· 
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104. Tools 
a. Tools Supplied With Radar Set. 

(1) A wave-guide clamp spanner wrench 
(fig. 108) (stock No. 6R57534-l) is used 
to loosen or tighten the wtwe-guide clamp· 
on the receiver-transmitter. The wrench 
is attached to the side of the lower duct. 
(fig. 18). 

Fig"re 108. Wave-umae clamp wrench. 

(2) An Allen wrench (stock No. 6R57400-6) 
is used to adjust the indicator synchro 
alinement cam. The wrench is loca~ted 
in the indicator (fig. 58). 

(3) A klystron n.nd crystal tool (stock No. 
6R38472-1) is used to adjust the tuning 
strut on the klystron local oscillator and 
to remove the signal and n.fc crystals 
from their holders. 

( 4) A spark gnp gage, which is used to ad/just 
the size of the spark gap, is mounted on 
each spark gap (fig. 121). 

b. 1'ool8 Not Supplied. Tools shown in figures 
109, 11~, and 111 are especially helpful in trouble­
shooting. The following are not supplied: 

(1) Pliers, stock No. 6R4765-5.3 
(2) Pliers, stock No. 6R4764-5.7 
(3) Pliers, stock No. 6R4764-15.5 
(4) Gage, stock No. 6Q45701.15 
(5) Tool Equipment TE-113 
( 6) Moisture and Fungus Proofing Kit 

MK- 2/ GSM 
(7) Tool Equipment TE-114 
(8) Tool Equipment TE-73 (revised) 
(9) Flashlight MX- 991/U 
(10) Lantern MX- 290/CV 

105. Improvised Tools 

Certain improvised tools (fig. 112), necessary 
for maintenance of the power group, must be con­
structed by the repairman in the field. Dimen­
sions on tools No. 1 and No. 3 are approximate. 
The construction of these tools is described in a 
through d below. 

a. Oom~~wutator Undercutting Tool (1, fig. 112). 
The commutator undercutting tool is used for un­
dercutting the mica insulation between the copper 
bars of the commutators (par. 215). Construct 
the tool as follows: 

(1) Cut an old hacksaw blade to approxi­
mately 4% inches. 

(2) Grind the blade down to the exact width 
of the space between the commutntor 
bars on the commutator. 

(3) Cut a slot approximately 1 inch deep in 
a block of wood. 

( 4) Insert the blade into the slot of the 
wooden block. 

(5) Wrap the joint with friction tape or 
heavy cord. 

b. Bea1'ing Re'TM'Ve?' (2, fig. 112). The bearing 
remover is used in the removal of bearings from 
the end bell assemblies (par. 244b). Construct 
the tool as follows: 

( 1) Obtain or make a wooden dowel about 
1%6 inches in diameter. 

(2) Cut the dowel to approximately 12 
inches. 

(3) Remove all splinters. 
(4) Use the tool as described in paragraph 

249. 
c. Bea1'ing lnse7·ter (3, fig. 112). The bearing 

inserter is used for inserting a bearing in the end 
bell bearing housing (pur. 245). The tool pre­
vents dnmage to the bearing or the housing by 
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2 

4 

6 7 8 9 10 

I. MALLET 
2 6" FLAT FILE, 2ND CUT 
3. CLAW HAMMER 
4. BALL PEEN HAMMER 
5. SANDPAPER, NO."OOOO" 

6. DIAGONAL CUTTING PLIERS, 5" 
7. LONG NO~; ED PLIERS, 6 • 
8. SLIP-JOIMT PLIERS, 6 • 
9. SCREW DRIVER,3" BLADE 
10. SCREW DRIVER,4" BLADE 

Figm·e 109. Rep,·cscntctlit'C' too/11. 
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II 

5 

13 

12 

II. SCREW DRIVER, 6" BLADE 
tU2. PINCH BAR 
tf13. HACK SAW 

14. OFFSET BOX WRENCH,I-5t16• 
X 1-1/2" 



16 

19 

16 W H££1. PUI.I.ER, 9" 
16 TWIST ORII.LS, 114", 5116" ,17/32" 
17 SOLDERING IRON 

18 EI.ECTAIC ORtl.l. 
19 OPEN END WRENCHES, 

SIZES; ~lt6\ltl32•, 7/16.,112•, 9116•, 13/16·~ 111• 
20· OFFSET ADJUSTABLE WRENCH, 12" 

Flgm·e 110. More ,·eprcscntative tools. 
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Figure 111. Scale. 

providing equal pressure about the circumference 
of the bearing. Construct it as follows: 

(1) Obtain a length of iron pipe with a 1:14-
inch outside diameter. 

(2) Cut the pipe to approximately 9 inches. 
(3) Remove the burrs on the cut surfaces with 

a file. 
d. Oorn'lri!Utator Bu,rnisher ( 4, fig. 112). A com­

mutator burnisher, or cleaning tool, is used for 
maintenance of the commutator surfaces (par. 
215). Constmct the cleaning tool as follows: 

112 

(I) 

(2) 

(a) 

(4) 

TM 1535-100 

Cut a strip of wood 6 inches long, appro1-
imately %6 inches t.hick, and llh inch~ 
wide. 
Cut several strips of canvas, the same 
width and length ns the strip of wood. 
~rrap the canvas st.rips around the end 
of the strip of wood. 
Rivet the canvas strips to the strip of 
wood. If rivets are not, available, use 
wire cord or several strong mbber bands 

' ' to hold the canvas strips on the strip of 
wood. 



OF HACK SAW BLADE 

PORTION OF 
HACK SAW BLADE 

DOWEL 

SEVERAL 
CANVAS 
STRIPS 

RIVETS 

WOOD 

IRON PIPE 

I. COMMUTATOR UNDERCUTTING TOOL 
2. BEARING REMOVER 

3. BEARING INSERTER 
4. COMMUTATOR BURNISHER TM 5510·39 

Figttre lli. Improt•isrd tools. 

Section II. TROUBLESHOOTING PROCEDURES 

106. Troubleshooting Steps 
Troubleshooting methods, to be~fl'ective, depend 

on the functional organizl\tion of the radar set. 
The radar set is organized as follows: five major 
systems--transmitti11g, rf, receiving, synchroniz­
ing and indicating, and power-t\re each composed 
of two or more circuits; each circuit is broken 
down into stages; and each stnge hns many parts. 
The first step in troubleshooting is to sectionalize 
the fault to one of the major systems. Then the 
trouble should be t r aced to the de·(ective circuits, 
to the inoperative stage, atnd linn,lly, to the faulty 
part. 

a. Seotionalizing the Fau:U. to a System. The 
following methods of troubleshooting are useful 

327711 0-55-8 

in determining in which system the trouble lies. 
Pnrngmphs 114 through 11() contain a discussion 
of these procedures in detail. 

(1) Fi~ual. Check all fuses. Check meter 
readings. " ratch for smoke that may 
indicate the location of shorted parts. 

(2) Starting procedure. By logical reason­
ing, abnormal indicntions may be used to 
trace the breakdown to the system and 
occasionally to the circuits in the system, 
l'esponsible for the trouble. 

(:3) ('able continuity. Check continuity of 
Cl\bles with an ohmmeter to determine if 
trouble lies in a system or in the cables 
that connect the systems. 
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b. 1'ra.t'ing Fault to Oroup of ('irr-uits or to a 
1C..'tage. .\fter the fnult has bet>n tra<'t'cl to a sys­
tem, rt>fer to the npproprin(t> troubleshooting­
clutpter, where the following information will hn 
found: 

late the tmuble more quiddy than resistance read­
ings. However, nn irwol'l'ect voltage re.'ldin_ 
IH'ross 11 part does not nect>ssurilv mean that th t 

pa•·t is at fault. The trouble n;ight ]ie in :1. l'e­

lntt>d part. Ther·cfor·c, the linn) check should 'be 
with nn ohmmeter. (l) {/enet·al trouble.~llooting rhart. This 

chart gives probable cause of troubles 
(.hat are often encountered, but it is not 
foolproof. Further· testing is almost 

(2) 

(4) 

always necessar·y. 
1'ube and cry.~tal troub/('.v/woting char/8. 
These may lend directly to the tube or· 
crystal at fault. Always test the tubes 
and crystals Lefor·e as:mming- they arC' 
faulty. 
Wave-form, tracing. This proceclur·e 
often can ]ead the troubleshooter, 11ot 
only to the stage at, 'funlt, but to had parts 
ftround a pin on the tube socket. 
1'e1•minal boar·dx. The terminal boards 
on the bottom of tht> recei,•er-transmittcr· 
are useful in tmcing faults in the power 
system. They are nlso helpful in check­
ing gain, stc, and heading flash circuits. 
Check tl1e terminals with a voltmeter. 

(]. Pinning the Fault Down to a Part. The 
tubt>, ct·ystal, resistor, cnpncitor·, coil, or trans­
former nt f1wlt. can be determined by the following 
proccd u t·es. 

(1) Voltage a11d ?'e8i8tanC'e readimg. Use 
the voltage and resistance charts to de­
termine normal rendinl!S. Abnormal 
readin~ indicate defective parts. 

(2) 1'vbe ohecki11{J. Pse the tube tester to 
check any tubes that the tube trouble­
shooting chn.rt indicates may be defective. 

(::3) 01?J8tal oherldng. Use the crystal recti· 
fier test set to test, any ('J'ystuls that the 
crystal troubleshooting chnrt indicates 
may be defective. 

d. I n-Le1•mitte11bJ. When all the above proce­
dures have proved ineffective, cltt>ck the equipment 
for inter·mittents. .Tarring suspt>cted parts, or· 
tapping- the chassis, may help in determining the 
trouble. 

1 07. Voltage and Resistance Readings 
Voltage and resistance meusm·cmt>nts nre anal­

most, indispensable aid to the repairman, because 
most, troubles produce voltnges or abnormal re­
sisilulc? t·ea~lings. Voltage r·eadin~:; are usually 
takc•n frrst smce they enable the r·epairmun to iso-

11 4 

a. Not•mal T'ahu.v. Nor111al voltage and resis 
nncc readings are given in the voltage and re~1....1 
nnce <'harts. These vnlne~ nrc measured betwt: . 
socket pins, plugs, and other test points. nnd 
g-mrrnd, unless otlH.•t·wisp stated. Remember t'la.t 
sO<:kPt pins a r·p mrmbt•red in 11 clockwise directio 
\\ IH'n ,·iewt>d from the bottom of tht> chassis. On. 
odall>ockets, the first pin clockwise from the k~,·­
wny is pin 1. PI n:.t:,; nnd ret<' pta des are numlx>r~ 
on tltc side to whieh the• nssoC'iuted connector i-... 
attnclred. 

b. (!rmtions. 
( 1) Turn olr t.he power before making an~ 

resistance nH•nsut·rmeuts. · 
(2) Discharge <'npncitors with a. screwdriYt-t· 

hefore mnking resistnn<'e measurement~. 
(:J) Be sure tht> voltmeter used has the snmc 

ohm-pe•·-volt n1 t ing ns that indicat.ed in 
the voltage nnd resistance chart you are 
using. 

( ~) Be sure all t ht> toni rols on the equipment 
are set !Hl inst r·Hct ed in the voltnge and 
resistance cltnrt used. 

(!I) Always turn !hi' voltm<'h•r· to t.he higllt'$t 
sc-ale before taking a rending. 

r. 1/igll-T'oltage Readi11gs. When measurin~ 
voltages greater than :300 volts, shut off the power. 
TIH'n, connect the hot test lead, step away fron 
tht> voltmeter, tunt on the power, nnd note the 
rcttdiug on the voltnreter. J)o not. touch nny part 
of the voltmeter, particulnrly when measuring the 
voltage between two poi ntH tllllt are above ground. 

d. Readings Between Point.v Not in Charts. 
(1) To find the voltnge between points A nnd 

B, subtract the voltag<• given for point _-\. 
Lo ground fronr the voltage give11 for 
point B to ground. If the voltage at pin 
2 of the socket is giwn as 500 volts nud 
that nt pin 5 us :300 volts, the voltage 
between pins 2 nnd 5 should be 2(}() volts. 

(2) To lind the normal resistnnce between 
nny two points, rdcr to the schematic. 
Be cu.refu I to i ncl nde the effect. of resist· 
ors, or coils, in pamllel. For instnnce. n 
look resistor might lX' connected betwe{'n 
two points. Howt>ver·, the s<'hernatk 



VI 

TO .,, TI 401 +-- Gitfrf 

TO 14. Tl401 ...,__VI 

J801 
TOJ 20 2-@ 

~ 

~· 16 0 OECEIVEO~ 

~ 0 STC 

TO .JUHCTtOHOf l 401. lt401 +-- ltEO iJ 0 + toO UllrMEG 

All 

'-All 

t-AIO 

1-- u 
AI 

-

TO riN ~ OF V404 +- ILU :6 0 +SOOV REG 

TO ( 4 04 <4Gl'~R£D iJ 0 1'l20Y OhR£0 

TO PIH 2 OF V401 +-- Y£L ~ 0 •lOOV OEG 

./, 0 
-=F GOOUO.O 

• 0 ;:~~ ~~~. '!'~!~' IISY.t.C OP£AATE 

fROW WG~~r::g~ +-IIIIH r t 0 II ' VAC COirtWOH 
TO P:H 1 OF T 4 02 +--ILK 10 

0 02 

.. 0 ICIOI,Sf 

loz 
0 JCIOt,SS 

" 0 l!!lAOJNO FlASHI 

- -

I. 
0 $104 

"--

!MG OUTPUT! 
F804 
IO AWP 

-
i 

-. 
" 

.. 

J 
~ 

~ 
2> 

0 0 
z• 

0 0 
MGI 

AlriT[ItlfllfA .. OTOit CKT 0 . . . 0 
WG2 

J~Z 
~TOJ301 

lmGGER f 

5102 
TO C80I 

5102 

;!!2.• .. 
SPA~ ( 0 0 

.,~ 0~ JIOl Al 
0 0 

A• 
0 F'IOZ AHT("-KA{ 

IIGl 100700 AS 
$HI,.'$ I. IN[ LZ 0 AI CIRCUIT 0 SI02 r:1f ·-.. M·U- o "g!. I--•• ~ Stoll,..$ Llh[ 1.2 0~ f-WGl-

~ OH-Off .WO~- SHIP~ L 'l .. ( ll $HtP\ LIIC[ Ll 0~ 1--ls-' SH••s Ll-.E L I 0 
A7 

SIOI 
ftol 

lOS MG6 AI 
~Oif·O'F ~04- STAIItTE'IIICOILCJCT ll0'k["&WO£XCIT£A 0 1101 $$01 0 .. 

10$ fLO RH[O ltiOI IIG7 iHEAQ!NGs,hZIMI 0 
., 

!!!m!!ni 0 ().~A~- ;riVioiL~ ILOW(IIt 0 1101 I) 
II 1101 fiOl .... 

SPARE 0 0 115V AC OP[RAT(' f+TOI TIIOo JtO• no 12 

•• "" ... ,, All 
SPAll[ 0 0 115'1 AC COW WON 0 f+TOt, TUOI JIO• Sl 0 II 

20 (FUSEO) 
"010 All 

0 0 IISYAC COWN()Irrf 0 fl04 02 0 10-' 
21 t'ROW NO) MGII u:::~oc~:w o •gi--NGt-' 

'103 
0 0 WG (XCIT£1111 r•£LO 0 0 

22 a lttt(OSTAT 1111101 NGIZ Al4 
0 0 0 0 
'--- '--

~o•ou•o 

-
0 

" 

ISYNCHROf 
F803 
2 5AWP 
FUSETRON 

•. .! -

'UL~ 5801 

c 

I 
F80l F802 

SHIP'S LINE VOLTAGE !r.A~N:':T"'E""N"'N"'.&'""H"'f"'A""T=ER;;Jf FUSE I.&NTE NN.l IIOTORfFUSE 

24V DC 1$ A.WP 30 Alii~ 

nv oc 1$ At.IP lO A ~ P 

II$V OC 10 AM P 10 AMP 

TI• ISl S-200 

Pi[turc JJJ. Rcccivcr-trrm.mlitlrr, tcrmiual boarrts ami. r'OIIt'CIIiCIWC pa11rl, scllrmatif·. 



might show that lt coil is in para1Iel with 
it. Since the coil's resistance may he al. 
most negligible, practically no resistance 
will be r·ead across the resistor in q_ues­
tion. To find the value of the resistor in 
question, disconnect one side of the re­
sistor under test. 

e. OalJle Continuity. A cable often is too long 
to be measured for continuity by an ohmmeter 
with leads at either end of the cable. For this 
reason, the following procedure is given as a eon­
venient method of determining the condition of 
the cable. 

(1) Place a resistor of known value (50E: or 
more) ft·om one end of the cable to 
ground. 

(2) Place an ohmmeter between the ca~ble 
and ground at the other end. 

(3) If the meter reu.ds approximate] 
50

1{ 
the cable has continuity If th y t ' 

KEEP­
ALIVE 
POWER 
SUPPLY 

d · e me1 er rea s zero, the cable is shorted. 

VIDEO JACK 
KNOCKOUT·S 

(JSOI l --------­

CONNECTOR 
(E804l -----~~---

BLOWER MOTOR ( 6801 l 

( 4) If the meter ren.ds much less tha~ 50k~ 
but not necessari ly zero, the cable IS pat--
ti ally shorted. · 

f. 1'ole1'ance~. If ren.dine~s CY~~~~i~~dtl~! :ol;:;; 
do not agree wJth the valu !=' ediately assume 

. I ·ts do not Jmm 
and res1stance c 1a 1 

' · t Variations of 
t hat trouble 1 ies a t t hn.t pou:~ even more than 
about 10 percen t and in som~ ca · the set hare 

I M t reststors m that are norm~t · os t Voltage readings 
a tolerance value of 10 ~er~en · · 

1 
the power line. 

d b nutwns II l be-may be a tl'ecte Y vn . . dicates troub e 
1 ·eaduvr Jn Always be sure t 1e 1 r. 

fore rephwing parts. 

Voltage Measure­lOS. Terminal Boards, 

ments 4:) 
(figs. 113 n.nd 11 ·tion of the re-

a. Ge'MfJ·al. On the lower p:~rrnin~tl boards, 
. . . ·h . are fou r Tl otor ceiver·tra.usrmttet t 81 e T.B804. 1e m 

TB801 TB802 TB803, ttnd .ver supply out-
, ' . JtaCYe po' generator output, Jow-vo 0 

TRIGGER 
JACK 
(JS02l 

Figun J 1 J4. Receiver-trmunnitter, terminal board II. 
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puts, and intercircuit voltages are connected at 
these boards for distribution throughout the radar 
set. Voltages at these terminals can Le checked 
conveniently. 

Warning: Be careful when checking voltages 
at the terminal boards. Voltages ns high as (100 
volts are present. 

b. Table!J. The following tables list the termi­
nals, the voltage measured between the terminals, 
and a description of the voltage. Refer to figures 
113 and 219 for the cable connections between 
these terminal boards nnd the components of the 
radar set. All voltages are de unless otherwise 
stated. 

(1) Terminal board 1'B801. 

Terminals 

land 7_ ____ _ 

2 and 7 _____ _ 

a and 7----- _ 
4 and 7 _____ _ 

5 and 7------
6 and 7 __ 
9 and g ____ _ 

Voltngc 

0 to - 60 V (de­
pends on set­
ting of Rl77). 

0 to - 200 v 
(depends on 
setting of 
R181). 

+600 v -- ----­
+300 v -------­
+ 320 v_ 
- 300 v-- ----- -
115 V, 400 cps __ 

10 and g _____ 0 v ________ _ 

Description 

Receiver gain. 

Stc bias. 

Plate supply. 
Plate supply. 
Plate supply. 
Orill IJias supply. 
Motor generator out­

put.. 
Contin•lity across 

SYNCHRO fu se 
FSOa. 

10 and 9- ---- 115 V, 400 cps___ Input to synchros. 
11 and 12---- ----- ------- Output of St and sa of 

13 and g _____ 0 (when 8502 
closed). 

14 and g _____ 0 (when S501 

closed). 

B50L. 
Continuity across 

heading flash can 
switch 8502. 

Continuity across syn­
chro alinement cam 
switch 8501. 

(2) T erminal boa?·d 1'BBO~. 
Terminals Voltage 

15 and 16 __ __ 0 V (when 8105 

closed). 
17--- ------- ---­--------
18 to 22 _____ ---- ------------

nescrltlUon 

Continuity across 
POWER switch Sl05. 

Continuity to PHONES 
jacks. 

Spares. 

(3) T e?'ntina:Z boa1·d 1'B803. 

'l'ermlnnls Description 

~101 and 
){02. 

I 15 V, 32 V, or 
24 v. 

Ship's line voltage to 
antenna drive motor 
ci rcuit. 

:\1 G a and 
MG5. 

:'11 05 and 
:'11 04. 

:\I G4 and 
MG3. 

115 V, 32 V, or 
24 v. 

Ship's line voltage to 
antenna heaters. 

MG6 and 
MG7. 

0 V (wi~h S l05 
closed). 

115 V, a2 V, or 
24 v. 

115 V, 32 V, or 
24 v. 

M G8 and 11 5 V, 400 cps __ 
MG9. 

MG9 and 0 V ___________ _ 

MGIO. 
MGlL ______ Slightly less 

than 11 5 V, 
32 V, or 24 V. 

MG12 _______ ----------------

Continuity across 
POWER switch 8105. 

Ship's line input to 
motor starter. 

Ship's line voltage to 
blower motor and to 
motor-generator de 
winding through 
R60 1. 

Motor generator out­
put. 

Con tinui ty across MG 
OUTPUT fuse F804. 

Ship's line voltage from 
voltage regulator to 
motor generator de 
winding. 

Spare. 

( 4) T enni11al board 1'8801,.. 

Tcrmlnnls Voltage 

AL--- ------ ----------------
A2 _____ _____ ----------------

A3 ___ _______ ----------
A4 and A5 ___ 115 V , 400 cps 

(with 8802 
closed). 

A6and A7_ __ 115 V, 32 V or 
24 V (with 
880 I closed). 

AS and A13 _ 0 V (when 850 1 
closed). 

A9 and A 13 _ 0 V (when S502 
closed). 

AIO and AIL 

Al2and Ala_ 115 V, 400 CPS--

Description 

Spare. 
Continuity to PHONBS 

jacks . 
Spare. 
Ship's line input to 

antenna drive motor, 
across ANTENNA 
MOTOR fuse F802. 

Ship's line input to 
antenna heaters fused 
by ANTENNA 
HEATER fuse F80l. 

Continuity across syn­
chro alinement cam 
switch. 

Continuity across 
heading flash cam 
switch. 

Output. of Sl and Sa of 
B50L 

Input to B501 , fused by 
SYNCHRO fuse 
F803. 
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109. Tube and Crystal Checking 
Tube and crystal failures 1u·e responsible fM a 

lnr·ge pet·centage of the fault.s that occur in radar 
sets. Use the tube all(] cryst<tl troubleshooting 
cha1ts to determine whic·h tuht>s may be at fault. 
Do not rac:;ort to indisC'r·iminat e tube chttnging. 

a. 'iVhen putting a n~'" tube in a cir'Cuit, note 
the position of all controls befo1·e making any 
changes. If retmning- th~ controls with the new 
tube in t.he circuit does not correct lhe abnonn!tl 
condition, return the c·cmtrols to their original 
positions, and put t..he old tube bnck in lhe eircllit, 
unless It tube test shows that the tube is bad. 

Caution: In many mdnr circuits, the interel<>c­
rt,rode ca prwit<tnce of rt t ube is ~~ part of a tuned 
circuit. 'Yhen tubes are switched, the tuning of 
the circuits is upset. If too many tube substitu­
tions are made, the set may become seriously 
misalined. 

b. " ' hen replacing a tnbe in u circuit, decide at 
once whether or not to keep the o ld tube. Do not 
change the tubes indiscriminately, or the spares 
box will become full of tubes the exact. age and 
condition of which are uncertain. 

c. Tube Tester T\.,.-7/U is used to check for 
shorted elements, emission, and mutuul conducl­
anceofsnulll tuhrs. The tube4ester will not t,e.<;t, 
t.he perfor·mance of high-voltage tubes OJ' rectilirrs 
or·ofsomespeci~tl tubes in the transmitter circuits. 
Tube testers are useful, however·, for checking re­
ceiving tubes that are used in the Yar·ious com ­
ponents. Results obtained from a tube tester are 
not Rlways conclusive, becnuse the conditions Ill'<' 

not the same as those under which the tube op­
m·ates in the set. For this reason, the final t est 
of It tuba must be its r epln,cemenL with a lube that. 
is known to be good. I n many <·aSE>s. it is quickrr 
and more rel iable Lo replace a suspected tube with 
~~good 0110 than to check it with the tube tester. 

d. rse the c J·ystnl rectifier test set t o test for 
li'Ont and ba.ck J-esistllnces and back current.. of 
cr·ysta ls. The front resist nnce shou ld not be above 
500 ohms; the buck-to-front ratio s hould not be 
1~ thn11 10: 1. R emember, when replac ing 
crystals, hold th<> crysta I by the body and touch 
one finger· to the radio <'hassis before placino- the 

I . . I eo cr·ysta 111 1 ts soc· {Ct. 

110. Wave-Form Checking 
a. GenNcil. 

118 

(1) Wnve fonns may be observed al Lhe vari­
ous test jacks and at other points in thr 

equ ipment by usinp; Oscilloscope TS­
:~4.\/.\P OJ" TS-230/UP. By compar­
mg th<> obsencd wnve £01111 with the nc­
tual r<>fcrencc wave foJ·m shown in the 
troubleshooting chapters, faults can be 
localiz<'d rapidly. 

(2) A departure fl'Om the normal wave form 
indientes a fault located between the 
point where the. wave form was last nor­
mal and the point where it is observed to 
be abnormal. 'Yhen the w1we forrn nt ,, 

certuin test point is not correct, the fault 
is not necessnrily in the ci rcuit und<>r 
test. The abnormal wave form mny he 
caused by tl1e absence of tl triggering 
pulse from a not her circuit. The point 
at which to start sig-nal trac·ing :l com­
J)(lll l'tlt is at t hl' i npnt trigger plug. 

(;3) It sonwlimes is desirable• to !mow whether 
:t signal volta~(' is renching the grid of 
the tiJ·st tube in a chHnnel. To dete11nine 
this, when a test jack is not prO\'ided, re­
move the first tube in the channel in­
volved, and insert the test lead of the os­
cilloscope into the grid connection of the 
tube soC'ket. 

b. u.~f' of O.vf'illoscope TS-34.A/AP. The u~e 
of this os<:i lloscope in viewing wave fom1s is ex­

plained in T.M ll- 1067A. The essentinl pointlS of 
the proc·cdure nrc given below: 

(1) Place SWEEP SELECTOR switch in 
the STOP-ST.\HT position if the pulse 
is m ore t h:m 280 microseconds long, place 
the SVI'I~EP SELECTOR switch in tht­
S ... \. WTOOTJT position. 

(2) Pl ace lhc SW I~ I~P S PEED C'OAR~F 
switch in the ~lED position. 

(3) Place the INPtlT IMP I~~D~\N('Eswikh 
in the HIGH JODH position. 

( .,!) For \'iewing most signals in the ratl:u· 
set, sy nchronize the oscilloscope with tht> 
mdar t r·i~ge r· pulse. Connect TRIO­
(.; ER ja.<·k .]:W~ in the re<·eiver-tr;tll:>· 
rnitter to J.;XT HYN(' jack on tho oscil 
loscopc with th<> nid of Coaxial ('onl 

<'G-7~/U. 
(5) P lace JNT SYNC-I<.:XT SYNC switt-h 

in the EXT SYXC' position. If r:tdnt 
trigger pul~ is not used for synchroni 
zntion, place lNT SY rc-EXT SYXC 
swikh in the I~T SY~(' position. 



(li) Plate the POWER switth in th~ ol'cillo­
scope in the 0);" posit ion. 

(7) Connect one end of Proht• \ss('mhly 
)iX-50/.\P to the SI<Hi.\L l~Pl-T 
jack on the oscilloscope and t h~ other end 
of the probe assembly to the poi11t in the 
raclar set under test. 

(8) Adjust the FOCUS, BHHlll'I'NESS, 
D1AGESIZE,and POSITION controls 
on the oscilloscope to obtain 1\ <'h.••u-, well­
centered picture. 

(!I) Change the spread of the puis~ by va1·y­
ing the SWEEP SPEED <'0.\HSI~ and 
FINE controls. 

(10) _\djust the SYNC VOifl'AGE switch 
nnd INPUT IMPEDANCl·~ ~witt-h until 
:t steady picture is obtained. 

c. UBe of Oscilloscope TS-'23lJAjlll'. This os­
cilloscope is e.<;pecially use fn I to dllt«.>nni nc the 
a111plitude, or clurntion, of the wnve form. C'om­
plete instructions for the use of this oscilloscope 
are given in TM 11-1260. Essential procedures, 
however, are given in the procedures below. 

(1) Place the following controls in the initial 
positions indicated: 
'l'HlG<lER RATg_______ 01•' 1!'. 
NOltMAlrY-PLAThl __ . NORMAL. 
HYNO VOL'I'AGE------- l\lux!ntum unci + or 

- di.!Pt>ndlng on 
po!ariL.v of signal. 

MARKEl{ INTERVALS_ OFI•'. 
~WEEL' TIME COAR~E- 10. 
SWI~EP DELAY------ - OUT. 
!-\WEJ<;P SELE<"'TOR-- - SIGNAL. 
~IULTil'LlER ---------- 1. 
GAIN------------------ Maximum. 
BRIGllT~Ess__________ Fully Counterc:lock-

wl!!e. 

(2) Place the POWER switch in the oscillo­
scope to the ON posit ion. 

(!3) Adjust the FOCUS, vgH.'l'lCAL POSI­
TIONI NG, and IIOIUZONTAL POSI­
TIONING controls unti I n. clear spot is 
at the left center of the scrt>t'n. 

( 4) Connect one end of Probe MX H07 .AP 
to SIGN.A,L INPUT jack on oscilloscope. 
Connect the other end of the prob~ to the 
point in the radar st>t. under tt>sl. Con­
nect the ground le1td to t ht> chassis. 

(5) Adjust the SYNC VOLTAGg control to 
ma,ke the image on the scrN.'n stn.tionary. 

(H) 'Viden or contract the illlag:e by the 
FINE and COARSg SWl•~gp TIME 
controls. 

(7) Place the left end of the pulse near the 
left end of the reference scale bv adjust­
in~ the HORIZONT_\.L POSITIOX­
DIG controL 

(H) i\Inke t hP horizonta 1 bast> lin~ of the 
pulse coincide with the middle horizontal 
reference line by aujustin~ the YERTI­
C.\L POSITIONING control. 

(!)) Adjust the 1IULTIPLU~R and GAIN 
controls until the top or bottom. of the 
pulse coincides with the upper, or lower, 
horizontal reference line for positive or 
neg1ttive pulses. 

( 10) PI:H·e :\ICLTIPLIER switl'l1 in the 
('.\L position. 

(11) .\djust C.\LlBR.\TING YOLTAGE 
control (not G.\IN), until top or bottom 
of the pulse coincides with the upper or 
lowt'l' horizonbtl t·efcl't'IH'l' line for posi­
tiv~ or negative pulses. 

(1~) ('nlc·ulnte the sign:tlnmplitude by mul­
l iplying the (' ... \LIBR_\ TIXG YOLT­
.\CiE setting by the ::\ll'LTlPLIER 
setting. 

( 1:~) Phwe ~L\RKER IXTEHY.\L switcl1 
in the .2 position. For long pulses, use 
a lnrgt>r interval. 

{ 14) Ht>nd the width of the pulse by rounting 
market·s. Use the rcfl'J'em·~ line to in­
teJ•polnte between markt'rs. 

111. Replacing Parts 
a. fit nel'l(l. .\ replncement pnrt should occupy 

the same position as the original part and should 
bt• an l'Xnd duplicate of the old part whenever 
possiblt>. 

(I) .\ p:u·t thn.t has the same eledrica1 value 
ns the original, but dill'ers in physical size, 
may C'ause trouble in high-ft·equency 
ci rc•uits. 

(~) ln replacing parts, nsl' the same ground 
point ns the original wi1·ing. 

(:~) BE-for~ unsoldering a part, note the posi­
t ion of the leads. H tlw part, such as a 
t mnsformer, has 1\ numht'r of l'Onnections 
to it, tag eneh of tht' h~1tds. 

{ 4) Be <'arefnl not to thtnH\ge other leads 
when pulling or pushing them out of the 
wny. 

( fi) .\ ('arelessly soldt>rNl connect.ion may 
neate new faults. It is important to 
nmk~ well-sold~red joint~ berause a 
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poorl.) soldel'<'d joint is one of the most 
diflicult fault s to find. 

b. Replru·rmrnt of 1'?'amrformrrs. In rare in­
stances. it may b<> IH't"es..•;~u·y to use a power or fiht­
ment trunsformer that is not an exact replaeement. 
If the voltu~e t'l\ting of the replacement trans­
former is not known and the terminals are not 
marked, tlw following points will help to deter­
mine wlwther or not the transformer is ndequat~ 
for replacement purposes: 

(1) Usually transformers of similar voltage 
and <·ut·t·ent ratings are about the same 
phys ical size. 

(2) The de res istance of the primary wind­
in~ of the nverage power or filament 
transformet· is ttpproximately 10 ohms. 

(a) The de resis t.t\nce of the high-volta~ge sec­
ondary winding of the average power 
transformer (:~oo to 400-volt output) is 
appt·oxi mat ely 200 ohms. Sinee this 
witHling usually is center-tapped, there­
sistance of either half of the winding will 
be eqmtl to one-half the total secondary 
l'esistnnce. 
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( 4) Although more dangerous, it may be con­
venient to ttpply 115 volts ac to the pri­
mnry and measure the volta~e outputs 
across the secondary lends. Be careful 
when hnndling the meter in this pro­
<'Nlttre, because the se<·ondary leads have 
unknown voltages. 

( 5) If the t.nun:ifm·mer hns more than one 
filament supply winding, the terminals 
of en.eh winding can be found by resist­
nnce checks. T he de l'~.>sistance of a 5-
voH filnment, winding is quite low (less 
than 1 ohm) tmd cannot be disting;uished 
t·eadi ly from the dr resistance of a G.~­

volt winding. To determine which is the 
5-volt. and which is the H.3-volt. winding, 
<'Ouneet 115 volts to the primary termi­
na Is and measure the output of tlhe fila­
ment supply windings. The center tap, 
if any, also <"llll he located by voltage 
readings. 

( Ci) The tmnsformet· may be connected to the 
load f<'mpornrily to check actual voltage 

output ~111<1 to sec. whether the tr;u~· 
fm'llll'l' IS ovt•rhent m!!. If O''el·l , , ,11 

~· lC.\tll·-
()l'('llrS, llw transformer may be 

0
,.e;· 

lon<lecl :nul unabh• to supply the nec~~­
sat')' cm·rpnt safl•ly. 

r·. J'uiJ,. SorA·t'f.~ und Pins. Be careful \rhi'f. 
eonn<'ct i ng a ncl sol<ll•t·i ng l<'ads to the pins of ,.,1cu· 
tun-tube sm·kl't s. These pins nre fragile, and un· 
due stmin may bt•t•ak a pin oil' at the point. whel'l' 
it. enters tltl• sockt>t. If one of the pins is broken 
oil', it t'ltll lw t•t-pl:H•t•d without replacinrr the ell' 

• - to> 
tire socket. Pt·oc<•NI ns follows: 

(1) Cs<~ n small sct·ewdriver, or some other 
poinll'd ohjt•<•l, and push the remainin!! 
pnrt of t lw brolc<>n pin throtwh tht 

• b 

socket: bt' <'HI'<' ful not to clup the sO<·kel 
(~) 1 ( l'Xtl'n pins lll'l' not available f rom spnl't' 

parts, n pin HillY bo obtained from 11 
simi lnr u n usNl soe ket. 

(:~) To J't•nwvt• the good pin from the socket. 
strai~hlen tll(' twisted pin with n p<1ir 
of pli<>rs nnd push the pin out of the 

sodn•t. 
( ·~) Tlw pin may be plac<>d in the socki'f 

w!Jpn• it i:- Jwe<l<'d by pushing it into 
place und then twist in~ the exposed entl 
slightly to hold it in place. 

tl. f'o/01 f 'odr. for Hf ('oi/.Y. For easy identili· 
cation and repl:wement, colored dots haw bt>en 
pninted on the d t•oils. The chart below li~t~ 
tlw symbols, value, nnd color code for each coil. 

Symhol Color oode Yalu~ (Ill 
microhelltlt'•l 

· 1--~----1 -

L217 --- -- --- - ---------
L218 
(,202 
L222 t.hrongh 1.220 
L205 

L2!la · - --- - ----------
r.zos 
1.2:31 - -- - - -- - - - - - - -
L206 
L210 
!.207 
J,21!l 
L20:l 
L20fl, L2J:J, 1.21 ·1, 1.215, 

L21 {}, L221, 1.2:$0. 

Red-orange 
Heel 
!led-black 
Heel-brown 
Brown-white __ 
Red-grey . ___ . 
Red-violet __ . _ 
Brown-p;rc) 
Brown-\·iolct 
Hcd-grccn __ -1 
Red-blue . _ __ __ _ 
Brown-red _ • _ 
Brown-blue. _. __ 

'<•llow -- -- - - - · 

Orange •• --- ---L20 l - -- - - - - - - - -- - -·I 
~---'--~-

o. 39 
,tW 
. 75 
. sa 

].41 
1. 5\1 
2. )6 
2. :H\ 
2 !)6 
:l s; 
~l ;,t 
:n-9 
4 61 

)j', f> 

20.0 



"· RP.f!i.~tfn' and raprwitor f'olm• ('odes. 'I'o aid 
.d .1. . \l\d 1.e,)lacement ot resistors and D I ent1 H:<ltl01\ I 

t"apacitors, a resistor (•o\or code chttrt ( li~. 20!)) 
· 1 . ·od" chart (fig. 210) aro and a rapa··1tor co Ol c " . . 

included in tl1e manual. In ltddition to gtvmg the 
'\'alue of the part the:;e charts also i ncl m1e toler­

ance, and for CllT~acitors, the voltage rat in~ .. He. 
ure.rephwenwnts are identical with the orlgmal 

]13l'ts. 

11 2. Coaxia1 Cab1e Repair 
Coaxial cables require grent care. They should CLAMPING NUT ___..... SOLDER CENTER 

LEAD TO TIP 
8 newr be bent, becau!'C the insulating material he 

twP~>H the inn~.>r and onter conductors is ea:;1 l} 
crackN\. The procedure fot· repl~tcing m· repair­
mg tlw waxial cable connector is ns follows: 

~~iii':tf:LI\ 
a. 1f t\)e I'Oimeclor is being l.'eplaced, cut about 

'!. inc he~ olf the end of tl1e cablt• to he sure t hnt 
nil <Ta(·ked insulation is removed. 

b. P 1·epare the c1thle for c-ontw<'l ion to the plup: 

liodv ( .\, fl~. 115). 
r. Before insert.in~ t,he c·able into the plug body, 

ti1 the centt>r lead and slide the clamping nut and 
the protective sleeve onlo the elthle (B, fig. 11[)) · 

rl. Insert the cable into the plu~ ho<ly nnd wlder 
the center lead to the conductor tip. Solder the 
tnetnl braid to the plug body ( H, fig. ll5) · 

e . • \.iter the plug body has bc~.>n soldered to th~ 
eahl<', put the c1n mping nut and tho twot.ecLiv<~ 
.,Je(•\'l• in ph\ce ltnd tighten the setscrew m thP 
protective sleeve (C, fig. 115). 

113. C1eaning Contacts 
Before attempting to clean any of the Vltrious 

coutacts in the radar set, identify the type C•f 
mttlerial lo be c\(>anecl. The conta..cl.s may be tin, 
IJlatt>d copper, plated silver, silver, or tungste'n. 

Caution: Never use a li\o or sandpaper on 
plated contacts. 

11. 8i11Jer or Silver-Plated CmttMtR. Clean 
silv~>r or silver-plated conl~tets wit.h a cloth or 

Tl\4 1301 34 

Fi(llll't 1J.i. Repair ot co11.rinl c.nblt:. 

brush tlHlt hns bet'n dippe'l in ::)o\vent, Dry Clean­
in~ (SD) and polish the contacts with a. clean, 
<lry cloth. 1 f th<' contacts art> cOtToclt>cl, proceed 
ns follows: 

( 1) l>ress t lH' corroded contacts with 1t piece 
of nocns cloth or a. crocus stick. 

(~) Clt•lm the contactg with n clean cloth 
moistened with carbon tetrachloride. 

(:l) Polish the contacts with t\ clean. dry 
cloth. 

11 Oil'. 'l'he hrnwn <llsc•olorutlon that \!1 found 
nn siln•r or !llln•r-plnted contact~ l~ silver 
nxide. Since Rllvt'r oxide ts u good conductor, 
do not rNnov~> lhe clhwoloratiou from noncor­
rclded ccmtacts. 

b. Tin· Plated fYO'ntactt~. Clean tin-plated con­
tads in tlw same manner as silver or silver-plated 
contacts (a above). \Yhen contacts become badly 
pitted, replace them. 

c. Tung.~ten ('ontart.,. Cle1\n tungsten contacts 
with a Cl'Ocus clot h. If th~.> ('<mtacts are very dirty, 
use a burnishinl! tool or a fme-grit hone. Be sure 
the fnce of th(> ('Onti\Ct is flat and the edges of the 
contact nre sli~htly beYeled. 
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Section Ill. SYSTEM TROUBLESHOOTING 

114. Troubleshooting Data 
The followin~ data will help in the location of 

troubles given in the troubleshootin~ chart based 
on starting procedure (par. 115). 

Fig. :O:o. Por. :O:o. 1 
D(!I'ICt"lptlon 

116 Fuse table. 
113 Receivcr-tran,.mitter, terminal boards and 

convenience panel, schematic. 
114 Receiver-transmitter terminal boards. 
211 Complete block diagram. 
219 Radar Set AN/SPN 11(*), cabling dia-

gram. 
212 Receivcr-Tranamit,ter RT- 268/SPN- 11 

(excluding receiver chassis), schematic. 
213 Receiver R- 480/SPN 11 , schematic. 
214 Range aud Azimut-h lndicator IP 19:J/ 

HPN 11, schematic. 
220 Power dist-ribution diagram. 

-- ----------

115. Troubleshooting Based on Starting 
Procedure 

• \ hmys shu-t t roubleshooting by following the 
!>tartin~ procedure given below. Operate the con­
t rols as indicated. If normal indi<"ations are ob­
tained, proceed to the next step. If at nny point 
in the procedure, the indi<·ntions a re abnormal, 
make obvious col"l'ections, such as replacing fuses, 
checking enbles, o1· replacin~ defective contJ·ols. 
If t his does not coiTe<·t the trouble, refer to the 
proper system troubleshooting charts, as indicated . 
. a. Place t he following <"Ontrols in the positions 

g1 ven below before stnd,i ng. 

(1) ANTENNA IIEAT­
mR switch 8801. 

(2) POWI<~R-ITEAD­
ING FLASH contr ol 
(8105, R1 87). 
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(3) INT~<jNSITY con­
t t·ol Rl35. 

OFF 

Extreme counter­
clockwise 

Extreme counter­
clockwise 

( 1) FOC'l'S (•ontrol R 138_ Extreme countet­
clockwise 

( :i) .\ NT EN N A )f0- OFF 
T 0 H 0 F F switch 
SH02. 

(<i) .\nh•ntut ON-OFF OFF 
swi tdl S 50:3. 

(7) HI xw.; <"Ontrol IU65_ Extreme counter­
clockwise 

(H) ('gNTEH.EXPAND OFF 
swikh 8102. 

(!J) HIGH VOLTAGE OFF 
switch 8301. 

(10) (L\IN control Hl77_ Extreme counter­
clockwiS(> 

( 1 L) ( 'ONTHAHT con- Extreme counter-
trol RWO. clockwise 

( 12) SUP I> RES S 0 R Extreme countet·-
control R181. clockwise 

b. Plac·c th<' switc·h box handle to the on posi­
tion. PlaC'c .\NTE~XA IIE.\TER switch SSO~ 
on the <·onvcni<'lH'(' panel to the ON position . 

:-l<>rmnl lntlfNitlnn• Prob:lbll' tr~~ Co~ioD 

Antenna. heaters Fuse F60 I or Replace. Cbc<'k for 
operate. Fli02 in >~witch cause of openin~. 

box open. 
Fuse F801 in 

co nv e nience 
panel open. 

Defect ivc heat­
ers or t hcrmo­
Rtat S504. 

0pPr1 lead in an­
t.on nn heater 
lim•. 

Replace. ('heck for 
cause of opening. 

Test resistanct' 
Replace if faulty· 

Refer to figure 59 
t,o test continu-
ity . 

c. H.otat<• POWER-IIE.\DING FLASH con­
t l·ol in n clo<'kwise direction. After a delay. tht' 
normal indital ions will be as indicated in the 

followin~ chnl't : 



=- ~<>rmftl indltGtlons 
1\___ Probable trouble \ Correction 

~lotor~~:eneratorstarts ______ __ _________ ~lolor~tarteroverloadswitchopcn .J Press RESET button. Check for 

\ 

cause of opening. 
Fu~<l' F60 I or F602 in switch box open Replace. Check for cause of opening. 
In powt•r group of power ~:~ystem • \ Refer to power group t roubleshooting 

Yoltage regulator meter M60l reads Fut<c FSO·l (fig. 73) in convenience Replace . Check for cause of opening. 
panel open. 

In power group of power system _ Refer to power group troubleshooting 
chart (par. 207). I 

chart (par. 207) . 

llto•er motor BSOI on bottom of receiver- Defective blower motor ----- --- - Test continuity. If faulty, replace. 
tran~milter operates 

ltange dial and indicator scale lamps 
op!!rate. DI:\D-1 ER control on indi­
cator should affect indicator lamps 

Op<•n lead in blower motor circuit 
In power supply circuit.o.; of power 

\ l'y:!tem. 

Refer t.o figure 113 to test continuit\-. 
Refer to power supplies troubl~­

shooting chart (par. 206). 

d. Rotate voltage regulalor rht>ostl\t tontrol. Place test meter switch S-!01 (fig. 7:3) on receiver­
transmitter to the 115 VAC position. 

Normal Indications Probnblt> lroub16 

Meter :\160 I on voltage regulato r can be Ship'11 line voltage low 
made to read 115 volts . 

Correction 

Check. 

Defective voltage regulator rheostat T est resistance. Replace if defective. 

'f~Mt meter M401 on receiver-transmitter 
reads 115 volts. 

R601. 
In power group of power system 

Fuse F-1.02 in receiver transmitter 
open. 

lVI I 2 on rear of hinged panel not 
properly adjusted. 

l n power system 

'-

See power group troubleshooting 
chart. 

Test. Replace if defective. 

Adjust. 

Refer to power supplies troubleshoot-
\ ing chart (par. 206). 

e. Turn !~TENSITY control 10 :~5 and FOCl":::-l cont rol IH:~b clock,Yise. 

Normal Indications Probable trouble Correction 

Sweep line visible on PPL ___ __________ Fuse FlOl at rear of indicator open __ Test. Replace if faulty. Check for 
cause of opening. 

Cable or cables between TlllGGER T est (or continuity of cables \\'709 
jack on receiver-tran11mittcr and and W705. 
TRIGGER jack on indicator open. 

Inoperative PPI power supply power Refer to power supplies troubleshoot-

\ 

11ystcm. ing char t (par. 206). 
l noperativc one-shot multivibrator Refer to synchronizing and indicating 

V 101 or ,;weep rircmls tn lhl' syn-I system t roubleshooting charts (par. 

\ 

chronizing and indicating system. li~l82). 
Defective master blocking oscillator Refer to transmitting system troublc-

Ktagc in timing circuits of transmit- shooting chart (par. 12Q-122). 
t.ing system. 

f. T urn on ANT ENN .\ MOTOR switch S802 in eonvcnience panel. Place nntenna. ON-OFF 
!;witch 8508 in the 0~ position. Rot11te IIE_\Dl:\G FL.\SII control. 
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:-.'ormallndfcatfon!l 

Antenna horn and reflector rotate 

Probable trouble 

Fuse F802 on convenience panel open 

Antenna fouled 
Open lead in antenna drive motor cir­

cuit. 

Corroc:tlon 

Tes t. Replace if faulty. Check to: 
cause of opening. · 

Remove obstructions. 
Refer to figures 113 and 159 to tract 

continuity. 

Sweep on PPI rotates.--- - - --- - - - --- - --
Defective an tenna drive motor .. 
Fuse F803 on conven ience panel open 

Test continuity. Replace if fault:;. 
Test. Replace. Check for rause (). 

opening. 
Inoperative synchronizing circuits in 

synchronizing and indicating sys­
tem. 

Synchronizing circuits not receiving 
power from power group in power 
system. 

Refer to synchronizing and indies tin~ 
system troubleshooting charts par. 
179-182). 

Refer to power group t roubleshootil!r 
chart (par. 207). 

Fore a nd aft heading flashes appear on 
PPI. Their intensity varies with rota­
t ion of HEADING FLASH control. Inoperative synchronizing circuits in Refer to synchronizing and indiratin~ 

Defective HEADING FLASH con- ~ Test resistance. Replace if fauttr. 
trol R187 in indjcator. 

synchronizing and indicnting sys- syHtcm troubleshooting chart [par 
tern. 179- 182). 

----------
g. T urn RINGS control R165 clockwise. P lace 

RANGE switch 8101 successively on positions 1, 
3, 8, and 20. On position 1 opernte CENTER 
EXPAND switch Sl02. 

Normal indlcolfoos 

Range rings appear on J>PI __ 

Two rings appear on position 1, 3 rings on 
position 3, and 4 rings on positions 8 
and 20. 

With Stol in the 1 position and 8102 in 
the ON position, the center of the sweep 
expands into a circle and the }~-mile 
ring moves out toward the edge. 

Proboble trouble 

Defective R I NGS control RI65 

Inoperative video circuits or range 
mark circuits in synchronizing and 
indicating system. 

Inoperative range mark circu its 
(probably oscillator V 107) in syn­
chronizing and indjcnting system. 

Defective 8102 __ - --- - ---- -------

Inoperative sweep circuits in syn­
chronizing and indicnting system. 

Correction 

Test rosistanco. Replace if d('fect-
ive. 

Refer to synchronizing and indil'ating 
system. Troubleshooting chart 
(par. 179-182). 

Refer to synchronizing and indiratin~ 
system troubleshooting charts {psr. 
179- 182). 

Test for continuity. Hcplace if de­
fective. 

Refer to synchronizing and indicating 
system troubleshooting charts (par· 
J 79- 182). 

------------------------------ --------
lt. Pln.ce HIGH VOLT AGE switch S:~Ol on the 

receiver-transmitter in the ON position. T urn 
GAIN cont1·ol R177 and CONTRAST control 
R160 clockwise. 

Normal indications 

Pilot lamp I 301 lights 

Echoes appear on P PI 
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Probablo trouble 

F use F30 1 

Switches 8301 or 8302 defective 

In power system 

Cable between VIDEO jack J 801 on 
receiver-transmitter and VIDI~O 
jack J103 on indicntor open. 

Defective transmitting system _ 

Correction 

Replace. Check for cause of open-
in g. 

Test continuity. Replace if defect­
ive. 

Refer to power system troubleshoot· 
ing chart (par. 205-207). 

T est cables W706 and W707 for con· 
Unuity. 

Refer to transmitting system troubl('· 
l!hooting chart.s (par. 120- 122). 



Normalindlcalloru Probablt trouble 

~hoes appear on PP {. ___ _ .-- __ - _-- _- _ _ Defective rf system • ---------

Inoperative mixer circuits or signal 
circuit~ in recei•:ing system. 

GAl~ control varies intensity of echoes _ Defective GAl::\ <~ontrol 

Open GAl'\ line . __ • 
CO:\TRAST control varies intensity of I D. erective CO~T:R.AST control ---­

echoes. 
Inoperative video circuits in syn­

chronizing and indicating system. 

Correction 

Refer to rf system troubleshooting 
charts (par. 139-141). 

Refer to receiving system trouble­
shooting chart (par. 158-161). 

Test re.«islance of R 177. Replace if 
defective. 

Refer to figure 113 to t.e.'lt continuitv. 
Test resistance of R160. Replace ·if 

dcfoclive. 
Refer to synchronizing and indicating 

system troubleshooting charts (par. 
179- 182). 

--- --------
i. Turn SrPPRESSOR control Rl81 clock- wise. 

Normal indications Probable troublo Correction 

See return at center of scope is reduced .•• Stc circuits or signal circuits in re­
ceiving system inoperative. 

Sec receiving system troubleshooting 
chart (par. 158-161). 

Open stc line _______ _ Refer to figure 113 to check conti­
nuity. 

116. Fuse Table 
Check fuses as one of the first steps in h·ouble­

shooting. Learn to nssociate certain symptoms 
with ce1tain fuses. After replacing a fuse, be sure 
to check for the reason the fuse blew. Usually it 

Fuse Protects 

F30L Plate transformer 1'301 of the modulator powe·r 
supply. 

F302 Filament transformer T303 of the modulator 
power supply. 

F40L. Power transformer T401 in low-voltage pow•er 
supplies. 

F402 .• Filament t ransformer T402 in low-voltage power 
supplies. Also protects T201. 

is cau!>ed by a short in the circuit. To determine 
the locn.tion, ratin~, nnd the circuit each fuse 
protects, refer to the tnble below. 

Caution: Never replace a fuse with another 
fuse of higher rating. 

Rating \ ,_.,,. 

3 amp, 250 "------------

2 amp, 250 v _________ _ Front of hinged panel. 

F80L. ANTENN A HEATER -------- ---- 15 amp, 125 v. (with 24-v Convenience panel. 
and 32-v sources). 

F802 

10 amp, 250 v (with 115-v 
source). 

ANTENNA MOTOR__ __ _____ _ _ __ ----- 30 amp, 125 v (with 24-v Convenience panel. 

10 amp, 250 v (with 115-v 
source). I 
and 32-v sources). 

F803 SYNCHRO ___ • - ----- ---- ----- -·-- ·--- 2.5 amp, 250 v ______ -·- Convenience panel. 
F804 MG OUTP UT ______________ . ___ _ _ _ _ _ _ _ _ _ 10 amp, 250 v ___ .. __ --- _ . Convenience panel. 
F601 Power group and blower motor __ ----------- 25 amp______ ____________ Switch box, inside. 
F602 - Power group and blower motor 25 amp -- --- ------------- S\\itch box, inside. 
FlO! Hv transformer T101, filament transforn'er T 102 2 amp ______________ ----- Back of indicator 

F102. PPI power supply ---- --- _ ----- - - ____ .25 amp _________________ Indicator, inside, upper back 

\ 

and synchro alinell'ent relay 1<101. \ I 
left-hand corner. 
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CHAPTER 9 

TROUBLESHOOTING IN TRANSMITTING SYSTEM 

Section I. TROUBLESHOOTING PROCEDURES 

Cautions : Voltages sufficiently high to cause 
death are exposed at many points in the receiver­
tmnsmitter. Always fo ll ow the precn.utions given 
below. 

1. n o not touch any pad-. in the t t·ansmitting 
system while the HIGH VOLT AGE 
switch is in the ON position. 

2. Do not make any connections th1tL will 
conduct high vol tages to an exposed 
point. 

3. Make all tests with the HIGH VOLTAGE 
switch in tl1e OFF position. 

4. To shut off the power completely, push 
down the switch box handle. 

5. Always ground high-voltage capacitor s 
before touching the capacitot·s or their 
associated ci1·cuits. Dangerous voltu.ges, 
present when POWER switch 8105 is 
on, are retained by ]a rge capacitors for 
a considerable time after powet· has been 
disconnected from the set. 

117. Reference Data 
-
Fig, No. Par. No. DescrlpUon 

----------·1-------------------------------
212 

118 
116 
121 

116 
119 

122 
215 

Receiver-Transmitter R T - 268/SPN- 11 
(excluding receiver chassis), schematic. 

Transmitting system , tube location chart. 
Transmitting system, wave forms. 
Receiver-transmitter, front view, location 

of transmitting system parts. 
Fuse Table. 
Transmitter chass is , voltage and resistance 

chart. 
- Modulator subchassis, location of parts. 

------ Receiver-Transmitter RT- 268/SPN J 1, 
transmitting system, wiring diagram . 

118· General Information 

t 
a. N ~rma.J, Operation. P ower is applied to the 

ransm tt' 
. 

1 mg system when indicator POWER 
SWJtch 8105 is rotated clockwise. Before modu-
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la tot· high voltage is ltpplied, the nutomati 
:~-minute time-delay circuit operates to allow 
prope1· heating of the modulator and magnetron 
filaments. lll umiruttion of red warning' lamp 
I 301 on the hinged panel (fig. 11) indicates tha· 
t ime-d('lay relay lC301 has closed nnd modulator 
high voltage is on. The correct operation of tht­

rnodu In tor power supply is indicated by the proper 
r eading of test meter .M401 on the MOD. H. Y. 
position of tcst meter switch 8401. A rending of 
4-5 mn on meter M401 when 8401 is on the ~L-\.G. 
I. position indicates a properly operating mag­
nett·on. 

b. Obviou.v 'Pnntbles. 
( 1) " ' hen an incorrect r e1tding is obtained on 

the + :300V. REG. position of test meter 
swi tch 8401, the timing circuits are 
affected. 

(2) When an incorrect J'ettding is obtained 
on the +320V unregulated position of 
test meter switch 8401, the time-delay cir­
cuit is a fl'ected. 

(3) "'\Vl1en fuse F301 blows, there is trouble 
in the mod nlntot· power supply. 

( 4) "'\Vhcn fuse F302 blows, all transmitter 
circuit tubes do not light. No sweep 
appears on the PPI. 

( 5) \ VJ1en fuse F40 I or F402 blows, tht> 
timing cin:uits nnd the ci rcuits of the t't'­
ceiving, synchronizing, and indicnting 
systems do not opemte. 

119. Test Points 

T o determine quickly whnt circuits or what 
stages of the tmnsmiUing system are nt fault, use 
O sci lloscope TS-3-:1-A/ AP to observe the wuw 
fo,·m at a few test points. The normal ware 
forms shou ld be as shown i 11 figure 116. 

a. Timing Oh·cuit.Y. Proper operation of the 
timing ci1·cu its can be checked by obserYing tht> 
wav<' forn1 at thE' grid (p in l) of modulator Y305. 



MASTER 
BLOCKING OSCILLATOR V307A 

TEST POINT• JACK J302 
ATTENUATION• 50 db 
SWEEP• START-STOP 
SPEED FAST 

CATHODE FOLLOWER V309 
TEST POINT•GRID, PIN 5 
ATTENUATION 60db 
SWEEP START-STOP 
SPEED• MEDIUM 

MAGNETRON V306 
TEST POINT CATHODE, THROUGH VOLTAGE DIVIDER 
ATTENUATION 56 
SWEEP• START-STOP 
SPEED• FAST 

AMPLIFIER V307B 
TEST POINT PLATE, PIN 2 
ATTENUATION ·GO db 
SWEEP• START ·STOP 
SPEED• MEDIUM 

MODULATOR V305 
TEST POINT GRID, PIN I * 
ATTENUATION 60db 
SWEEP START-STOP 
SPEED FAST 

NOTES 

I. WAVE FORMS TAKEN WITH OSCILLO­
SCOPE TS-34A/AP. 

2. !RANGE\ SWITCH ON[]-MILE RANGE. 

3. *INDICATES TUBE REMOVED 
FROM SOCKET 

4 . I EXTERNAL SYNC\ INPUT TO !TRIGGER\ 
JACK J303. 

5. lH PLATES\ SWITCH IN lNORMAL\ 
POSITION. 

TM 1535-176 

Ji'i(/111'(' 1 ((j , 1 '1'(111 8 111illill(l ~IJ-'<( (: 111, 10(11!(' /01'1118. 

:r he availability of the proper trigger for oper­
atton of the synchronizing and indicatin~ systew 
<·an be cl1ecked by observing the wave form ll~t. 
TRIGGER j t\Ck ,J302 on Lh(} receiver-tt't\nsmitter. 
H this wttve fo rm is incol'l'ect, the l rouble is in 
mastet· blocking oscillator V807 A stage. .An in­
correct wave form at the plate (pin 2) of amplifier 

Y;307B indicates trouble in that stage or in block­
ing oscillntor V:308. .An improper wa,•e form at 
the grid (pin 5) of cRthode follower V309 indi­
<·ntes t rouble between thnt, poi nt and the previous 
test point. 

b. 1'·ranli7nifter ('iJ•cttifN. By observing the 
wavt.> form at the cathode of magnetron Y306, 
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trouble can he isolated to eith€'1· the magnetron or 
the modulator stages. Since the mngnetron is at 
an extremely high potentinl, the wave form must 
be obtained through a voltnge divid€'r as described 
in (1) tlu·ough (7) below. 

I - - -;E~VER- TR~S;;.;;R---, 
I I 
I l 
I MAGNETRON I 

Caution: Make sure the set is turned off before 
making any connections. 

I I TRIGGER I ( v306 ) 
I JACK 

I J303 
FILAMENT C -

I 

I 
I (1) Disconnect bleeder r esistor R322 and 

cables 1Y801 and \V802 from TRIGGER 
jacks J301 and J302. 

L _________ _ __ _j 

(2) Connect TRIGGER jack ,J302, in the 
receiver-transmitter, to the f~XT SYNC 
jack, on Oscmoscope TS-:3-lA/AP, with 
Coaxial Cord C'G-72/U. 

(3) Connect a lead between the J-kv ter·minal 
of Voltage Divider TS-265/UP and the 
magnetron filament marked C. Connect 
Probe Assembly MX-50/AP between 
the 100: 1 n.tten uation jftck on the voltage 
divider and the SIGNAL INPUT jack 
on the oscilloscope. 

( 4) Place Oscilloscope TS-MA/AP in op£>m­
tion as follows (see TM ll-1067A): 

(a) PlaceS\VEEPSELECTOR switch in 
the SAWTOOTH position. 

(b) Place the SWEEP SPEED C'O~\.RSE 
switch in the MED position. 

(c) Place the INPUT IMPEDANCE 
s witch in the HIGH 40DB position. 

(rl) Place I NT SYNC-EXT SYNC switch 
in the :EiXT SYNC position. 

(e) Place the POvVER switch in the ON 
position. 

OSCILLOSCOPE 
TS-34A/AP 

EXT. 
SYNC 

SIGNAL ._.._ 
INPUT 

~ 

VOLTAGE 
DIVIDER 

TS-265/UP 

TMI$35• 8 

/<'(fll/1"1 111. llcollillf! IIHlfllll'iroll output. 

(5) Place the JIIGJT VOLTAGE on the 
rec£>iv£>r-trnnsmit t£>r Ill the OX posi· 
tion. 

(G) ~\djust the FOCUS, BRIGHTXE~ ...... 
IMAGJ.; Sizg, nncl POSITION contt·o.!s 
on the oscilloscop£> to otain a cl£>ar W(:'l:L­
centcred picture. 

(7) ~\cljust the SYNC '\'OLT .. \GE l)witc:h. 
SlY gEP SPEED FINE control. nnd 
INPCT IMPI~D.\XCE switch until n-:' 

steady a picture ns possible is obtained. 
The W1l.\'e form should be ns shown 1 ~' 
figure lU. 

Section II. TRANSMITTING SYSTEM TROUBLESHOOTING CHARTS 

120. General 
a. Xot all the symptoms presented in the fol­

lowing charts are definitely due to trouble in the 
tmnsmitting system. Some symptons-such as 
reduced target echoes-may be due to Lt·ouble in 
the rf, 1·eceiving, or syncl11·onizing and indicating 
systems. l n any such case, howeve1·, it is best to 
check the transmitting system first. 

b. The modulator power supply is pnrt of the 
power system. Since the modulator pow<•r supply 
plays such 1u1 important part in the operation of 
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the transmit! i ng system, symptoms nssoc:iatt."\1 
with the modulator power supply nre inrorpo­
t·atecl in the following charts. 

c. The tmn:>mit ting syst..em h·oubleshoot.ing 
charts do not give all possible sy111ptoms. For tht 
symptoms Iist('d, these charts merely sen•e a~ 
g11id('s to t..he ci rcuits or· stage nt fa11lt. To tin" 
the exact part at f11ult, check the tubes and tnkt 
voltage and n•sistance n'ndiugs. ('ompar£> the::-t 
readings with those in the voltage and resistum't 
charts (figs. lJO and 120) and with those in tht 
following transform('r chart: 



.......--
Trcslormtr 1 -------- 1---

1~ -- -· ·----- \ 

--

iwt .. 

1'306.. ••• 

I and ground 
2 and 5 .-­
~and 4 
I and 2 
:~and 4 
I and 2 

L()Sl< I \lim I ohnl. 
1-ell-'l t hl\11 I ohm. 
Lt·:;s t tum I ohm. 
Lcs>~ I han I ohm 
L1•ss tlum I ohm. 
15 ohms. 

3 and 4 15 ohm". 

5 and 6 . _ .\2 ohmK. 
7 a nd 8- _ --- 15 ohms 

--------~1 and2 __ 2ohm 
:l and 4 _ 2 ohm 
5 and 6 . ___ \ 2 ohmH. 

\ i and 8 . _ _ _ 2 ohms. 

c 
~ 
0 
I 

TIME OELAY 

8 
TI ME OELAY 

GG 

l '2l. Tube Troub\eshooting Chart 
(fig. llR) 

The chart bl.'low indi<·ates which tube may be at 
fault when t•<•rtnin symptom:,; tu·c oh~t·rved.on the 
PPI. .\<lclit ional indi<·ations and te:".t nwter ).1401 
Jreadin~s an' nwh1<h•d to help det·ide which tube is 
at fault. Bt>fore <h·ciding defmitt•h that a tube is 
faulty, nl" uys lest it by replat·emel;t ot· "ith a tube 
tester. 

Xuto•, lnsll'llt'tions for I'<"IIla<·t>nwnl uf mn~netron \'306 
11 n• g\\·t•n In 11:1 1'1\l{rl\l)h 124. Afll•r n•plnclng mngnetron, 
1"1'1\llll' lht• ,.., I ,,,.. lu,..lrll<"lt •I in Jl. <~;:rat•h-.. 1>!1-l'il. .'l.ftiO'r 
rl't•lnclu~t \':\ni, adjust lht• prf ns instru<·H•tl In tmragrapb 
12ti. 

RECTIFIER RECTIFIER 

88 
.-:-----\ 
~;~II -

CAHIOOE 
FOLU)WER 

e 
BOTTOM 

/ •'i(JIO't 118. 'rnul~mittillg SJ/IIInll, lll!'lllilllt of tubes. 

l'lcture symptom 
\tltl\1\onal hullcalion \ 'ru"-' 

Blru1k PPl ______________ _ 

Weak cchoc!!; targets appear fnz1.y 

Range ring!l are present on PPI, bnt 
no cchoC>I. 

:-\1.1 echoes on PPI 

No echoeK on Pl>I - --. 

Normal echoel! on PPI 

:127ill 0 :;;; !I 

Nonnal readin11; on :\10D. ll . V. po~ilion. No \------ _____ ---\ 
reading on :'-.lAG. l. po~ilion. 

Low reading on ~TAO. I. position, or current. -------------------­
drop~ as mot.or generator o11t \Hit i~ increased. 

'\urmttl n•ading on :'.1 0 1> 11 \ posit ion. ::\o 
rl'ading on :\IAC1. 1 position 

'\o read inK at :"o.L-'1.(; , I. and :">.1 0 D. H. V. positions 

No r('at\in(!; at ;\lAG. I. po~ition, low or no reading 

V307 

\'306 

at MOD. H. V. position. 1 
Normal •·cading~ on MA<:. I. and MOD. 11. V. 1 

position!\. 

'['' I I 1nw <clay more or 

\'30~ 
\"30( 
\'30: 
\'30 
\30 
\'3C 
\'3l 
\'3( 
V3• 
V3 
V3 
V3 1\'><s than 3 min­

utes. 

,. 



122. General Troubleshooting Chart 

-l 
No spot or swct>p on PPI. t\o MAG. I. 

reading. I 

No sweep on PPI. Normal MAG. I ----1 
Sweep, noise, and range rings appear 

without echoe!! on PPI. No MAG. I. 
or MOD. II. V. reading. 

Sweep, noise, and range rings appear 
without echoes on PPJ. No MAG. I. 
reading. MOD. H. V. reading normal. 

PPI picture out of sync 

Low reading at MAG. I. poRition on test 
meter M40 I for all positions of 
RANGE switch (8101). 

Weak echoes on PPI, low reading at 
MAG. I. position on test meter M401. 

Red warning lamp I 301 docs not light, 
no readings at MAG. I. and MOD. 
H. V. positions on tcHt meter :\1401. 

Targets appear fuzzy with dark radial 
lines (spokiug) present on PPI. 

Red warning lamp I 301 lights. No 
reading on test meter M401 for MAG. 
I. or MOD. H. V. positions. Abnormal 
blue glow in thyratron tube V305. 

Sweep line, light and dark sectors presout 
on PPI scope; no reading at MAG. I. 
position and high reading at MOD. 
}l. V. position on test meter ~140 I. 
No blue glow in tube V305 with 
JIJGII VOLT AGE switch (8301) in 
OFF position. 

Fuse F301 blows. Pulse transformer 
T 302 breaks down. 

-
130 

Prohahlt' trouble' 

Dt>fectivc master blocking oscillator 
V307A. 

Poor connt>ction at TRlGGER jacks 
J302 or .1301. 

HIGH VOLTAGE switch 8301 in 
OFF position. 

Correction 
- - -------

Check wave form at TRIGGER jack 
.1303. If t r igger is not present, 
check V307 and take voltage and 
resistance readings at V307 A. 

Check connect;ons. 

Place switch 8301 in the OX pol'ition. 

Interlock switch 8302 open .. Fasten shielded plate on rear of hinged 
panel (fig. 121). 

ModuJa.tor power RUpply inoperative. Check stages V301, V303, and \'304. 
fuses F301 and F302, transformer,; 
T301 and T303, relay K 301 and 
filter Z302. 

:\lodulator t~tage inoperative.---- __ _ 

Timing circuits inoperative ._ 
Master blocking oscillator V307 A 

producing wrong prf. 

Dcfect1ve magnetron stage V306 

Defective modulator stage V305 _ 
Transmitting and receiving systems I 

detuned. 
Defective megnetron stage V306 .. -~ 

Defective modulator s tage V305 I 
Defective time-delay relay K30 I .- ~ 

Dofoctive time-delay stage V301 and I 
V302. 

Defective magnetron s tage V306 

Defective modulator stage V305 

No trigger being applied to moch•­
lator V305. Trouble in stages 
of the timing circuit~ following I 
master blocking oscillator V307 A. 

Defecti\'e modulator stage V305 

Defective 11park gap 

Take voltage and resistance reading,.. 
at V305. Check to sec if T303 pro­
vides filament voltage. 

Check stages V307B, V308, and Y309. 
Adjust R313 (par. 126) . If picture k 

still out of sync, check stage tube 
and parts. 

Check stage. If necessary, replace 
tube and retune system (par. 16S 
to 171). 

Check stage tube and parts. 
Retune systems (par. 168 to 171). 

Check stage. If necessary, replace 
tube and retune system (par. 168 
to 171). 

Check stage tube and parts. 
Check continuity. If necessar,y. rt'­

place relay. 

Check stage tube and parts. 

Check !ltage. If necessary, replare 
tube and retune system (par. 168 
to 171). 

Replace tube V305. 

Remove tube V305; oh<'ck for trigger 
at pin I of tube socket. If no trig­
ger iH present, check tubes \ '307, 
V308, V309, and associated parts. 

Check 11tage tube V305. Check re­
sistance of T305 and T 306 wind in~ 

Adjust (par. 127). 



CATHODE FOLLOWER 
V309 
6V6 

264V -.4V 
90K I I 14 

264V 
L... ~ ~ ~ 

901< 
NC 

*6.4VAC 
--0--

NC--
IOK 

MODULATOR 
V30' 
4C35 

t 2.5KV 

.J, 2 MEG 

*6.4VAC .35 T0 .5VAC, OV 
0 2 I 36 

*6.4VAC 3 4 *6.4 VAC 
0 0 

NOTES' 

I. VOLTAGES AND RESISTANCES MEASURED TO GROUNU UNLESS OTHERWISE NOTED. 
USE VOLTMETER WITH 20,000 OHMS-PER-VOLT SENSITIVITY. 

2. ALL RESISTANCES MEASURED IN OHMS WITH POWER REMOVED FROM EQUIPMENT. 

3- *INDICATES AC READINGS TAKEN ACROSS TUBE FILAMENTS. 

4. NC INDICATES NO CONNECTION. 

5. I CENTER EXPANDf SWITCH Sl02 IN THE I OFF f POSITION. 

BLOCKING OSCILLATOR 
V30B 

260V 
871< 

260V 

87K 

*6.4VAC 
0 

NC-----..1 

6V6 

3!1V TO 55V 
0 

...l. NC 

*64VAC 
0 

*6.4VAC 
0 

Figure 119. Tran.tmittit~ system, voltage and resistance chart. 

-15V 
2801< 

13V 

IOK 

260V 
87K 

1.4V 

BO 

MASTER 
BLOCKING OSCILLATOR 

AND AMPLIFIER 
V307A AND V307B 

6SN7 

~3 o~us1 

260V 
871< 

I 4V 

80 

n *8VAC 
0 

TM 1535·162 



MAGNETRON 
V306 
725A 

* 4 .3 VAC 
70 

* 4.3VAC 
70 

NOTES 

I. VOLTAGES AND RESISTANCES 
M EASURED TO GROUND UNLESS 
OTHERWISE NOTED. USE VOLT­
METER WITH 20,000 OHMS- PER­
VOLT SENSITIVITY. 

2. ALL RESISTANCES MEASURED IN 
OH MS WITH POWER RE MOVED 
FROM EQUIPMENT. 

3. * INDICATES AC READINGS TAKEN 
ACROSS TUBE FILAMENTS. RELAY 
K302 OPEN. WHEN RELAY IS 
CLOSED, THE FILAMENT READING 
IS 6 .5 VAC. 

TM 1535· 158 

Pigr~re 120. Magnetron, voltage attd- resiatance chart. 

Section Ill . REPLACEMENT OF PARTS 

123. Replacement of Modulator Parts 
(fig. 122) 

The modulator parts are located on the upper 
front and rear sections of the receiver-transmitter 
hinged panel. To reach the parts on the rear of 
the hinged panel, loosen the four hexagonal-head 
captive screws on the front of the unit and remove 
the main cover. Then disconnect the wave guide 
coupling with the waive guide coupling wrench 
(fig. 108), loosen the two knurled captive screws, 
and swing the hinged pn,nel out until it locks. 
Loosen the 10 machine screws that hold the 
shielded compartment cover, and remove the 
cover. Most of the parts can be removed by taking 
out the machine screws that hold them. Pulse­
forming network Z301 and capacitor C302 are 
secured to the panel by mounting clamps. 

124. Replacement of Magnetron and Magnet 
(fig. 123) 

Warning : Turn off power before removing 
magnetron. 
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a. Replacement of magnetron. 
(1) Shut off all power. 
(2) Remove forward half of magnetic shield_ 

(E302, fig. 121). 
(3) Remove hose bracket. 
( 4) Loosen wave guide clumping screws. 
(5) Tip magnet down on hinged bracket; 

ttfter loosening the three screws abo~e 
hinge. 

(6) Remove the six screws that hold the 
magnett·on. 

(7) Pull magnetron straight forward. (Fil­
ament jacks will disengage from P30J. 
behind chassis.) 

(8) To 1·emove TB301, remove the four 
screws and .lift off TB301 and the four 
supporting posts (A 301). 

(9) To install magnetron, engage filament 
jacks and push tube in place. 

(10) Reassemble and 'retune klystron local 
oscillator and TR tube (par . 168 to 171). 

Note. When tl{thtenlng the screws, keep the 
magnetic center ot tlle anode block precisely 
between the poles ot the magnet. 



KEEP ALIVE 
ELECTRODE 

V202 

R308 

R307 - -r--
R3os --..--

R311 

K301 

V301 

C305 R322 Z301 

J301 

F igut·e 121. 1'rMUJmifl er chassis, location of parts. 

--.;.- E301 
GAGE-HOLDING 

---- SCREW 
....... _.;...._ l30 3 

-....a- L302 

'----lli-- v 309 
i----ilr-- v 304 
~......,;-- V303 

V308 

R313 
L301 

--~ XF301 

R323 

5301 

XI301 

TM 153 5 -199 
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C302 

R301 
c30I------~r---r 

134 

315 

TM 1~3~- 109 

Figu1·e 122. MoiLulatur sttbchassis, locxt.tion ot pa1·ts. 



rSCREW (4) 

rlOCK WASHER (4) 

~. 0 TB301 

19..,. c{OST (A301)(: ::::::>-, 

PLUG ~ y<-- I 

(P301) ,~,'/ 7: I, 

/1 \1 I 

0 ..., I I t/ ~/·-~\ J, I 

0 )J I~. . I 

~r;~ : ,J~t t: \\ ~f,, )~ 
~~~ER(2) rll' ~X 

SCREW (2) -· 

TRANSMITTER 
CHASSIS 

MAGNETRON (V306) 

LOCK WASHER(4) 

MAGNET (E309) 

HINGED BRACKET 

WASHER (4) --------' 

SCREW (4) --------
TM 1535-5 

F igure 123. llfog11et r ou (l~se~nbi1J, e~pwcLca 1>ie10. 



b. Rep/(J,l•emenl of A!agm'l (E.JOlJ). 

(1) Shut off nil power. 
(2) Rt>move the fonnml half of the mag­

netic sl1ield. 
(:3) Remove the hose bracket. 
( 4) Remove the four screws that hold the 

magnet to the hin~ed brncket, and re­
move magnet. 

( 5) Replace magnet.. 
(G) Center and tighten the four momttin~ 

screws. 

(7) Do not touch the magnet with a sc~w 
driver or any other iron or steel objects. 

Caution: Do not permit tools to come 
in contact with the pole faces of the mag­
net, because the tools may alter the field 
strength of the magnet. Remove iron 
filings or other magnetic material which 
accumulate around the pole faces. no 
not. wenr n wn.tch while working close to 
the ma~netron. Do not operate a. ma~­
netr·on 11nless the mngnetic shield is ~1 
place. 

Se ction IV. ALINI:MENT AND A DJUSTMENTS 

125. Gene ra l 
The alinement nnd ndjustment p r·ocedur·es for· 

the transmitting system are presented in this src­
tion. Alinement nnd udjustment procedures for 
the other systems nre presented in the following 
chapters. The alinement chnrt (fig. 221) sum­
marizes the complete alinement procedure for the 
rndnr set. 

126. Master Blocking Oscillator Adjustme nt 
a. Tum on the radat· set. 
b. Place HANGg switch on the :i mile riUltge. 
r. Place Oscillos<'ope TS-:J.J.A/ A P in operation 

ns outlined in para~raph 110. 
d. Adjust Audio Oscillator TS-!382A/U fol" tt 

1 ,000-cps output as follows (See Tl\f ll-2<>8-JA) : 
(1) Plnt·e the HANGE switch in the XlO 

position. 
(2) Place the tuning control in the j 00 

position. 
(3) Place the ON-OFF switch iu the ON 

position. 
P. Connect TRIGGEH jack .1:102 in the receiver­

trnnsntitter to the gxT SYNC jack on the oscilllo­
s<·ope with ('onxial Cord CG-72/U. 

f. Connect the output terminals of the oscillator 
to the SIGNAL INPrT jack on the oscilloscoJpe 
with Probe Assembly MX-50/ AP (SIGNAL IN­
PCT murked on it). 

.q. Adjust the FOCUS, BRIGHTNESS, Ii\1 -
,\HE SIZE, and POSITION t'ontrols on the 
oscillos<·ope to obtain n clear, well-<'enten•d 
pid UJ"e. 

/1. Adjust the SYNC VOLT.\(~E swit<'h, 
SWEEP SJ> I~ED {i'JNE contr·ol, nnd INPUT 
L\'IPE~>.\~('g switch until as steady a pi<"tur·e 
Ill" pOSSIble lS obtaiJtcd. 
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i. Adjust R31:3 (fig. 121) until nC'Icnrstntionary 
sine mtve is obtained. · 

j. If a shttionar·y sine wave C'nn not be obtained. 
nn-y the tuning control on the audio oscillator~­
Lween HO nnd 120. Adjust H318 for a stntionary 
sine wn ve at any point in this mnge. 

k. Allow the nular set to warm up fo r 15 min­
utes. Readjust H313. 

127. Spark Gap Adjustments 
( 11~. 121) 

Spark gaps E:301 and Eao:.~ require adjustment 
whenever they are replaced. .\ I way~ <l.dj ust spark 
gap gao2 first. Follow the instmctions gin•n 
below to mnke sur·e the gnps nre adjusted propet"ly. 

a. ,<..,'park Oap A'.J02. 
(I) Tum thl' PO\Yl<~R switch in thr indica­

tOl" otl'. 
(2) Remove the plate that cover·s the shielded 

compnrtrnent. 
(:n " 'id<'n the contact spncing of sp1\rk gap 

g;~(ll to nbout one-sixteenth of nn inch 
b.v t tu·ning the gap adjustment serew. 

( J) Hcnwve the .07~-in<"h spark gap gnge by 
loosening the gap-holding screw. Phw~ 
the gage bctw<'en the electrodes und turn 
tlw gnp-ndj ust lllent Rc·rew unti l fr·iction 
is oht a i nNI. 

( r,) Rcwheck the gap setting by using the gt\!!t' 
in srven\l positions. 

(li) Tttl"ll 011 the ra,dn.r set. 
(7) rs(' the rheostnt to vary the motor gener:t­

tor output volta~e fr·om 110 to 1~~ volt:; 
(as read on the voltage r·egulntor meted. 

(H) Erwr~ize inter·lodc switch 8:30~ n few 
t illtt's and mnkl' sure thnt no arcing ocelll':' 



at the gap. If arring occurs, inrre~tse tlw 
gap setting until no n:r<·ing o<·cm'S. 

b. )~park Gap E.'JOJ. . . 
(1) ~lake sure spark gap E302 1s ncl)uSt<'d 

properly before adjusting spn.rk gap 
1~301. 

(2) Remove the .036-inch gage by loosening 
the gage-holding screw. Place the gage 
between the electrodes 11.nd turn the gap­
adjustment screw unti 1 friction is ob­
tained. 

(:') Recheck the gap setting by using t1le 
gage in sevet'ltl positions. 

( 4) Tum on the radar set. 
(5) Use the rheostat to vary the motor gen­

erator output voltage from 110 to 122 
volts (as read on the voltage regulator 
meter). 

(()) Energize interlock switch S30'-2 a. few 
times and m1\ke sme that no arcing occurs 
at the g~tp. I£ arcing occurs, incre1\Se the 
gap setting. 

Section V. FINAL TESTING 

128. General (3) t;se CALlBRATIKG YOLTAGE con­
trol to calculate the amplitude. It should 
be no less than 300 v. 

1'his final testing section is intended as a, guide 
for determining whether a repaired transmitting 
system meets the original specificatious. Entire 
test procedures fOl' the transmitting system are 
giv('n. The final testing ch1u1 (fig. 222) summar­
izes the final testing procedure for the entire 
radar set. 

130. Magnetron Wave Form Test 

Caut~on : Turn off all power before making any 
connectlons. 

129. Timing Circuits, Prf and Wave Form 
Tests 

a. P1·f· Mel\sure the pd of master blocking 
oscillatol' V307 A by following the instructions 
given in paragraph 12H. The prf shouhl be be· 
tween 900 n.nd 1,200 eycles. 

b. Ala.~ter Bloclring 08cillaf0'1' Wave Form. 
(1) C'onnect the output at. TRIGGER jack 

,J:303 to SIGNAL INPUT terminals on 
Oscilloscope TS-239A/l~P. Adjust the 
oscilloscope according to instructions 
given in parngruph 110. 

(2) Place MARKER INTERVALS switch 
on .2. Read the width of the pulse. It 
slwuld be uo less than .5 microsecond 
long. 

(3) By means of C'ALIBRATING VOLT­
AG~~ control, t·ead the amplitude of the 
pulse. lt should be not less than ao volts. 

c. Timi'flg CircuitN 0 utput 1V avt•. 
(1) Remove modulator tube V305 and con­

nect lend from pi11 1 oi' modulator socket 
to SIGNAL INPUT on Oscilloscope 
TS-23$)A/ UP. Adjust the oscilloscope 
according to inst1·uctions in pamgru.ph 
110. 

(2) Place MARKER INTERVALS switch 
on .2. Read width of the pulse. It 
should be no less than . :~ microsecond. 

a. Disconnect. bleeder resistor R32.2 and cables 
"'801 !\nd \Y802 from TRIGGER jacks J301 and 
,J302. 

b. Connect TRIGGER jack .J802 on the re­
ceiver-transmitter to EXTERN.\L SYNC jack 
of Oscilloscope TS-239A/ UP. 

c. C'onnect It leil<l between the 5KV tennimtl of 
Voltage Divider TS-265/C'P and the naumetron 

b 
filament marked C. C"onnect another lead between 
tlw 100: 1 attenuation jack on the voltao-e divider 
to the SIGN .\L IKP"CT of the oscillo:Cope with 
Cord CG-3:32/U. 

d. Turn on the osci11oscope according to in­
structions given in pa.ragraph 110. 

e. Adjust the FOCUS, YERTICAL POSI­
TIONING, !\nd HORIZONTAL POSITION­
ING controls until a clear spot is seen l\t the left 
<·enter of the screen. 

f. Turn on the indic1\tor PO\VER switch. 
g. After 1\ delay of 3 minutes, place the I-IIGH 

VOLT.\GI'~ switch in the receiver-transmitter in 
the OX position. 

lt. Adjust the oscilloscope according to the di­
rections ~iven in p11,ragraph llO. 

i. Make the horizontal base line of the pulse 
coincide with the middle horizontal reference line 
by adjusting the VERTICAL POSITIONI NG 
control. 

j. Calculate the pulse amplitude by using tlH 
following fo1·muln: 
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Pulse Amplitude=JOO X CALIBRATING 
VOLTAGE setting x 
MULTIPLIER 
setting-. 

The pulse amplitude should be between 8.5 and 
10 kv. 

~·. C'n lcula.te the amplitude of the negat iv,e over­
shoot by using the following formula.: 

Negntive overshoot= 100 XC' .\.LIBH..\.'TING 
VOLTAGI~ s1etting 
x MULTIPLIER 
setling. 

l. Place the MARKER INTERVAL switch in 
the .2 position. 

m. Measure the rise time (fig. 124) by counting 
markers. Use the reference line to interpolate 
between markers. The rise time should be be­
tween .l and .2 microsecond. 

ZERO BASE LINE 

AMPLITUDE CIF 
NEGATIVE 
OVERSHOOT 

Figure 1'21,. MaQ!letron outtmt, wave tonn. 

n. Measure the decay time. It should be be­
tween .4 and .6 microsecond. 

o. :\[easure the pulse width. It shou ld be be· 
tween .35 and .45 microsecond. 

131. Transmitter Circuits, Power Output 
(fig. 125) 

The power output of the transmitter circuits is 
obtained with Di1·ectionnl Coupler CU- 78/ UP, 
IH Test Load TS- 108A/ AJ> nnd Test Set TS-
147/UP. More details on the use of Test Set 
TS-147 / l'P in power measurements mn.y be vb­
ttliMd f1·om TM 11- 124-7. 

a. Disconnect the wave guide run from the 
duplexer on top of the receivt'r-transmitter. 

b. Connect Directional Coupler CU-78/UP be­
tween the duplexer and R f Test Load TS­
lOft\/ AP. 
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c. Connt'~t Cord CG-92/U to the RF jack on 
Test Set TS-147/UP. Leave the other end of the 
cord disconnected temporarily. 

d. Set TEST switch on the test set to TRA.X 
e. St't the DB~I control to its mnximum coun· 

terclockwise position. 
f. Connect the line cord to an ac receptacle 

Place the 115 VAC s"·itch in the ON position. 
g. Aclj ust the METER BALANCE control 

until the meter pointer is nt BAL£\.NC'E. 
11. At.tach the unconnected end of Cord CG-

92/U to the directional coupler, as shown in figure 
125. 

i. Place the radar set in operation. 
j. Turn DBM dial clockwise until the mt>ter 

pointer is below SET POWER. 
k. Detune FREQUENCY meter. 

RECEIVER­
TRANSMITTER 

CORD CG·92/U 

TEST SET 
TS·I47/UP 

TM 1535·519 

lt'igut·e 125. 'l'nwxmillc1· piiii'CI" and treqi/OIC'/1 measuf'"('-
111('111, test s<'l·lltJ. 

l. Tum DBM control counterclockwisE.' to set 
meter at SET POWER. Read DBM dial and 
record. 

m. Find the total average power in dbm by 
using the following formula: 

Average Power (in dbm) = DHM rer1ding 
+30.5. 

(The DBM reading is thntobta.ined ink abow and 
ao.5 is the totnJ nttenuation of the cable and dir~­
tionnl coupler.) 

n. Use the chart (fig. 10, TM 11-1247) to l'Oll­

vert aver·ngo power in dbm to average power in 
watts. 

o. Find the duty cycle from the followin~ 
formula: 

D t 
1 

_ pdX (pulse width, in uses) 
u y eye e- - I.ooo.ooo 

fl'or exam pi<•, if the prf, as mensut·ed in para­
gr·aph 1:26, is 1,000 cycles per second, nnd thl' 



pulse width, as measured in paragraph 130 is .4 
microsecond, the duty cycle is 

j. Point the antenna horn at the antenna. of the 
radar set. 

l,OOOX .4 400. -= 0004 
1,000,000 1,000,000 . 

Caution: Make sure the coupling is not too 
close. 

p. Find the peak power from the following 
formula : 

k. Rotate SPECTRUM ·wiDTH control until 
~· wa,ve form similar to the one shown in figure 126 
1s seen. 

p Average power (in watts) 
eak power Duty cycle 

For exttmple, if the twerage power as detennined 
from step n above is 12 watts, and the duty cycle 
as determined from step o above is .0004, the peak 
power is 

12 
.0004 = 30,000 watts. 

The peak power output should be no less than 
30,000 watts. 

132. Measuring Magnetron Frequency 
a. Find transmitter power by performing steps 

given in paragraph 131. 
b. Tune FREQUENCY control on the test set 

for a dip in the meter reading. Multiply the dial 
reading by 10 to obta,in the frequency in mega­
cycles. The frequency should be between 9,345 
and 9,405 me. 

133. Finding Magnetron Spectrum 
The frequency spectrum of tho magnetron can 

be found with Spectrum Analyzer TS- 148/UP 
(TM 11-1249) as follows : 

a. Place the radar set in operation. 
b. P lace the ANTENNA MOTOR switch in 

the receiver-transmitter in OFF position. 
c. Phtce the POWER switch in the spectrum 

analyzer in the ON position. 
d. Adjust I NTENSITY control to the desired 

brilliance. 
e. Place SELEC'TOR switch in the test set to 

the MIXER position. 
f. Turn SPECTRUM WIDTH control to the 

maximum clockwise position. 
g. Adjust SPECTRUM CI~NTI~R control for 

a symmetrical bell-shaped hump on the screen of 
the spectrum nnalyzer. 

h. Place SELT~CTOR in the SPECTRUM 
AMPLIFIER position. If interference occurs, 
place SELECTOR switch in the SPECTRUM 
position. 

i . Connect Antenna Horn AT-H8/ UP to Adap­
ter UG-183/U, which is atl1tched to the wave 
guide at the left side of the spectrum analyzer. 

f c 
5MC 

Fi(lure 126. M ag)!Ct1"01l 8!lCCil'II IIL 

l. Turn FREQUENCY control until the pip 
coincides with the center point of the wave that is 
seen on the screen. Record setting of the FRE­
QUENCY dial as fo . 

m. Vary SPECTRUM GI~~NTER control until 
a duplicate image of that seen in step /,· above is 
obtained at another point in the frequency spec­
trum. 

n. Turn FREQUENCY control until the pip 
coincides with the center point of the wave that is 
seen on the screen. Record setting of the FRE­
QUENCY dial as fb· 

o. Obtain the center frequency (f.) of the mng­
netron from the following formula: 

fc=fo+ /b 
2 

The center frequency should be between 9,345 an< 
9,405 me. 

p. Turn FREQUENCY control until the pi 
coincides with each minimum point in turn. R• 
cord the setting of the FREQUENCY dinl wit 
the pip at each minimum. The distance betw<.>' 
the two c<.>nter minima should be about 5 mt. T." 



distance between all other adjacent minima should 
be about 2.5· me. 

134. Measuring Flux Density 

Caution: Be careful not to strike the magnet 
with a steel screwdriver or other steel object. 

a. Turn POWER ~witch in the indicator in the 
off position. 

b. Remove the magnetic shield and hose bracket. 
r. RE.'move the probe unit from the storage re­

cess of Fluxmeter T S-15B/ AP, and place the 
p1·obe on a flat sudacc. 

d. Aline the probe meter pointer with the black 
mark on the probe meter sc1de by turnin;:r the zero 
adjuster on the probe. 

e. Set the range selector s witch to the C position. 
f. Place the NORMAL-ZERO SET switch in 

the C position. 
g. Rotate the OFF-MEASURE cont rol clock­

wise until the gauss meter pointer is alined with 
the mark at 48 on the C smde. 

h. Hold the NORMAL-ZERO SET switch in 
the ZI<JRO SET position. The g1tuss meter pointer 
should now be alined with the mark at 96 on t he 
C scale. 

i. If the gauss meter pointer is not alined with 
the mark at 96 on the C sca le, note the position of 
the pointer with respect to t,he mark at 9H. Then 
turn the zero adjusti ng screw on the front of the 
ga uss meter to displace the pointer ttn equal amount 
on the opposite side oft he on mar·lc. 

j. Reluase the NOHMAL-ZERO ~ET switch 
and readjust the OFF-MEASU RE control tore­
turn the meter pointer to the mnrk nt 48 on the 
C settle. 

k. Repeat procedure in i and j above unti I the 
gam;s meter pointer is tdincd with marks 48 und 
96 on the C scale for the two positions of the 
NOHMA L-ZERO SET switch. 

l. Place the OFF-MKASUHg contr·ol m the 
OFF position. 

m. Insert the probe between lhe poles of the 
magnet. 

n. Place the fluxmeter cabinet as fnr fr·orn the 
~trngnet ns the probe cable will per·mit. 

o. Turn on the inditator POvVER Hwitch. 
p. After a delny of about :~ minutes, plnc·e 

J-UG II VOL TAG l~ swi tch on the re<"ci\·er·-trans­
mitt er in the ON posit.ion. 
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q. ~et NORM:AL-REYERSE sw'itch to the 
NORMAL position. 

r . Turn OFF-MEASURE control slowly clock­
wise and, at the same time, watch the probe merer. 

.~. If the point of the probe meter deflects back­
ward, turn the OFF-MEASURE control to the 
OFF position, set the NORMAL-REVERSE 
switch to the REVERSE position, and repeat 
operation described in?' above. 

t. Advance the OFF-.MEASURE control until 
the probe meter pointer is alined with the red mnrk 
on its scale, or unt.il the gnuss meter pointer 
reaches full sc1tle. If the latter occurs, return 
the OFF-MEASURB conLrol to the OFF posi­
tion, sE.'t the range selector switch to the next lower 
position, and repeat the operation. 

u. Use the VI~RNI 8R to set the probe meter 
pointer accurately at the red mark. 

IJ. Head the Vltlue of flux density on the .t·. 
B-, or C-scale, as determined b)• the setting of th~ 
range selector switch, and multiply the reading 
by 100. The tlux density should be betwe~n 5,0!itl 
nnd 5,150 gausses. 

135. Testing Spark Gaps 

a. Spark Oap E/1013. 
( 1) Set the 400 cps voltage to 108 volts. 
(2) Plnce the HIGH VOLTAGE switcl1 in 

the OFF position. 

Caution: Extremely high voltages are 
pr<.'sent. Short all high-voltng(' capnci­
tors to ground with nn insulnted-hnnl!lt• 
scrt'wdriver before proceeding. 

(:3) Short the primary of transformer T:l02 
with tt wire lend from t(>rminnl 1 to 
ground. 

( 4) Place POWER switch in the indica­
tor on. 

(5) After 3 minutes, place theiiiGH VOLT­
AGE switch to the ON position 11nd thl'n 
quic·kly to the OFF position. Do this 
on<'c, as quickly as possiblE.'. Fuse FaOt 
should blow instnntly. If no arc oceurs 
nt the gap, the setting is too wide, and 
should be reset. 

b. Spa1·k Oap lf,JOJ. 

(1) Make sur(> spark gap E302 is pro~rly 
adjusted before testing E301. 



(2) Set the 400-cps voltage to 108 volts. 
Turn the HIGH VOLTAGE switch to 

the OFF position. 
(3) Place POWER switch in indicator off. 

Caution: Extremely high voltages are 
present. Short an high-voltage capaci­
tOl-s to ground with an insulated-handle 
screwdriver before proceeding. 

( 4:) Remove the leads from the magnetron 
terminals. 

(5) Place POWER switch in indicator on. 
(6) After the delay time, place the HIGH 

VOLTAGE switch to the ON position 
and then to the OFF position as quickly 
as possible. Spark gap E301 should arc, 
thus causing spark gap E302 to arc. If 
arcing does not occur reset the gap. 



CHAPTER 10 

TROUBLESHOOTING IN RF SYSTEM 

Section I. TROUBLESHOOTING PROCEDURES 

Warning: Voltages sufficiently high to cause 
death are present in and near the rf parts. Ex­
cept as specified, make all tests with the indicator 
P01VJ~R swiwh ofi'. 

136. Reference Data 

The following chart lists the illustrations which 
may prove helpful in troubleshooting the rf 
system. 

Fig. No. Drscrtptlon 

127. ----- - Duplexer, exploded "'iew. 
128 ______ __ Antenna horn and reflector adjustments. 
129 ---- -- - Antenna horn and side lobe suppressor. 

137. General Information 

a. NO'I'?nal Operation. If the tmnsmitting sys­
tem is operating properly, the outgoing signal 
travels through the duplexer to the wave guide 
run. The TR tube prevents the transmitted 
energy from entering a.nd burning out the si{..rnal 
crystal in the receiving system. From the wave 
guide rtm, the signal travels through. the fixed nnd 
rotwting joint assemblies in the antenna pedestal 
to the antenna horn. The ru1tenna horn, with the 
reflector, radiates the proper pattern. The re­
turning echo is picked up by the antenna horn and 
reflector. The energy is then fed back through 
the wave guide run and the duplexer to the signal 
crysta.]. 

b. Ob1.Ji(YU.s T1·oubles. 
( 1) Loose flanges between the duplexer nnd 

the wave guide run, or between section of 
the wave guide run, mn.y e~use arcing anq 
produce a rough singing noise. 

(2) ·wave guides that nre dented, misaline<l, 
corroded, or otherwise physically altered, 
may reduce the strength of the target 
echoes. 

(3) If there is no glow present in the anti-TR 
tuoo, it is defective. 

( 4) Dirty or damaged antennn. horn window 
will cause weak echoes. 

138. Test Points 
If weak echoes are obtained, T R tube V202 may 

be at fault. The norma.l life of a TR tube is Rp· 
p roximately 2,000 hours. To check the condition 
of the t ube, read the voltage at the keep-aliveelec· 
trode (fig. 121) as indicnted in a through g below. 

Note. Alwn~·,. d1eck thl' [rllnsmlltiug ><y!ltl'lll before 
making tests on the rf syst!'m. 

a. Tum ofl' indicator POWJi~R swit.ch 8105. 
b. J)ischnrge all high-voltage capacitors. 
c. Set up )fultimeter TS- 352/U (or equal 20.-

000 ohms-per-volt meter) as a voltmeter. 
d. Connect. the minus lead from the multimeter 

to the k~.p-al ive cle<'trode. 
e. C'onnt>ct the multimeter plus lead to ground. 
f. Turn on indicatot· PO,YER switch. 
g. I i the volhtge rending is not between :l~ 

volts (for new tubes) nnd 600 volts (for old tubes}. 
replace the TR tube. If no voltnge is present. 
check the keep-alive power supply (par. 20•2). 

Section II. RF SYSTEM TROUBLESHOOTING CHARTS 

139. General 

a. The rf system t1·oubleshooting ch;trts pre­
sented in the paragraphs below serve merely ns 
guides. Not all possible symptoms 1tre listed. 
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"When in doubt, the repnirmnn can use these charts 
to help him get on the right track. 

b. Most symptoms indicative of trouble in the 
d system are nlso indien.tive of trouble in the 



lrwmitting or receiving system. Always check 
t~e transmitting system first and then the rf 
l)':tem. 

c. If arcing occurs between sections of the Wtlve 
2Uide run or between the duplexer and the wave 
guide run, first reduce the moduh\tor plate volt­
age temporarily by decreasing the motor genera­
lor output. If arcing continues, replace magne­
tron V306 before disassembling the wave guide 
I'Un. 

d. The keep-a.live power supply is part of the 
power system. But since the keep-alive power 
supply plays such an important part in the opera­
lion of the rf system, symptoms associn.ted with 
the keep-alive power supply are incorporated in 
the troubleshooting charts (par. 140 and 141). 

e. Troubles in the miscellaneous circuits in the 
antenna are not listed in the charts below. An­
tenna drive motor and heater troubles are listed 

141 . General Troubleshooting Chart 

in the power system troubleshooting charts (pu. 
206) . Transmitter synchro troubles are listed in 
the synchronizing and indicating system trouble­
shooting charts (par. 179-182). 

140. Tube Troubleshooting Chart 
The following chart lists a summary of picture 

symptoms and the probable tube in the rf system 
at fault. 

Note. Whenever TR tube \'202 or antl-'l'R tube V201 
il'l replaced, the TR tube tuniu~ screw must be adjusted 
( l\1\r. 149). 

PlelUre symptom \ Tube 

Weak echoes on PPI _ _ _ _ V20 1 or V202. 
Echoes from nearby targets *V202, V 409 and V 410. 

weak; distant targets 
normal. \ 

' Always 1'('1)11\00 bolh tubes V409 and V410 when either one Is de!ootlve. 

SymJllom l'robnble trouble ~ c"~'"" 
External arcing at TR tube V202 ________ Dirt or corrosion between duplexcr Clean body of tube with eraser and 

flange and TR tube. t ighten mounting screws. 
External arcing at anti-TR tube V20L . •• Poor contact around V20t_ ___ ____ __ \ Tighten mounting screws and add 

another gasket under V201, if 
required. 

Arcing heard in wave guide____ ________ Damage in wave guide run __ ___ ___ _ Examine wave guide run for loose 
joints, dents, and corrosion. Re­
place defective section. 

WeakechoesonPPL .. -------------. D cfectiveanti-TRtubeV20L __ __ __ Check for normal blue glow. Re-
place V201 and retune TR tube 
(par. 149). 

Defective TR tube V202. ______ . _ _ Measure keep-alive voltage (par. 
138). If it is not between - 325 
and - 600 Yolts, replace V202 and 
retune TR tube (par. 149). 

Damageinwaveguiderun _________ Examine wave guide run for loose 
joints, dents, and corrosion. Re­
place defective section. 

Frequent failure of signal cryl'ltal Defective TR tube V202 _ _ _ _ _ _ _ _ :\lca.sure keep-alive voltage (par. 138) · 
(CR201). Iritis not between - 325 and - 600 

volts, replace V202 and retune TR 
tube (par. 149). 

Noise present on PPI, but no echoes .. TR tube not. tuned ._ Tune TR tube (par. 149) . 
Transmitting l'lystem defective __ _ • Sec Transmitting System Trouble-

shooting Charts (par. 120- 122). 

Frequent failure of 
(CR.201). Tlt tube 
replaced. 

Receiving system dctuned or dcfec- \ See Receiving System Troublcshoot-
t ive. ing Charts (par. 158 161). 

signal cry11tal Defective kc('p-alive power supply _\ Replace rectifiel'$ V409 and Y4 1~· 
V202 has been (Always replace both tubes tf 

either is defective.) 
Echoes from nearby target.s 

tant targets normal. 
weak; d is- Defective TR tube V202_ ~Ieasure keep-alive voltAge (par· 138) · 

If it is not between - 325 and - 600 
volt.~ replace V202 and retune TH 
tube (par. 149). 
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---Rymptom l'robahiG troublo Corr<X:tlon 
---· ----- ---

Modulator tube arcing. Transmitting 
system all right. 

liiF(h standing wave ratio. Antenna 
horn window dirty or damaged. 

Clean or replace antenna horn wi:i· 
dow. 

Dented or broken wave guide _ Replace defective section. Chet• 
tightness of wave guide flange;. 

Antenna. horn does not rotate __ _ D<'fective antenna drive motor cir­
cuit. 

See Power System Troubleshootinl 
Charts (par. 205- 207). 

Antenna. horn rotate~, but ~weep on !'PI 
does not rotate. 

Defective synchronizing circuits __ _ See Synchronizing and Indica!· r 
Sy!ltcm Troubleshooting Chart> 
(par. 179-182). 

Section Ill. REPLACEMENT OF PARTS 

142. TR Tube Replacement 
(fig. 127) 

To replace TR tube V202, pt·oceed as follows : 
a. Turn off indicutot· PO\YER swit<-h 8105. 
b. L oosen the two <·aptive screws nn<l open tnt 

hinged panel of the receiver-tmnsmitter. 
c. Remove the plate cnp clip on the TR tube. 
d. R emove the four machine screws (on top of 

the duplexer) thnt hold the TR tube. 
e. Slowly pull the tube out of the duplexer and 

turn it npproxunately 45°, so that it clears the slot 
in the hinged panel. 

f. Insert the new TR tube into the duplexer. 
g. Replace the four machit1e screws and the 

plate cap clip. 
k. Retune the TR tube (pur. 149}. 

143. Anti-TR Tube Replacement 
(fig. 127) 

To replace unti-TR tube Y201, proceed a: 
follows: 

a. Tum o11' indicator POWER switch 8105. 
b. Remove the two tn1tchine screws nnd the com 

plate of the anti-TR box. 
c. Ht>move the anti TR tube nnd replace with a 

new tube. 
d. Heplace the COYer plate and the two machint 

screws. 

144. Duplexer Replacement 
(fig. 127) 

To replace the duplexer, proceed as follows: 
a. Turn off the indicator POWER switch Sl(l:l. 

WAVE GUIDE CLAMP 

FLANGE MOUNTING FLANGE CLAMP (UPPER) \ 
COUPLING (0802) 

SCREW (4)~ ~ ANTI-TR WAVE GUIDE \ 

- - MOUNT\ 
-- I 

I 

MAGNETRON (V306) 

I 

WAVE GUIDE 
SECTION 

LCHOKE FLANGE 

~FLANGE CLAMP (LOWER) 

CIRCULAR MOUNTING FLANGE 

/t'iuu,·c 121. .D1tplc.t·rr, cJ.•p /oflcctvicw. 
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--
b. jemove the magnetic shield covermg the 
gn~t and magnetron. . 

instructions on cutting and b1.·azing \Vave guide 
se.ctions. 

c -~emove the four flange mountmg screws 
(~- "t27) and the upper and lower fian{!:e clamps. 146. Antenna Horn Rep\acement 

d. Loosen the wave guide clamp. 
e. Remove the TR tube as instructed in para-

a. Remove the four flange screws that secure 
the horn to the wave guida flange. 

~l'h 142. 
f . Remove the scr ews at the bottom of the TR 

%~and remove the duplexer. 
9 Reverse the procedure in a through f abo'e 

to ~place the duplexer. 
C:aution: The TR and anti-TR tubes contain 

l'a.olioactive materials and are It radiation hazard. 
lLndle in accordance with instructions given in 
't'a SIG 225. 

b. When replacing the l1orn, make certain the 
red paint mark on the horn is alined with the red 
mark on the suppressor under the two upper ftange 
screws. After mounting, refer to paragraph 150 
for antenna horn and reflector adjustment. 

147. Antenna Reflector Replacement 

l4s. Wave Guide Replacement 

a. Remove the two mom,ting nuts and bolts (fig. 
183) that secure the ·reflector to the rotating 
mounting base. 

Any wave guide section ctm oo 1·eplaced. Re­
~ove the t our screws from each of the flanges, 
~nd replace the section. Refer to TM 11-1335, 
~adar Sets AN/SPN- ttX, AN/SPN-llY and 
~~/SPN-llZ, I nstallation and Operation for 

b. Wl1en mounting t\ ref\ector, carefully insert 
the two dowel pins on the rotating l1ead into the 
two holes a.t the base of the 1.·eftector mounting 
brackets. After mounting, ref~r t.o paragraph 150 
for antenna horn 1\nd l.'ef\ector t\djustment. 

Section \V. AL\NEMENT AND ADJUSTMENTS 

148. Genera\ 
The allnement and adjustment procedures fo·r 

the rf system are pr esented in this section. Most 
of the adjustments in the rf system are mechani­
cal. The alinement chart (fig. 221) gives a sum­
mary of the complete allnement procedure for the 
radar set. 

of the reflector (fig. 128). The ends of the re­
flector each have a single pip. The top and the 
bottom ea.rh have two pips. The center of the 
reflector is located on a line between the two pips 
on the top and bottom of the ref\ector. 

149. TR Tube Tuning 
Whenever any p1trt oi' t.he rf system is r eplaced 

the TR tube must be retuned as follows : 
a. P lace the radar set in operation. 
b. Stop the radar ttntenna hon1 on a tar get that 

returns a we11.k echo. H no weak signal is a:vail ­
able on the l'>PI, attenuate the sigmtl by turrung 
GAI N control Rl77 counterclockwise. 

c. R otate the 'l'R tuning a.djustment (fig. 3.1) to 
the right or left, as necessary, for maximum ampli­
tude on the PPI. 

150. Antenna Horn and Reflector Adiustment 
The spacing between the antenna horn andre­

flector must be checked to assure satisfactory per­
formance. The spacing Cl\n ·be checked with an 
antenna gage or a 6-foot steel rule. M.easuTements 
are made from pips on the top, bottom, and ends 

327711 0-G!I-10 

a. !lntenna Gage ('heck . 
(1) Make certain that the antenna horn is 

fastened securely to the rotating motmt­
ing base. 

(2) Loosely bolt the ref\ector to the rotating 
mounting b11se so tlutt the ref\ector may 
be shifted. 

(3) Set the antentu\ gage between the two 
pips in the center of the reflector and 
flush over the l1om. The gage must fit 
'Within one-thi?·ty-,~econd inch at all points 
on the reflecto?'. 

(4:) Measure tl1e dista.nce (X, fig. 128) frorr 
the pip on ettch end o'f the reflector to eacl 
edge oi' the ho1·n flange. Both distance 
should be the same within one-thirt' 
second inch. • 

( 5) If, bect\use of damnge to the antem 
reflector, the measurement is not sat 
factory, the reflector position should 
adjusted as indicated in (6) through (1 
below. 
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NOTE 
DIMENSION "X" SHOWING 
DISTANCE FROM EACH EDGE 
OF HORN TO TIP OF 

ON BOTH SlOES TO WITHIN j"z 
REFLECTOR MUST BE EQUAL 

1 
.. ,~ 

PIPS 

·x:-· __ ___, 

FOUR DOWEL PINS LOCATED AT 
FACTORY: TWO IN THE ROTATING 
HEAD, AND TWO IN THE REFLECTOR. 

RED DOT ON BOTH HORN 
FLANGE ANO SlOE LOBE 
SUPPRESSOR PLATE SHOULD 
APPEAR ON LEFT-HAND SlOE. 

-£ - 13 X 2 f STAINLESS STEEl HEX HD BOLTS 

FOUR t. X ~ THICK STAINLESS STEEL FLAT WASHER~ 
FOUR t STAINLESS STEEL SLEPT LOCK ~-ASHERS\ 
FOUR t - 13 STAINLESS STEEL HEX NUTS 

(

CHOKE FLANGE n ON ANTENNA 

2 062" 

I I I 
HORN FLANGE 

CAUTION 
MOUNT SUP­
PRESSOR ON 
HORN FLANGE 
FACE AS SHOWN 

TOP VIEW OF HORN SHOWING MOUNT­
ING OF SlOE LDBE SUPPRESSOR. 

------------ --- - ----------- ---+-+ 

13250"--------------------------

Flour~ 128. AntC11na lwJrn and reflector adju&tmentl. 

NOTE: 
REMOVE BURRS, BREAK SHARP 
CORNERS AND EDGES 

TM 1330-27 



(6) Determine what dam~tge has been done 
to the reflector. By visual inspection and 
with the g~tge check, note whether the 
shape of the reflector has been altered. 

(7) Use a rubber hammer and carefully hit 
the reflector into proper shape. 

(8) Perform the gage check. If the meas­
urements are still unsatisfactory and it is 
evident that the reflector cannot be ham­
mered into shape, perform the procedures 
outlined in (9) through ( 13) below. 

(9) Unbolt the reflector and remove the lo­
cating pins on the rotating mounting 
base. 

{10) Shift the reflector until the gage fits 
within one-thirty-second inch at all 
points on the reflector. 

(11) If the adjustment cannot be done merely 
by shifting the reflector, unbolt the re­
flector. proper from the reflector brackets 
and remove the dowel pins. Rebolt the 
reflector loosely to its brackets, and shift 
the reflector with reference to the rotat­
ing mounting base until the spacing 
conforms to (3) above. 

(12) Tighten all bolts. 
(13) Relocate the locating pins by drilling 

new holes for the dowels. 
b. Steel Rule Oheck. "When an antenna gage 

i!! not available, use a 6-foot steel rule to check the 
reflector spacing. 

{1) Measure 15%6 inches, ±lfs2 inch, from 
the top center pips of the reflector to the 
top center of the flat flange on the horn. 

(2) Measure 12%6 inches, ± %2 inch, from 
the bottom center pips of the reflector to 
the bottom center of the flat flange of the 
horn. 

ANTENNA HORN--I'• 
(E 502) 

FLANGE SCREW (4) 
AND NUT (4) 

Tl\l 1535· 212 

Figut·e 129. Alttcnna ltOt'tl a11d side lobe suppr·essor. 

(3) Measure the distance from the end pips 
of the reflector to the corresponding point 
on each side of the horn flange. Both 
measurements should be the same within 
Vs2 inch. 

Section V . FINAL TESTING 

151. General 
This final testing section is intended as a guide 

for determining whether a repaired rf system 
meets the or iginal specifications. Entire test pro­
cedures for the l"'f system t\.re given. The final 
testing chart (fig. 222) summarizes the final test­
ing procedure for the entire radar set. 

152. Testing Wave Guide Run 
Test the power output of the transmitter cir­

cuits according to instructions given in paragraph 
131. Replace RF Test Load TS-108A/ AP by 
wave guide run and antenna; repeat the power 

output measurement. If tl\e power output with 
the antenna in pl·, ce is much less than the power 
output with the RF test load connected, the 
trouble mny be in the wnve guide run. Loosen 
the wave guide fl11nges und inspect the insides of 
the wave guides for corrosion or other damage. 

153. Reflector Parabola Curve 
Check the curve by holding the antenna para­

bolic profile gage against the center of the reflec­
tor rods. The gnp between the reflector and gage 
should be one thirty-second of an inch or less. 
The backlash, itS measured from the end of the 
reflector, should be one-fourth inch or less. 

147 



CHAPTER 11 

TROUBLESHOOtTING IN RECEIVING SYSTEM 

Section I. TRC>UBLESHOOTING PROCEDURES 

Warning: Voltages sufficiently high to cause 
death are exposed at <'er tain points in the re.ceiving 
system. Except where specified, make all tests 
with POWER switch Sl05 in the OFF position. 
Always short out high-voltage capacitors before 
touching them or thei1· associated circuits . 

154. Reference Data 
The following chnrt lists illustrations that may 

prove. helpful in t1·oubleshooting the re·ceiving 
system. 

Fig. No. Oescrlpllon 

130 - - ---- Receiving Rystcm, tube location ehmrt. 
132_______ Klystrou local oscillator, voltage and resist.. 

ance diagram. 
13L______ Receiving system, voltage and resistance 

diagram. 
213 ________ Receiver R- 480/SPN- J l, schematic. 
217 ___ --- Receiver R- 480/SPN- 11, wiring diagram. 

155. General Information 
a. Normal Operation. A s soon us high voltage 

is applied to the transmitting system, rf enelrgy is 
t ransmitted by the n.ntenna. Returing echoes 1tre 
fed through the duplexer to the mixer whiclh pro­
duces a 30 me if. The if. is fed through the signal 
circuits before being applied through the video 
circuits to the PPl. The GAIN control varies 
the if. sensitivity. A second output of the mixer 
is fed to the de circuits, which by varying the 
voltnge on the reflector of the klystron local os­
ci ll ator in the mixer, keeps the if. constant. The 
proper· operation of the mixe1· is indicated when 
the rending of CRYSTAL ('VRRENT meter 
M201 is COI'l'('ct with AFC XT.\L I -SI GNAL 
XTAL I PUSH switch in either position. The 
stc ci rcuits nre opemted by the trigger that is pro­
duced by mastet· blocking osci llator V307A of the 
trnnsmitting system. 
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b. Ob viou.~ T1·oubles. 
(1) Incon·ect + 140V, +300V REG. ,or 

- 300V REG outputs, as indicated on t~ 
meter M401, will cause tl1e receiving ~­
tem to opemte improperly. 

(2) Incorrect -t 320V output, as indicated or 
test meter M401, will cause thestc circuir:_; 
to operate improperly. 

(3) If power supplies fuse F4<T2 is open, none 
of the r eceiving system filaments wil.; 
light. 

( 4) If power supplies fuse F401 is open, sur­
ply voltages will not be available. 

156. Preliminary Test Procedures 

Notr. Be 1mre tha t the trnnsmlttlng and rf i!YSl~ 
are oJ)('r·ntlng pr·oJX'rly b!'fore making tests in the- rl' 

('eh·lng llyl-ltern. 

a. Afi:cer. 
(1) With switch S201 in the .\FC XTlL I 

(normal) position, read C'RYSL\L 
CURRENT meter M201. If the read:n! 
is not. between .4 and .75 ma. cheek :1f•· 
crystn l CR202. 

(2) With switch S201 in the SIGN'-\[. 
XTA L 1 PUS II (depressed) positio•" 
rend CRYSTAL CURRENT n1~Hr 
M201. l f the reading is not between .4 
1111~ ~tnd .75 mu, check signal cry:ml 
CR201. 

(!3) If the CRYST.\L CURRENT nte<~r 

t'('ads too low 0 11 both positions of S:? 1i. 

plnce A. F. C. OPERATION-)L\.~ 
TUNE switch 8202 to the )f.\N. TrXt: 
position. Yary REFLECTOR rr~· 
lNG ront J·ol R250. If it has no etfl'l't o1 

the CRYST.\L Cl-RREXT meter rNui· 
ing, C'hedc th(' klystron local oseillator. 

b. Afr r'ircuit.v. Plnce switch S202 to the 
)fAN. TtTN'E position unci then to the .\. f. <.' 



OPERATION position. If the intensity of the 
choes on the PPI decreases as the switch is placed 
~n the A. F. C. OPERATION position, the afc 

1 57. Test Points 

circuits are inoperative. 
c. Bignol Circuits. . 

a. Afc ('ircwit8 . Perform afc if. alinement pro­
cedure given in paragraph 171 below to determine 
if the n,fc if. amplifiers and discriminator are 
operating normally. 

(1) A normal amount of grass ~n the ~PI. Is 
a fair indication that the Signal Clrcmts 
are in good order. However, if the noise. 
level is excessive, remove tube V204, and. 
note whether the noise level decrei.I.Se!:; 
sharply. If so, the trouble is pro_bably in 
the mixer or V204. If the n01se level 
does not decrease, the trouble is probably 
a defective tube in the signal if. circuits. 

b. Phantastron. With the afc crystal removed, 
use Oscilloscope TS-34A/ AP (par. 110) to check 
the 'Yave form at the plate (pin 5) of V218. I t 
should be as sho,Yn in figure 49. 

(2) Vary the GAIN control. If the noise 
level on the PPI does not change, the 
fault probably is in the stnges following 
the GAIN control (V207 to V212). If 
the noise level varies as the GAIN control 
is turned, the fault is probably in the 
circuits before the GAIN control (V204:) 
to V206) or in the mixer. 

d. Stc Circwits. Trouble in the stc circuits may 
cause trouble in the signal circuits. To determi1r1e 
if the stc circuits are the cause, position the GAIN 
control in the extreme clockwise position, and 
rotate the SUPPRESSOR control counterclock­
wise. If the fn,ult clears, the fault is in the Btc 

circuits. 

c. Signal Ci1·cuits, Cathode Follower. 
(1) Connect Oscilloscope TS-34A/AP (par. 

110) to VIDEO OUTPUT jack J202. 
(2) Connect negative output of Square Wave 

Generator TS-583/ U to the plate (pin 
7) of V211. 

(3) Increase the output of the square-wave 
generator until the amplitude of the 
pulse viewed on the oscilloscope stops in­
creasing. 

(4) Determine the amplitude of the pulse. 
I t should be between 1.25 and 2 volts. 

d. Signal Circuits, If. Amplifiers. Perform the 
signal if. alinement procedure given in paragraph 
170 below to determine if the signal circuits are 
operating normally. 

e. Stc Circuits. Check the wave form at pin 3 
of tube V219. If it is not as indicated in figure 
55, check to see if the trigger is arriving a.t TRIG­
GER jnck J203. If the trigger is not arriving at 
the jack, check tube V219. 

Section II. RECEIVING SYSTEM TROUBLESHOOTING CHARTS 

1 58. General 
a. Not all the symptoms presented in the fol­

lowing charts are definitely due to trouble in the 
receiving system. Some symptoms listed-such 
as reduced target echoes-may be due to troULble 
in the transmitting, r!, or synchronizing and in­
dicating s-ystems. In any such case, it is best to 
check the transmitting and rf systems bei~ore 
troubleshooting the receiving system. 

b. The tube troubleshooting chart and crystal 
troubleshooting chart indicate what tubes or crys­
tals may be at fault. If after replacement of the 
tube or crystal the fault is not remedied, reft?1r to 
the general troubleshooting chart. 

c. The general troubleshooting chart does not 
give all possible symptoms. For the symptoms 
listed, the chart serves merely as a guide to the 
circuits or stage at fault. To find the exnct part 
at fault, take voltage and resistance readings, and 
compare them to those given in the voltage and 
resistance chnrts (figs. 1:31 and 132). 

159. Tube Troubleshooting Chart 
Various symptoms of trouble observed on the 

PPI may indicate a defective tube. The following 
chart lists a summary of picture symptoms and 
additional trouble indications resulting from 
faulty tubes in the receiving system. 

Note. Whenever V203 Is replaced, renline mixer (par. 
169). 
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Picture symptom TeJ~t Meter M201 AddiUonnl Indlcntlon Tube 

Weak or no echoes____________ NormaL ___ -_---_-_ - ______ -- _- _ ---- _ ------ -- V204 through V212. 
V201 (remote possibili". 
V204 through \'206. 
V203. 

Weak or no echoes_ --------- NormaL ___ _ --- __ GAIN control varies noise leveL __ 
No echoes ___ _ 
Normal, targets obscured by 

sea return. 
Alternate sectors of light and 

dark areas on PPI scope. 

1ST AFC IF. AMPLIFI ER 
6A K!I 

2D A FC IF. AMPLIFIER 
6Ak!! 

No or low reading __ _ 
NormaL _______ __ --, 

Meter M201 sweeps _ 

SUPPRESSOR control inopera­
tive. 

Symptoms exist for both positions 
of 8202, with R250 properly 
adjusted. 

Operation normal when 8202 
placed in MAN. TUNE posi­
tion. 

V219. 

V203. 

V213 through \'218. 

8 OSCILLATOR 
2K25 OR 723 

8 
1ST I F. AMPLIFIER 

6AK!I 

2D IF. AMPLIFIER 
6J6 

3D IF. AMPLIFIER 
6Ak!l 

AFC DISCRIMINATOR DIODE 
6AL!! 8 G 8 

AFC DC A MPLIFIER 6J6 

CHARGING DIODE 6AL5 

PHANTASTRON 

8 
8 8 S.TC GENERATOR AND 

CATHODE FOLLO~ 

8 
12AU7 

b cO 
S202 

R250 

8 4TH IF. AMPLIFIER 
6AK5 

8 5TH IF. AMPLIFIER 
6AK5 

8 6TH IF: AMPLIFIER 
6AK5 

8 7TH IF. AMPLIFIER 
6AK5 

8 DETECTOR DIODE 
6AL5 

8 CATHODE FOLLOWER 
6J6 

~ 
TN 1535· 593 

ft'igurc 130. Receiving system, tube loca t ion cfla1·t. 
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0 
.5 

1.5V 
100 
135V 
50K 

*6.3VAC 
0 

*6 3VAC 

NC 

0 

137V 
50K 

tOT0-12V 
1.2K 

0 
220 
138V 
50K 

0 
220 
140V 
!!OK 

0 
.5 

0 

t2.2VT04 
200 
140V 

__!&! 
100 

*6.3VAC 
0 

*6.3VAC 
0 
135V 
!!OK 

0 
0 
0 
0 

1.7!W 
100 

135V 
!!OK 

IF. AMPLIFIER 
V204 

5654/6AK!IW 

IF. AMPLIFIER 
V205 
6J6 

IF. AMPLIFIER 
V206 

56!14/6AK5W 

AFC 
IF. AMPLIFIER 

V213 
5654/6AK5W 

AFC 
I£ AMPLIFIER 

V214 
5654/6AK5W 

0 
2 

2.2V 
220 
150V 
50K 

0 
.4 

2!1V 
220 
150V 
50K 

AFC DISCRIMINATOR 0 
DIODE 
V215 

2.5 

5726/6AL5W .4V 
CIO 

0 
0 

AFC *6.3VAC 

2.5V 
220 

*63VAC 
0 

*'.3VAC 
0 
150V 
50K 

0 
2.5 

'lt6.3VAC 
0 

~6.3VAC 

0 
.4V 
CIO 

0 
CIO 
0 

IF. AMPLIFIER 
V207 

STC GENERATOR AND DC AMPLIFIER 0 
*6.3VAC 

CIO 

5.4V CATHODE FOLLOWER V216 
0 V219 

12AU7 
0 56!14/6AK5W 
138V 
!!OK 

0 
400 

300V IOV 
50K IK 

6J6 
240V 
50K 

-300V 

680 
240V 
50K 

-300V 

IF AMPLIFIER *6.3VAC CHARGING DIODE 12K 

2MEG 
~ 6.3 VAC -300V 

IZK 
*6.3VAC,-300V 

12K 
-300V 

V20B 0 
5654/6AK5W 0 

400 

t2.2VT07V 
220 

*6.3VAC 
0 

*6.3VAC 
0 
140V 

K 

56K 

125V 
53.3K 

*B.3VAC 

IF. AMPLIFIER 
V209 

5654/6AK5W 

IF. AMPLIFIER 
V210 

56!14/6AK5W 

-25V 
20K 

DETECTOR DIODE 
V211 

5726/6AL5W 

0 CATHODE FOLLOWER 
*6.3VAC V212 

0 6J6 
IOK 

480K 

V217 
572616AL5W 

I!IOV 
90K 

PHANTASTRON 
V218 

5725/6AS6W 

NOTES 

-300V 
2 MEG 

-300V 
25MEG 

-300V 
1.7!1 MEG 
-200V 
17K 

I~ 
'--------NC 

-300V 
IZK 

*6.3VAC -300\1 
IZK 

*6.3VAC;-300V 
12K 

-lOOT0-225 
4MEG 

I' VOLTAGES AND RESISTANCES MEASURED TO GROUND UNLESS 
OTHERWISE NOTED. USE VOLTMETER WITH 20,000 OHMS­
PER-VOLT SENSITIVITY. 

2 ALL RESISTANCES MEASURED IN OHMS WITH POWER RE­
MOVED FROM EQUIPMENT. 

3 *INDICATES AC READINGS TAKEN ACROSS TUBE 'FILA­
MENTS. 

4 NC INDICATES NO CONNECTION. 

5 t INDICATES~ CONTROL VARIED FROM MINI MUM TO 
MAXIMUM. 

Figure 131. Receiving system, voltage and re8i8tance chart. 
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NC 

* 6.3 VAC 
0.2 

300V 
50K 

KLYSTRON 
LOCAL OSCILLATOR 

V203 
2K25 OR 723A/B 

t -120V TO -165V 
700K 

* 6.3 VAC 
0.2 

0 
0 

NOTES 

VOLTAGES AND RESISTANCES MEAS­
URED TO GROUND UNLESS OTHER­
WISE NOTED. USE VOLTMETER WITH 
20,000 OHMS-PER-VOLT SENSITIVITY. 

2 ALL RESISTANCES MEASURED IN 
OH MS WITH POWER REMOVED FROM 
EQUIPMENT. 

3 *INDICATES AC READINGS TAKEN 
ACROSS TUBE FILAMENTS. 

4 NC INDICATES NO CONNECTION. 

5 READINGS TAKEN WITH SWITCH S202 
IN I A.F.C. OPERATION! POSITION. 

6 I INDICATES IREFLECTOR TUNING! 
VARIED FROM MINIMUM TO MAXIMUM. 

TM 1535-157 

Figure J,'J2. Klystron local osclllator, voltl,Ue a·na resistance chart. 

160. Crystal Diode T raubleshooting Chart 

Symptom Additional Indication Crystal 

Weak echoes or no echoes______ ----------- ---- -- ------- - - CR201. 
Alternate light and dark bands__ Test meoor M20J sweeps____________ CR202. 
Poor or no SUPPRESSOR action ___ . ------------ -- --------- - - CR204. 
Bright spot on PPI which moves as _______ _ . __________ -- _ --. ___ -- __ -- CR20a 

SUPPRESSOR control is rotated. 

161 . General Troubleshooting Chart 

Symptom 

Weak or no echoes on PPI. GAI N control 
does not affect noise level. 

Sweep, noise, and range marks appear. 
Weak or no echoes on PPI. GAIN 
control varies noise level on PPI. 
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Prolxlblc trouble Correction 

Defective stages V207 through V212_ Check tubes. Signal tnce st~ 
V207 to V212. 

Defective mixer circuits ----------- Check reading of i\1201 on both 
positio.1s of switch S201. 

If signal crystal current is lo9' 
check keep-alive voltage (fiE 
139) . If it is not -9()0\ 
replace TR tube and signa! 
crystals, and retune TR tubt. 

If af c crystal current is low 
replace o.fc crystal. 

If both readings are low replart' 
klystron local oscillator and 
retune mixer (par. 169). 



161. General Troubleshooting Chart-Continued 
~~----------------~-----------------

Symptom 

Sweep and echoes appear and disapp.ear 
cyclically. Signal crystal current r1ses 
and falls according to the same 
pattern. (It is norm~! for the signal 
crystal current to rise and fa\\ when the 
HIGH VOLTAGE switch is in the OFF 
position.) 

Noise and crystal current present. 
Magnetron current correct. All volt­
ages on test roetera are correct, but no 
signals appear. 

Probable trouble 

D efective signal stages V204, V205, 
or V206. 

Defective afc circuits_- ----------

Klystron local oscillator det uned or 
tuned to wrong side of magnetron 
frequency. 

Defective afc circuits __ - _--------
Afc crystal defective ____________ _ 

Tube V218 defective ____ ---_-_---_ 
TR tube detuned _____________ _ 

Klystrolllocal oscillator detuned - _ 

Correction 

Check tubes. Make voltage and 
resistance checks of these stages. 

Signal trace afc circuits. Check 
tuning. 

Tune klystron local oscillator (par. 
169) . 

Signal trace from V213 to V218. 
Check cryst<.~.l (par. 109). Replace if 

defective. 

Replace tube. 
Tune TR tube (par. 189). 
Retune (par. 169). 

Weak signals ____ _ - -------------------- Receiving system detuned __________ Retune (par. 168-171). 
Defective signal crystaL- ---------- Check keep-alive voltage at TR tube. 

TR tube detuned ____ _______ _ 
No eigJlal crystal curre!\t -- _ _ __ __ _ _ _ _ _ Defective signal crystal CR201 

If it is not between 325 and 600 
volts, replace TR tube and signal 
crystal. Retune TR tube (par. 
149). 

Retune tube (par. 149). 
Check keep-alive voltage. If voltage 

is not between 325 and 600 volts, 
replace TR tube and signal crystal. 
Tune new TR tube (par. 149). 

1{\ystron local oscillator not oscillat- Adjust REFLECTOR TUNING 
in g. 

X o noise on PPl __ ----- _____________ _ 

Klystron local oscillator difficult to tune. 
Impossible to get .5 ma crystal current. 

Defective signal circuits _____ _ 
Defective video cable b etween 

receiving system and indicator. 
Signal circuits detuned. _ _ _ __ 
Klystron not completely in tube 

socket. 

Defective klystron tube _ ___ _ 

I 
control R250. If this does not clear 
the trouble, replace the tube, and 
retune (p:1r. 169). 

Check tubes V204 to V212. 
Check cables W706 and W707 with 

ohmmeter (par. 107). 
Retune (par. 170). 
Push klystron firmly into tube socket. 

Caution: The shell of the klystron 
is at a dangerously high potential. 

Replace klystron. Tune receiving 
system (par. 168-169). 

Dark radial lines (spoking) appear on Ripple caused by a faulty tube in the Remove tubes V204 through V212 
PPI. signal circuits. one at a time. The faulty tube is 

the one whose removal causes the 
spoking to disappear. 

SUPPRESSOR control docs not affect Defective stc circuits _______________ Check for proper wave fo
1

m at 
sea return at close ranges. 

No tube filaments light.--------------

cathode (pin 3) of V219. Check for 
trigger at V203. Check tube V219. 

Defective filament transformer T201 Check for 115 volts ac at tP.rminals 1 
and 2 of T201. If voltage is present, 
check for open primary. Replace 
transformer if defective. 

Filaments of tubes V217 and V218 do not Defective secondary on filament Check for open secondary winding 
light; other filaments light. transformer T201. (3, 4). Replace transformer T201, 

if defective. 
All filaments out except those of tubes Defective secondary 011 filament Check for open secondary winding 

V217 and V218. transformer T201. (5, 6). Replace transformer T201 if 

l \ defective. 

--------------------~------------------~~ 
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12 
XV203 

V2 1 V203 
V204 

E22 E214· 
V214 V205 
E223 211 

C239 M201 
5201 V206 

215 
V215 
E224 

TM 1535·205 

Fi(lrtrc 133. Rcce,ver chaBBiB, top vietc, location Of J){lrta. 
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R222 
R203 

R230 R231 

R201 

R211 

R212 
R225 

R213 

R244 

Figure 134. Receiver chau~. bottom view, locatton of resit tort . 

R224 

R227 

R245 

R247 

R249 

R250 

R221 

™ 1535- 119 
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C203 
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C208 

C209 

C21 I 

C210 

C 2 I 2 

C2 1 3 

C214 

C215 

C216 

C201 C224 c 233 c 227 c 226 
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C225 

C228 
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C219 

C218 

C220 
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L230 

L202 

L204 

L222 

L205 

L215 

L2 25 -=============~~~~ L209 -

XV208-------------r~~ 

L 2 0 

CR20 1 CR202 

J2 0 2 J20 1 J204 
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Section Ill. REPLACEMENT OF PARTS 

162. Receive r Chassis Replacement 
T he receiver chassis is mounted on the upper 

right side of the receiver-transmitter (fi,g. 39}. 
To remove the chassis, proceed as follows: 

a. Remove the three cables W801, W 803, W 804 
connecting the receiver chassis to the receiver­
transmitter. 

b. Remove TR tube V202 (par. 142). 
c. Remove the four screws that secure the re­

ceiver wave guide flange to the duplexer. 
d. Remove the four bolts th~tt secure the re­

ceiver chassis to the receiver -transmitter unit and 
remove the chassis. 

e. To replace the receiver chassis, reverse the 
procedure given above. 

163. Tube Replacement 
Most of the tubes on the receiver chassis nre in­

closed in tube shields. To t·emove a shield, press 
it down, t urn it counterclockwise, and release. 
Pull the tube straight up f rom its socket. When 
replacing a tube, do not force it into its socket. 
T his may damage the pins. 

164. Klystron Local Oscillator Replacemfmt 
Warning: The local oscillator metal tube en­

velope has 300 volts impressed upon it. Shut off 
all power before attempting to replace this tube. 

To replace loca I osci lla.tor V203 proce1~d as 
follows: 

SIGNAl TUNING 
SCREW A 

a. Remove the perforated shield covering ~ 
tube by pulling the shield straight up. 

b. Push aside t he two spring clips that hold the 
tube base. 

c. Remove t he plate-cap clip fl"Om the top of thr 
tube. 

d. Slowly pull the tube out of its socket. Do 
not incline the tube until its long probe clears tll6 
socket. 

e. To replace the tube, reverse the above pro­
cedure. 

f. Retune the mixer (par.l69). 

165. Tube Socket Replacement 
The tube sockets for tubes V206 through V210, 

V213, an.d V214 have built-in capacitors. S hoold 
one of these cttpacitors become defective, tub& 
socket replacement is required. 

a. Unsolder and btg all leads to the tube socket. 
b. Remove the nuts and pull out the screws on 

either side of the socket . 
c. Remove the socket and replace. Reverse tbe 

pi'Ocedure given in a and b above. 
Caution : Run leads to the t ube socket so that 

the leads l ie in their or iginal position. 

166. Replacement of Signal and Afc Crystals 
To replace signal crystal CR201 or afc crystal 

CR2Q-2 in the mixer , proceed as follows: 
a. Unscrew the crystal holder (fig. 137) and 

remove the holder and crystal from the mixer. 

C238,C239 & C240 

AFC TUNING 
SCREW 8 

Til 1535· 511 

Figure 137. Mixet· a11d klystron~ local oacma.tor. 
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KLYSTRON ANO 
CRYSTAL TOOL 

Figure 138. Removing crystal-a. 

b. Place the klystron and crystal tool over the 
crystal so that its two prongs engage the holes 
in the crystal holder (fig. 138). 

c. Unscrew the crystal cap and remove the 
crystal. 

Caution : Crystals should be handled with 4Ca.re 
at all times. 

d. Replace the crystal in the holder, and tighten 

with t he klystron and crystal tool. Place the 
crystal holder back in the mixer. 

167. Mixer Replacement 
a. Remove the receiver chassis (par. 162). 
b. Remove the two holding screws that secure 

the mixer to the chassis. 
c. Remove the mixer. 
d. Reverse the procedure to replace mixer. 

Section IV. ALINIEMENT AND ADJUSTMENTS 

168. General 
The alinement and adjustment procedures £or 

the receiving system are presented in this seetion. 
Whenever possible, try to aline the rf system and 
the receiving system as one unit. The a.linement 
chart (fig. 221) gives a summary of the complete 
radar alinement procedure. 

169. Mixer Alinement 
(fig. 139) 

a. General. The mixer is alined by mea~ns of 
signal tuning screw A, afc tuning screw B, the 
klystron cavity tuning strut and the REFLEC­
TOR TUNING control. Signal tuning screw A 

and afc tuning screw B adjust the coupling be­
tween the klystron local oscillator and the signal 
n.nd afc crystals, respectively. The cavity tuning 
strut is a coarse adjustment that varies the size 
of the resonant cavity. The REFLECTOR 
TUNING contro1 is a fine adjustment that con­
trols the voltage fed to the klystron reflector. 

b. Alinement with Oscillosc<>pe. Oscilloscope 
T S-34A/ AP, or any other oscilloscope that can 
operate from a 400-cps, 115-volt source, should be 
used. The detailed procedure is as follows (pe.r. 
] 10) : 

( 1) Connect the unmarked oscilloscope test 
lead between TRIGGER jack J303 on 
the receiver-transmitter and the EXT 
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SYNC connector on the oscilloscope. 
Clip the ground lend to the frame of 
the receiver-tt·unsmitter. 

(2) Connect the SIGNAL IXPUT coaxial 
test lead between VIDEO jack .J~Wl on 
the receiver-trnnsmitt.('t' and the SIG­
NAL INPUT connedot· on the oscillo­
scope. ('lip the ground lend to the frame 
of the receiver-l-runsmitt.er. 

(3) Place the radar set in opern.tion. 'Train 
the antenna horn on 11 sten.dy target. 

( 4) Turn on the oscilloscope. Adjust the 
osci11oscope for a st4:'udy picture. Vary 
GAIN contr·ol on the indicator until 
gra-<~R cnn be seen on the oscilloscope. 

(5) Place the AF(' OPERATION-MAX. 
TUNE switch to th(' .MAX. TtTNE 
position. 

(6) Turn signal n.djusting screw A and nfc 
adjusting screw B, four ('ornplete turns 
from their extreme clockwise posiltions. 

(7) Turn the cavity tuning st rut to its ex­
treme counterci<X·kwise position. 'Cse 
the klystron and crysta l tool (fig. 138) 
for this and all othet· cavity tuning strut 
adjustments. Feed the tool through the 
hole in the klystron insulttting shield. 

Warning: The Cllvity tuning strult and 
the klysi.ron metal envelope have 300 
volts impressed on them. 

(8) Slowly turn the cnvity tuning ~;trut 

clockwise and simultnneously adjust the 
REFLECTOR TUNING <'ontrol until 
echoes appear on the t~st oscilloscop«•. 

(9) Rend the CRYSTAL CPRHI<;NT naeter 
in the normal and in the depressed posi­
ti.ons of the AFC XTAL I-SIGNAL 
XTAL I PUSH switch. If the rea.«ling 
on either position exceeds .7fi ma, 1turn 
Si!,rnal Luning screw A or nic tuning serew 
B, as necessary, until the cm·t·ent. reading 
is approximately .70 mn. 

( 10) ...\djust the TR tun in~! screw for max­
imum amplitude of the (>Cho signals ap­
pent·ing on the test oscilloscope. 

( 11) Keep AFC XT~\L I-HIG~.U .. XTAJ ... 
I PUSH switch dcpt·esscd. Adjust the 
REFLECTOR TUNING control fot· 
peok signal crystal c·tJt'l'l'llf. Next, adjust 
the cu.vity tuning strut fot· mnxinaum 
1unplitude of echo signnls on the osci llo­
scope. Make slight ndj11stments in ernch 

control until peak signal current an 
maximum echo signal amplitude ~ 
together. The final signnl crystal nrr­
rent (as rend on the CRYSTAL erR­
RENT meter) should be between .4 an 
.5 rna. 

(12) Release .\FC XTAL I-SIGXAL 
XTAL I PUSH switch, Turn afc ad­
justing screw B until the afc crvstal 
current (as read on the CRYST.U 
CURRENT meter) is the same as r.­
signal crystal current (as read in 1 :i 
above). 

(l:J) Readjust the TR tuning screw for max­
imum echo signal amplitude on the ru 1-
loscope. 

(H-) Place the A. F. C. OPERATIOS­
MAN. TUNE switch to the A. F. C 
OPERATION position. The nmplitud~ 
of f he echo signa Is on the test oseilloscope 
should not increase. If the amplirui~ 
does increase, vary the REFLECTOR 
TPNING controlund the can~· tunic~ 
strut until the echo signal amplitude ·, 
the same on both positions of the_-\.. F. C 
OPERATION-MAN. Tl"XE switch. 

r. A linement Witlund O.vri..llo.~cope. _-\.line thP 

sot with an oscil1oscope whenever possible. In a 
Pmer~enty, the set muy be a lined without an ()S('il­
loscopo ns follows: 

( l) Place the radar set in operation. Train 
the nntennu horn on n st('ady target. 

(2) Vary ~he GAIN control on the indicator 
until grass is seen on the PPI. 

(:l) Place the A. F. C. OPERATIOX­
MAN. TUNE switch to the MAN. TOE 
position. 

(4) Adjust REFLECTOR TFNING con· 
trol for n peak ren.ding on the C'RYSTJ.I 
CURRENT meter. 

(5) Turn afc adjusting screw B nnti1 

CR YST AI.. CURRENT meter read~ .:> 
mn. Depress_\, F. C'. XT.\L I-SIGSAI. 
XT AI.. I PUSH switch. Turn sigt1sl 
ndj usting screw B until CRYSL\1. 
C'11RRENT meter ngnin rends .J nut.. 

(H) Place the A. F. ('. OPERATIOX­
MAN. TUNE switch in the A. F. ('. 
OPI<;RATION position. 

(7) Tum the cavity tuning strut to its t>:\· 

h·eme cotmterclockwise position. Th~n 
.~lowly turn it clockwise. The rending of 



TO 
MAGNETRON 

CRYSTAL 
LOCK 

R 1 NG { 0 201 SIGNAL 
OR 0 202 AFCl 

AFC TUNING 
SCREW 

KLYSTRON AND 
-CRYSTAL TOOL 

{H825l 

PIN 

AFC CRYSTAL 
CR202 

INZ39 CRYSTAL 

CRYSTAL LOCK 
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~ CRYSTAL HOLDER 
(E212 SIGNAL OR 
E213 AFC) 

ANTI·TR TUBE 

TO 
ANTENNA 

r----- -- --
TEST SETUP • 

1
• 

20.000 l\/V 1 0-1 ,DOOV 
oc 

SIGNAL 
CRYSTALICR20tl _ 

R4 16 
2.2M 

R415 
2.2M 

- 9 

TEST METER 

TM 1535-122 

ft'£om·c .139. .Mi.a:er an<L clttple:TJCI' actjustmwmts. 

CRYSTAL CURRENT meter wiill rise 
and fall periodically. 

Warning: The cavity tuning strut and 
the klystron metal envelope have 300 volts 
applied. 

(8) Turn the cavity tuning strut slowly 
clockwise and simultaneously rotate the 
REFLECTOR TUNING control back 
and forth until the reading of the 
CRYSTAL CURRENT meter becomes 
steady. 

(9) Place the A. F. C. OPERATION-
1\I!AN. TUNE switch in the MAN. TUNE 
position. Adjust the REFLE~CTOR 
TUNI NG control for peak reading in the 
CRYSTAL CURRENT meter. Note 
this reading. 

(10) Place the A. F. C. OPERATION­
MAN. TUNE switch in the A. F. C. 
OPERATION position. The remding of 
the CRYSTAL CURRENT meter 
should not change. If the reading does 
change, turn the cavity tuning strut 
slightly to obtain the S!tme current read-

3277110- 55- 11 

ing as that obtained from the procedure 
performed in (9) above. 

(11} Repeat procedure indicated in (9) and 
(10) above until the CRYSTAL CUR­
RENT meter reading is the same in both 
positions of the A. F. C. OPERA­
TION-MAN. TUNE switch. 

(12) Readjust signal adjusting screw A and 
afc adjusting screw B so that the CR YS­
T AL CURRENT meter reads between .4 
and .5 ma on both positions of AFC 
XTAL I-SIGNAL XTAL I-PUSH 
switch. 

( 13) Readjust the TR tuning screw for maxi­
mum intensity of echo signnls seen on 
PPI. 

d. Ohecking F1·equency of l(l!y.stron Operation. 
After alining the mixer, make certain the klystron 
locn.l oscilll\tor is operating at a frequency 30 me 
abo11e the magnetron frequency. Use the follow­
ing procedure. 

(1) Slowly turn the cavity tuning strut 
clockwise. If echo signnls disappear and 
then reappear, slowly turn the cavity 
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tuning stntt bn.ck to its original po·sition. 
At this position the klystron is operating 
ul its correct frequency. 

(2) If echo signnls do not ren.ppear when the 
cavity tuning stt·ut is turned clockwise, 
it means thn.t the originnl setting of the 
cavity tuning strut wns incorrect. Turn 
the cavity tuning strut counterclockwise. 
The echo sigmtl should nppear (in the 
original position of the klystron tuning 
strut), disuppenr und then renppear. 
T he klystt·on is operating at its correet 
frequency at the point of the seeond ap­
pent·ancc of the echo signal. 

(3) Oscillation of the klystron local oscilla­
tor at the wrong frequency is indicated 
when the reading of the CRYSTAL 
CURRENT meter cannot be made~ the 
sn.me on bot,h positions of the A. Jfi'. C. 
OPI~RA TION-MAN. TUNE switch. 
Turn the Ntvity tuning strut counter­
clockwise to t he point of the next peak 
read ing on the CRYSTAL CURR10NT 
meter. 

e. Final Alinement (1/te('k. Place the HIGH 
VOLTAGE switch in the OFF position. The 
reading of the CRYSTAL CURRENT meter 
should r ise and fall periodica!Jy. Place the s"·itch 
m t he ON position. T he meter reading should be 
steady. 

170. Signal Circuits Alinement 
(fig. 140) 

Check the a linement of the signal if. whent3ver 
a tube or other pttr t in the signnl if. is replaced. 
rsua JJy adjustment of signal trimmet· C20.l is 
sufficient. ITowcvet·, if any of the grid coi ls is 
repln.ced, it rnny be necessary to tune the new grid 
coil to the proper f requency. Signal Genenttor 
'l'S-452A/U is used f01· a ll signnl if. alinemcent. 

a. P•reparation of Signal Generator '1'8-
J,5~A/U. 
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( 1) Open the la rge ltCCess door on top of the 
signal genemtor· and place 19- 39-mc oscil­
lu.tor plug-in coi l L!504 in the appropriate 
socket. 

(2) Place wave meter band seleetor switch 
in position C (21-46 me). 

{3) P lace POWER switch in the ON posi­
tion. Allow a few minutes for the set to 
warm up. 

( 4) Open t he small access door on top of the 
signal generator and adjust INTEXS .. 
FOCUS, IIORIZ. CENTER and VERT. 
CENTER controls for a clear and prop­
erly centered spot on the screen. 

( 5) ~lace MOTOR switch in the 0~ posi­
tiOn. 

( 6) Adjust HORIZONTAL S1:'NC control 
unti l the spot becomes a horizontal line 
across the entire screen. 

(7) Connect one end of the traveling detect{)t 
ca ble to VERTICAL INPUT jack. 
Connect n short lead between the renter 
chuck of the probe and the center hole of 
RF OUTP UT jack. Ground the ouw 
chuck of the probe to the panel. 

(8) Turn HORIZONTAL AMPL GA.IX 
cont,rol until the hor izontal line is ~ 
inches long. 

(9) Tum VERTICAL AMPL GAIN con· 
trol until two pat·allel lint¥S approxi­
mately 1 inch apart appear on the screen. 

{10) Remove lead from center chuck IUld 
hole of RF OUTPUT jack. 

b. Adju.yfmumt of Signal. Trimmer 0 91Jl. 
( 1) Remove signa I crystal CR201. Connect 

the RF OUTPUT jack on the signal gen· 
erator to the signal crystal jack. 

(2) Connect a 220-ohm resistor across E:101 
and across E202. Remove V207 from it~ 
socket. 

(3) Connect the traveling detector between 
the VER'l'I CAL INPUT jack on thesig· 
nul genemtor and the cathode (pin 7) of 
V206. 

( 4) Place selected RF ATTENUATOR 
swit.ches on t he signal generator (but not 
the 3 D B switch) a.t IN. 

(5) Throw the 3 DB switch of the RF AT­
TENUATOR in the signal generator to 

I N. 
( 6) P lace on the oscilloscope screen a. hori­

zonta.l cn.Jibrat ion line cor responding t4J 
the ampli tude of the attenuated wave 
fon n (A , fig. 141). Once this level has 
been estnblished, do not change the YER­
TI CAL AMPL GAIN or the HORI­
ZONTAL AMPL G.\.IN controls. or 
vnry 1my of the RF .\ TTENtl.\TOR 
swit<'hes, except as specified later. 

(7) Adjust the MARKER .Al!PLlTL!)E 
control on the signal generator until the 
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Fi(lure 140. Setup tor trimmer 0201 adjusttnetlt. 

A. SET HORIZONTAL 
CALIBRATION LINE 
TO 308 LEVEL. 

B. SET MARKER ~ TO POINT 
WHERE LOW·FREOUENCY 
PORTION OF CURVE 
CROSSES 308 LEVEL. 

C. SET MARKER Y TO POINT 
WHERE HIGH-FREQUENCY 
PORTION OF CURVE 
CROSSES 308 LEVEL 

TM 1535·594 

Fi{lure l.t,l. Sign.al circuit a treqru~ncy reaponse curues. 

blanker marker appears clearly on the 
wave form. The frequency in band C 
to which the frequency dial is set is indi­
cated under the hairline on the cl.ilal, and 
on the wave form at the point blanked 
out by the marker. 

(8) Place the 3 DB switch of the RF AT­
TENUATOR in the OUT position. 

(9) Turn the wave meter tuning control on 
the signal generator until the marker ap­
pears at the point where the left hand 
portion of the curve crosses the 3 DB 
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level, point X (B, fig. 141.) Reco1rd this 
frequency. 

(10) Turn the wave meter· tuni ng control 
until the marker appears at the point 
where the right hand p01·tion of the curve 
crosses the 3 DB level line, point Y (C, 
fig. 141). Record this frequency. 

(11) Adjust signal trimmer C201 for flat fre· 
quency response with a center frequency 
of 30 me and the 3 DR points at 2'1".5 me 
( :±: .5 me) and at 32.5 me ( + .5 me). 

c. Adjustment of 01id Ooila. 
(1) Perform steps described in a and b a.bove. 
(2) Adjust L203 (by pushin~r the coils in or· 

pulling them out) for a Rat band pass be­
tween 27.5 me and 32.5 me. 

(3) Replace V207. Remove V208. .Remove 
the 220-ohm resistor placed u..cross 18202. 

(4) Set GAIN control to its extreme dock­
wise position. 

(5) Connect. the traveling detector between 
the VERTICAL INPUT jack on tho sig­
nal generator and the cathode (pin ~r) of 
V207. 

(6) Turn the wave meter tuning control on 
the signal~r0nerator until the wave meter 
dial rends 30 me on scale C. 

(7) Adjust 1.. . .207 (red-blue dotted coil ) to 
peak at 26.75 me. 

(8) Replace V208. Remove V209. Replace 
220-ohm resistor across E202. 

(9) Connect tr·1weling detector to the cathode 
(pin 7) of V208. 

(10) Turn the w1.we meter tuning control on 
the signal generator until the wave meter 
dial rends 32.5 me on scale C. 

(11) Adjust L208 to peak at 32.5 me. 
(12) Remove V206 and V207 and replace 

V209. 
(13) Connect the RF OUTPUT jack on the 

signal gener·utor to the plate (pin 5) of 
V207. 

( 14) Connect tnweling detector· to cathode 
(pin 7) of V209. 

(15) Turn the Wttve meter tuning conb·ol on 
the signal generator until the wave me!ter 
dial reads 27.9 me on sca le('. 

( 16) Adjust L2IO (red-green dots) to p•~ak 
at 27.9 me. 

( 17) Remove V208. 

(18) Counect the RF OUTPUT jaek on the 
signal generator to the plate (pin 5) of 
V208. 

( 19) Connect traveling detector to cathode 
(pin 7) of V210. 

(20) Turn the wave meter tuning control or. 
the signal generator until the wa.ve meter 
dial reads 32.9 me on scale C. 

(21) Adjust L211 (red-violet dots) to peak. 
(22) Remove V209. 
(23) Connect RF OUTPUT jack on signal 

generator to the plate (pin 5) of V:109. 
(24) Unsolder wire at VIDEO OUTPtT 

jack ,J202 going to pin 7 of V212. Un­
solder end of C216 going to pin 6 of Y21:2. 

(25) Wire in spare coil (yellow dot) from 
junction of L214 and C216 to VIDEO 
OUTPUT jack. 

(26) Connect traveling detector to VIDEO 
OUTPUT jack. 

(27) Turn the wave meter tuning control on 
the signal generator until wave meter 
dial reads 30.25 me on scale C. 

(28) Penk L212 (brown-violet). 
(29) Replace all tu'bes in their sockets. 
(30) Check adjustment of 0201 as described 

in b above. 

171. Afc Circuits Alinement 
(fig. 142) 

Oheck the alincment of the afc if. stages when· 
ever u tube or other part is replaced. Usually 
adjustment of afc trimmer C226 is sufficient. 
However, if either of coils L232 or L23:J in the afl· 
discriminator is replaced it may be nece$ary to 
adjust them. SigM.I Generator TS-452A/U is 
used for aJl nfc circuit alinement. Prepnre tl1r 
signnl generator nccording to the instructions in 
pnm~rraph 170, then proceed as follows. 

a. AdjWihnent of Afc Trimmer 0~6. 
(1) Remove nfc crystal CR202. Connect the 

RF OUTPUT jack on the signal gen· 
erator to Lhe afc crystal jnck. 

( 2) Connect. n. 5HO-ohm resistot· across R2.301 
and a 220-ohm resistor across R233. 

( ;~) Connect the traveling detoctor between 
the VERTICAL INPUT jack on th~ 
signal genenttor and the cathode (pin i ) 
of V214. 
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Figut·e 14~. Test setu;p tor alinemenl of ate trimmer C2Z6. 

(4) Place selected RF ATTENUA1rOR 
switches on the signal generator (bu1~ not 
the 3 DB switch) at IN. 

( 5) Throw the 3 DB switch of the RF 
ATTENUATOR in the signal gene1rator 

to IN. 
(6) Place on the oscilloscope screen a hori­

zonta1 calibrating line, corresponding to 
the amplitude of the attenuated wave 
form (A, fig. 141). Once this leve>l has 
been established, do not change) the 
VERTICAL AMPL GAIN or the HOR­
IZONTAL AMPL GAIN controls, or 
vary any of the RF ATTENUA.TOR 
switches, except as specified later. 

(7) Adjust the MARKER AMPLITUDE 
control on the signal generator until the 
blanker marker appears clearly con the 
wave form. The frequency on ba.nd C 
to which the frequency dial is set i:s indi­
cated under the hairline on the di·a.l and 

on the wave form at the point blanked 
out by the marker. 

(8) Place the 3 DB switch of the RF 
A.TTENUATOR in the OUT position. 

(9) Turn the wave meter tuning control on 
the signal generator until the marker ap­
pears at the point where the left hand 
portion of the curve crosses the 3 DB 
level, point X (B, fig. 141). Record this 
frequency. 

(10) Turn the wa.ve meter tuning control 
until the marker appears a.t the point 
where the right hand portion of the curve 
crosses the 3 DB level point Y ( C, fig. 
141) . Record this frequency. 

( 11) Adjust afc trimmer 0226 for a. flat re­
sponse with the 3 DB points at 27.5 me 
and at 32.5 me. 

(12) Turn the wave meter tuning control on 
the genentor until the wavemeter dial 
reads 30 me on scale C. 
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(1 :~) Aclj ust L219 for centering of the 30 me 
marker. 

(14) Remove the 220- and 560-ohm resistors. 
b. Adju11tnumt of Di11criminator. 

(1) Keep the wave meter dial set at 30 me. 
Keep the generator output connected to 
the afc crystal ja~k. 

(2) Connect the traveling detector to the 
junction of R235 and R236. The curve 

on the scope should be as shown in fiO'-
ure 47. ~:-

( 3) Turn the wu ve meter tuning control until 
the wave meter dial reads 27.5 me on 
scale C. Adjust L232 for a peak at: the 
marker. 

( 4) Turn the wave meter tuning control until 
the wave meter dial reads 32.5 me on scale 
C. Adjust L233 for a peak at the marker. 

Section V. FINAL TESTING 

172. General 
This final testing section is intended as a guide 

for determining whether a repaired receiving sys­
tem meets the original specifications. Entire test 
procedures for the receiving system are given. 
The final testing chnrt (fig. 222) summa.dzes the 
final testing procedure fot· the entire radar set. 

173. Bandwidth 
(fig. 143) 

Measure the bandwidth by means of Test Set 
TS-147/UP and Oscilloscope TS-239A/ AP as 
fo1lows: 

a. Disconnect the wave guide from the duple..~er. 
Connect Directional Coupler CU-78/ UP between 
the duplexer and the wave guide. 

b. Connect Cord CG-91/U between TRIGGER 
jack ,J303 on the receiver-transmitter and TRIG­
GER in jack on the test set. 

c. Connect Cord CX-.'337 /U between 115 V AC 
receptacle on the test set and a 115-volt ac outlet. 

d. Connect Cord CG-332/U between SIGNAL 
INPUT jack on the oscilloscope and VIDEO 
OUT jack J201 in the receiving system. Connect 
an 82-ohm resist(Jt• between VIDEO OUT jack 
and ground. 

e. Connect the other Co1·d CG-332/U between 
TRIGGER jack ,J302 on the receiver-transmitter 
and EXTERNAL SYNC jack on the oscil1oscope. 

f. Connect Cord CX-337/U between POWER 
INPUT jack on the oscilloscope and a 115-volt ac 
outlet. 

g. Plare the test set in operation and adjust it 
as follows: 
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(1) Place the 115 V A(' switch in the ON 
position. Allow 2 or 3 minutes for the 
test set to wa1·m up. 

(2) Place TEST switch in the dot position 
between TRAN and RECV. 

(3) Place DHM contml to about + 15 dbm. 

( 4) Place POWER SET control in its maxi­
mum cloclnvise position. 

( 5) Place the PHASE control in its mid­
position. 

(fi) Place S IGNAL WIDTH control in the 
MIN position. 

lt. Plnce the oscil1oscope in operation according 
to the instructions g iven in paragraph 110. 

i. Adjust S IGNAL FREQ. control on the test 
set for maximum signal amplitude on the oscillo­
scope. Set TEST control to RECV and adjust 
DBM control to prevent saturation. 

j. Tune the receiving system of the radar set, if 
necessary. 

lr. Turn SIGNAL WIDTH control on the test 
set clockwise to obtain a band pass curve. Adjust 
PHASE control to hold pattern on the oscilloscope 
screen. 

l. Adjust FREQUENCY meter control so that 
the pip is on top of the band pass curve. The 
reading of the FREQUENCY dials at this point 
should be between 9,345 and 9,405 me. 

m. Increase the DBM setting by 3 DB. Detune 
FREQUENCY meter. Murk the height of the 
band pass curve. 

n. Restore DBM to its original setting. 
o. Rotate FREQUI<;NCY dial to cause the fre­

quency pip to move ncross the oscilloscope SCreNl. 

Observe the FREQUENCY dial readings at tht> 
two points where the pip passes through the ~ 
DB points (as determined in g above). 

p. The di ffen>nce in frequency between the two 
3 DB points should be hl:'t ween 4.5 and 5.5 me. 

174. Sensitivity 
(fig. 143) 

The sensit ivity of the receivi ng system is de­
termined by measuring the minimum discernible 
signal by means of Test Set. TS-147 TP and Os­
cilloscope T8-239A/AP ns follows: 

.. 
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Figure 1~3. Bandwidth and $etl$itivity, tc~Jt 8etup. 

a. D isconnect the wave guide from the du­
plexer. Connect D irectional Coupler CU-78/UP 
between the d uplexer and the wave guide. 

b. Connect Cord CG- 91/U between TRIGGER 
jack ,]308 on the receiver-transmitter and TRIG­
GER IN' jack on the test set. 

c. Connect Cord CX- .337/U between 115 V AC 
receptacle on the test set and a 115-vo]t ac outlet. 

d. Connect Cord CG-.,32/U between SIGNAL 
I NPUT jack on t he osci11oscope and VIDEO 
OUT j ack ,T201 in t he receiving system. C01nnect 
an sz-ohm resistor between VIDEO OUT jack 
and ground. 

e. Connect the other Cord CG-332/U between 
TRIGGER jack ,J302 on the receiver-transmitter 
and E:X'l'ERNAL SYNC jack on the oscilloscope. 

j. Connect Cord CX....:337 /U between POWER 
INPCT jack on the oscilloscope and a 115 volt ac 

outlet. 
g. p]ace the test set in operation and adjust it 

as follows: 

(1) Place the 115 V AC switch in the ON 
position. Allow 2 or 3 minutes for the 
test set to warm up. 

(2) Place TEST switch in the TRAN posi­
tion. 

(3) Place the DBM in the mn.ximum counter­
clockwise position. 

A. Place the oscilloscope in operation by fol­
lowing the instructions given in paragraph 110. 

i. Place the A. F. C. OPERATION-MAN. 
TUNE switch on the receiver chassis in the 
A. F. C. OPERATION position. 

j. Turn the GAIN control in the indicator un­
til one-half inch of gt·ass is showing on the test 
c.scilloscope. 

k. Turn the test set to receiver frequency in the 
following manner: 

(1) Adjust 'METER BALANCE control 
until meter pointer is at balance. 

(2) Place TEST switch in the RECV posi­
tion. 

(3) Phl.ce DBM control in the + 15 position. 
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( 4) Place the POWgR SET control in its 
maxim clockwise position. 

(5) Place the PHASI<~ control in midposi­
tion. 

z. Obtain frequency modulated signal as fol­
lows: 

(1) Place SIGNAL WIDTH control in the 
MIN position. 

(2) Adjust SIGNAL FRgQ control for 
maximum signal. If signal does not ap­
pear on the oscilloscope, place TEST 
switch in dot position. 

(3) Vary DBM control to prevent saturation 
of the signal as seen on the oscilloscope. 

m. Check METER BALANCE. 
(1) Place TEST switch in the THAN posi­

tion. 
(2) Place DBM conti-ol in the maximum 

counterclockwise position. 
(3) Adjust METER BALANCE control 

until the meter pointer is at BALANCE. 
n. Bring back the fm signal. 

(1) Place the TEST switch in the RECV 
position. 

(2) Turn the DBM control clockwise until 
the signal is seen on oscilloscope. 

o. Turn SIGNAL WIDTH control to the G'\Y 
position, while ndjusting the PHASE control to 
keep the curve on the oscilloscope screen stendy. 

p. Rotate the FREQUENCY control to either 
end of the frequency mnge to detune the frequency 
meter·. 

q. Adjust POWER SET control until the meter 
pointer moves to the SET POWER line. 

r. Bring back the fm signal again. 

16~ 

(1) Turn SIGNAL WIDTH control care­
fully counterclock,vise. 

(2) Select the mode used in l above. 
8. Turn the DBM control slowly until the signal 

just disappears in the grass. \Vhen the signal be­
comes very small, turn the DBM control counter­
clockwise (reducing signnl) in 1 db steps and 
move the sigm\1 back and forth with the PH.\SE 
control for identificution of the signal as it moves 
horizontnlly along the base line of the oscilloscope. 
·when the signnl is least visible, record the readincr 

• 0 
of the DBM d1al as M. 

U =!U? : 
t 

SIGNAL FROM 
TEST SET TS-147/UP 

~LEVEL ADJUSTED 
BY MEANS OF 

jGAIN) CONTROL 

TM 1535-204 

}l'igtu·o 14~. Receiver stmsitivity, test iCavc form. 

t. The minimum discernible signal power, or 
the received performance figure in decibels below 
1 milliwatt, is obtained from the following 
formula: 

Min. discernible signnl=M+30.5 
where 30.5 is the attenuation of the cnblt> 
and the directional coupler. 

For example, if the DBM rending is 63, the 
minimum discernible signal power is 63 ..... 
30.5= 93.5 dbm. A sensitivity of at le:1st 
90 is required. 



CH~~PTER 12 

TROUBLESHOOTING IN SYNCHR.ONIZING AND INDICATING SYSTEM 

Section I. TROUBU:SHOOTING PROCEDURES 

Caution: 
1. The PPI has 5 kv applied to it through 

a high voltage cap. Be sure interlo-ck 
switch S103 operates to cut off the PPI 
power supply when the top cover is re­
moved. Discharge capacitors C117 a·nd 
Cll8 with a screwdriver before working 
around the PPI power supply. 

2. The failure of selenium rectifiers can res,uJt 
in the liberation of poisonous fumes and 
the deposit of poisonous selenium com­
pounds. If rectifier CR102 (fig. lliil) 
burns out or arcs over and produces a 
strong odor, provide adequate ventilatiton 
immediately . Avoid inhaling the fur.otes 
and do not ha1uile the damaged recti/ier 
wntil it has cooled. 

175. Reference Data 
The following chart lists the illustrations that 

may prove helpful in troubleshooting the s:yn­
chronizing and indicating system. 

Fig. No. Description 

72_ _ _ _ _ _ _ _ Synchronizing circuits, schematic. 
148 ________ Indicator, voltage and resistance chart. 
149 ________ PPI, voltage and resistance chart. 
146________ Range mark and video circuits, wave forms. 
145____ _ _ _ _ Multivibrator and sweep circuits, wave 

for ms. 
214 ________ Range and Azimuth Indicator IP-193/-

SP N-11, schematic. 
218 ••. _____ Range and Azimuth Indicator IP-193/-

SP N-11, wiring diagram. 
220 ________ Power distribution diagram. 
147 ________ Indicator, tuhe location chart. 
159 ________ Antenna, schematic. 

176. General Information 
a. N orma:t Operation. When POWER switch 

8105 is turned on, a trigger from the master 
blocking oscillator in the transmitting system sets 

the indicator multi vibrator in motion. The multi­
vibrator does three things. It provides an un­
blanking pulse that prevents the return trace from 
being visible on the PPI; it sets the sweep circuits 
into operation; and jt turns on the range mark 
circuits. RANGE switch S101 controls the 
length of the sweep and the number of range 
marks for each swee-p. As soon as the antenna 
horn is made to rotate, the synchronizing circuits 
cause the sweep to rotate and produce fore and 
aft heading flashes. When HIGH VOLTAGE 
switch S301 in the transmitting system is turned 
ON, returning echoes pass through the video cir ­
cuits where their amplitude is controlled by CON­
TRAST control R160. The range marks also 
pnss through the video circuits. Their amplitude 
is varied by RINGS control R165. 

b. Obvious Trouhle. 
(1) If +320 v or +300 v reg are not a.vail­

able, the entire indicator will be inopera­
tive. 

(2) If -300 v reg is not ava.ilable, the PPI 
wi)} be inoperative. 

(3) If fuse F102 is open, high voltage is not 
available for the PPI, and the PPI will 
be bla.nk. 

(4) If fuse F101 is open, none of the tube 
filaments or dial lamps will light and 
synchro alinement relay K101 will not 
operate. 

( 5) If SYNCHRO fuse F803 on the conveni­
ence panel is open, the synchronizing 
circuits will be inoperative. 

177. Operational Test 
Follow the instructions given in trouble shoot­

ing based on starting procedure (par.l15). When 
trouble in the synchronizing and indicating sys­
tem is indicated, refer to the synchronizing and 
indicating system troubleshooting charts (par. 
180-182) . 
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178. Test Points 
(figs. 145 and 146) 

Be sure the transmitting, rf, and receivjng sys­
tems are operating properly before making tests 
in the synchronizing and indicating system. 

a. Trigger. Check the wave form on the 3 mile 
ran~e at TRIGGER jack .T lOl. If it is not as indi ­
cnlcd in figure 116, check cn.blm; vV705 and W709. 

b. M·ultivilYrator. Check the wave fonn at the 
junction of R102 and R103 (fig. 155). If it is 
not as shown in figure 145, make a voltage and 
res istftnce check in multivibrator stage VIOlA. 

c. Sweep (}i1·cuits. T est the output of the sweep 
circuits at the grid (pin 5) of V104. If the wave 
form is not as shown, trouble is in the sweep cir­
cuits. Check the wave forms at the other test 
points indicated in figure 145 to pin down the 
exact stage. Use the voltltge nnd resistance chart 
to find faulty part. 

d. Range Mark Oi1·owits. Check the output of 
the mnge mark circuits Itt t he plate (pin 5) of 
range mn.rk peaking amplifier Vl08B. If it is not 
as indicated, trouble is in t he range mark circuits. 
Use the other wave forms indicated in figure 146 
to pin down the faul ty stage. 

e. Video Oi7·owits. 
(1) Plug the line cord of Squu.re Wave Gen­

erator TS-583A/U into u. 115 v ac outlet. 

(2) Place the POWER switch on the square 
wave generator in the ON position. 

(3) Place t:he EXT.-60.-switch on the gen­
erator m the 60.-position. 

( 4) Connect one end of a. cable between one of 
the OUTPUT terminals of the generator 
and ground and the other end of tht 
cable to VIDEO jack J103 in the indi· 
cator. 

(5) Conncet and adjust Oscilloscope TS-
34A/ AP according to the instructio~ 
given in pn.ra.gra.ph 110. 

(6) View the signal present at the cathodP 
(pin 11) ofthe PPI. If it is not pres\mt. 
or if it is present but distorted, the ¥idoo 
cir·cuits are not operating properly. 

f. PPI. _Re_ad the voltage a.t H. V. TEST jack 
.Tl 02. If rt 1s not 50-which represents 5,00l• 
volts-check the PPI high voltage rectifiers. 

g. Ryncht•oni~ng Circuits. Check the volt~ 
bet.ween ter·minals A 12 and A 13 on TB804 in 
the convenience panel. I t should be 115 volts. 
If this reading is correct, use an ohmmeter to 

check t he continuity between A 11 and A 10 on 
TB804. I t should have continuity except. when 
synchro aJinement relay K101 contacts are closed 
lllllliUttlly. 

Section II. SYNCHRONIZING AND INDICATING SYSTEM TROUBLESHOOTING CHARTS 

179. General 
a. Not all the symptoms presented in the fol­

lowing charts a re definitely due to t rouble in the 
synchronizing and indicating system. Some 
symptoms listed-such as reduced target echoes­
mny be due to trouble in t he transmitting, rf, or 
receiving systems. In any such case, it is best to 
check the transmitting, rf, and receiving systems 
before tr·ouble shooting the synchronizing and 
indicating system. 

b. The tube troubleshooting chart und the crys­
tal troubleshooting chart indicate what tubes or 
crystals may be at faul t. If the fault is not 
remedied after replacement of the tube or crystal, 
refer to the general troubleshooting chart. 

c. The general troubleshooting chart does not 
give all possible symptoms. For the symptoms 
listed, the chart can merely gu ide you to the cir­
cuits or to the stage at fault. To find the exact 
part at fau lt, take voltage and resistance readings, 
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and compare them to those given in the voltagt> 
and resistance charts (fig. 148 and 149). 

d. Some parts of the synchronizing circuits are 
located in the antenna. Other parts of the syn­
chronizing circuits are located in the indicator. 
These parts are connected by means of cables 
which have their interconnection points on the 
ter·miual bonrds at the bottom of the receiver­
transmitter. Therefore, the terminal boards pre­
sent a convenient testing point for the synchro­
nizing circuits, and the cabling diagram (fig. 219) 
is conven ient for troubleshooting these circuits. 

e. The indicator is connected to the receit"er­
t mnsmitter through the junction box. The junc­
tion box, therefore, is another convenient test point 
for pulse, voltage, or resistance. 

180. Tube Troubleshooting Chart 
T he following list is a summary of abnormal 

PPI presentations and the tube or tubes that may 
be the cause of the trouble. 



ONE- SHOT MULTIVIBRATOR VIOlA 

TEST POINT • JUNCTION OF R 102 AND R 103 
ATTENUATION • 54 db 
SWEEP • START-STOP 
SPEED • MEDIUM 

ONE- SHOT MULTIV IBRATOR V IOIB 

TEST POINT • PL ATE, PIN 5 
ATTENUATION I 60 db 
SWEEP • START-STOP 
SPEED I SLOW 

ONE- SHOT MULTIVIBRATOR VIOlS 

TEST POINT • CATHODE, PIN 6 
ATTENUATION • 52 db 
SWEEP • START-STOP 
SPEED I MEDIUM 

NOTES: 

SWEEP VOLTAGE AMPLIFIER Vl03 

TEST POINT • GRID, PIN I 
ATTENUATION • 12 db 
SWEEP• START-STOP 
SPEED I SLOW 

SWEEP CURRENT AMPLIFIER Vl04 

TEST POINT • CATHODE, PIN 3 
ATTENUATION • 12 db 
SWEEP • START-STOP 
SPEED • SLOW 

SWEEP CURRENT AMPLIFIER Vl04 

TEST POINT • GRID, PIN 5 
ATTENUATION • 26 db 
SWEEP I START- STOP 
SPEED I SLOW 

I. WAVE SHAPES TAKEN WITH OSCILLOSCOPE TS-34A/AP. 

2. 1 RANGE 1 swiTCH oN rn MILE RANGE. 

3. I EXTERNAL SYNC I INPUT TO I TRIGGER I JACK J303. 

4. IH PLATES I SWITCH IN I NORMAL I POSITION. 
TM 1535-206 

Figure 11,5. Mtdtivibrator and sweep cirCI£its, tcave forms. 
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--~ .. r·--J ___ ... 
·---~ 

I 

I 

RANGE MARK OSCILL ATOR V107A 

TEST POINT • PLATE, PIN 2 
ATTENUATION • 58 db 
SWEEP • START- STOP 
SPEED I MEDIUM 

RANGE MARK LIMITER AMPLIFIER V1078 
TEST POINT • GRID, PIN 4 
ATTENUATION I 44 db 
SWEEP • START-STOP 
SPEED I MEDIUM 

RANGE MARK LIMITER AMPLIFIER V107B 
TEST POINT • PLATE, PIN 5 
ATTENUATION I 56 db 
SWEEP • START- STOP 
SPEED I MEDIUM 

NOTES : 

RANGE MARK INVERTER AMPLIFIER V108A 
TEST POINT • PLATE, PIN 2 
ATTENUATION I 60 db 
SWEEP • START- STOP 
SPEED • MEDIUM 

RANGE MARK PEAKING AMPLIFIER V108B 
TEST POINT • PLATE, PIN 5 
ATTENUATION ' 46 db 
SWEEP • START -STOP 
SPEED • MEDIUM 

VIDEO MI XING AMPLIFIER V1098 

TEST POINT • PLATE, PIN 2 
ATTENUATION , 26 db 
SWEEP • START-STOP 
SPEED • MEDIUM 

I. WAVE SHAPES TAKEN WITH OSCILLOSCOPE TS- 34AIAP. 

2 . 1 RANGE , SWITCH oN m MILE RANGE . 

3. I EXTERNAL SYNC I INPUT TO I TRIGGER I JACK J303. 

4 . IH PLATESJ SWITCH IN I NORMAL I POSITION. 
TM 1535-207 

Figrtre 146. Range mark atrcL 11idco circuit8, wave /01"111/J. 



I Cl34 I I Cl24 I 
VIDEO OUTPUT ~ I I AMPLIFIER 8 

RANGE MARK 

6AQ5 I~ VI~ 

rn 

PEAKING AMPL IFIERS 
6SN7 

VIDEO MIXING 29 8 I RANGE MARK 

AMPLIFIER 

OSCILLATOR AND AMPLIFIER 

6J6 @ 

6SN7 

PPI 

I 7MP7 A SWEEP CURRENT 

/""'\ I I 

l 
AMPLIFIER 

\::) 

J 

68G6 -

8 8 I 
SWEEP VOLTAGE 

AMPLIFIER 
6SN7 

0 0 

B 
0 0 

8 ., ONE- SHOT 
MULTIVIBRATOR 

6SN7 

80 9 I DC RESTORER 

RECTIFIER I 
6AL!5 

2X2A I I VI05 
I I J TN 1!53!5 - 596 

Ji'iqure 141. InMcaiOr, lube looatl()n chart . 
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Symptom Tubtl 181. Crystal Divide Troubleshooting Chart 

PPI Blank---------------------------------
Picture symptom 

VIOl 
V106 
VJ05 
V102 
VJ03 
VJ04 

PPI Blank 
--~-------- - ------

No range ~arks and video. Sw~~-fu;~~~~~~~ 
Cll tOI 
C}lJ(H 
Cllt03 

No sweep. Bright spot in center of PPI 
No range rmgs. Sweep and video present ____ _ 
Picture gets dimmer as RANGE switch is ad-

No range rings. Sweep, heading flashes, and vanced clockwise _____ •• _____ . -- - - -- ____ __ _ 
Range rings bloom when passing over echoes __ _ _ 

Cll 101 
Cllt03 
CllHH 

video present_ ------ ·- VJ07 
Vl08 
V109 

Dark areas following flash _______ ___ __ _______ _ 

No range rings, no echoes, or weak echoes. 
Sweep and heading flashes present. 

D istance between range r ings unequaL _-­
Range rings brighter than usual with dark 

areas after each mark, weak echoes. _ 
Hole in center of PPI sweep larger than hole at 

center of cursor 

182. General Troubleshooting Chart 

Symptom 

V109 
V110 
V102 

VJ09 

Vl04 

Probable trouble 

PPI blank on all ranges ______________ _ No tr·igger reaching TRIGGER 
jack JIOI. 

No 5 kv for PPL _______________ _ 

PPI file•ment supply is out _________ _ 

Mult ivibrator VJOl inoperat ive ___ _ 

Correction 

Check continuity of trigger eable­
W705 and W709 (par. 107). Check 
for presence of trigger at TRIGGER 
jack J303. If it is not prest'nt 
make voltage and resistance check 
of V307A. 

Check voltage at H. V. TEST jack. 
If it is not 50 v, make voltage aod 
resistance check of PPI pOI\·er 
supply. 

Check voltage across terminals 3 and 
5 of transformer TI02. H not 
6.3 volts, replace Tl02. 

Make voltage and resistance check Clf 
VIOl. 

Trigger and video cables inter- Correct. 
changed. 

No sweep. Spot appears at ccn tcr of P P L I noperativo sweep circuits .------ -- Signal trace through stages \ '102 
Vl04. 

Sweep rota tes counterclockwise 

Antenna horn rotatoR, but sweep on PPI 
does not rota te. 
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Defective deflection coil assembly ____ Check brushes, brush springs. Cht>d: 

Wires between t ransmitter synchro 
a nd receiver synchro reversed. 

SYNCHRO fuse F 803 open ________ _ 

Synchro alinement relay K l Ol &lay& 

closed. 

ItcceiveJ· synchro BJ Ol inoperative 

continuity across detlt>etion roi 
LIOI. 

Check wiring with aid of power di~­
tribution diagram (fig. 220). 

Check for cause of blowing before 
replacing. 

Check re lay contacts. Check .-iring 
of synchronizing circuits '1\;tb aid 
of power distribution diagram (~ 
220) . 

Check wiring with aid of power dis­
t ribution diagram (fig. 220). Clleock 
continuity across rotor and arl\l!"' 
s tator windings of BlOI. 



182. General Troubleshooting Chart-Continued 

Sympt.om 

Sweep and video p resent, but no range 
II) arks. 

Probable trouble 

Inoperative range mark circuits ____ _ 

RINGS control defective _____ _____ _ 

Video mixing amplifier VI09B inop­
erative. 

CoiT\ICUon 

Signal trace through stages Vl07 and 
Vl08. 

Check control with ohmmeter. Re­
place if defective. 

Make voltage and resistance check of 
this stage. 

Sweep visible, but video and range marks Video circuits inoperative ______ ____ _ Make voltage and resistance check of 
stages Vl09 and V110. are not visible. 

Intensity of PPI presentation is low _---_ Defective multi vibrator (low ampli­
tude of unblanking pulse). 

Make voltage and resistance check of 
one-shot multivibrator VIOl. 

Intensity of PPI presentation is very high. 
INTENSITY control has no effect. 

No heading flashes------ --------------

Improper PPI grid bias. __ - - ______ _ 

Low second anode voltage _________ _ 

Open INTENSITY control Rl35 __ _ _ 

Short to ground from resistors Rl32, 
R133, or Rl44. 

Heading flash circuit inoperative ___ _ 

Defective heading flash cam switch 
S502 (in antenna) . 

FOCUS control has no effect on focus ____ Defective FOCUS control Rl38 ____ _ 

Open focus coil Ll02 __________ ___ _ _ 

Check crystal diode CR104 and other 
parts in the grid circuits of PPI. 

Check PPI power supply (par. 202). 

Check control with ohmmeter. Re­
place if defective. 

Check with ohmmeter. Repair if 
defective. 

Check resistance of Rl84, Rl85 and 
R186. Check continuity across 
Cl41 and Cl42. 

Connect voltmeter between S on 
plug PlOl and ground. Voltage 
should fall to zero when sweep 
passes 0° and 180° points. (If 
voltmeter does not read at all, test 
continuity from indicator to junc­
tion box to receiver-transmitter to 
antenna.) 

Take resistance reading of Rl38. 
Replace if defective. 

Check resistance across focus coil 
L102. It should be approximately 
300 ohms. 

SYNCHRO fuse keeps blowing_____ _____ Synchro alinement cam (in indicator) Readjust synchro alinement cams 
has moved from its correct position. (par. 194). 

Weak video----- -------- - ------------- Low gain in video circuits __________ Check tubes Vl09 and VllO. If 
tubes are ok, make voltage and 
resistance checks. 

No noiseonPPL ----- - --- ----- - - ----- Lowgaininvideocircuits __________ Check tubes Vl09 and VllO. If 

Different bearing obtained on the same 
target when position of RANGE 
switch is changed. 

Approaching targets disappear too soon 
near the center of the PPI. 

CA!nter of sweep varies with position of 
RANGE switch. 

Xo picture or faint picture on strong 
signal peaks. 

tubes are satisfactory, make voltage 
and resistance checks. 

Defective video cable______________ Check continuity between VIDEO 
OUT jack J201 on receiver chassis 
and VIDEO jack Jl03 in indicator. 

Focus coil not centered _____________ Center focus coil (par. 192). 

Too much SUPPRESSOR __________ Turn SUPPRESSOR counterclock-
wise. If there is too much clutter, 
turn GAIN control counterclock­
wise. 

Defective DCR V102B ______ _______ Replace Vl02. 

Defective PPL ___________________ Replace tube (par. 183). 
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182. General Troubleshooting Chart-Continued 

Symptom Probable trouble Correotlon 

Sweep line not visible. INTENSITY 
control in extreme clockwise pos ition 
results in picture with a faint sweep. 

Defective PPL - -------------- -- · _ Replace tube (par. 183). 

Range rings too dim. Sweep and video 
normal. 

Range mark circuits weak __ _ 

PPI presentation not oriented correctly __ Synchro alinement relay KlOl in­
operative. 

Spoking (pronounced light and dark 
radial areas) on PPJ. 

Range rings missing on one range; normal 
on other ranges. 

PPI blank on one range, normal opera­
tion on all other ranges. 

Range rings bloom over echo returns ___ . -
Sweep is short for all ranges __ - __ ---

Synchro alinement cam switch 8104 
not closing, or closing at wrong 
time. 

Synchro alinement cam switch 8501 
(in antenna) open. 

Synchro gears meshing at wrong 
point. 

Dirt on synchro gears.. ___ _ 
Defective contact on RANGE switch 

SlOl. 
Misadjustment of or open in one of 

tuning coils of ZlOl. 

Defective contact on RANGE switch 
8101. 

Defective crystal CR103-- -- - -- ----
Defective sweep circuits.. _____ ___ _ 

Abnormal picture in a small sector of PPI _ Receiver synchro slip rings dirty ___ _ 
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Check tubes VI07 and VIOS. R~ 
place defective tubes. 

Check for 125 vdc at terminal 3 a 
TB101. If voltage is not p~nt. 
check continuity back to fuse FlO!. 
If voltage is present, check OO:l­

tinuity across cam s~;tcbes SliM 
and S501, and between them. 

Check cam switch 8104 for oon­
tinuity. Replace if defectin•. l! 
8104 is all right check adjustment 
of synchro alinement csms (pa:. 
194). 

Check continuity between A 8 1100 
A 13 on TB804 on receiver-t~ 
mitter terminal boards. If Optt:, 

repair cam switch 8501. 
Loosen screw holding idler gear &lld 

move idler gear slightly. Checl 
other synchro alinement adjU>;­

ments (par. 194). 
Clean gears. 
Check section 1 of RANGE S\\ik'b 

8101. Adjust defective contMts. 
Adjust one of range controls (1. 3. S 

or 20 in fig. 153). If trouble doe:: 
not clear, check continuity of 
appropriate coil. If open, replM"t 
Z101. 

Check section 2 of RANGE s,,;tch 
S101. Adjust defective contack-. 

Check CR103. Replace if defectiv('. 
Check dcr Vl02B. Signal trace rlOl 

through Vl04. Use voltage and 
resistance checks to determine t>:t&('~ 
part of fault. 

Remove plug located betwet'n the 
two brush holders on the deftectio:: 
coil assembly exposing the two ,.lip 
rings. Dampen a cloth with :: !­
vent, Dry Cleaning Fluid (8D). a; d 
hold against rings while rotatm­
the synohro by hand. 



t4,700VAC 
160K 

* 2!1VAC,7KV 
r-----NC 

7MEG RECTIFIER 
V106 
2X2A 

* 2 .!1VAC,7KV 
7MEG 

'-----NC 

WARNING 

DANGEROU S VOLTAGES EXIST ACROSS 
TUBE V106. USE METER ON 2!10V 
SCAL E. READ APPROXIMATELY SOV 
AT!H.y. TEST! JACK JI02 

NOTES 

VOLTAGES AND RESISTANCES MEASURED TO 
GROUND UN LESS OTHERWISE NOTED. USE VOLT­
METER WITH 2D,OOO OHMS-PER-VOLT SENSITIV­
ITY. 

2 ALL RESISTANCES MEASURED IN OHMS WITH 
POWER REMOVED FROM EQUI PMENT. 

3 *INDICATES AC READINGS TAKEN ACROSS TUBE 
FILAMENTS. 

4 NC INDICATES NO CONNECT ION. 

5 SWITCH SIDI AT~ MILE RANGE. 

6 (CENTER EXPAND! SWITCH SI02 IN m:rrJ POSITION. 

nov 70V 
77K 78K 

0 
0 

*6.3VAC 
0 

lt6.3VAC 

VIDEO MIXING 
AMPLIFIERS 

V109 

-.sv 
360 K 

0 
360K 

0 
360K 

20SV 
57K 

0 

0 

IOV 
240 

*6.3VAC 

* 6.3VAC 

215V 
70K 

6J6 

VIDEO OUTPUT 
AMPLIFIER 

VIIO 
6A05 

DC RESTORER 
VI02 

S72616ALSW 

ONE-SHOT 
MULTIVIBRATOR 

VIOl 
6S N7 WGT 

SWEEP VOLTAGE 
AMPLIFIERS 

VI03 A AN D Vl038 
6SN7 WGT 

SWEEP CURRENT 
AMPLIFIER 

V104 
6BG6 G 

RINGING OSCILLATOR 
AND AMPLIFIER 

VI07A AND VI078 
6SN7 WGT 

RANGE MARK 
PEAKING AMPLIFIERS 

VIOBA AND Vl088 
6SN7WGT 

3 5 V 
4K 

2V 
4!10K 

0 
0 

130V 
120K 

IV 
BOOK 

*63VAC 
0 

*6 3 VAC 
0 

0 
0 

60V 
150V 

-.3V 
I MEG 
6V 
2 51( 

300V 
II OK 

*63VAC 
0 

0 

210V 
14 5 K 

-30V 
900K 

*63VAC 
0 

*6 3VAC 
0 

fi'iqure 148. Indicator , v oltage a11d rc11istancc fttaoram. 

327711 0 - 155 -12 

- 60V 
ISOK 

lt6.3VAC 
0 

*6.3VAC 
0 

-38V 
55 0K 

1.5V 
eo 

-33V 
160K 

325V 
90K 

3.5V 
3.4K 

lt 6 .3 VAC 
0 

lt6.3VAC 
0 

2 V 
450K 
120V 
170K 

600V 
2!10 K 

75V 
63 

0 
0 

- 20V 
24K 

325V 
61K 

0 
0 

TW I~~-161 
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PPI 
Vl05 
7MP7 

sooov 
7 MEG 

NC NC 

NC NC 

NC NC 

NC 
300V 

II K 
-65V 12V 
200K 28K 

*6.3 VAC *6.3 VAC 

0 0 

NOTES 

1. VOLTAGES AND RESISTANCES MEASURED TO 
GROUND UNLESS OTHERWISE NOTED. USE VOLT­
METER WITH 20,000 OHMS-PER-VOLT SENSI­
TIVITY. 

2. ALL RESISTANCES MEASURED IN OHMS WITH 
POWER REMOVED FROM EQUIPMENT. 

3. *INDICATES AC READINGS TAKEN ACROSS 
TUBE FILAMENTS . 

4. NC INDICATES NO CONNECTION. 

5 . SWITCH SIOI AT (IDMILE RANGE . 

6. I cENTER EX PAN Dl SWITCH s102 1 N I OFF I POSITION. 

T~ llj3lj-20!i 

Figure 149. PPI, voltage Mul reJJilltancc diagran~ 



CABLE CONN ECTOR (PIOI) ----, 

CAPTIVE SCREWS 

130TTOM 
COVER --" 

TRIGGER JACK 
(JIOI) -----1 ..___ TELEPHONE JACK 

(J 104) 

Figure 150. Indicator, back view. 

VIDEO 
JACK 

(JI03) 

TM 1535-515 
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180 

KI O I 

Cl.iO 

Cl.i2 

Figm·e 151. Indicator, top t1·ont view, pa1·t8 tocatio11. 



SYNCHRO A 

VI 0 9 --+-tii-,... 
J I 0 2 ---H .. -<4~ 

HI 0 4 _ _J,l-1~~ 

\I 3 8 201 '----....... y~----
SWEEP LENGTH CONTROLS 

-~"""'"ii-+-1---- VI 0 7 

I@A-.:'lhn-t-- HI 0 5 

w 

~~~J~P.r~----·VIOI 

U.o!!:r--t---E102 

.,.--;;-.+---v 1 o 2 

....-;~.--- I I 04 
ANO 

XII04 

TM 1535-525 

Figure 152. Indicator, llottom. view, partB Eocation. 

181 



Cl31 

Rl61 

Cl37~~ 
Rl71 

CI3G 

XVIIO 

LIIO 

Rl86 

Rl 90 
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l<'i(lflrc 153. Indicator, bottom v iew, varta location. 

Rl 0 

Rll 9 

07 

T M 1535·106 



R 176 Rl41 

R 184 CR 104 
TM 1535-173 

Figure 154. Indicator, left side, bottom vieJo, parts location. 
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R I 04 Rl02 c 10 7 

Rl23 ----------~--------~---1~ 
*RI 0 9 

Cl l 0 

R 126 

Rl27 
* - INDICATES ADJACENT 

PAR TS 
Cl28 

R 113 

Cll6 

l!'igtwe 155. Inclioator, tiUht llille, bottom view, vat·ts location. 
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Section Ill. REPLACEMENT OF PARTS 

183. Cathode-Ray Tube lPPil 
Transfer the cathode-ray tube from its special 

carton directly to the indicator (a through h 

below) . 

TMI535-514 

Figure 156. Junc~wn box. 

Cautions: 
1. Always wear goggles and gloves when han-

dling a cathode-ray tube. 
2. Use both hands when lifting the tube. 
3. Never lay the tube down on hard surfaces. 
4. Do not drop tools on the face of the tube. 
a. Place POWER switch 8105 in the OFF po­

sition. 
b. Remove the 12-pin female socket from the 

base of the tube. 
c. Disconnect the PPI high voltage cap from 

the cathode-ray tube. Short the lead from high 
voltage cap to chassis. 

d. Loosen trunnion knobs; tilt the front of the 
indicator upward slightly ; then tighten the trun­
nion knob. 

e. Remove the eight machine screws (fig. 207) 
from the outer bezel rim. Take out the scale and 
cursor as;embly. 

f. Remove the cathode-ray tube by gently push­
ing at the tube base while another person gently 
pulls at the face of the tube. 

g. Remove the r\lbber shock ring from the face 
of the tube. Place the defective tube in the car­
ton supplied with the new t ube. 

h. Reverse the above procedure when inserting 
the new cathode-ray tube. 

Note. The following precautions should be observed 
when lnstalllng a new cathode-r ay tube: 

1. Do not force the tube. It binding occurs, l.nvesti­
gate the reasons before continuing. 

2. Be sure that the 45° cutaway on the tube neck 
yoke Is taclng toward the upper lett corner. 

a. Make certain the dial light contact finger engages 
the mating contact ln the upper right section of 
the housing. 

184. Deflection and Focus Coils 
a. Remove the cathode-ray tube by following the 

instructions given in paragraph 183. . 
b. Remove the eight fillister -head screws wh1ch 

hold deflection coil L101 to its mounting pla.te. 
c. Remove the idler gear holding screw, and, if 

necessary to unmesh the deflection coil gear, 
loosen the three synchro adjustment screws that 
hold the receiver synchro in place. 

d. Pull out the deflection and focus coils a.s a 
unit. 

e. D isconnect and tag the leads at their coil 
terminations. 

f. To disconnect deflection coil Ll 01 from focus 
coil L102, remove the three self-locking hex. nuts 
from the rear of the focus coil. 

185. Focus Coil 
To remove focus coil L102 independently of 

deflection coil L101 : 
a. Disconnect the cathode ray tube from its 

socket (par. 183). 
b. Remove the three self-locking hex. 1\Uts from 

the rear of the focus coil. 
c. Pull out focus coil. 
d. Disconnect and tag leads that terminate at 

the focus coil. 
Caution: Wb.en replacing focus coil, make cer­

tain it does not come into contact with the deflec­
tion coil. 
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1 86. Receiver Synchro 
a. To remove receiver synchro BIOI, remove the 

idler gear holding screw (fig. 163). 
b. Remove the tht·ee synchro adjustment screws 

(fig. 163). 
c. Disconnect and tag cables. 

187. Antenna Drive Motor 
a. Remove the four captive bolts on the antenna 

pedestal (fig. 4) and remove the drive housing 
cover plates. 

b. Remove antenna drive motor B50:l and the 
antenna drive motor mounting plate by removing 
the four hex-head bolts. 

c. Unbolt the antenna drive motor from the 
antenna. motor mounting plate. 

d. Disconnect the u.ntenna drive motor leads. 
e. When replacing the antenna drive motor, 

reverse the procedure indicn.ted in a through e 
above. Connect the antenna drive motor leads 
according to the termimttions shown in figur·e 159. 

Note. Do not use force to engage the antenna drlre 
motor coupling. It the antenna drive motor Is not priJI)­
erly allned, It will not seat properly. 

188. Transmitter Synchro Un Antenna) 
a. Disconnect the cables. Tng each le.ad for 

easy replacement. 
b. Remove the three bolts (dogs) (10, fig. lSi 

thut hold transmitter synchro B501 to its mount­
ing bracket. 

c. Remove transmitter synchro. The coupling 
breaks loose without the use of tools. 

d. Replace the transmitter synchro by reversing 
t.he above procedure. 

189. Range Ring Assembly 
a. Remove the four screws holding the housing 

mounting t.o the bottom of the indicator. 
b. Remove the four nuts and bolts holding Z101 

to the mounting. 
c. Remove the leads attached to ZlOl and label 

them. 
d. To replace ZlOl, reverse the above procedure. 

Section IV. AUNEMENT AND ADJUSTMENTS 

Caution: High voltages are exposed whEm the 
indicator covers are t'emoved. Be extremely care­
ful not to come in contact with parts or wiring 
in the indicator. Use an insulated screwdriver 
when making adjustments. 

190. General 
The alinement and ndjustment procedures for 

the receiving system are presented in this seetion. 
The al7nement chart (fig. 221) summarizes the 
complete radar alinement procedure. 

191. Location of Adjustment Controls 
a. Sweep length controls R117, Rll8, Rll£1 and 

R120 tLre located on the upper t·ight side oJf the 
indicator (fig. 152). 

b. Rnnge ttdjustment screws 1, 3, 8 and 20 are 
located on the bottom of the indicator (fig. Jl53). 

c. INTENSITY control R135 is mounted on 
the resistor bottrd at, the rear of the indicator (fig. 
151). 

d. In ternftl focus control Rl37 is mounted at 
the left of the INTJ'jNSITY control. 

e. Focus coi l hex. nuts (3), for sweep centering, 
are located uound the focus coil. 

f . 8ynchr·o alinement cam switch 8501 is located 
in the antenml pedestal (fig. 157). 
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g. Synchro tdinement cam switch 810-! is l~ 
cated in the indicator (fig. 152). 

h. H eading flash cam switch 8502 is located in 
the antenna pedestal (fig. 157). 

192. PPI Adjustments 
a. OenRml. 

(1) Remove the top cover plate of the indi­
cntor and close or place a jumper across 
the interlock switch. 

(2) Turn on POWER S\vitch S105. 
(3) Set ANTENNA MOTOR switch SS<>-2 

in the receiver-transmitter in the OFF 
position. 

( 4) Set CONTRAST control R160 in the 0 
position. 

( 5) Set SUPPRESSOR control R181 in the 
0 position. 

(6) Set GAIN control R177 in the 0 position. 
(7) Set RANGE switch S101 in the 3 

position. 
(8) Wait ~tpproximately 3 minutes until 

tmnsmitter· ti me-delay relay K302 clOSt'S. 
b. Intensity AdjuJJtm~mt. Turn INTENSITY 

control Rt:35 clockwise until the sweep is just 
visible. 



MAIN DRIVE GEAR 
MOUNTING BASE 
BLUE MARK 

HEADING FLASH 
CAM SWITCH (5502) 

SYNCHRO All NEMENT 
CAM SWITCH (S501 l 

TMI535·530 

Figure 157. Attten114 pede~ttal, front 'ViC'lo. 

c. Focus Adjustment. Set CONTRAST nnd 
GAIN controls about midway on their respective 
scales. If sharp focus cannot be obtained by 
rotating FOCUS control between 1 and 5 on its 
scale, internal focusing is required. Proceed. as 
follows: 

(1) Set FOCUS control R138 between 3 
and 4. 

(2) Place indicator POWER switch S105 to 
its extreme counterclockwise position. 

(3) Move the slider on internal focus conLtrol 
R137 slighly. 

Warning: The sliding arm of this con­
trol is at a 300-volt potential. 

(4) Turn indicator POWER switch dock­
wise. 

( 5) Check the focus. If it is not sharp 
enough, repeat procedures in (2), (3), 
and ( 4) above as often as necessary· 

(6) P lace ANTENNA MOTOR switch SS02 
in the ON position. 

(7) With CENTER EXP~ND switch.Sl02 
in the OFF position, adJust FOCU~' co~­
trol R138 until the inner range nng IS 

sharp and clear. 

d. Sweep Oentering. 

(1) Place CENTER EXPAND switch Sl02 
in the OFF position. 

(2) Set the cursor at 0°-180°. 

(3) Tilt focus coil L102 by turning the hex. 
nu_ts _until ~he beginning of the sweep 
comctdes '''lth the small circle scribed at 
the center of the cursor. 

Caution: Be certain that this adjust­
ment does not cause the focus coil to come 
in contact with the deflection coil. 

e. Sweep Length Adjustments. The CON­
TRAST control RHlO for these adjustments must 
be set in the 0 position . 

(1) Place RANGE switch 8101 in the 1 
position. Adjust sweep length control 1 
(R117) (fig. 152), so two rings are visible 
on the PPI. Set the outer ring just 
inside the azimuth scale. 

(2) Place the RANGE switch in the 3 posi­
tion. Adjust sweep length control 3 
(R118) so three rings are visi~le _on the 
PPI. Set the outer ring just rnstde the 
azimuth scale. 
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NAIN DRIVE GEAR 
MOUNTING BASE 

F"DRWARD 
(CAST LETTtRS 
ON SIDE OF 
ANTENNA 
PEDESTAL) 

BLUE MARKS MATCH 
WHEN ANTENNA HORN IS 
IS AT lBO• POINT 

WITH HORN AT 180" PO INT . 
VOLTAGE BETWEEN TERMINALS 10 AND II OF" TB~DI (S3 AND Sl 
OF B~OI) SHOULD BE ZERO. 
VOLTAGE BETWEEN TERMINALS II AND 12 OF TB~OI (51 AND Rl 
OF 8!101) SHOULD BE 37V. ™ 1~3~-566 

Figure 158. Transmitter aynchro ad.Jtt8tmctlt. 

(3) Place t he RANGE switch in the 8 posi­
tion. Adjust sweep length control 8 
(R119) so that four rings are visible on 
the PPI. Set the outer ring just inside 
the azimuth scale. 

(4) Place the RANGE switch in the 20 posi­
tion. Adjust sweep length control 20 
(R120) so that four rings are visible on 
the PPI. Set the outer rings just inside 
the azimuth scale. 

Note. After these adJustments have been 
made, operate the radar system on each range 
while viewing targets. Determine it any re­
adjustmentll are needed. 

193. Adiustment of TransmiHer Synchro 
a. Place antenna motor switch S503 in the OFF 

position. 
b. Disconnect the external leads to terminal 10 

and 11 of terminal botud TB501 (fig. 184). 
c. Loosen the three screws that hold t he trans­

mitter synchro to the main drive gear mounting 
bnse of the antenna pedestal. 

d. Rotate the antenna horn clockwise by t urn­
mg the synchro coupling disk by hand. Stop the 
untenna horn at 180°. This position is indicated 
when the blue mu.rk on the synchro coupling disk 
matches the blue mnrk on the main drive gear 
mounting base (fig. 158). 
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e. Turn on indicator POWER switch 8105. 

Warning: Leave the antenna motor switch 
(S503) in the OFF position. 

f. Place the voltmeter, set on the 250-volts ac 
scale, across terminals 10 nnd 11 of antenna ter­
minal board TB501. 

g. Rotate the transmitter synchro case, by hand, 
until the voltmeter reads zero. 

h. There are two zero voltage settings. To 
make certain you have the correct setting, connect 
the voltmeter· between terminals 11 and 12 of ter­
minal board TD501. The voltmeter should rend 
37 volts. If the voltmeter reads approximately 
193 volts, rotllte the tmnsmitter synchro case 180°. 

i. Reconnect the extemn.l leads to terminals 10 
and 11 of terminal bon.rd TB501. 

194. Synchro Alinement 
Note. Do not adjust aynchJ'O allnemeot cam switches 

unless new switches have been Installed. 

a. Synchro Alintement Oam Switch 8501 (in 
A ntenm.a) . 

(1) Place POWER switch 8105 in tlte OFF 
position. 

(2) Remove the antenna pedestal conr 
plates. If possible, do this on a dry day 
to prevent excessive moisture from enter­
ing the nntenna pedestnl. 
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FiQ1tre 159. .Antentt4, 8chematio. 

(3) Place antenna motor switch 8503 in the 
OFF position. 

( 6) Remove the external lead connected to 
terminal 8 of terminal board TB501. 

(4) Rotate the antenna horn clockwi8e by 
manually tuning antenna drive motor 
B502. Stop the antenna horn at 168°. 
This position is indicated by the match­
ing of the orange mark on the side of 
the synchro coupling disk with the or­
ange mark on the main drive gear mount­
ing base of the antenna pedestal (fig. 
157). 

(5) Loosen the two setscrews on the synchro 
alinement cam (fig. 157). 

(7) Connect an ohmmeter a.cross terminals 8 
and 13 of terminal board TB501. In this 
position the ohmmeter reads the resis­
tance across the contacts of synchro aline­
ment cam switch 8501. 

( 8) If the meter reads infinity, rotate the cam 
in a clockwise direction until the meter 
reads zero. 

(9) With the aid of a screwdriver gently 
rotate the cam counterclockwise until the 
ohmmeter suddenly switches to infinity; 
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WITH HORN AT 168• POINT : 

MAIN DRIVE GEAR 
MOUNTING BASE 

FORWARD 
(CAST LETTERS 
ON SlOE OF 
ANTENNA 
PEDESTAL) 

OHMMETER BETWEEN TERMINALS 8 AND 13 OF TB501 JUST READS 
INFINITY (SYNCHRO ALINEMENT CAM SWITCH $501 JUST OPENS) 

TM 153!1-!167 

fi'igure 160. A.d.juatment of aynchro alincment earn .ttOitoh 8501. 

this represents the point at which the 
switch just opens. 

(10) Tighten the two s-etscrews on the syn­
chro al inement cum and reconnect the 
lead to terminal 8 of terminal board 
TB501. 

AFT FLASH CAM 
SET SCREW 

FORWARD FLASH CAM 
SH SCREW 

- FORWARD FLASH CAM 

SYNCHRO ALINEMENT CAM -
SYNCHRO ALINEMENT CAN 
SET SCREWS 

TM 1555-597 

F igrwe 161. Atrtcmta 8/JilChro alin.cmcnt ana hca<ling 
flaBh cams. 

( 11) Check the accuracy of the adjustment 
by rotating t he sy11chro coupling disk by 
hand. At the instant the switch contacts 
open, the orange marks must match with­
in :t:~2 inch. 

b. Synchro Alinenumt Oam Switch, S104. 
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(1) Stop the antenna horn at 180°, as out­
lined in a above. 

(2) P1aceANTENNAMOTORswitchSS0'2. 
on the convenience panel, in the OFF 
position. 

(3) P lace antenna motor switch 8503 (lo­
cated in the untemta) in the ON position. 

(4) Turn on the indicator POWER switch. 
A stationary sweep in the aft position of 
the PPI should be seen. 

( 5) Loosen synchro adjustment screws B and 
C. Hnnd-tighten synchro adjustment 
screw (A, fig. 163). 

(6) W ork the receiver synchro toward the 
bll.Ck until the synchro pinion gear is dis­
engaged from the idler gear. 

(7) Check the centering of the sweep by spin­
ning the deflection coil by hand. The 
sweep should rotate directly behind the 
small circles scribed in the center of the 
cursor. If it does not, readjust the focus 
coi l (par. 192d). 

(8) "\iVith the aid of the Allen wrench he-ld 
on the clip at the left of the receiver syn­
chro, loosen the synchro alinement cam 
set screw. 

(9) Move the synchro alinement cam slightly. 
Rotate the idler gear very slowly in a 
clockwise direction, until the instant the 
synchro a linement cam switch S104: oper· 



AHT£NNA PEOESTAL 

HORIZONTAL 
BASE PPl 

fORWARO 

WITH ANTENNA HORN S[T AT 180"'----------------------
I ADJUST $YNCHRO ALIH£NENT CAM 

SWITCH 5104 TO OPERATE AT 176• 

~NT 
SCREWS 
s...oc 

Z .. OVE IDLER G£&11 TO GIVE 
A tiWE[P LINE AT teO • 

''(lure 162. Acljtt8tment ot inclicator Bynohro alin~mcnt cam Bwitch 8104. 

Fi(lure 163. Incltcator, line drawin(l of t op victc. 

FOCUS COli. 
AO.IUSTiolENT 

FOCUS COli. 

DEFLECTION COli. 

SYNCHRO AI.INEMENT 
CAiol SET SCREW 
(AI.I.ENl 

SYNCHRO AI.INEMENT 
CAM SWITCH $104 

TM1~3~-569 
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ntes. This opemting point is indicnted 
by an n.udible c.liek of thf' .switch. 

(10) The swet•p must be ~xnct ly at 176°. If 
it is not, t·epeRt the prcx:edure in (fl) 
above. 

(11) Tij!hten the. syncht·o alinement ~1111 set­
snew and return the .\lien "Tench to its 
cJ i p holdet·. 

( 12) Move the idler gear until the swet•p is 
nt 180°. 

( 13) H old thP de fl e<>tion coil in this position 
and pus h the rec.'-('iver synch t·o case for­
wnrd until its pinion j!enr fully engu~re6 
its idler gent.. This may cause the sweep 
toshiftslig-htly. Correct thisl>y turning 
the synchro CJlse s lightly uni il the sweep 
is exuctly n t 180°. 

(14) Clnmp tlH~ t·eceiver synch r·o in position 
by loosening the sync lu·o case selse rew 
and tighte n inJt the synchro udju.s tment 
screws. 

195. Picture Bearing Atinement 
(fig. 1M) 

Tht> di tference bet ween target benri ngs obi n ined 
with the rndur set and thost> obtuined with the 
pe lorus is C'l\lled thP bearing en·or. Tl~e set must 
be ndjus recl to muke nccumt.e benriug readings. 
Proct>ed as follows : 

u. Stop the nntennn hom on n stationary tnr~et 
of known bent·ing, preferably one <lend ahead. 
Determine its exact, b<>nring with the pelorus. 

b. Select. the runge posit ion that places the 
tar·get c lose to the out<>r edge of the PPI. . 

c. U se the cursor Lo determine the e:rad benrurg 
error. 

~·ot r. ThouJ:h the rnrlur bt'nrhiJ: he lncurre<·t, S l O-l 
still operateH nt 176", und the untcnna horn nnd 1111' 
PPl Hweep nr·e 1\llned nl the 1800 )JOint (A uud D, tlg. 

16-1 ). 

d. Loosen synchro adjustment screws J3 and C 
nncl hand-tighten sy nchro adjustment screw A. 
\Vot'lc the receiver synC'hJ"O towtu ·d tht' buck unt.il 
its pinion gf'nt· is disengaged from thP idler geur. 

e. Rotate the receiver syndu·o case and thus 
move the swel'P to the true (pl•lonrs) benrirrg of 
the bu·get. 

No/('. Be<·nuHt• or tlw 1(): 1 g€'ul"lug ratio between the 
trumnnltter nn<l l't'Ceh•er· HYIWhros, It Is IH'<'essnry to 
lllOVI' the reCl'IVl'l' llYllChJ•() ('1\I:IC J() I hill'S the hl'lll"lllg l'ITIII". 

f. Loosen sy nchro adjustment scr ew A und 
tit..drleu sy nchm Mlj us tment sc-1·e ws B nnd 0. 
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g Remove SYNCHRO fuse F 03 in the <'on­
vrnienC'c punel of the receiver-transmitter. 

h. " 'i th the nid of the Allen wrench held 011 the 
clip at the left of the receiver synchro, loosen the 
synchro rtlinement. cum setscrew. 

i. R eltx:nte the synchro alinement cam So that 
when it i:-; rotnted clockwise the sweep will be at 
170° plus or minus the enor noted. If a dt-ad 
nhend target originsdJy appeared on the PPI ar 
the 355° point (-5° en-or), synchro alinemcm 
enm switch 8104 should operate nt 176° plu~ 5" 
or nl the 181° point (B, fig. 164). If n dead ahead 
target originally llppeared on the PPI at the .1• 
point (+5° error), synchro nlinement cam switch 
HIO"~ s hould opernte at 17()0 minus 5° or nt the 
171 ° point ( E , fig. 164-). 

j. R eplace SYN('JIRO fuse F80:t 
!.·. Operu te the rndnr. • \ fter the initial rota· 

t iou, the system should opernte smoothly .• \jerkY 
operation indicates misnlinement. · · 

I. Note posit ion of hen ding fl1lshes. Ther 
s hould be incorreetly plured by the amount th.e 
ht>aring- wns eorrected (C 11nd F , fig. 16!). Cor­
l"('d heading Rashes by following the insrrurtions 
given in the following pnrn.graph. 

l 96. Adjustment of Heading Flash Cams 
" 'henever the nntenna <'am assembly is di:5-

nssemblcd, or if the fore-nnd-nft flashes on the 
J>P I are innccurnte, the fore-nnd aft-hending lln$h 
cnms must be udjus ted. Before adjusting rh~ 
cams, mnkc s ure the picture bearing is corr·ed. 
'l'h is is nN't>ssnry because llll)' ndj ustment of t ht> 
J'('ceivet· syneh ro to pr·o,·ide correct target bem·in;..~ 
will s hift the fore -and aft -heading finshes by the 
sullle amount. To ndjust the heading- llnsh ~tmb 
pt·o<'eed ns follows: 

a. Station a mnn at the indicator nnd another 
nt.. the anh.Jmla. H<>move the nntPntut pedest~t; 
covt>t·s, and conned handsets to P H OX ES jltt·k~ 
.J501nnd .J 10-l- at th<' nntennu nnd indit•ntor. ('m­
ncct 11 4.5-volt dry buttery in series (fig. a ). 

b. Hn ve the mann! the indicntor place the rndnr 
set in opel'lltion and ncljust the <'Ontrols for de,\r, 
shnq> hending fla shes . 

<'· If the headi11g flushes nre inaccm·nte, the Jll:tll 

at the antenna should inform the mt\11 1\t the in· 
dientor of the erTor nnd its direction. 

d. Stop r<>t 1\tion of the antonnu horn by phH·in;! 
the nntennn s witch 8503 in the OFF position. 

t•. Loosen I he forward flash ~Ill ~tscrew 1 fig. 
HH). S hift the forward flash cam in the pror~r 
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Figure 164. Picture bearing adjuatmcnt. 

direction to compensate for the error, and lighten 
the setscrew. 

f. Place antenna switch 8503 in the ON posi­
tion and have the man at the indicator observe the 
beading flashes. T hey should occur at oo. If 
they do not, repeat instructions in b tl~rough e 
above to obtain an accurate forward hea.dmg nash. 

g. Loosen the aft flash cam setscrew; shift the 
aft flash cam in the proper direction to compensate 
for the error; then tighten the setscrew. 

h. Place antenna switch 850:~ in the ON posi­
tion and have the man at the indicator observe th~ 
heading flashes. If they do not occur at H~oo, re· 
peat instructions given in g above and this 
paragraph. 

i. ·whenever possible, observe targets directly 
forward and aft and see that they coincide with 
the heading flashes. 

j. Shut off power , set antenna switch S50a in 
the ON position, and replace the antenna pedestal 
co\•ers. 

197. Range Mark Calibration 
The four controls (marked 1, 3, 8, and 20 in 

figure 15a) on ran~e ring assembly Z101 ,·ary the 
frequency of ran~ mark oscillator Y107 and 
hence, the distance between the rnn~e rinj:{S on th; 
PPL .Adjustments are made with Range Co.\i. 
brator TS-102 .\P tmd Oscilloscope T" 
239.A/ AP ns follows: 

a. Connect Range Calibrator TS-Hr2/ .AP and 
Oscilloscope TS- 239A I.'\.P to the radar set (fig. 
165). Connect indicator ~ound to ~ound termi­
nal on oscilloscope. 

b. Place the rndar set in operation and allow it 
to wnrm up for at least 10 minutes. Plnce the 
GAIN control nt zero. 

r. On the ran~e calibmtor, !;et the ~1.ARK~'l' 
POLARITY switch for a negative output, the 
SYNC POL.\RITY switch for a positive output, 
and the REPETITION FREQ to 2000. 

d. On the oscilloscope, set NORMAL-VER'l't­
C'AL PLATE switch to VERTIC AI" PL.\. T:E 
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Figure 165. Oalibmtim~ ot t"a11UC mark8. 

and udjust the oscilloscope (par. 110) so that the 
positive range marks and negative 500-yard cali­
bJ·ation markers appear with sufficient amplitude. 

e. Place the RANGE switch in position 1 and 
ndjust the oscilloscope for a sLntionttry pattern 
with at least five negative calibration markers 
ltppearing on the scope face. 

f. Adjust the PHASg AD.T control on the 
runge C'nlibrntor so that the fit·st positive range 
mark just falls off the negative leading edge of 
the flt·st 500-yard calibration marker. 

g. Turn adjustment 1 so that the positive range 
marks all f1tll together ofl' the shar·p negative 
lending edge of alternate negative cu.libration 
markers (A, fig. J66). 

h. Pln.ce the RANGE swiLch in the 3-mile 
posi tion. 

i. Adjust the oscilloscope controls so that at 
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lenst 1;3 negative calibration markers appear on 
the oscilloscope face. 

j. Turn adjustment 3 so that the i>osith·e range 
mnrks nil fall together off the sharp negative lend­
ing edge of every fourth calibrntion marker (B. 
fig. HHi) . 

k. Place the RANGE switch in the 8-mile 
position. 

l. Adjust the oscilloscope controls so thnt at 
least17 negut.ivecalibration mnrkers appear on the 
oscilloscope face. 

m. Ttu·n adjustmentS so that the positive mnge 
nmrks nil fall together oft' the sharp negatin~· 
leading edge of every eight cnlibration marker 
(C, fig. 1G6) . 

n. Plnce the RANGE switch in the 20-mile 
position. 

o. Adjust the oscilloscope controls so that at 
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]east 21 neg:ntive ca1ibrntion markers appear on 
the osci11oscope face. 

p. Turn adjustment 20 so that the positive 

r~nge m~rks al1 fall together off the sharp n~ga­
l!ve lendmg edge of every twentieth calibration 
marker (D, fig. 166). 

Secti,on V. FINAL TESTING 

198. Ge ne ral 
This final testing section is intended as a guide 

for determining whether u repnired synehroniz­
ing und indicating system meets the original spec­
ifications·. Entire test procedures for the synchro­
nizing and indiculing system nrc given. The filad 
testing chart (fig. 222) sum nuu·izes the fiua l test· 
ing procedure for· the entire rndn1· set. 

199. Synchronizing Circuits 
a. General ('heck. 

(1) P lace the radar set in opemtion. 
(2) Open SYNCHRO fuse F 802 in the 1·e· 

cei ve1·-tmnsmitter. Note that the PPl 
sweep stops rotating although t he an­
tenna horn continue.<> to rotnte. 

(3) Close HYNCHRO fus~ F802. The 
sweep bhould rotate agtun and stop at 
180°:±:.y2 o . When the antenna horn 
reaches its 168°:±: lf2° position, th e PPI 
sweep will kick buckwnrd, r·evet·se. itself, 
and contin ue to rotate smoothly tollow­
ing the antenna horn. 

b. Antenna Ilorn. 
(1) Place the antenna horn nt, its 180') posi-

tion. 
(2) T he blue mark on the ~ideo~ the trans­

mitter synch1·o coupling d1sk should 
match the blue mark on the main dr-ive 
gear mounting base within ± %2 i ncb. 

c. Tra1UJ1nitter Synckro Zero Point (lhec.lc. 
(1) Place ANTBNNA MOTOR switch S802 

in the OFF position. 
(2) 1Vith the antenna horn set to 180°, re­

move lJ 5 volts powe1· f rom the anten na 
by turning off P01VER switch S L?5. 

( 3) Remove the extemal lead from termmals 
10 and 11 of TB501. 

( 4) Connect the voltmeter ncross terminals 
10 and Ll of TB501. 

( 5) Reconnect the 115-volt supply. The rend­
ing of the voltmeter should be 0 ± .3 volt. 

d. A1ttenna l.,'ynchro AlinemRnl ('am. 
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(1) Place the ohmmeter between terminals 8 
and 1:3 of TB501. 

(2) Rotate the antenna horn counterclock­
wise until it reaches the 168° point. The 
ornnge mark on the side of the transmit­
ter synchro coupling disk should match 
the or·1~nge mark. o~ the main dri't"e gear 
mountlllg base wrtlnn Y.J 2 inch. 

(3) At. the 168°±¥z0 point, the ohmmeter 
should just indicate an open circuit. If 
it does not, measure the width of the 
antenna synchro nlinement cam by f(\1-
lowing the instructions giYen i~ ~ 4) 
through (7) below. 

( 4) Hook up a 115-volt, ac relay and a 101.­
p.p.f capacitor in the circuit indicated ir 
figure 167. 

( 5) Turn on antenna motor switch 8 50.). 
!h.e n.umber of degrees the cam is 0~11 
1s md1cated by the dark portion on tht> 
PPI. The cam width should be betweer. 
30° nnd 36°. 

(6) If it is not, loosen the screws that hold 
the switch mounting plate to stnchr\1 
alinement cam switch 501 and m~,-e thl' 
plnte backwnrd or forward as necessarv. 

(7) Tighten the screws. · 

liE LAY 

-~-H--~ ;:•tl 
o--R. .l IOOUf' 

<>--•~ .,. 
Tlll1~·!13 

f.'ipt~re 167. Dctrrmi11i110 1oidth of ntltc'flna &Jim'llrO 
alitrement cam. 

e. lndiaatO?' Synch?'O Alinement rant. 
( 1) ·when the sweep rotntes, the first click of 

indicator synchro alinement cam switch 
S104 should occur at 176° ±7'2°. 

(2) If there is a bearing error, the first dirk 
of 8104 should occur n.t 176° minus tht> 
bearing enor ±Yz0

• 

(3) Measure the width of indiciltor svnclu'O 
nlinernent crtm. Observe the swe~p when 
the switch closes and ngnin when the 
switch opens us the cam is rotated 
counte1·-clockwise. The width should be 
10· to ~0° . If it is not, loosen the lowt-r 



screw on the switch mounting plate and 
move the plate back and forth. 

; . Headi'Tig Flalsh. Note when heading flashes 
&mr on the PPI. They should occur at 0° ±1/2° 
!tid 180° ± 1/z o. 

200. Center Expand Switch 
a. Place the set in operation. 
b. Place the CEXTER EXPAXD ::.witch in the 

ON position. The circle on the PPI should be 
1h inch ±% inch. 



CHAPTER 13 

TROUBLESHOIOTING IN POWER SYSTEM 

Section I. TRC,UBLESHOOTING PROCEDURES 

Cautions : 
1. H igh voltages ar e JH'esent in all the power 

group components and in the power sup­
plies. Be especially careful when work­
ing wi t h the PPI power supply, which 
prod uces 5,000 volts nud the modulator 
powe1· supply, which produces 3,000 
vol ts. 

2. When testing voHag<' at 11. termina.l o£ a 
terminal board or of a power plug, make 
sure that the mete1· lelld does not. short 
the terminal unde!' test to another termi­
nal close to it. A short produced this 
wny may cause a fuse to blow. 

201 . Reference Data 

Fig. No. 

220 _______ _ 

219_ --- · 169 _______ _ 

171_ ____ _ _ 

170 _______ _ 

172 ____ __ --

168 ____ ___ _ 

o~scrlpllon 

Power distribution diagram. 
Radar Set AN/SPN- 11(•) cabling diagram. 
Low-voltage power supplies, voltage nnd re-

sistance chart. 
Modulator power supply, voltage and resist­

ance chart. 
Keep-alive power supply, voltage and resist­

ance chart. 
PPr power supply, voltage and resistance 

chart. 
Low-voltage power supplies, tube looa1tion. 

202. Testing Power System 

a. Starting P?·oaulu1·e. Perform the p roce­
dures g iven in the t1·oubleshooting bnsed on staJ·t­
in_g procedure chart (pu r·. 111>). If the chnrt in­
dicates thut t r·ouble lies in the powet· system, per­
form the instructions given in b through e below 
to loca lize the trouble to one of the power sup pl ies 
or to a component in the power g 1·oup. 

b. Fu.ye Table. ('heck all fuses. Refer to the 
f use table (put·. llH) fo1· infor·mntion concer r'ling 
rating, purpose, and loclltion of each fuse. Deter-
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mine the cause of the blown fuse before replacing 
the fuse. 

('. Te.vting Power Supplie.r;. 
(1) Hend test meter M401 with test meter 

switch 8401 in the MOD. H. Y. posit ion. 
If it does not 1·end approximately 300 
( represent ing 3,000 volts), the trouble is 
i11 either the modulator circuits or the 
modulator high-volt11ge power supply. 
R eplnce modulato1· tube V305. If tht> 
voltage reading does not improve, discon­
nect resonunt chnrging choke L302 from 
the junction of 1.:301 and R305. If thE' 
rend ing is still incorrect, the trouble is 
defi n itely in the modulator power suppl)·· 

(2) RPnd test meter .l\[401 with test metE'r 
switch 8401 in the + 140V position. If 
it. does not read approximately + l.W 
volts, read the voltage at terminal 10 of 
TH401. If this voltage is incorrect, dis­
connect the lead going to c.able W804. 
1ft he voltage is still not + 140 or slightly 
h igher , the trouble is definitely in th£> 
-+ L40-volt power supply. 

(3) Rend test meter M401 with test meter 
swi tch 8401 in the + 320V position. If it 
does not rend approxim1ttely + 320 volts. 
read the voltnge nt terminnl 13 on TTI401 
ttnd termiual I> on TB801. If these ar-e 
incorrect, disconnect the lends to these 
termi n~tls nnd read the voltage ng11in. If 
volt t~ge is sti 11 not + 320V or slightly 
hig-her, the trouble is definitely in the 
+ :320-volt powe1· supply. 

( 4) Rend test meter M401 with test met~r 
switch S401 in the + 300V REG. post­
t ion. If it does not read approximately 
+300 \•olts, read the voltage at terminal 
8 on TB401 and terminal 4 on TB801. If 
these are incorrect, disconnect the lend 
from pin 5 of V404. If the voltage at 
this point is not + 300 volts or slightly 



higher, the trouble is in the +600- +300-
volt power supply. Read the voltage at 
terminal 3 of TB801. If it is not +600 
volts or slightly higher, the trouble is in 
the + 600-volt section of the power 
supply. 

{5) Read test meter M401 with test meter 
switch S401 in the -300V REG. position. 
If it does not read approximately -300 
volts, read the voltage at terminal 1 of 
TB401 and at terminal 6 on TB801. If 
these are incorrect, disconnect the lead 
from pin 2 of V 407 and read the voltnge at 
that point. If that voltage is not - 300V 
or slightly higher, the trouble is definitely 
in the -300-volt supply. 

{6) Read the voltage at the keep alive elec­
trode of t he TR tube. If the voltage is 
not approximately -900 volts, disconnect 
the lead. If the lead voltage is not ap­
proximately -900 volts, the trouble is in 
the keep-alive power supply. 

(7) Read the voltage at the H. V. TEST jack 
in the indicator. If it is not approxi­
mately 50 (representing 5,000 volts), dis­
connect the high-voltage cap from the 
PPI and read the voltage at the H. V. 
TEST jack again. If it is not approxi­
mately 50, the PPI power supply is 
faulty. 

d. Teatilng P~ Group Components. 
(1) Read test meter M401 with test meter 

switch S401 in the 115V AC position. If 
the test meter does not read 115 volts, try 
to adjust the voltage with R412. If the 
test meter still cannot be made to read 
115 volts, check fuse F402. If the fuse is 
not open, check the voltage on the voltage 
regulator. If the voltage regulator is in­
correct, check the line voltage applied to 
the switch box. If this is correct, the 
trouble is in the power group. 

{2) Check F804. If it is satisfactory, read 
the voltage across 8 and 9 of TB601. If 
the voltage across these points is not 115 

volts, the motor generator is not produc­
ing ac. 

(3) Check the voltage between 1 and 15 of 
TB601. If line voltage is read, the 
starter is opera,ting properly. The 
trouble is probably in the motor gener­
ator. If the line voltage ca1mot be read, 
the starter is probably defective. 

( 4) Read the voltage between 14 and 12 of 
TB601, and then between L2+ and A1Ll. 
If line voltnge is read between these 
points, the trouble is in the motor starter. 
If voltage cannot be read between 
these points, the switch box is probably 
defective. 

e. Oable Continuity Oheck. Use the power dis­
tJ·ibution diagram (fig. 220), the cabling diagram 
(fig. 219), and the antenna schemntic (fig. 159) 
to check for continuity of cables whenever voltage 
is rend in one component and not in another to 
which the cable is connected. 

203. Use of Terminal Boards 
Many terminal boa,rds are provided for use in 

testing continuity between components and be­
tween different parts of the receiver-trnnsmitter. 
Terminal board TB601 on top of the motor gen­
erator is used as an interconnection point among 
the components in the power group and between 
the motor generator and the receiver-transmitter. 
At the bottom of the receiver-transmitter are 
three terminal boards (TB801, TB803, TB804) . 
(TB802 does not have power system test points.) 
Here c.an be found test points for practically 
every circuit that involYes more than one compo­
nent. Another terminal board (TB401) on the 
receiver-transmitter serves as an interconnection 
point for all voltages feeding the receiver chassis. 
In addition, there are tenninnl boards in the an· 
tenna (TB501), in the indicator (TB101), and in 
the junction box (TB701 and TB702). The tables 
below show the voltages that should be read be­
tween various points on the terminal boards, and 
what these voltages represent. 
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a. Motor Generator (TBflOJ). 

Terminals Voltage Oescrlpr.lon 

and 7 (also 10, Line voltage (24, Voltage applied to 
series fielld. 14, 15). 3 2, or 1 1 5 

volts de). 
4 (also 6) and 7 Line voltage (24, Voltage ap•plied to 

s hunt fileld; to 
B801; and to 
R601 in series 

(also 10, 14, 34, or 1 1 5 
15}. volts de). 

5 and 4 (also 6) Varies with set-
ting of R601. 

8 and 9 __ ________ I 15 volts ac ___ _ 

b. Receiver-Tranamitler. 
(1) Terminal Board TB801. 

•rermlnnls Voltage 

1 and 7 ___ __ -- _ _ _ _ _ ____ __ __ _ 
2 and 7 ___ _____ • _ • _. _. _ •• _. __ _ 
3 and 7 _____ ____ + 600v de ____ , 

4 and 7 __ _ • _- _- _ + 300v de .--- -
5 and 7 __ _______ +320v de ___ _ 
6 and 7 ___ ______ - 300v de ••••• 
8 and 9 _________ 115v, 400 cps .. 

10 and 9- - -----· J15v, 400 cps •• 

11 and 12 ____ ___ ------ -- --------

(2) Terminal Board TBBOS. 

Terminals Voltage 

MOl and MG2 • •• Ship's line volt­
age. 

MG3 and MG5... Ship's line volt­
age. 

MG3 and MG6___ Ship's line volt­
age. 

MG6 and MG7 ___ Sh ip's line volt-
age. 

MGS and MG9 115v, 400 cps . _ 
(Fused). 

MG8 and MGIO.. 115v, 400 cps . 
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with de winding. 
Voltage across 

RGOl. 
Motor gemerator 

output V<)ltage. 

Descrlptllon 

Receiver gain. 
Receiver stn. 
B + plate supply. 
B + plate supply. 
B + plate supply. 
Grid bias sutpply. 
Input to Jl05, 

TlOJ, and Tl02. 
Input to Rl and 

R2 of BlOI. 
Output of S1 and 

S3 of B501. 

Description 

Input to B502. 

Input to S504, 
IIR501 and 
JIR502, and 
motor starter or 
contactor. 

Input to mot;or gen­
erator shunt wind­
ing, to de winding 
through .R 6 0 I , 
and to B801. 

Input to 8801 in 
de installation. 

Motor gen<~rator 
output for s>ll units 
of the radar set. 

Motor generat;or out­
put for alll units 
of the radar set. 

(3) Terminal Board TBBOJ,. 

Termlnnls 

A4 and AS •.• Ship's line volt-
age. 

A6 and A 7 __ • ___ • Ship's line volt-
age. 

A12 and Al3 __ . 115v, 400 cps __ _ 

(4) Terminal Board TB401. 

Termlnnls Voltage 

1 (also 2) and 1 I - 300 v - - - -- - -

3 (also 4, 5) and 7. 115 v ac ______ _ 

8 (also 9 and 11) . + 300 v ____ • __ _ 

10 and 1L___ _ +140 v _____ __ _ 
12 (also 13 and +320 v _______ _ 

11). 
14 __ ______ ______ --------- -------

15 .------------- --- -------------

c. Antenna (TBiiOJ). 

1'ermlnnls Voltage 

Dl'SCTiptioD 

Input to 8502. 

Input to HR501 , 
HR502, and 
8504. 

Input to Rl and 
R2 of B501. 

Afc bias and reflec­
tor voltage. 

To receiver fila­
ment transformer 
T20I. 

B+ for V203 and 
V216. 

Receiver B~. 
Stc B+. 

Stc line. 
GAIN line. 

DescrlpUon 

T (also 4) .- -------------------- Continuity to an­
tennadrivemotor 
windings when 

2 ----- - - -- -
T (also 4) and 5. _ Line voltage (24, 

32, or 115 
volts de). 

6 and 7------ __ •• Line voltage (24, 
32 or 115 
volts de). 

Sand 13 _________ Cont inuity 
(when 8501 is 
closed). 

9 and s ________ Open (w hen 
S502 is open). 

10 and I L_____ 0 volt (antenna 
horn at 180°). 

11 and 12 ______ • 37 volts (an-
tenna horn at 
180°). 

12 and 13_. ______ 115 volts ac ___ _ _ 

S503 is 0.1\". 
PHONES. 
Across antenna 

drive motor, 

Across heaters and 
thermostat. 

Synchro alinement. 

Heading Bash. 

Across S 1 and S3 
of transmitter 
synchro. 

Across S1 and R2 
of t ransmittl'r 
synchro. 

Voltage across R1 
and R2 of tran>­
mitter synchro. 
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d. lndiacicr Power Plug Pt01. 

Terminals Voltaae D~rlptlon 

A------ - ..................... ----------------
8 _______ ___ _____ ------ - - ·- - ---
c and L --- -- --- + 300 v 

GAIN line. 
PHONES. 
B + . 

E and!_ ______ __ - 300 v_ ------ Bias. 
G and L _ _ _ _ _ _ _ _ + 320 v - - ------ B + . 
Hand Q----- --- 115 v ac _______ _ Input to t rans­

former recepta­
cles and relay 
K101. 

J and H__ _ _ _ _ _ _ _ 115 v ac____ _ _ _ _ Voltage to receiver 

Kand L _________ Continuity 
( w h e n 
P OWER 
switch S105 
on). 

synchro BlOt. 

:\'{ ______ __ ______ ----------------
N a nd L ___ _____ +600 v --- -----

0--------- ------ Continuity to 

SUPPRESSOR. 
B+. 
Synchro alinement. 

S3 (if K lOI is 
de-energized). 

P------- ------ -- Continuity to 
S1 (if K10 I is 
de-energized). 

R---- ----- ------ Continuity to 
K101 (if S104 
is operated) . 

SandL _________ Continuity 

(when S502 is 
operated) . 

(1) Terminal Board TB701. 

Terminals Voltage 

Synchro alinement . 
, 

Synchro alinement. 

Heading flash. 

Description 

1. _ ____ __ __ __ __ _ __ __ __ _ __ _ _ _ __ __ GAIN line. 

2 .-- - ---- - ------ ---------------- SUPPRESS 0 R 

3 and 7 _________ _ 
4 and 7 _________ _ 
6 and 7 _________ _ 

5 and 7- -------- _ 
8 and 9 _________ _ 

9 and 10 ________ _ 

11 --------------

12 . ____________ _ 

14.------------

13 and 7 _______ _ 

+600 v 
+300 v 

- 300 v - - - - - - - -
+ 320 v - - - - - - -
115 v ac _______ _ 
115 v ac ___ ____ _ 

Continuity to 
Sl (if Kl01 is 
de-energized). 

Continuity to 
R3 (if KlOl is 
de-energized) . 

Continuity to 
KlOI (if 8104 
is closed). 

Continuity 
(when 8502 is 
closed). 

line. 
B+. 
B+. 
Bias. 
B+. 
Ac input. 
Ac input to receiver 

synchro B10l. 
Synchro alinement. 

Synchro alinement . 

Synchro alinement, 

Heading flash. 

(2) Terminal Board TB70t. 

Terminals Voltage 
DestrtpUon 

15and 16 ________ Continuity 

(w h e n 
POWER 
switch S 105 is 
OX) . 

17 _______ _______ ----- ---------- PHOXES. 

204. Testing Power Group 

The fo1lowing procedures nre used to test for 
grounds, open, and short circuits in the power 
group. Although the techniques discussed are in 
reference to the motor generators, they may be ap­
plied to the motor starters ttnd voltage regulators. 

a. Prelimina1'Y Test P?·ooedure. 
(1) Place the operating handle of the switch 

box in the off position. 
(2) Remove the motor generator brush access 

cover (fig. 202) . 
(3) Remove the cover to terminal board 

TB601. 

( 4) Remove the brushes from their brush 
holders. Do not remove pigtail leads. 

b. Texting Field W indings for GrQund.s. 
(1) Touch one test prod of ~lultimeter TS-

352/(~ to the motor generator frame. 
(2) Touch the other test prod to the brush­

holder terminal. 
(3) If a. rending is obtained on the meter, a 

ground is present. 
( 4) Inspect the leads. 
(5) If the ground is in a lead, tape the defec­

tive section with several layers of rubber 
tape and then with two layers of friction 
tape. 

(6) If the ground is in the winding itself and 
can not be easily located, install a new 
field winding ltssembly. 

c. Testing Field Winding~ .fO?· Open Oi1·ouits. 
(1) T ouch one test prod to each brush-holder 

terminal. 
(2) If no rending is obtnined, the winding is 

open. 
(3) Inspect the external leads and wiring, 

and repair any defective point which is 
discovered. 

(4) If the open is in the winding itself and 
cannot be easily located, install a new field 
winding assembly. 
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d. Testing Fif'ld Winding for SJwrt Oi?·ruits. 
( 1) Inspect the external leads and field wind­

ings for signs of overheating or burned 
insulation. 

(2) If the defective point is in an externnl 
lead, repair with rubber and friction tape. 

(3) If the defective poi nt is in the field 
,..,.indin~ and is accessib le, use a. high heat­
resistant varnish or shelltte to repair the 
defective insu lation. Apply a coat of 
f ungicide over the vn,rnish 01· shellac. 

(4) If the short. circuit cunnot be located, re­
place it with a new field winding 
assembly. 

Note. During operation, a humming noise In 
tbe winding Is an indication or a sbor t circuit. 
H owever, th is test is inconcluHive and should be 
used only as a preliminary test. 

e. Testing AI otm· A 1"'1'1UWwre W i11di11gs jo1· 0 pen 
Oircuits. 

( 1) T ouch one test prod to one of the com­
mutator btu'S. 

(2) T ouch the other test prod to each of the 
e.omm ut1tto1· bars in turn. 

(3) A read ing shoul d be obtuined with the 
test p rod on any bar. I f no reading is 
obtained in any position of the test prod, 
an open is indicated . 

(4) Repeat the procedure in (1), (2), and 

(3) a.bove ; use each commutator bar as 
a reference point in ( 1) above. 

( 5) If an open is indicated, replace the uma­
ture assembly. 

f. Testing }l{otO?· Armature Windings ;or 
(hownds. 

(I ) Touch one test prod to the frame of t he 
motor generator. 

(2) T ouch the other test prod to each of the 
other commut ator bars in turn. 

( 3) If n. reading is obtained, either the arma­
ture winding or the commutator bar is 
g rounded. 

( 4) If a. g1·otmd is indica ted , replace with a 
new 1umature assembly. 

g. Testing1l! otor Armatu1·e Winding.~ f or SJ1qrt 
Oirouits. 

( 1) 

(2) 

(3) 

Inspec,t the armature windings for si~ms 
of overheruting or burned insulation. ~If 
many turns in one coil1u-e short circuited. 
that coil will run hotter than other coils 
that are in good condition. 
Perform the procedure in f above, if the 
p rocedure in (1) above fails to indicat~ 
the defective point. Grounds at t wo 
points in the winding could short-circuit 
the intervening portion, and winding will 
t est grounded. 
If a shor t circuit is indicated, replaee the 
a rmature ussembly. 

Section II. POWER SYSTEM TROUBLESHOOTING CHARTS 

205. General 
a. 'Whenever a. power system failu re is sus­

pected, check a] I f uses. See t he fuse table ( pa , .. 
116) .. 

b. The powE'r system is tied in with a ll the other 
systems of the radar set. Often a power supply 
part breaks down because o£ a .sho1·t in one of the 
systems to which t he voltnge from this power sup­
p ly is feel T heref01·e, in addition to troubleshoot­
ing the powet· supply at fault, be su re to check fo r 
sho1·ts in all the systems and all the cnbles to wh ich 
the power supply voltage is fed . Use the power 
distribution ding ram (fig. 220), the cttbling dia-
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g t·nm (fig. 210), und the appropriate schematic~ 
(figs. 212, 213, 214, und 159) in this check. 

c. T he t roubleshooting charts do not give all 
possi ble .symptoms. For the symptoms listed. tlw 
churts merely guide you to the probRble c.ause of 
t rouble. To be sure that a. pnrt is at fault, takE' 
voltage and resis tance ren,dings and compnre them 
with t hose gi ven in the voltHge und resistancE' 
char ts ( figs. 169- 172). 

d. Power and filament t ransformers often go 
bad. T o help determine if any of the trnnsform­
ers are faulty, the following chart. of resist~nl't' 
readings fo1· the power and fihunent transformers 
is pr ovided. 



Transformers 

T401 po wer su pp lies 
power t ransformer. 

T402 power supplies fil­
ament t ransformer. 

T301 modulator power 
supply power t rans­
former. 

T303 modulator power 
supply filament trans­
former. 

Terminals 

1 and 2 .- - -
3 and 4.---
5and6----
7 and 8. - --
7 and 9.---
7 and 10.--
7 and u ___ _ 
7 and 12 __ _ _ 
1 and 2 .---
3 and 4 .---
5 and 6 .--
7 and 8 .---
9 and 10 __ _ 
1 and 2 _---
1 and 3 .-
1 and 4 .---
1 and 5.---
6 and 7 ----
7 and 8 ----
1 and 2 .---
3 and 4- ---
5 and 6 .---
7 and 8 .---
9 and 10 .--
11 and 12 __ _ 

Less than I ohm. 
Less than 1 ohm. 
LeRs than 1 ohm. 
3 to 4 ohms. 
10 ohms. 
15 ohms. 
20 ohms. 
23 ohms. 
3 to 4 ohms. 
Less than 1 ohm. 
Loss than 1 ohm. 
Less than 1 ohm. 
Less than 1 ohm. 
1 ohm. 
1 ohm. 
1 ohm. 
1 ohm. 
2,000 ohms. 
2,000 ohms. 
1 ohm. 
Less than 1 ohm. 
Less than 1 ohm. 
Less than 1 ohm. 
Les.<; than 1 ohm. 
Les.'! than 1 ohm. 

Transformers 

T201 receiving system 
filament transformer. 

T!Ol PPI power supply 
power transformer. 

T 102 indicator filament 
transformer. 

Terminals ReslstanOI' readings 

1 and 2_ _ _ _ 3 ohms. 
3 and 4_ _ _ _ Less than 1 ohm . 
5 and 6 . _ _ _ Less than 1 ohm. 
On Kenyon 

trans­
former. 

1 and 2_ _ _ _ 10 ohms. 
3 and 4_ _ _ _ 13,500 ohms. 
5 and 6_ _ _ _ Less than 1 ohm. 
On Chicago 

trans­
former. 

1 and 2_ _ _ _ 6 ohms. 
3 and 4. _ _ _ Less than 1 ohm. 
5 and 6. _ _ _ 28,000 ohms. 
1 and 2_ _ _ _ 3 w 4 ohms. 
3 and 4_ _ _ _ Less than 1 ohm. 
4 and 5. _ _ _ Less than 1 ohm. 

206. Power Supplies, Troubleshooting Chart 

Symptom 

Xo reading of test meter at MOD. H. V. 
position of test meter switch. 

!\o reading of test meter at + 140 V. 
position of test meter switch. 

Probable trouble Correction 

HIGH VOLTAGE switch 8301 in Place in ON position. 
OFF position. 

Interlock switch 8302 open_________ Close. 
Fuse F301, F302 or F401 open ____ __ Check fuses F301 and F401. De-

termine cause of fuse opening 
before replacing. 

Defective modulator power supply ___ Check tubes V303 and V304. Check 

Time delay circuit inoperative _____ _ 

+320 volt supply inoperative ______ _ 
Shorted line filter Z302 ______ ______ _ 

Defective modulator in transmitting 
system. 

resistances of T30l. If filaments 
do not light, check continuity across 
11 and 12 of T303. 

Check continuity across K301 coil 
and contacts. Make voltages and 
resistance check of V301. 

Refer to this abnormality below. 
Make continuity check. Replace if 

defective. 
Check modulator. 

Fuse F401 or F402 open ______ ______ Check fuses F401 and F402. De-

termine cause of trouble before 
"replacing. 

Inoperative rectifier V40!_ ____ _____ Check tube V401 and associated 
parts. 

Defective transformer T40l or T402 Check resistances of coils in T401 
and T402. Replace transformers 
if defective. 
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206. Power Supplies, Troubleshooting Chart-Continued 

Symptom 

No reading of test meter at + 320 V. 
position of test meter switch. 

No reading of test meter at + 300 V. 
REG. position of the test meter switch. 

No reading of test. met.er at - 300 V. 
REG. position of test meter switch. 

No reading of te8t meter at 116 V. pos ition 
of test meter switch. 

Reading at II . V. TEST jack J102 not 
50 v (representing 5 kv). 

No reading on t.est mote r at. any test 
rnet.er s witch position. 

Low reading on test rnoter at all positions 
of t.est meter 11witch. 
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Probablr trouble Corr-eetlon 

Fuse F401 or F402 open___________ Check fuses F401 and F402. De-
termine cause of trouble before 
replacing. 

Inoperative rectifier V402 _________ Check tube V402 and associated 
parts. 

Defective transformer T401 or T402 Check resistances of coils in T401 
and T402. Replace transformers 
if defective. 

Fuse F401 or F402 open ••. ·--- -- --- Check fuses F401 and F402. De­
termine cause of t rouble before 
replacing. 

Inoperative rectifier V403 or voltage Check for +600 V at 3 of TB80l. 
regula tors V404 and V405. If present, V402 is all right. Check 

V 404, V 405, and associated parts. 
If + 600 V are not present at this 
point, check V 403 and associated 
parts. 

Defective transformer T401 or T402 . Check resistance of T 401 and T402 
windings. Replace t ransformers if 
defective. 

Fuse F401 or F402 open __ _____ ___ __ Check fuse F401 and F402. De-

Inoperative rectifier V 406 or voltage 
regulators V407 and V-108. 

Defective transformer T401 or T402. 

termine cause of t rouble before 
replacing. 

Check tubes V406, V407, V408, and 
associated parts. 

Check resistance of T401 and T402 
windings. Replace transformer if 
defective. 

Improper adjust.ment o f R412 (fig. Adjust R4 12 to make test meter read 
173). 115 v. 

Fuse F 402 open . - --- - ---- - ---- - Check fuse F402. Determine cau..-.e 

Defective rectifier CR40L ••• _ •••• 

Interlock switch 8 103 open 
Fuse Fl02 open. 

Inoperat ive rectifier VJ06 •• 

Defect ive transformer T IOL 

D efE-ctive test met.er . _ • _____ •••••• 

Poor electrical connect.ion to test. 
meter. 

of opening before replacing. 
Check CR40 1 with crystal rectifier 

test set. 
Close. 
Check fuse Fl02. Determine cause 

of opening before replacing. 
Check tube Vl02 and associated 

parts. 
Check rel!istanccs of T l Ol windings. 

Replace t ransformer if defecth·e. 
Replace test meter. 

Check test meter switch rotor for dirt 
and corrosion. Check test meter 
connections for looseness. Clean 
or tighten connections as required. 



\ I I RECTIFIER REGULATOR REGULATOR 
'@' 5R4GY 

rn 
VRI50 VRI50 - 0 -

8 B 88 e ·~· B OOrnBrn 
B RECTIFIER 

m.~l~·i~ (;;) 8 
B 

RECTIFIER 
!5R4GY 

EJ rnee 8 V407 V408 

TM 1535 599 
Figure 168. Low-voltage potocr supplies, tube location 

chart. 
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REGULATOR REGULATOR RECTIFIER 
V405 V404 V403 
VR150 VR150 5R4GY 

NC NC NC--- NC He 

0 NC---
150V 

NC 0 101< 

NC NC--- NC 
520VAC 

NC 18 NC 

150V NC 
290V NC NC 

101< --ar-

RECTIFIER 
NOTES V402 

I. VOLTAGES AND RESISTANCES MEASURED TO GROUMD 5R4 GY 
UNLESS OTHERWISE NOTED. USE VOLTMETER WITHI 
20,000 OHMS-PER-VOLT SENSITIVITY. * 5VAC,340V 

2 . ALL RESISTANCES MEASURED IN OHMS WITH POWER 70K He 

REMOVED FROM EQUIPMENT. 

3 . * INDICATES AC READINGS TAKEN ACROSS TUBE FIL- He 

AMENTS 

4 . NC INDICATES NO CONNECTION. 
420VAC 

15 c 

He 420VAC 
10 

RECTIFIER 
V401 

5R4 GY 

* 5VAC,I55 V 
00 NC 

NC 
CD 

210VAC 
7 

NC 210 VAC 
5 

REGULATOR REGULATOR RECTIFIER 
V408 V407 V4 06 
VRI50 VRI50 5R4 GY 

NC NC NC--- NC 
.5VAC 

12 NC 

NC -150V NC---
BOK 

NC 5VAC 
12 

NC NC NC--- NC -390V 
IOK NC 

0 ~ -390V 
NC NC NC 0 80K IOK 

TII I,3S-Ib4 

Figure 169. Loto-voltage power 8rtpplies, voltage 011(£ resiBta11cc chart. 
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* .5VAC, 0 
0 

* .5VAC 
0 

NC-----' 

RECTIFIER 
V410 

IV2 

NC-------' 

,-------NC 

-----NIC 

-430V 
00 

NOTES 

RECTIFIER 
V409 
IV2 

-930V 
4 MEG 

r-------NC 

NC-----... 

NC-----.J 

*.5VAC,-530 
00 

.----NC 

* .5VAC,-530V 
00 

VOLTAGES AND RESISTANCES MEASURED TO GROUND UNLESS OTH ERWISE NOTED. 
USE VOLTMETER WITH 20,000 OHMS-PER-VOLT SENSITIVITY. 

2 ALL RESISTANCES MEASURED IN OHMS WITH POWER REMOVED FROM EQUI PMENT. 

3 * INDICATES AC READINGS TAKEN ACROSS TUBE FILAMENTS. 

4 NC INDICATES NO CONNECTION. 

Ji'igurc 170. Keep-alive po't>oer supply, voltll{le and remtance chart. 

TIME DE LAY 
V301 
6SN7 

tiOOV TO 60V 
5MEG 

340V 
70K 

*6~V AC.I20V 
-.2K 

*2.4VAC 
f 2.6 K V 

RECTIFIER 
V304 
8013A 

• 3KVAC 
2K 

*24VAC 
f26KV 

1(24 V AC 
•26KV 

TM 1535-159 

RECTIFIER 
V303 
8013A 

t3KVAC 
2K 

*2.4V AC 
f2.6KV 

2MEG 2MEG 2 MEG 2 MEG 

NOTES' 
I. VOL.TAGES AND RESISTANCES M EASURED TO GROUND \JNL.ESS OTHERWISE NOTED 

USE VOLTMETER WITH 20.000 OHMS·PER·VOL.T SENSITIVITY. 
2 ALL. RESISTANCES MEASURED IN OHMS WITH POWER F;:EMOVED FROM EQUIPMENT 

3 I( INDICATES AC READINGS TAKEN ACROSS TUBE FIL.AI~ENTS. 
4 NC INDICATES NO CONN ECTION. 
5 t METER CAUSES VOLTAGE DROP. AT 60V NEON TUBE V302 IS EXTINGUISHED 

6 f INDICATESIHIGH VOL.TAGEI SWITCH S301 IN l2ffi POSITION. 

Figllre 171. Modulator ~>•ower 8upply, voltage and r e8i8tancc chart. 

TM 1535·600 
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.. 

RECTIFIER 
VI06 
2X2A 

NOTES: 
I VOLTAGES AND RESISTANCES MEASURED 

TO GROUND UNLESS OTHERWISE NOTED 

~~Tvc:{N~~i~~T~TH 20,000 OHMS·PER· 

WARNING 

2 ALL RESISTANCES MEASURED IN OHMS 
WITH POWER REMOVED FROM EOUIPMENT. 

3 II INDICATES AC READINGS TAKEN ACROSS 
TUBE FILAMENTS. 

4 NC INDICATES NO CONNECTION 
!!. SWITCH SIOI AT~MILE RANGE. 

6. lCENTER EXPANDJ SWITCH S202 IN 

I OFFI POSITION. 

DANGEROUS VOLTAGES EXIST ACROSS 
TUBE Vl06 USE METER ON 250 V SCALE 
READ APPROXIMATELY 50V AT 
I H v TEST! JACK Jl02 

TM 1535·601 

Jo'ig11rc 172. PPI potoer ' "pply, voltage attd resistance chart. 

207. Power Group Troubleshooting Cha rt 

Symptom 

Motor generator fails to start when 
POWER switch is turned ON. 

Thermal overload operates or main line 
fuse blows each t ime POWER switch 
is turned on. 

Motor generator starts but docs not 
reach full speed. 

208 

Probable trouble Correction 

Switch box fuse F60l or F602 open . _ Check fuses F601 and F602. Deter­
mine cause of blowing before re­
placing. If fuses are all right. che~k 
fuse clips. Clean and bend as 
necessary. 

Motor starter thermal overload Press RESET on motor starter . 
switch open. • 

Motor starter inoperative. -- ------ Make continuity checks in motor 
starter. Replace defective part. 

Loose connections in switch box or 
motor star ter. 

Motor generator bearing frozen ___ _ _ 
Motor generator armature jammed._ 
Motor generator brush not making 

contact with commutator. 

Defective POWER switch S l05. __ _ _ 
Open circuit to motor star ter sole­

noid. 
Open starting res istors R603 or R604 

in motor starter. 

Motor starter timing incorrect. __ __ _ 

Defective motor field 

Overload ____ .--
Ship's line voltage low 

Motor brushes improperly located 
ahead of neutral. 

Motor star ter accelerating contacts 
do not close. 

Ship's line voltage too high 

Check for dirt in motor starter mech­
anism. 

Check and tighten all connections. 

Replace bearing and recondition shaft. 
Remove obstruction. 
Check for weak (par. 217) or broken 

brush tension spring. Repair or 
replace defective spring. 

Repair 8105. 
Check continuity of cables. 

Make a continuity check of starting 
resistors. Replace defective resis­
tor. 

Readjust mechanical timer for a delav 
of 3 to 4 seconds. · 

Check motor field for open circuit 
(par. 204). Replace defective fi~ld. 

Check for short in all units. 
Using a de voltmeter, check ship'~ 

line voltage at input terminals of 
switch box. 

Check to see that locating point on 
brush assembly is lined up ";rh 
point on motor end bell. 

Accelerating contacts d irty or pitted 
and require eleanlng (par. 218) . 

Torsion spring defective. Replace 
spring. 

Use de voltmeter to check ship's line 
voltage at Input terminals of s"';tch 
box. 



Group Troubleshooting Chart-Continued 
207. Power - --.....-----

Symptom 

Motor generator runs too rapid lY ---- - --

-..t a.ding on voltage regulator meter 
~ ... o re 

~1601 . 
Low reading on voltage regulator meter 

M601. 

H igh reading on voltage regulator meter 

M60l. 
E xcessive sp arking at motor brushes-----

Probnble troublt C' orreetlon 

D efective motor field . ------------1 Check for ground or open in motor 
field (par. 204). 

Motor brushes located behind neu- Check to see that locating point on 

tral. \ 

Motor generator ac field winding de­
fective. 

!\i il'adjustmcnt of H601 in \'Oltage 
regulator. I 

D efective ac field winding .-------- -

Misadjustment of R601 in voltage 
regulator. 

Commutator in bad condition. -----1 

Excessive vibration. 

B.-oken 0 , weak b<u•h tenoion >p<ing_ l 

Brushes too short.- - . - - -- - -
Short or open circuit in motor arma­

ture. 

brush assembly is lined up with 
point on motor end bell. 

Check for open or short circuit in ac 
winding (par. 204). 

Readjust for 115-voltmeter reading. 

Check for short circuit in ac winding 
(par. 204). 

Readjust for 115-voltmeter reading. 

Clean commutator (par. 215) and re­
seal brushes (par. 216). Check 
height of mica insulation between 
commutator segments and undercut 
if necessary. 

Check to see that brushes ride freely 
in brush holders. 

Repair or replace brush spring and 
adjust brush spring pressure (par. 
217). 

Replace brushes (par 211). 

Poor brush fit on commutator 
Brushes stick in brush holders --- -1 ----

Check commutator for metallic parti­
cles between segments. Check for 
short or open in armature winding 
{par. 204). Repair or replace de­
fecti"e armature. 

Reseat brushes (par. 216). 
Remove and clean brushes. Sand 

down side:; of bru:;hes. 
Grounded, open, or shorted field 

winding. 

Defective filter capacitor on brush 
assembly. 

Check field winding for grounds, 
opens, or shorts (par. 204). Repair 
or replace defective field. 

Check filter capaciton; and replace if 
defective. 

Audible brush chatter or hissing_-------- Wrong type of bru11hes 
High mica between commutator seg­

ments. 

Substitute correct type of brush. 
Undercut mica. 

Selective commutation (one brush takes 
more load than it should). 

F ield coils overheat _________________ __ _ 

Incorrect brush spring pressuJ"<' ___ __ - ~ 

Brush spring pressure low on one 
brush. 

Unbalanced circuit~ in armature ___ _ 
Short circuit in field windings __ ___ _ 

Poor ventilation .. ---------------
rma ure ver ea ------------- -------A t 0 h ts Short circuit in armature _________ __ 

1 

P oor ventilation. 
- ---- - -------~--

Armature 11triking pole pie~ 

327711 0 ~~--H 

Check and adjust brush spring pres­
sure (par. 217). 

Cheek and adjust bru~h sprin -
sure {par. 217 . g pres 

g~eck for high-rcsitstance connections 

(eck field windings for short circuit 
oar. 204). 

Check air llpace around m t o or gen-
erator and clear any obstructions 

Check commutator for metBll" . 
t" 1 .. 1c par-
ICes between segments. Ch k f 

short . . . ec or 
. CirCUit m armature .· di 
(par. 20·1) "m ng 

Checkt air bpace around motor gen­
era or and cle 

Check b . ar any obstructions 
earmgs for exce&i\'c wear. 

and replace. • 
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207. Power Group Troubleshooting Chart-Continued 

Comctlon I Probable troubl~ 
---·-----

Commutator overheats .••• ----------- - Excessive sparking at brushes _ Sec above checks. 
Excessive spring pressure on brushes Check and adjust 

Poor ventilation . ------- - - - ------ -

Brushes off neutral 

brush 
pressure. 

spring 

Check air space a round motor gen­
erator and clear any obstructions. 

Check alinement of brush-assembl; 
location point with point on moto'r 
end bell. 

Noi!ly motor generator operation • ___ . Armature s triking a pole piece Check bearings for excessive wear. 

Motor generator operation cau!les rf 
interference. 

Motor starter solenoid core and operating 
rod do not operate. 

No voltage applied to motor generator, 
antenna drive motor, and blower. 

Motor star ter operating coil overheats 

Loose mountings or parts 

Defective filter capacitor on bruHh 
assembly. 

Excessive sparking at brushcM. 

Ground in armature or fie ld winding 

Loose connections -- - -- - - - ---- _ 
Dirty commutator. ----- __ 
No power input to operating coil 

L602. 

Foreign object in mechanism pre­
vents operation. 

Motor starter accelerating contacts 
badly burned. 

Motor starter resistors R603 and 
R604 open. 

Thermal overload switch S602 is 
open. 

Check for loose armature or field 
winding. Replace bearing or 
tighten winding. 

Check mountings and tighten all 
bolls, screws, and connections. 

Check filter capacitors and replace 
defective capacitor. 

Sec above checks for commutator 
overheating. 

Chock for ground in a rma ture or field 
winding (par. 204). 

Check and tighten a ll connections. 
Clean commutator (par. 215). 
Check wiring and connections (fig. 

76). Check fuses F60I a nd F602 
in switchbox. Check operation of 
POWER switch (Sl05) in indicator. 
If defective, replace. 

Remove obstruction. 

Check blowout coil L601. Clean con­
tacl!l (par. 218). 

Check starting resistors for continuit; 
with an ohmmeter. • 

Press RESET button. 

Loose connections .------- _ Tighten all connections. 
Open circuit in operating coil L602 Check operating coil for continuity 

with an ohmmeter. If defective, 
replace (par. 24la). 

Cutout switch not operating properly. Check operation of cutout switch and 
clevis (7, fig. 196). 

Voltage is unsteady _ · - -----···----- _ Dirty or pitted contacts. _ _ _ _ _ _ _ _ Check and clean contacts (par. 218). 

Section Ill . REPLACEM ENT OF PARTS 

208. Low-Voltage Power Supply Parts 

a. The parts of the modulator power supp ly and 
the low-\'Oltage power supplies ttl'e all mounted on 
the hinged pnnel of the receiver-transmitter ( fig. 
173). Transformer T:~0:3 can be repln.ced by re­
moving the four nuts located at the rear of the 
hinged panel. Tntnsformers T301, T401, and 
T402 are fustened to the front of the hinged pa.nel 
by mnchine screws whic·h can be •·emoved. 
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b. The keep-alive power supply parts lll'tl 

mounted on a bakelite chnssis at the rear of the 
hinged panel. Hcmove the fou r screws that hold 
the bnkeliU> chassis and tip the chassis forward. 
Be careful not to dnmnge the wiring beneath the 
chassis. 

c. The PPI power supply parts are located on 
a subchnssis of the indicator. T ransformer TlOl 
is easily removed by removing the four screws 
thnt hold it to the sulx·hnssis. 



TB40 1 C401 L401 )(F402 XF401 R410 R405 

R402 

R403 

R401 

C402 

L403 
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Figure 1'13. Hinged panel, rear vi<'to showing potofr 8117JtJ/JI pads. 
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d. ·when removin~ nny of the above trun~;fonn­
ers, ulwnys unso lder nn~ label the leads at1tached 
to the trunsformet· t.ermm nls. 

209. Switch Box 
a. ('lamps H61 !> and 1-HiH> (fi~. 174 and 175) 

mny be t·emovcd from the switch box in tlte f.ol­
Jowing mnnner. Loosen the two screws on the Jme 

Fitlrtrr rn R1rltrh Bor S.A.-284/SPN- 11. 

Fifllll't' J7/j, Switrll /JOJ' .SA 28!3/SPN-11. 

side of each fuse and disconnect the leads of C'nble 
"'7 1 ~. Loosen the sct·ew on clamp H6Hi and re­
move cable V\'71~ from the clump. Remove the 
nut on clum p TT61H. Lift the nut and clamp H616 
from the switch box. Repent the ubove procedure 
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a t the lon.d side of each fuse to remove cable W710 
and chunp II615. 

b. The fuses supplied with the switch box are 
of the renewable l ink type. To renew a fuse link 
~rst remo~e the fuse cartridge from the fuse clip~ 
m the swttch box. Unscrew the brass ferrules 
from both ends of the ca rtridge. Do not misplace 
the slotled wnsher. Take a new fuse link and pass 
it through the lnrge opening of the cartridge until 
it protrudes slightly from the slot on the other end. 
Bend the link flat nnd screw the ferrule down 
tight. Then pass the slot of the slotted washer 
over the free end of the fuse link and bend the 
link fl at. Screw on the other ferrule tightly. 
Then repluce the fuse cnrtridge in the fuse clips 
on the switch box. 

210. Motor Starter Parts 
a. General. Motor Starter SA-287/SPN-11, 

whid1 is used with 1t ship's supply of 115 volts de, 
is illustrated in fig-ure 197. Motor Starters SA-
286/SPN 11 ~~nd SA-285/ S P N-11 are used for a 
ship's supply of :~2 volts and 24 volts, respectively. 
They nre similur in nppearance and they are 
shown in figure H>G. In the discussion below, 
whenever a pnt't is cttlled out by number, refer 
to one of these figures to find it. 

b. lleater l£'lcment for The1•mal Overload. 
(I) R emove the two heitter mounting screws 

(16). 
(2) Lift out the heater (17). 
(3) Insert the new heater, replace the screws, 

and tighten them. 

Caution: 'Vhen replacing the heater, 
be sure thut the replncement hel\ter is of 
the COI'J'eCi type. 

c. 7'llennal Ove?'load. 
(1) Disconnoot. the three leads from the ther­

mal overloud ( 18). 
(~) Remove the thermnl overload mounting 

screw located at the bottom of the unit 
below terminu13 (fig. 200). 

( 3) Hemo,re tho thermn I overload. 
( 4) Heplttce the thernHt~ overload with n new 

unit. 
( 5) Hcussemble and reconnect the thermal 

ovel'lond as before. 
d. 0 perati11g roil Shunt Resi~tor (40). 

( 1) Remove tenninal screw 2 (4) and remove 
the solder Jug- nt the end of the resistor 
lend. 



VOLTAGE 
DROPPING 
RESISTOR----, 
( R 603) 

ASBESTOS 
INSULATOR ----. 

RESISTOR 
MOUNTING 
BRACKET---

BRACKET MOUNTING 
SCREW ----. 

,__-·- TI £ 

--- VOLTAGE 
DROPPING 
RESISTOR 
(R604) 

SOLOERLESS 
CONNECTOR 

Figu1·e 176. Motor S lat·ter SA-286/SP'S- 11. rc(H· rietr. 
TM 1535 154 

(2) Remove the screw that holds the soldt>r 

lug at the other end of the resistor to the 
motor starter base. 

(3) Remove the resistor. 

(4) Unsoldet· the lugs from the resistor 
leads. 

(5) Solder these lugs to the lend of the new 
resistor nfter first instnllin~ tubing on the 
leads. 

(6) Reassemble nll parts in revl'rse ordt-r of 
disassembly. 

Caution: Be sure that the resistor used 
ns n rt>plncement is of the <'OITect value 
for the equipment used. 
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e. Voltage Dropping Re.n.vtor.~ R603 and R 604 
for ~i1fotor S tarters 8 A-f85/RPN- 11 and S A -f86/ 
S PN- 11 (fig. 176) . 

(1) Disconnect the th ree resistor leads from 
the F I..D terminn.l and h om the t wo sta ­
t ionn.ry accelerat ing cont act terminals, 
and pull them out t hrough the base of 
the motor starter. 

(2) Remove the solderless connector. 
(a) Loosen the nut at one end of the t ie rod 

and slide the resistor out. of the resistor 
mounting bracket. 

( 4) Remove all nuts and washet-s f rom one 
end of the tie rod and slide the resistor 
off the tie rod. 

(5) Replace the resistor. 
(6) Reassemble aJl washers and nuts in ex­

!tetly the same order n.s they were or ig­
inally. 

(7) Slide the resistor into thG slots on the re­
sistor mounting brncket. 

VOLTAGE 
DROPPING 
RESISTOR -----........;~ 
( R 603) 

BOLT--" 

( 8) Reassemble all parts in the reverse Ol'der 
of disassembly. 

( 9) P ush the leads through holes in the 
motor starter base and reconnect them as 
before. 

f. T1 oltf11Je Dropping R esi&tors R603 aflll R(J()~ 
for Afotor S tarter SA~W;SPN-11 ( fig. 177). 

( 1) D isconnect the three resistor leads from 
the FLD terminal (23, fig. 197) and from 
the two stationary accelerating contact 
terminals, and pull them out through the 
base of the motor starter. 

(2) Remove the solderless connector. 
(3) Remove the nuts and washers from the 

mounting bolts. 
( 4) L ift off the upper resistor ( R603) 
( 5) Lift off the spacers. 
(fi) Lift off the lower resistor (R604) . 
(7) Replace the resistor, as required. 
(8) Reassemble all parts in the reverse order 

of disassembly. 

SOLDER LESS 
CONNECTOR 

DROPPING 
RESISIOR 
(R604) 

......._ _ _ WASHER AltO 
' LOCK WASHER 

TM 11511- IH 

F iQIII"C 177. M oto1· Star ter SA-287/Sl'N-11, r ear 'Vie10. 
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BRUSH 
TENSION SPRING 
LEVER ARM---......_ 

MOTOR BRUSH 
l£602)----

COMMUTATOR---" 

* BRUSH HOLDER 
ASSEMBLY (H614) --" 

BRUSH 
TENSION SPRING 
(0603) 

BOLT (H606)(4) ----

*BRUSH HOLDER ASSEMBLIES 
HGII AND H612 FOR 24 OR 
32 V DC. 

TM 1335-69 

Figttre 118. Mo;tor end bell, cover removed. 

(9) Push the leads through holes in the 
motor starter base and reconnect them as 
before. 

211 . Motor Generator Parts 
a. To change brushes, use the following pro­

cedure: 
(1) Remove the brush access cover (fig. 202). 
(2) Remove the solder lug at the end of the 

pigtail lead by loosening the terminal 
screw (fig. 203) . 

(~) Lift up the brush tension spring lever 
arm (fig. 178) with the index finger of 
one hand and pull the brush out of the 
brush holder with the other hand. K<eep 
the brush in line with the axis of the 
brush holder as the brush is· remove~!. 

( 4) Lower the spring lever 1\rm carefully into 
place. 

( 5) Clean the inside of the brush holder with 
a clean, dry cloth. 

b. To insert a new brush, reverse the procedure 
in a above. 

c. Check the brush spring pressure (par. 217) 
after installing new br.ushes. 

212. Voltage Regulator Parts 
(fig. 179} 

a. Rheo8tat R601. 
( 1) R-emove the rheostat knob by loosening 

the knob retaining.screw. . 
(2} Remove the control panel by removmg 

the 10 panel mounting screws. . 
( 3) Disconnect the three leads by removmg 

the three terminal nuts and washers. 
( 4) Remove the four mounting bracket 

screws on the control panel and lift out 
the rheostat and mounting bracket. 
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(!5) Remove the two rheo~tat mounting 
screws nnd separate the rheostat from 
the mounting bmcket. 

(H) Replace the rheostat. 
(7) Reassemble in the reverse order of dis­

assembly. 
b. Voltmeter Al601. 

(1) Remove the 10 panel mounting sc1·ews 
and remove the <"Onirol panel. 

(2) Disconnect the two wire leads by re­
moving the two tenninnl nuts and 
washers. 

(:3) Remove the two mounting nuts and 
washers. 

( 4) Remove the meter from thE:' control panel. 
(!5) Replace the meter with n new one. 

(H) Reassemble in the reverse order of dis­
assembly. 

c. Tuminal BtritJ. 
( 1) Remove the control panel by removing 

the 10 panel mounting screws. 
(2) Loosen the terminal screws on terminals 

1, 2, 3, and 4, and disconnect the wires. 
Note. Tag the wit·cs to t)rcvent confusion at 

rensst'mbly. 

(:~) Remove the two mounting screws at each 
E:'tHl of the terminal strip. 

( ~) Lift out the terminnl stri p and then the 
insulation board. 

(5) Replace the terminal strip. 
((i) Reassemble in the reverse order of 

disassembly. 

RHEOSTAT 
(R601) 

TERMINAL STRIP 
MOUNT lNG SCREW{4J 
AND LOCK WASHER(4) 

VOLTMETER MOUNTING NUT (2) 
AND LOCK WASHER(2) 

fM 1335-77 

J<'{gtwr 1'1.?. T' oltage reyttlntor, 111towinu replaceable fJit/'18. 

Section IV. ADJUSTMENTS 

213. Time Delay Adjustment 

Remove the cathode lead (pin (i) of tube V301 
ft·om its connection at the junc·tion of resistors 
R:327 ltnd R328. 

a. To increase the time delay, connect the caJh­
odo lead to the junction of r(•sistors R828 and 
R:329; for It greater increa~e in delay, connect the 
lead to the free end of resistor H:~2H. 
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b. To decrease the time dehty, connect the cath­
CJcle lend to the junction of resistors R326 and 
n:~~7; t 0 decrease the delay further, connect the 
It-ad to the junction of resistors R325 and R326. 

214. Mechanical Timer Adjustments 
If the dela,y effected by the mechanical timer in 

the moto1· starter is too long OJ' too short, it may 
he udj n~ted as follow~: 



MOUNTING NUTS AND 
LOCK WASHERS 

COUNTERWEIGHT 

COVER 
MOUNTING 

SCREW 

ESCAPEMENT 
SHAFT 

ESCAPEMENT 

RATCHET 
AND SHAFT 

ASSEMBLY 
lPINION ON 

OTHER END) 

ESCAPEMENT 
LEVER 

DELAY 
ADJUSTING 

NUT 

HOUSING 

COVER 
MOUNTING SCREW 

TM 5510-33 

PitJIIre 180. :Jfcclwflical limr r, C<>t,cr t·emovcd. 

a. Remove the cover from the motor starter case 
by loosening the S<"rew at the bottom center of the 
(·n.se and lifting off the cover. 

b. R~move the two mechanical timer cover nuts 
and lockwashers (24, fig. 196 and 197) and lift the 
timer cover off the cover mounting screws. 

c. Slightly loosen the delay adjusting nut. 
d. Slide the nut and its shaft in the slot to 

change the opemting time of the timer; slide it up 
to decrease the time, or slide it down to increase 
the time. T hen tighten it securely. 

e. Replace the time1· cover and reassemble the 
unit in the exact reverse order of disnssembly m 
a and b above. 

21 5. Cleaning the Commutator 
The commutator surfaces should be smooth and 

free from nicks, pitting, and dirt. A slight dis­
coloration of the commutator surfaces is normal. 
To clean the commutator, proceed as follows : 

a. Remove the brush access cover ( fig. 202). 
b. Insert the cleaning tool ( +, fig. 112) and rub 

the canvas surface against t.he exposed commu­
tator surface. 

c. Rotate the armature to expose and clean the 
next commutator surface. 

d. Repeat steps in b and c above tmtil all com­
m.utator surfaces ha'e been cleaned. 

e. 'Vhen the commutrutor surfaces are bttdly 
pitted, proceed as follows: 

(1) Cut a strip of No. 0000 sandpaper 6 
inches long a.nd llfz inches wide. 

Caution: Never use emery cloth or a. 
file for this cleaning procedure. 

(2) Fold the sandpaper over the cleaning 
tool. 

(3) Repent the procedure in b, c, and d n.bove. 
(4) After using sandpaper, remove the sand­

paper dust from between the commutator 
segments. 

216. Seating Brushes 
New or old brushes must be seated to conform 

with the surface of the commutator. Perform the 
following operations to properly seat ft brush. 

a. Cut a long strip of sandpa.per No. 0000 
slightly wider than the width of the brush. 
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b. Remove all the brusheti fr-om the brush 
holdt"rs. 

c. Place the strip of sundp:tpet· nrountl the com­
mutntor, with the sttnde<.l side townrd the bt·ush. 

d. Lowe~· one bn1sh into <'Ontact with the sund­
pnper nnd clmw the snnclpnper in the direction of 
normn1 rotation. 

e. Lift the bru~h and return the sandpnpN· to 
its original position. 

f. Ht"pent the step in d nnd e ubo,·e until the 
brush is properly seated. 

g. Pl.'rform this procl.'dun• for en<'h brush. 

Caution: Ncve1· use emery cloth. Emery dust 
will !->hort ci1·cuit the commutntor se~nents. 

217. Adjusting Brush Spring Pressure 
(fig. 181) 

Check the }H·es:;m·e of the brush tension springs 
nftN· the instnllation of new brushes in the fol­
lowing manner. 

a. Remove the brush nc:ces.-. CO\'er. 
b. C'ut n loop of stt·ing npproximntely a inches 

long. 
l'. Loop one end of tlw string ove1· the hook nt 

the bottom of n spring bnlnnc<> . 
. d. Hook the other end of the string under the 

t1p of the brush spring lever urm (lig. 181). 
r. Slide n pi<'ce of pnper· bet\\'<'en the bru~h a nd 

the <'ommutato1·. Hold the paptw with one hund. 
Notr. Tht> !)llfK'r Hhould not movt• eut~lly. 

f. Grasp the sprinA' balance in the other Juwd. 
fl. Pull the spring balance slowly nwny from 

the commutator and exert a slight pull on the 
paper. 

. h. ""rhen it i~ possible to slide the pnper freely, 
1 ecord the t·eadtnA' obt~tined on tht' calibrated scale 
of .the spring balance. It should read ()ounces. 

1. 1 f the balance reading is inc:orrect1 loosen the 
setsc~ew that holds the brush ~l>ring mounting 
stud Ill the brush holder assembly. 
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( 1) If the pres.~;ure is low, rotate the brush 
spt·ing mounting stud in 1t clockwise di­
rection. 

(~) If the pr-esm·e is high, rotate the bm sh 
spl'ing mounting stud in u counterclock­
wise direction. 

j. TiJ!hten the setscrew. Measure the brush 
spt·ing pressure again by following the instruc· 
tions gi,·en in c through h above. 

It·. R epent the abo,·e procedure until the balance 
remls 6 ounce.s. 

I. Replnce the brush access col·er. 

218. Cleaning Contacts 
a. flen(l'a/. Before attempting to clean any of 

the \'nrious contacts, identify the type of material 
t.o be cleuned. Tlte contacts may be tin plated 
copper, si h·er pluted, silver, or tungsten. 

Caution : Never use a file or sandpaper on 
plated contacts. 

b. Tin Plated Silver or Silver Plated Contacfl. 
( 1) Cleun tin plated silver or silver plated 

contacts witl1 a cloth or brush that has 
been dipped in solvent (SD). 

(2) Polish the contacts with a clean, dry 
cloth. 

( :1) If the contacts are corroded, proceed as 
follows. 

(a) Dress the contacts with a piece of 
crocus cloth or a crocus stick. 

(b) C lean the contacts with a clean cloth 
moistened with carbon tetrachloride. 

Caution: Repeated contact of car· 
bon tetmchloride with the skin or pro­
longed breathing of the fumes is 
dangerous. Make sure adequate ven· 
tilntion is provided. 

(a) Polish the contacts with a clean, dry 
cloth . 

Not e. Tbe brown dlscoloraUon that Is tound on 
slh~er and silver plated contacts 18 silver oxide. 
Since sliver oXIde Is a good conductor, do not remove 
the dlscolorntlon tr'Om non-corroded contact. 

( 4) Replace bndly pitted contacts. 
a. Tunqaten Oontacta 

( 1) Clean the contacts with crocus cloth. 
(2) If the contacts are very dirty, use a 

burnishing tool or a fine-grit hone. Be 
sure the face of the contact is flat and 
the edges are slightly beveled. 
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Figt~re 181. Te8tUJ,fJ motor generator. 

Section V. FINAL TESTING 

219• General 
This final testing section is intended as a gJUide 

f determining whether a repaired power system 
or ts the original specifications. Entire test Jpro­

=ures for the power system are given. The final 
te ting chart (fig. 222) summarizes the final test­
in~ procedures for the entire radar set. 

220 Testil"'g M otor. Generator 
• (.fig. 181) 

Disconnect the leads going from voltage :reg-

ul
a. rheostat RGOl to terminals 5 and 6 of 
ator C t th' h t . . . TB601. onnec 1s r eos at m senes w1tb. an 

ter (0 to 10 amp) across the output (termi­
allllill e

8 
and 9 of TB601) of the motor gener1ttor 

na s 
(fig. 181). 

b Turn on the power. 
· ,A.dj ust the rheostat until the ammeter rE~ds 

c. s 
48 arnpere · 
· pla-Ce an ac voltmeter across tenninals 8 and 
d. ,...,.,'0601· The voltage reading should be 115 

9 of ...... ., 
V-+-2 V-

- Connect Frequency Meter TS-328/U ac1ross 
e. . Js 8 and 9 of TB601. The frequency rE~d­

~ermtn:uld be400 cps ±40cps. 
mg sh T1l off the power. Remove the strap that 

I rrur.o• . 1 d · t,erllllnl\ s 14 an 15 of TB601 and connect 
conneCts eter between these two terminals. 
the am:n 0 n the power. For a line voltage of 115 

g. T t,}l.e meter should read 7 amps ± 1 aunp. 
volts"' d

1
c{ne voltage of 32 volts, the meter sho·uld 

For Qo' 

read 31 amps ±4 amps. For a line voltage of 
24 

volts, the meter should read 38 amps ± 6 amps. 

221. Checking Brush Spring Pressure 
a. Check the pressure of the two ~p br~ 

springs in the motor generator according to 

SET SCREW 

BRUSH SPRING 
t0 60S) 

SPRING 
MOUNTING STUD 

BRUSH HOLDER 
ASSEMBLY 

IH601) 

Figure 18i. Adj113t1nent of br118h> Bpring pre88Ur6· 

instructions given in paragraph 217. The brush 
spring pressure should be 6 ounces ± .6 ounces. 

b. Remove the two filter capacitor leads and tbe 
four field leads by loosening the appropriate ter­
minal screws (fig. 203). Tag all wires. 
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c. Ht•mo,·c the two filte1· cnpucitors from the top 
of tht• motm· t'IHI h(•ll (pn1·. :H·l). 

d. Ht•mo\'e the brushes from t heu· bl'tJSh hold­
PI':->. Do not l't•move tlw pif!tnil leucls. 

t'. Loo,.,ell tlw nwunting- ri11g t'lnmp screws (fig. 
:.w:J). 

f. Hota!!• tht• motJnti11g ring until the two 
hoi tom hn1.sh u:-ost•mblit•s Ill'<' nccessibl<'. 

!I· Tightf'n tiH' mounting r i11g dump s<·row, nnd 
i lis<' I '( t ht• IH'IIslws i 11 t hr.i r brush holde,r.;. 

h. Check the pressure of. the ~wo brush springs 
aecording to instructions gn:en m paragraph 217. 

i. L oosen the mounting rmg clamp screw and 
l'<'tum the mounting ring to its original position. 
Tigl1ten the dnmp screw. 

Warning : Be sure to aline the motor brush 
assembly locntion points on the end bell and 
mounting ring ( pnr. 2+!). 

j. R eassemble in reverse order of disassembly. 



PART THREE 

OISASSEMBL Y AND ASSEMBLY OF MECHANICAL PARTS 

CHAPTER 14 

ANTENNA 

Section I. ANTENNA PEDESTAL 

a. Reflecltrr. 
2 22. Rotating Assembly 

(fig. 183) 

The rotating assembly consists of the antenna 
reflector, antenna horn, and the side lobe sup­
pressor mounted on the rotating mounting base. 

( 1) To remove reflector E503, remove the 
four hex.-head nuts. Secure the reflector 
to the rotating mounting base. 

(2) Remove the three bolts that secure each 
mounting foot A 502 to the reflector 
proper. 

(

MOUNTING 
BOLT (4) 

!Ji==>-- - - -

REFLECTOR 
SECTION ___ _, 

\ ----
FOOT MOUNTING e 
BOLT (6} / 

WASHER(4)~ ~ 
MOUNTING I MOUNTING 
BOLT(4l~ NUT(4) 

r MOUNTING 
NUT(4} 

IJ 
I 

MOUNTING 
FOOT (A 502)(2) 

Figure 183. Disa.88NIIbly ot reflector. 

{

REFLECTOR 
(E 503) 

~~ 

TM 1535-211 
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( :!) Each :-;ide sed io11 is uttudlt•d to the ccnte1· 
sed ioll oy t \\0 h('X. hPnd nuts and bolts. 
HcnW\'t> i hest• holts to st•pumle r<'flt•c·tor 
~ct Jmb. 

(I) He~lSS('JilOit• tht> n•flector oy 1'('\'('J'~ing the 
pnx·cd uJ·e gi vc11 111 ( I ). ( ~), and ( :n 
a bon•. 

b .• lntrnm1 /lorn and Side Lobt ,\'uppn.~vor. 

Thl' nntt'nnn hol'll, E50~, and side Joht• suppressor 
ure l't•mo\·ed ns a unit. The horn 1s sepn 1·ntNI 
hom t lw wan~ ~.ru ide tt'l'lll i nu lion IJ) the t·emo,•td 
of t ht' four flnnge st'n•" s. The sidP lobe sup­
pressm· is secu1·ed unclN· the two upper flung<' 
SCI'CWs (fig. J:UJ). 

223. Drive Housing, Minor Parts 
(fig. HH und 185). 

LooSt'n the four· c·nptivt> scTews (fi~.r. IJ) andre­
move the two d ri ''t' housing covers. 

a. Trrminal !Joflrd ( 7'/li){J/). RC'mon' the ter­
minnl board by following tht• JH'OC<'dm·e below. 

( 1) Disconnect ull th<' wires and tng them. 
(~) Hemovc• til(' four· scre\\s (JI:i18) nnd 

wusher:; ( H fi44) that secu r-e the terminnl 
bonrd tot h<' mo1111t i n~.r brae !crt (A 501). 

(3) Hemovp the terminal board nnd insu lator· 
plute ( E50 1 ) . 

( 4) Assemble by reversing the procedures in 
( 1) through (3) above. 

b. f 'aparitor ( ('501). Remove the capacitor by 
diS<:onnecting the two wires and rernoT"ing the two 
srrews (JI52~) and lockwashers (H549). As­
semble by reversing this procedure. 

t'. Capacitor ( ('502) . Remove the capacitor by 
disconnecting the two wires and remo,;ng the two 
~(·t·ews (H5~4) . Assemble by reversing the dis­
assembly procedure. 

d. I./eater li'lement/J and Thermostat. Remo\'e 
a hcnter element by removing the two terminal 
lugs (E504) and screws (H519). Remove the 
thermostat by t·emoving the two screws (H523). 
Assemble by revers ing the disassembly procedure. 

e. ('am Swift'hea. Remove the heading flash 
cum switch (8502) and the synchro alinement cam 
switch (8501) by disconnecting the wires and re· 
moving the two screws (H 515). Assemble by re­

versing the disnssembly procedure. 
f. Drive IJ ouaing Oa8lt·et ( 0 544). ReplaN the 

dl'ive housing gnsket (0 544) by following the 
Jlrocedure below. 

( 1) R emove the screws that hold the gasket 
clamp (A 501) to the top of the main 
drive genr mounting. 

(~) Lift out the gasket clamp (A 501). 

ROTATING MOUNTING BASE 
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MOUNTING SCR£ W IH518JI4) 
AND WASHER (H5441 ( 4 ) 

INSUL.ATOII 
1...--- PcAT£(E501) 

ctE2lli) JACK IJ~OI) 

TM o~J5- 529 

Ptgure 184. Antc1111a pedestal, showing rear·vieto of drive h.ousi11g. 



TUBING 
~~"iii:;:----- (.1\604) 

('" .. !------- c 501 

!ii"~~--C502 
~~~~:::_ __ SCREW 

(H524H2l 

SCREW 
(H522H21 

l OCK WASHER 

CAM ASSEMBlY IH549lC21 

MAIN DRI VE GEAR TUBING 
MOUNTING SASE ADAPTER 

( 05351 
SYN CI'IRO AUNEMENT SCREW 
CAM SWIT CH (S:)Or) (H519ll41 

TM I 535 ' 607 

Figure 185. Antenna pedestal, 8hotoi110 front vieu; of d1·ivc housing. 

(3) Remove the drive housin~ gasket 
(0 544). 

(4) Assemble by reversing the procedure in 
( 1) through ( 3) above. Before install­
ing a new gasket, tlpply glyptol to the 
top surfa,ce of the main drive gea.r mottnt­
ing and the gasket. 

224. Antenna Drive Motor 
(fig. 186) 

a. Removal. 
(1) Disconnect the antenna ch·ive motor leads 

(1) from terminal board TB501 (fig. 
184). Ta.g the leads to nvoid confusion 
during the assembly procedUJ·e. 

(2) Loosen the two setscrews (23) in the 
motor coupling (18) . Loosen the two 
setscrews (20) in the motor coupling 
(21). 

(3) Remove the four screws (24) and fon1· 
lockwashe1·s (22) from the motor mount ­
ing plate (15). 

(4) Remove the antenna, drive motor. The 
motor couplings {18 and 21) and cou­
pling disk ( 19) will break free of the 
armature shaft (38). 

(5) Remove the motor motmting plate (15) 
by removing the four bolts (30), four 
lockwasheJ'S (29), four washers (28), 
four spacing collars (26), and four motor 
mounting spacers (25) . Remove the 
four vibration mounts (16, 17,27 and 31), 
to completely disassemble the motor 
mounting plate (15). 

b. DiNa.Ysemhly. When the antenna drive 
motor is to be disassembled, perform the procedure 
in a(l) th1·ough (4:) aboYe. 

(1) Remove the eight nuts (32) and eight 
washers ( 33) from the four studs (34) on 
the motor end bells (and brush housings) 
(5 and 35). 

(2) Removethemotorendbell (35). 
(3) Remove the ring (:-36) and bearing (37) 

from 1:he armature s haft (38) . 
( 4) Remove the two cover plate mounting 

screws (3) and slide the cover plate (4) 
and collar (2) along the antenna drive 
motor leads (1). Remo\'e both halves of 
the collar (2) from the cover plate (4) . 

(5) Remove the two plugs (6) and lift the 
two motor brushes (7) out of each brush 
holder (8). 
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1 Antenna drive motor lends 
2 Collar 
3 Cover plate mounting screw (2) 
4 Cover plate 
5 Motor end bell and bt-ush 

housing 
6 Plug (2) 
7 Brush (2) (E505, E500) 
8 Brus h holder (2) 
9 Capacitor mounting bolt (2) 

10 Capacitor (C503 ) 
11 Lockwns her (2) 
12 Nut (2) 
13 Motor frame 
14 Field windings 

lG Motot· mounting plate 
16 Vibration mount (A 507) 
17 Vibration mount (A 508) 
18 Motor· coupling ( 0 511) 
10 Coupling disk (0 512) 
20 Setscrew ( 2) 
21 Motor coupllu~ ( 0 511) 
22 Lockwasher (4) (H 548) 
2:3 Setscrew ( 2) 
24 Screw (4) ( II517) 
25 l\Iotor mounting spacer ( 4 ) 
26 Spacing collar (4) (0 555) 
27 Vibrattlon mount (A 510) 
28 Wush4! t" (4) (H543) 
29 Lockwas her (4) (H547) 

TM 15'35-53 1 

30 Bolt (4) (H526) 
81 Vibration mount (A 509) 
32 Nut (8) 
33 Washer (8) 
il4 Stud (4) 
il5 Motor end bell 
36 Ring 
37 Renrlng ( 0 556) 
38 Armature shatt 
39 Fan 
40 Armature 
41 Flearlng ( 0 557) 
42 Ring 
43 Ring 

Figure 186. Anten11a dt"ive motor, mormti11g plate and oottpU11,g, e:r:ploded view. 
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(6) Remove the motor end bell and brush 
housing ( 5). 

Caution: Perform this operation with 
extreme care to avoid damnging the an­
tenna drive motor leads (1), and the in­
terna.l connections of the capacitor (10) 
and field windings (14) . 

(7) Remove each brush holder (8) from the 
motor end be.llund brush housing ( 5). 

(8) Remove the two capacitor mounting 
bolts (9), two nuts (12), and two lock­
washers (11), and lift the capacitor (10) 
out of the motor end bell and brush hous­
ing (5). 

(9) Remove the r ings ( 42 and 43) and the 
bearing ( 41) from the armature sha.ft 
(38). 

(10) Remove the armwture shaft (38), fan 
(39), and armature (40) from the motor 
frame (13) at the motor mounting plate 
end of the motor frame. 

Caution: Perform this operation with 
extreme care to avoid <.lamaging the field 
windings (14). 

c. A88emUy. Assemble the antenna drive mo­
tor by reversing the procedures in a and b above. 

~25. Trcmsmitter Synchro 
(fig. 187') 

a. Removal. 
(1) Disconnect the five transmitter synchro 

leads (2) from terminftl board TB 501 
(fig. 184). If necessary, tag the leads to 
avoid confusion at the time of assembly. 

(2) Loosen the three mounting dogs (10). 

1 Screw 
2 Synchro leads (5) 
a B rushes (2) 
4 Flange (4) 
5 Screw (3) 
6 L<>CkwashPr ( 3) 
7 Setscrew (2) 
B Synchro coupling disk (0 510) 
9 Synchro mounting 

j..O Mounting dog (3) 
:1-1 Nut 
j_.2 Synchro coupling spring 
j..3 Syncbt·o coupling spring retainet· 
:l-4 Sbaft 
j..5 Synchro frame 
:1-8 Brush terminal nut 
:11 Brush access cover 

pigwre 187. 1'1·an8mUtel' Sylwlwo amt mounting, ea1rHoded. 
view. 

327711 0 - :55-lG 

1 3---____,·~~ 

--} 12 

11------· -a 

9 

8----b , ___ 7 

TM 1535-532 
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(:\) L<><l::;t•n the two !'il't,new::; (i) on the syn­
chro l'OIIpling- tlisk (!:$). 

Caution: Tlw "<·t~~·n•\\son thl' :-;ytwhro 
c·oupling di~k. houhl\)(' loo~·nNl to avoid 
tln mngi ng t hl' :-;yn<'hro t'llll pi i Ill! spri Ill! 
(l:!) wlwn tht• trnn--mittt•r synchro is 
rclllO\'l'tl. 

( 1) Lift tlw trnn~tllitll•r synl'hro otl' tlw syn­
chm mo11nl ing ( !l). TIH• syndtt·o ron­
piing spring ( 1~) will hn·~tk frt•e without 
1 he 11"1! of tools. 

( ri) Ht•ntm·t' t lw ~rn<'hro mnnnt ing ( !l) b) l'l'­
mo,·ing thl' t.hn•t• Sl'l'l'\\':- rl) 1\lld lhn'O 

lot·kwnslwrs (li). 
b. JJi.~w~·"' mb/!1· \ Ylwn tht• tl'llll!'illlillN' synt·h~·<> 

11111"1 lw disns .... t•mblrd, 1wrfonu lht• prot·t•dun• 111 

a ( 1) 1 hrou/!h ( l) nhon. 
( 1) Ht•Hto\'t' 1 ht• 11111 ( ll), tIll' :-;ynchro cou­

pling spriug (I:!), and t lw :-) ndtro t'Oil 
pi i 11,; spr·i nJ.r n·t n i rH•r (I :q f rom t ht• shn f t 

( l·l ) . 
t:.!) Ht•rtw,·•· the hnt::.h act'l'":- t'O\'I~r ( 17 ) by 

rcmm· i ng t I u• t wo s1·n• ws ( 7). The 
IH'Ilblu•.<; ( :1) and ht•trsh ll'l'lllinal nut (Hi) 
will !lt' 111•1-e ..... "ihlt• n ftt• t· 1 ht~ hrnsh 111'<'1\"-" 

t'0\'1'1' lans bt•t·n n·II W\'l'd. 

c . • ls.'fembly. The trnnsmitter synchro is as­
:-;t•rubled by r<'versing procedures in ~ a.nd b abo;e. 

226. Com Assemblies 
The het\ding flash nnd synchro nlinement e~ 

ns:-;emblies 1\1'6 illustrated in .figures 185 and 1~9. 
T he fore hending flash cnm assembly is at the t<lp· 
tlw nft hendin~ flash cam assembly is in the center. 
and the synchro alinement cam assembly is a.t the 
bot tom. Ench assembly consists of a bushing and 
r um Re f<.'t' t.o paragraph 225 for di~<:embly of 
cnm switches S501 and 8502. 

a. Removal ( fig. 192). 
( 1 ) Loosen the mounting screw ( 1) and lift 

the fore heading flash cam as<sembly (2} 
off the cam shaft (37). Remove the earu 
wnsher (3). 

(2) Loosen the mounting screw (4) and Je­

move the aft heading .flash cam assemb!'f 
(5) . Remove the cam washer (6). · 

(3) Loosen the two mounting screws (i) and 
remove the synchro alinement cam a-SSeJJl· 
bl.v (8). 

b . .. h scmbly. The cum assemblies are as .• ''-elll­
blcd by rcvt>rsing the procedure in a above.. :For 
proper reassembly, the synchro alinement ew 
must make electrical contact with cam switch S 501 
when tJ1e untenna. reflector is facing aft. 

Section 11. WAVE GUIDE JOINT ASSEMBLIES 

227. Rotating Joint Assembly 
(til{. lHR) 
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a I J i 1u.~st mbly. 
( 1) Ht•moH' t lw four co\'l'l' mount lllf! st•n•ws. 

Lift r lw co\'l'l' nut! gaskl'l 0 ;,;J>-, oil t ht• 

Wll \'1' /!'llidt> <'Hfl. 

( ~) Ht•mo,·~ 1 lw 11 ppt•l' joint durn p by n•· 
lllo,·ing tlw t''o t'lnmp mountin~ sl'n'w~. 

{:!) HPmU\'1' tltl' ''a n• guidt• enp and wn\'C 

guiclt• cup gaskl'l 0 ;,;HI by n•nw,·inl! I Ill' 
I i \'I' <'II p uwun t i ng sere ws. 

( I ) H t•III0\1' tht• WH\'1' gu1dt• joint ntljust nrt•n t 
screw. 

(.1) H<'llW\'t• tht• cupliH• nut u~-.t·mbl) by 
loost•ni ng t lw t" o l't•tainillg St'I'<'WS. 

I li) Ht• llun•t• lm·knut I r:,or; nrul loc·kwnshet· 
H :dti fr·o111 thl' 111ni11 tlr·in• :-;haft. 

C aution : B<' t•\11'1'111<'1.' t•ru·t•ful wh<'ll 
r'l'lllO\'IItg t ht• locknut. T hl' thr('acls o f 
lht> rwtin cll·in• sha fl mny lw dnrnuged by 
1'1\l~]l':,..._ l'C'IllO\'fiJ. 

(7) Lift rot~lting joint assembly W502 from 
the mnin dri"e shaft. 

(8) R<'move the lower joint clamp a nd 
gasket. by removing the two cla.IU.p 
mounting screws. 

IJ. Rea.~st mbly. ReYerse the disassembly pro­
cedure (a. nl.x>vt>) to reassemble the rotating joint 
Jl:,;s£' rnbly. 

228. Fixed Joint Assembly 
(figs. 189 ltnd 190) 

a. / Ji.va.s.vembly. 
( 1) Drnin tlte oil from the genr housin•~ b\· 

t·emo,·ing pipe fitting H502. 1:" • 

(:2) FreE' the gear housing from the antl:'llllll 

ped<.'s tnl by freeing the wn\'E" "'nide • . eo 
flnnge$ und remonng the six mountit:g 
screws I£536, nuts H535, nnd washt>n? 
II552 and H545. Remove gasket 0543. 

( :3) Removo the 10 JliOunting St'rews and lO<.·k­
wnsht>rs thnt secure the gear housing lV 
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1 ~CAP GASKET(0539} ROTATING JOI NT 

CLAMP (UP PER 
AND LOWER , --..._ 

1 - - ~ 
~~~~~ CLAMP GASKET{0542) 

WAVE GUIDE JOINT 
~ADJUSTMENT SCREW 

" ~· CAPTIVE NUT 
ASSEMBLY 

CLAMP MOUNTI NG P .-- - '-J 
SCREW (4) _·__:_:=~----~)~LOCK NUT (H506) 

RETAI NING • • ··~ 
SCR EW(2) ~-.~LOCK WASHER(H546) 

ANTENNA 
HORN 
(E502)--- + 

MAIN DRIVE 
SHAFT---""' 

Figt~rc 188. Rotating jo:int assembly, exploded. 'View. 
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the m~Li n drive gear mounting. Separate 
the gear housing from the main drive gear 
mounting. Remove sleeve bearing 0509 
from the top end of the fixed joint as­
sembly W501. 

the fixed joint assembly W501 from the 
bottom of the gear housing. 

Caution: Avoid bending fixed joint 
assembly W 501. 

(4) Remove the gear hous it.g gasket 0540. 
(5) Remove the upper and lower joint clamps 

by removing the t wo mounting screws and 
lockwnshers in each clamp. RemoYe 
both halves of gasket 0565. 

(6) Remove the four mounting screws and 
lockwashers that secure the fixed assem­
bly W 501 to the gear hous ing. Remove 

Caution: Perform this operation with 
extreme care to prevent damage to fixed 
joint assembly W501. 

(7) Remove gasket 0537. 
b. A ssembly. Assemble the fixed joint assem­

bly by reversing the procedure in a above. 

229. Gear Housing 
(fig. 190) 

a. R enwval. Remove the gear housing by per· 
forming the procedure in paragraph 228a(l) 
through ( 4). 
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MOUNTIN~ 
SCREW 
(H536) (6) 

WASHER ~---
( H545)(6) _j -IIIQII!Iifl 
LOCK 
WASHER (---
(H552)(6)-Q} B ELOW 
NUT(H535)(6)..a TOWER 

BASE 
JOINT CLAMP 
(UPPER)----------~ 

~-----MAIN DRIVE 
GEAR MOUNTING 

---- IDLER GEAR 
ASSEMBLY (0514) 

r--MOUNTING 
. /_ SCREW (10) 

--~~ 

"'--LOCK 
WASHER (10) 

111.-.---WAVE GU ID E 

---GEAR 
HOUSING 

.;:::;;:;=!::::::::-... J 0 I NT A S S E M 8 L Y 
(W501) 

LOCK 
vVASHER (4) 

MOUNT INGyrr l ----LOCK WASHER (4) 
SCREW(4) r ~ MOUNT lNG SCRE W (4) 

LJOINT CLAMP (LOWER) ™ 1535-216 

J.'iuurr 189. Fixl'rl joi11l nHHI'IIIIJf/1, r:rploded view. 



~'-'-----~ -~ SLEEVE BEARING(O 509) 

I
<=> 

WAVE GUIDE JOINT 
ASSEMBLY (W5 0 1) -----------. 

OIL SEAL WASHER (0 52 9 ) 

GEAR HOUSING 
GASKET (0 540) 

GASKET (0 54 3) 

b. Di<JWJsembly. 

JOINT CLAMP 
(UPPER )---' 

Fiuure 190. 

(1) Remove pipe fittin~ II503. 
(2) Remove oil seal t·in~ 1I539 and oil seal 

washer 0520. 
(3) Removo the four scr ews H520 that secure 

oil retaining tube 0517 to the gear hous­
ing. Lift oil retaining tube 0517 out of 
the ~tu· housin~. 

(4) Remove gas ket 0545. 
c. Assembly. Assemble the gear housing by 

reversing the proeedures in a and b nbove. Seal 
pipe fittin~ lf5();~ and gasket 0545 with glystol. 

1-+-----OIL RETAINING TUBE (0 517) 

~-- OIL SEA L RING (H539) 

JO INT CL AMP 
(LOWER) 

Gea1· 11ou8ing. 

"yPIPE FITTING 
~ (H502) 

PIPE FITTING (H503) 

TM 1535-217 

Beforea.pplying theglyptol, be sure the gear hous­
ing is dry and f roo of oil. 

230. Lubrication 
(fig. 191) 

The oil in the getu· housing should be drained 
every six months. 

a. Drain the old oil by removing the pipe fitting 
H 502 (fig. 190). Hop lace tho pipe fi tting. 

b. Refill the gear housing with three pints of 
oi l Ol~20. Pour the oil through the oil filter tube. 

Caution: Do not overfill. 
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Cteoft Attiftgt ~•fore lwbrkolh•t· lntervoh ti•en ore •••'•••• fM ftOfiiiOI l·howr doy operotton_ for 
ebnotMOI conditkun or octi•itiet. lntervoh thoutd be odjutle4 to , .. ,..,. .. , .. CleoA ~tft with Soh•eftf, dry·cfeoAing (SO), Of with Oil, t .. t. 

o;etel. Dry before lubrkotl•t 

CAUTION! Thh e-qYipMent vtet high ¥Oitotet tfrlot IIIlO)' 1M folof If <Oft• 
toc·ted by operotil'llg ..-rton•ol. Ut• l'll•c:euory ptecewtioAt IMfote tenoldAt. 

Dhconnec:t frOM powor tource before tervldng. 

Gearbox Oil level Gage • Q 
••~~~••• cot I coven. Check I••••• fill to full Mork 
on t•O•· leploce oU level o•o• ortd cott coveu. 

A Gearbox Drain Plug 
Re•••• plug ond cfro1n . .. ploco pfyg, ••••vo 
cott co••u ond oil fe•el gooe, Ol'ld fill with three 
pll1h, a.ploc• oil lewel gogo Ol'ld co•t coven. 

ANTENNA A$-599/SPN-11 
(Aft end view) 

Q 

ANTENNA A~99/SPN-11 
(ltorboord side view, upper 
pedes to I covers removed J 

BLOWER UNIT 
(located in Rodor Receiver 
- Transmitter RT-268/SPN- 11 J 

LUBRI CANT 

Blower Motor Bearings 
Open tlingod c.houh of r•n•••t•ltOfttlllitler wftll 
Appty I 0 dropt ot ooch IM4wlno 

KEY 
(All temperatures J INTERVALS 

• - lubricating Oil, General Purpose per Q.-Quorterly 

Mll-l-15016A; Navy symbol 2135 A-Annually 

}'l{Jure 191. Lttbrication of antcnnn Oll(l blower 1mil. 
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Section Ill. GEAR ASSEMBLIES 

231. General 
The main drive gear mounting contains main 

drive gear assembly 0 515, idle!' gear assembly 
0514, the main drive shaft assembly, the synchro 
!!ear assembly, the cam gear nssembly, und the 
tnt.enna drive motor gear assE'mhly. Paragraphs 

232 thr·ough 237 contain the disassembly und as­
;;embly procedure for each assembly. 

232. Idler Gear Assembly 
a. Removal (fig. 192) . 

(1} Remove the two screws (18) and two 
lockwashers ( 17). 

(2) Lift out the idler gear assembly ( 15) 
ft·om the m!tin drive gear· mounting. 

Caution: Do not damage the two 
dowel pins (16) during the removal pro­
cedure. 

b. lJiJJMJJembly (fig. 193). 
(1) Loosen the two setscrews (1) in the cam 

idlergeu (2) . 
(2) Lift the cum idler gear (~) and the syn­

chro idler gear ( 4) off the idler gear 
shaft (5). 

(3) Separate t-he cam idler gear (2) from the 
synchro idler gear ( 4) by removing the 
two screws (10) and the two dowel pins 
(3) from the synchro idler gear (4). 

(4) Remove the retainer ring (6) from the 
idler mounting bracket (8) . 

(5) Lift out the bearing (7) and the idler 
gear shaft ( 5) from the idler mounting 
bracket ( 8) . 

{6) Remove the retainer ring (9) wit.h a 
Waldes No. 2 pliers. 

(7) Remove the bearing (7) from the idler 
gear shaft ( 5). 

c. Assembly. To assemble the assembly reverse 
the pt·ocedure in b above. ' 

rl. Renwwnting. To remount the assembly re-
verse the procedure in a above. ' 

233. Synchro Gear Assembly 

To gain access to the synchro gear assembly, 
remove the idler gear assembly 0 514 as discussed 
m paragraph 232a. 

a. DisMsernbly (fig. 192). 
(1) Remove the synchro coupling disk (par. 

225a. 

(~) Remove the two setscrews (28) and lift 
the synchro spur gear (29) off the syn­
chro shaft (25). 

(:3) Remo\'e the three oil seal retainer screws 
(30) that secure the oil seal retainer (27) 
to the main drive gear mounting. Re­
mov(' the oil seal retainer t27). 

(4) Remove the oil seal (26). 
( 5) Remove the retainer ring (24) . 
(G) Remove the synchro shaft (25) and the 

bearing (23) from the main drive gea.r 
mounting by tapping from the synchro 
coupling end of the shaft (within the 
drive housing). 

(7) Lift the grease seal (19), grease washer 
(20), and washer (21) off the synchro 
shaft (25). 

(8) Remove the retainer ring (22) using a 
WaldesNo. 2pliers. 

(9) Remove the bearing (23) from the syn­
chro shaft ( 25) . 

b. Assembly. To assemble, reverse the proce­
dure in a(l) through (9) above. 

234. Main Drive Shaft Assembly 
a. Disas.~embly (Lo-werSection) (fig.l92). 

( 1) Loosen the four setscrews ( 43) that hold 
the main shaft worm gear (45) to the 
main drive shaft. Remove the main 
shaft worm gear ( 45) . 

(2) Loosen the four setscrews (47) andre­
move the main shaft spur gear ( 46). Re­
move the key ( 44). 

(3) Remove the retainer ring (48) . 
(4) Remove the bearing (49). 
( 5) Remove the two washers (50 and 52) and 

the oil seal (51). 
b. Dillassembly (UpperSection) (fig. l94). To 

disassemble the upper section of the main drive 
shaft assembly, remove the rotating joint assembly 
as discussed in paragraph 227 a. If the main drive 
shaft must be removed from the main drive gear 
mounting, perform the procedure in a above also. 

(1) Remove the key (5). 
(2) Remove the retainer ring (6) and remove 

the bearing (7) . 
(3) Remove the main drive shaft (8) from 

the main drive gear mounting. 
(4) Remove the bearing (2) . 
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Figure 192. Main ct1·ive oca1· mo1mtinu aRsemblv. exploded view. 
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1 .:\Iounting screw 
2 Fore beading tlash curu assembl~· 
3 Cam washer 
4 Mounting screw 
5 Aft heading 1lash cam assembly 
6 Cam washer 
7 :llounting screw (2) 
8 S~·nchro alinement cam as­

sembly 
9 Oil flinger 

10 Dowel pin 
11 Main drive gear assembly 

(0 515) 
12 Dowel pin (3) (B509) 
13 Lockwasher (5) (B551) 
14 Mounting screw (5) (B527) 
15 Idler gear assembly (0 514) 
16 Dowel pin (2) (B508) 
17 Lockwasher (2) (B550) 
18 Screw (2) (B525) 
19 Grease seal (0 527) 

20 Grease wnsber (HG32) 
21 \Yasber (1Iv29) 
22 Retainer ring (0 563) 
23 Bearing (0 558) 
24 Retainer ring (0 560) 
25 Synchro shuft 
26 Oil seal (0 528) 
27 Oil seal retainer 
28 Setscrew (B528) 
29 Synchro spur gear (0 550) 
30 Oil seal retainer screw (3) 
31 Grease seal (0 525) 
32 Washer (B531) 
33 Washer (H530) 
34 Retainer ring (0 521) 
35 Bearing (0 501) 
36 Retainer ring (0 523) 
37 Cam shaft 
38 Oil seal ( 0 530) 
39 Oil seal retainer 
40 Cam shaft spur gear (0 547) 

/:l'igurc 19i-Contlnued . 

41 Setscrew (2) 
42 Oil seal retainer screw ( 3) 
43 Setscrew ( 4) 
44 Key 
45 Main shaft worm gear ( 0 553) 
46 Main shaft spur gear (0 546) 
47 Setscrew ( 4) 
48 RetainE-r ring (0 520) 
49 Bearing ( 0 505) 
50 Washer (B541) 
51 Oil seal (0 531) 
52 Washer 
53 Antenna drive motor worm gear 

and sbaft (0 552) 
54 Bearing (0 502) 
55 Retainer ring (0 564) 
56 Retainer ring (0 562) 
57 Wasber (H542) 
58 Grease seal (0 526) 
59 Retainer disk ( 0 513) 
60 Mounting screw (4) 



2 3 

1 Setscrew ( 2) 
2 Cam idler gear (0 548) 
3 Dowel pin (2) (H507) 
4 Synchro Idler gear (0 549) 

234 

5 Idler gear shaft (0 533) 
6 Retainer ring (0 522) 
7 Bearing (0 007) 

TM 1!535-534 

8 ldle1· mounting bracket (A 505) 
9 Retnlner· ring (0 536) 

10 Screw (2) (H516) 

Figure 1.93. Idlet· uear assembly 0 511,, camloded view. 



1 Gasket (0 541) 
2 Bearing (0 508) 
3 Water seal (0 532) 

2 
3 

5 

6 

-

4 Washer (H540) 
5 Key (0 516) 
6 Retainer ring (0 525) 

8 

7 Bearing (0 508) 
8 Main drive shaft 

Jt'ig1tr·e 194. Af a in drive shaft aBBe,mblr , itpper section, e:l'ploded view. 

) 
/ 

/ 

TM 1535-535 
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( 5) Remove the washer ( 4) and the water 
seal (3) :from the top of the main drive 
gear mounting. 

(6) Remove the rubber gasket (1), if 
necessary. 

c. Assembly. Before assembly, the two bear­
ings (2 and 7), the washer ('t), and the water seal 
(3) must be packed with gren.se. Assemble the 
lower nnd upper sections of the main drive shaft 
assembly by reversing tJ1e procedure in a amd b 

above. 

235. Cam Gear Assembly 
To gain access to the cam gear ussembly, it will 

be necessary to remove the idler gear assembly 
0 514 (par. 232) and the lower section oi: the 
main drive shaft assembly (par. 234) . 

a. Dillas.sembly (fig. 192). 
(1) Remove the cam assemblies. 
(2) Loosen the two setscrews ( 41) that se­

cure the cam shaft spu r gear ( 40) to the 
cam shaft (37). Remove the cam shaft 
spur gear. 

(3) Remove the three oil seal retainer screws 
( 42). Remove the oil seal retainer (39) 
from the main drive gear mounting. 

( 4) Remove the oil sAn I (:18) . 
( 5) Remove the retainer ring (36). 
(6) Remove the cam shaft (37) by tapping 

from the cam ussembly end of the shaft. 
(7) Remove the grease senl {:H) and the two 

washers (32 and 33). 
(8) Remove the retainer ring (:34) with n 

Waldes No. 2 pliers. 
( 9) Remove the bearing (:35). 

b. A8tJe1u:Oly. Assemble the cam gear assembly 
by reversing the procedure given in a above. 

236. Antenna Drive Motor Gear Assembly· 
(fig. 192) 

a. DisMaembly. Remove the parts in the or<ler 
given below. 

236 

(I) Remove the antenna ch·ive motor BfiOl 
nnd motor coupling (pat·. 224a) . 

(2) Remove the retainer disk (59) by re­
moving the £our mounting screws (6,0) 
that secure the retainer disk to the top 
of main drive gear mounting. 

(3) R emove the grease seal (58) and the 
washer (57) . 

( 4) Remove the retainer l'ings (55 and 5G) . 

Use n \Ynldes No. 2 pliers to remove the 
retainer ring (55) . 

(:l) R{'move the dowel pin (10) that secures 
th{' oil flinger (9) to the antenna drire 
motor worm gear nnd shaft {53). 

((I) Remove the ant.ennn drive motor worm 
gear and shaft ( 5:3) by t!tpping from the 
motor coupling end of the shaft. Re­
move the oi l flinger {9) from the shaft. 

(7) R emove the bea ring (54) from the main 
drive gear mounting. 

b. A.vsembly. Assemble the antenna drive 
motor gen r assembly by reversi ng the disassemhlv 
JH'OC{'dure in a abo,'e. 

237. Main Drive Gear Assembly 0 515 
a. Reuwval ( fig. 192) . 

( 1) R emove the lower section of the main 
drive shaft assembly (pnr. 234) . Re­
move the antenna clt·ive motor gear 
assembly (par. 2:36) . The removal of 
both assemblies will permit the main 
drive gear assembly to be removed more 
easily. 

{2) Remove the five screws (14) and five 
Jock washers (13). 

(:l) Lift. the main drive gear assembly (11) 
o lf the main drive go1u· mounting. Per­
form this operation carefully to avoid 
damaging the three dowel pins (12). 

b. DiJ.tf.ll!.Ve!nbly (fig. 195). 
( 1) Remove the bearing ( 4) by removing the 

retainer ring (5) . 
(2) Remove the locknut ( 15) and washer 

( 14) from the othet· end of main drive 
shaft (6) . 

(:l) Remove the main drive worm gear (13) . 

Caution: Perform this operation care­
fully to a void dnmngi ng the inner bore 
of the main drive worm gear as it is 
pulled past the key (2) . 

(-!) Lift the key (2) oil' the main driYe shnft 
( ()). 

(!i) Hemove the spa<·ing post (12). 
(H) Hemove the retainer ring (11) nnd the 

ben ring shim (10), in Ol'(ler. 
(7 ) Remove t,he bearing (9). 
(R) Remove the retaining ring (7). 
(!>) Hetnove the spacing post (8) . 
( JO) Remove the bearing ( 1). 
(11) Lift the main dl'ive shaft (6) out of the 

brncket mounting (:~). 
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1 Bearing (0 506) 
2 Key 
3 Bracket Mounting (Af)()(l) 
4 Bearing (0 559) 

6 Main drive slllaft (0 534) 
7 Retaining ring (0 561) 

11 Retainer ring (0 518) 
12 Spacing post (H514) 
13 Main drive worm gear (0 551) 
14 Washer (H538) 

G Retainer ring (0 5H)) 

8 Spacing post (H513) 
9 Bearing (0 504) 

10 Bearing shim 15 Locknut (H505) 

Figtwc 1.?5. Main cl7'we year asaembZy 0 515, expLoded view. 

c. Assembly. To assemble the main drive gear 
assembly, reverse the procedure given in b above. 

d. Remounting. 
{1) Secure the br·acket mounting {3, fig. 195) 

to the main drive gear mounting by re­
placing the five screws and the five lock­
washers ( 14 and 1a, fig. 192). 

{2) To prevent bi11ding or excessive backlash 
between the main shn ft worm gear ( 45, 
fig. 192) and the gear on the mnin drive 
worm shaft ( 6, fig. 195), or between the 
antenna drive motor worm genr {53, fig. 

192) and the main drive worm gear (13, 
fig. 195), loosen the five mounting screws 
(14, fig. 192) on the bracket mounting (3, 
fig. 195). Shift the bracket mounting 
{3, fig. 195) until the binding or back· 
]ash disappears. 

(3) Apply power and operate the antenna 
until the gears are operating quietly. 
If excessive noise is present, repeat the 
procedure given in (2) above. 

( 4) '\Yhen the gears are opern.ting quietly, 
shut off the power. 
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lCHAPTER 15 

P()WER GROUP 

Section I. MOTOR STARTER 

238. General 
The following paragraphs describe replacement 

procedures. Each paragraph covers the r eplace­
ment of a major part. Where the text does not 
refer to a particular modeJ, the instructions apply 
to both types of motor starter. 

Note. Always remove the front cover of the motor 
sturteL' bY loosening the screw nt the bottom. Plaee aU 
disassembled parts In t:HJitable boxes or bags. This prac­
tice will uvold loss or clnmuge to pnrtR. Tag all wires to 
prevent contusion when renssembl!ng the motor st~u·ter. 

239. Motor Starter Contacts 
a. lJf ()'l)al;le Accelerating Oontacts (fig. 196). 

(1) Remove the shunt lead (28) by removing 
the two screws that hold the lead to the 
left-hand clutch section (36). 

(2) Remove the cotter pin (31) . 

38 39 40 41 42 43 44 I 2 
I 

3 2 

3 

4 
4 . 

5 

5 

6 6. 

7. 

7 
8 . 
9. 

10 . 
II . 

12. 
13. 
14. 
15. 
16. 

(:~) Lift otf the upper spring seat (32), mo\·­
nble contact compression spring (33), 
and the lower spring seat (35). 

(4) Lift oft' the movable accelerating con­
tnds (a7) . 

(I>) Replace with new contact. 
(H) Reassemble by reversing the above pro­

cedure. 
b. ill ()'l)ab/e Line Oontact on ltf ot<Yr Starterra 

BA-1386/SPN-11 amd SA-~86/SPN-11. 
(1) Remove the shunt lend (28) by removing 

the scrow that holds tho lead to the riuht-o 
hand clutch section (9). 

(2) Perfol'ln the procedures found in a(2) 
nnd (:l) above. 

(:3) Lift off n1·cing horn (44) . 
(4-) Lift off movable line contact (5). 

FULCRUM 25 MECH ANICAL TIMER 

CUTOUT SWITCH (I 601) 

MOVABLE CONTACT IE610) 26 GEAR SEGMENT 

CUTOUT SWITCH 27 MECHANICAL TIMER 
OPERATING LEVER IE612) OPERATING LEVER 

TERMINAL ''2'' 28 SHUNT LEAD IW601) 

MOVABLE LINE CONTACT 29 MOUNTING HOLE 
IE614) 30. GUIDE PIN 
TERMINAL " 1" 3 1. COTTER 
CLEVIS AND OPERATING ARM 32. UPPER SPRING SEAT 
CLUTCH SHAFT BEARING 33. MOVABLE CONTACT 
RIGHT-HAND CLUTCH SECTION COMPRESSION SPRING 
OPERATING ROO (0 606) 

OPERATING ROO 34. CLUTCH SHAFT BEARING 
STOP PLATE 35. LOWER SPRING SEAT 
OPERATING COIL FRAME 36. LEFT-HAND CLUTCH 
OPERATING COIL (L602) SECTION 
SPRING WASHER 37. MOVABLE ACCELERATING 

SOLENOID CORE CONTACTS (E615, E616) 

HEATER MOUNTING SCREWS 38 TERMINAL "A2" 

17. HEATING ELEMENT IHR601 ) 39. STATIONARY 
ACCELERATING CONTACTS 

18 THERMAL OVERLOAD 
SWITCH S602 CE617) 

19 TERMINAL "3" 40. OPERATING COIL SHUNT 

20. TERMINAL "L2" RESISTOR IR602) 

21 RESET BUTTON 41. POLE PIECE 

22 TERMINAL "AI" AND "LI" 4 2. STATIONARY LINE 

23. TERMINAL "FLO" CONTACT( E613) 

24. MECHANICAL TIMER 43 BLOWOUT COIL ( L601) 
COVER NUT AND 44. ARCING HORN 
LOCK WASHER 

24 23 22 21 20 18 17 16 15 TMI535·209 

lt'if/111'6 196. Mcchanis1n ot Motor Starter· SA-286/SPN-11 ana SA -~85/SPN-11, front vieto. 
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I futCAOM 

2 curour SWITGJi 
M0YA81.C CONTACT tEitOI 

3 CUTOUT $WITCH 
OPCRAJ lNG L£\IER IE6t2l 

4 'EA .. INAL "2" 

~ t.f0YA8l[ I,. IN£ CONTACT 
{(114) 

4 T(At.IINAL 1' 

7 Gl£ Yl$ A~O OPERAT l NG A,_t.t 
I CLUTCH SHAfT BEARING 

t RIGHT-HAHD CLUTCH 
StC T ION 

10 OPERATING ROO 

II OPERATING ROO 
STOP PLAT( 

12 OPUIAfiHG COIL 'RA-.t( 

ll OPt RAT lNG COIL CL602l 

14 S'lltH"G WASHER 

t~ SOLtNOIO (.ORE 

'' H(AT(R MOUNTING SCREW$ 

17 H( A liNG ELEt..(lNT (HR60U 

l6 GEAR SEGIIENT 
27 WECHAHICAL TIW(flt 

OPERATING L£\l(flt 

2:8 SHUHT L(AO tWG011 
29 MOUNTING HOl t 

30 GUIOE PIN 

31 COT TEA 

3Z UPPER SPRING $(AT 

ll WOVABLE CONTACT 
COMPRESSION SPIUP<fa 
i0606l 

34 CLUTCH SHAF' T BtAIIIIHG 

l~ LOWER SPRING StAT 

36 I.EF T·HANO CLUTCH 
SECTION 

37 MOVABLE ACCELERATING 
CONTACTS lt61~,UI6l 

38 TERWINAL'"A2 .. 

39 STATIONARY 
ACCELERATING CONTACTS 
C£617) 

40 OPERATING COIL SHUNT 
RESISTOR CA602) 

18 TH(RMAL OVEAI.OAO SWITCW 41 POLE PttC( 
IS60ZJ 

19 f(RMINAI. .. 3" 

20 J(AMINAL ''1.2"' 
21 llt[S£1 8Ufl OH 

22 T(AMI.,AI. "AI.,Ah1).lt• 

23 l(AWIHA-L fLO• 

24 M[GHANICAL TUI£R 
COY(A HUT AND 
I.OCIC WASHU 

2~ M(CHANICAL TIM£R 
116011 

42 STATIONARY LIN£ 
CONTACT ([tt3) 

43 8LOWOUT COIL (LSOI) 

44 ARC 8AAAI[A 
C£6081 

TM IS3&·208 

Figure 197. J!echanism of Motor St·a,·ter SA-287/SPN-11, tro11t vietv. 

(5) Perform the procedure found in a(5) 
and ( 6) above. 

c. M owible Line ('ontact on M ot01· Starter S.A­
£87/SPN-11 (fig. 197). 

(1) Remove the shunt lead (28) by removing 
the screw that holds the cable to the right­
hand clutch section (9) . 

(2) Perform the procedure found in a(2} 
through ( 6) above. 

d. Stationa?"!f Accelerating (}ontacts (fig. 197). 
(1) Remove the brass screw and leads con­

nected to the stationary accelerating con­
tacts (39). 

(2) Remove the other screw and washers. 
(3) Lift off the contact. 
( 4) Replace with new contact and reassemble 

by reversing the above procedure. 
e. Stationary Line Oontact of Motor Starter 

SA-f85/SPN-ll arulSA-~6/SPN-11 (fig. 197). 
(1) Remove the hex.-head screw and washer 

that holds stationary line contact ( 42) 
to blow-out coil assembly. 

(2) Remove the stationary line contact (42) . 
(3) Replace with new contact. 
( 4) Reassemble in reverse order of dis­

assembly. 
f. Stationary Lin.e Oontact on Motor Starte1• 

8A-WjBPN-11 (fig. 197). 
(1) Remove the arc barrier (44) by lifting 

it out from between the pole pieces ( 41). 

(2) Remove upper screw from left-hand pole 
piece ( 41) and lift out stationary line 
contact ( 42). 

(:3) Replace with new contact. 
( 4) Reassemble in reverse order of dis­

assembly. 
g. Cutout Switch AI ovable Oontact (E610) (fig. 

198). 
( 1) Remove nut and lockwasher on top of 

cutout switch. 
(2) Drop screw out through bottom and re­

move cutout switch movable contact 
(E610). 

(3) Replace with new contact. 
( 4) Reassemble in reverse order of dis­

assembly. 
h. r'1dout Switch Stati01tary Contact St;uds 

(E609) (fig. 198). 
(1) Remove the hexagonal-shaped contact 

stud by unscrewing with a wrench. 
(2) Replace with a new stud. 
(3) Tighten securely with a wrench. 

i. Outout Switch Ope'rating Lever-OontMt 
(E6!~) (fig. 198). 

( 1) Remove the cotter pin. 
(2) Lift off the upper spring seat, compt:es­

sion spring (064), and lower sprtng 
seat. 

( 3) Lift off the cutout switch operating lever. 
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OPERATING 
ROO STOP PLATE 

OPERAT:NG 
COIL FRAME-----. 

OPERATING 
COIL (L602) --~ 

STOP PLATE 
SCREWS AND 
WASHERS--~ 

HINGE PIN----

OPERATING 
ROD----__,.Iiiiii 

CWTCH SHAFT 
BEARING----__;:~ 

SPRING POST---~Iffl 

COTTER------~ 

CUTOUT SWITCH 
STATIONARY 
HOLDING 
CONTACT (E611) 

RESET 
BUTTON 

OPERATING ROD 
CLAMP SCREW 
AND WASHER 

t.:-:----POLE PIECES 

CLUTCH SHAFT BEARING 

STATIONARY 
ACCELERATING CONTACT lE617l 

COMPRESSION 
SPRING (0604) 

BLOWOUT COIL (L601) 

CUTOUT SWITCH 
MOVABLE CONTACT (E 610) 

SPRING SEATS ------..J CUTOUT SWITCH 
OPERATING LEVER (E612) 

CUTOUT SWITCH 
STATIONARY CONTACT 
STUDS (E609l 

TM 1535-151 

Fiuun· 1!18. .1/otor stor·trr, tliree-quader view. 

( 4) Remove the cutout switch movable. con­
tact (E610) from t.he opernting l<wer 
(0612) by removing the small nut and 
lockwnsher. 

(5) Attach the cutout switch movable con-
tact to new operating lever. 

( 6) Reassemble all parts in reverse order of 

disassembly. 
j. Cutout Switch Stationary Jlolding Contact 

( E611) (fig. 198). 
(1) Perform the procedure found in i(l) 

t hrough ( 3) above. 
(2) Remove the screw that holds contact 

E611 to motor sta.rter base nnd remove 
the contact. 

(3) Replace with new contuct. 
( 4) Reassemble all pa r·ts in l'everse order· of 

disassembly. 

240. Springs and Spring Seats 
a. M 01J(ible Contact Compression Springs and 

Spritn.gSeats (fig.197). 
(1) Remove cottet· pin (31). 
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(2) Lift off upper spring seat (32), movable 
contnct compressior1 spring (33), and 
Jowerspt·ingseat (35). 

(3) Replace necessa.ry pttrts. 
( 4) Reassemble all parts in reverse order of 

disassembly. 
b. Cutout Switrh 001npresswn Spring and 

Spring Seat,~. Procedure for replacement of cut­
out switch <'<>mpression spring (0604) and spring 
seats (fig. 198) is identical with that described in 
a slbove. 

c. ( '/ull'h 'l'or.vionR/)'ring (0605), (fig.199). 
( 1) Loosen the operating rod clamp screw 

(fig. 198) 1\.nd wjthdraw the hinge pin. 
(2) Remove the two stop plate screws and 

lockwashers and remove the operating 
rod stop plate. 

( 3) Romove the operating rod by withdraw­
ing it downward through the hole in the 
operating coil (L602, fig. 197) . 

( 4) I~emove the four screws holdi nf{ the two 
clutch shaft bearings (34, fig. l!i7) to the 



motor 5tarter base, and remove the bear­

ings. 
(5) Lift out the entire clutch and clutch shaft 

assembly, including the clevis nnd oper­
ating arm (7), movable contacts (5 and 
37) and the mechanical timer operating 
Jev~r and gear segment from the pinion 
on the mechanical timer (25, fig. 197). 

(6) Remove the screws that hold the shunt 
lead (28, fig. 197) to the two movable 
accelerating contacts. 

(7) Grasp the assembly in both hands (fig. 
199). Pu11 the two sections slightly 
apart, and turn the left-hand section 
three-quarters of a turn (fig. 199). 

(8) Remove the left-hand clutch section from 
the clutch shaft by sliding it off. 

(9) Pull the old torsion spring (0 605, fig. 
199) oil' the shaft. 

(10) Place a new torsion spring on the shaft, 

DIRECTION OF ROTATION 
F'OR REASSEMBLY--~ 

CLUTCH SHAFT-------. 

SPRING SLOT--"' 

LEFT-HAND 
CLUTCH SECTION---, 

MOVABLE 
ACCELERATING 
CONTACTS -----.1 
(E615,E616) TORSION 

SPRING ----J 
(0 605) 

and slide it over the sleeve . 
slides all the way into t} so ~hat Its tip 
the right-hand clutch selet.sprmg slot in 

. cIon. 
(11) Shde the left-hand clutch . 

clutch shaft in such a section on the 
spring slot in the left-11 mdannl er that the 

an c utch sect' 
engages the other spring tip (fi Ion 

(12) Rotate the left-hand I tclg. 
199): 

h . . c u t sect10n 
t ree-quartets of a turn in tiled' t' 
I b h 1rec 1on 

s lown y t e arrow in th '11 . 
d 

e I ustrat10n 
an engage the two mitered 1 ld , 

'th s lOU ers 
w1 one another. Push the two sect' 
all the way together. tons 

(13) Reassemble all parts in re 
of disassembly. verse order 

Caution: When inserting I . compete 
clutch assembly mto motor s•ftt·ter k 

1 h WI , ma e 
sure t1at t e gear segment and ini 
mesh correctly (fig. 201) . P on 

MOVABLE 
LINE 
CONTACT (E61 4) 

r---:=::::------- Rl GHT-HAND 
CLUTCH 
SECTION 

---..:.--- CLEVIS AND 
OPERATING 
ARM 

ARCING 
HORN 

'----SHUNT 
LEAD (W601) 

TM 1535-152 

Fi{)u.re 199. Olutch tor1«m sprin{) ad/uBtmenl. 
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.----ARC BARRIER 
(E608) 

tilll\/;rfi~....,.~ ~"=::-t:::llll.lliii ...... llilli!Uioo .. UII--t PER AT IN G C 0 1 L 
(L602) 

THERMAL OVERLOAD 
MOUNTING BOLT SOLENOID CORE 
AND LOCK WASHER 

RETAINING SCREW TM 1535·153 
AND LOCK WASHER 

Figure !tOO. ftfolot· Stat·tct· tiA-286/SPN- 11. 

241 . Replacement of Coils 
(fig. 200) 

(4) Withdmw the solenoid core guide tube. 
( 5) Remove the operating coil and spring 

washer (14, fig. 196) from the operating 
coil fnun('-. a. Operating Ooil L602. 
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(1) Perform the procedure found in para­
graph 240a through c. 

(2) Disconnect the three operating coil leads 
from terminal A ILl, terminal 2, and the 
cutout switch stationary contact terminal. 

(3) Remove the two retaining screws and 
lockwashers from the bottom of the op­
erating coil fntme (12, fig. 107). 

(6) Replace with new coi l. 
(7) Reassemble all parts in r('verse order of 

disassembly. 
(8) Reconnect- the three lends as before. 

Caution: Be su re the replacement 
operatiug coil is electrically identical 
with the one removed. 



b. BlowflMt Ooi/ L601 foJ• Moto'r Sta1•te1'8 SA­
e85 anti SA-~6/SPN-11 (fig. 196). 

(1) Disconnect t.he three voltnge-dropping 
resistor leads from the FLD terminal and 
from the two stationary accelerating con­
tnct terminals, and pull them. out through 
the base of the motor starter. 

(2) Remove the two resistor mounting 
bracket screws and lockwashers (fig. 
177), and remove the entire resistor 
assembly. 

(3) Remove the asbestos insuhLtor. 
( 4) Remove the nut and lockwasher that hold 

the heavy lead just behind the blowout 
coil on the back of the starter base. Re­
move the lead. 

{5) Remove the two screws just below this 
point and lift out the blowout coil and 
pole pieces. 

{6) Remove the nut and lockwasher on the 
left pole piece ( 41, fig. 197), take off the 
pole piece, and remove the blowout coil 
L601 ( 43, fig. 197). 

(7) Remove the stationnry line contact f r om 
the blowout coil. 

(8) Install the stationn.ry line contact on a 
new blowout coil. 

(9) Renssemblc aU parts in reverse order of 
disassembly. 

(10) Reconnect nll leads to their proper 
ter minals. 

242. Miscellaneous Motor Starter Parts 
a. ilf echa;niealJ'imer, I 601. 

(1) Remove two mounting nuts and lock­
washers that hold base of mechanical 
timer (fig. 180) to motor starter base. 

(2) Remove mechanical timer. 
(3) Replace with new unit. 

Cautwn: When replacing new me­
chanical timer, make sure that pinion 
~ngages gear segment on opernting :mn 
m proper manner (fig. 201) . 

( 4) Replace lockwashers and nuts, and 
tighten. 

TIME DELAY MECHANISM 

PINION 
SLOT--t---' 

POINT OF MESH TM 1535-401 

Figm·e 201. Mccllanical timer tii.Cchaniam. 

b. A..rc Barrier. The arc barrier on both types 
of motor starter is held by friction nnd may be 
t·emoved and rephteed without the use of tools. 

c. llf ovable Line and Arcelerating Contact 
Guide PinN (:30, fig. 197) . 

(1) Perfor m the procedure outlined in pam­
graph 2-!0c(l) through (5). 

(2) Remove cotter pin. 
(3) Lift off upper spring seat, movable con­

tnct compression spring, lower spring 
sent, and movable contact. 

(4) Withdraw guide pin from bottom of 
assembly. 

(5) Replace with new guide pin. 
(6) Reassemble all parts in re,'erse order of 

disassembly. 

Section II. MOTOR GENERATOR 

243. General 
• 11• The disassembly and reassembly procedures 

dJscussed in this section apply to all models of the 
lllotor generator suppl ied with Radn.r Set AN/ 
SPN-11 (*). 

b. To replace ~~ component, carefully disas­
semble the mn.jor unit or subassembly until the 
dPfertive part is re1tehed. Remove the defective 
part and repl:lce it with a new one. Then rens­
,..emble by t·eversing the procedure fot· disassembly. 

Note. Place disass~>mbled parts in n suitable hox 01· 

lmg to avoid dnma~lo' or loss ot purt<;. Tng all lead~ nnd 

their respective terminals to 1\Void mh;lnkes during 
l'econneetlon . 

244. Disassembly 
a. Afoto1· End Bell Assemb/;y (fig. 202) . 

(1) Remove the bearing access covers at each 
end of the motor generator by removing 
the four tt<'<'ess cover bolts in each cover. 

{2) Remove the brush access cover by remov­
in~ the two mounting bolts. 

(3) Disc01mect the four field winding le1tds 
nnd two filter capacitor leads by loosen­
in~ the four terminnl screws. Tag the 
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END BELL MOUNTING BOLT(4) 

BEARING(0601) 

ACCESS COVER 
MOUNTING BOLT (2) 

~g~~~S COVER 
~lNG 60LT(4) 

BEAR ING 
RETAINING NUTS 

BRUSH ACCESS COVER 

BRUSH ASSEMBLY 
LOCATION POINTS 

GENERATOR 
STATOR ( E 606) 

COMMUTATOR 

~ ARMATURE(E601) 

MOTOR BRUSH LEADS 

MOTOR END BELL 
ASSEMBLY 

ARMATURE FAN 

BEARING (06021 

Jt'iottre 202. Motor generator, e:Dplocled view. 

[

END BELL 
MOUNTING BOLT (4) 

CCESS COVER 
MOUNTING BOLT7(4) 

\\ .. 

TM 1535-117 
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field windin~ h•rtcls to avoid c·onfusion at 
reassemblj . 

( 4) Remove the H<'I'<'W that sN·ures the two 
filter capacitors to tht• top of the end bell 
(fig. 20:~), and remove the two filter ca­
pacitors CGOf> and CGOG. 

(.'l) .\pply two box \\'J't'llch<><; to tlae bearing 
retaining nuts (fig. :W2) at each end of 
the shaft. Tum th<> Wl't'IH'h at the motor 
end of the shaft in u coun terclockwise di­
rection, turn tht> other wrench in the 
opposite dir('ction to prev<'nt the arma­
ture from rotntin~. Ke('p turning the 
wrenches until the outet· bearing retain­
ing nut is removl•d from the motor end 
of the shnft. Rl•pt'at the procedure to 
remove the inner b£'nring •·etaining nut. 

(6) Remove th(' four brusher,' from their 
brush holders. Leav£' the pigtail lends 
attached to l)l('ir res rH•ct ive terminals. 

(7) Remove the four t'nd bell mounting 
bolts. 

offset wrench or other suit bl 
the bearing and end bell aa· e. td~ol until 

J re t'l mg fr 
on t 1e smaller diameter of tl ee 
Remove tht' end bell and be . le shaft. 

armg. 
Caution: Use appropri t 

this opemtion to avoid d~ e tools for 
b . · . · mage to the 
eaung and adJacent parts of th . 

ment. .e eqlllp-

(9) Loosen the mountina ring 1 
(fi . e. camp screw 

g. 20.3) and lift the mountin . 
brush assemblies off the brtlslg rmg and 

. 1 assembly 
mountmg shouldel' in the end bell. 

(10) RemoYe the bearing from the t 
b · . moor end 
ell 111 the follow1ng manner: 

(a) Insert bearin. g remover (2 fig 112) . 
I b . I · ' . 111 

t 1e earmg 1ousmg from the inside 
0 the end bell. f 

(b) .Place the end of the tool against the 
mner race of the bearina 

b' 

(c) RemoYe the bearing by gently tapping 

(8) Apply a wheel puller to the motor end 
bell and shaft ( 15, fig. 110). Turn the 
threaded rod slowly with an adjustable 

the upper end of the tool with a mallet. 
b. Motor Bru.vh A.~sembly (fig. 203) . 

( 1) Rem~Ye the four brushes from their re­
spective brush holders. Tag each brush 

* 

INSULA TOR 18) 
CE604)--'""' 

8RUSH TENSION 
SPRING (4) 106031 

BRUSH HOLDER 
ASSEMBLY 
IH601)----... 

(~OTOR BRUSH (4) 
<.602) 

iiliUSH TERMINAL (4) 

~APACITOR TERMINAL 

* BRUSH HOLDER ASSEMBLY (H613) 

* BRUSH HOLDER ASSEMBLIES 
H609 AND H610 FOR 24 OR 
32VOC. 

,NSULATOR DISC 
(E605) 

BRUSH HOLDER 
MOUNTING SCREWS(8) 

riLTER CAPACITORS 
(C605, C606) 

1+-- FILTER CAPACITOR 
MOUNTING SCREW 

BRUSH ASS[MBLY 
MOUNTING SHOULOER 

T!oi1Sl5-ll4 

]l'fourt• 20.t 3Jotor (Jf'IUJI'atol', mofOI' brush assembly, cJJplodcd l'irw. 
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and brush holder to n void mistakes at. 
reassembly. 

(2) Remove each brush by loosening the ter­
minal screw and withdrawing the solder 
lug at the end of each pigtail lead. 

{:3) Remo,•e the two brush holder mounting 
screws that l>ecure each brush holder to 
the mounting ring and remove each brush 
holder assembly 11601. 

(4) Straighten out the en,:s of the cotter pins 
in each brush spring mounting stud (fig. 
181), ancl withdraw each cotter pin. 

( 5) Lift off the brush tension spring (0 60:3). 
(6) Remove the insulators EG04: (fig. 203). 
(7) Remove the insulato1· disc, E605 (fig. 

203). 
(8) Remove insulator bushings E603 from 

the bnck of the mounting ring (fig. 203). 
c. GeneratO'I' End Hell As.se.(tnbly. 

{1) Apply n strap wrench, pipe wrench, or 
othet suitable locking tool to the motor 
end of tho shaft to prevent rotation of the 
armature. Do not apply the locking tool 
to the threaded end of the shaft. 

(2) Remove the outer bearing retaining nut 
by tumingthc box wrench (14, fig.l09) 
in a counterclockwise direction. 

{3) Repeat (1) nnd (2) above to remove the 
inner bearing retaining nut. 

( 4) Remove the fou1· end bell mounting bolts. 
(5) Apply a wheel puller to the generator end 

bell and shnJt. Turn the threaded rod 
slowly with an adjustable offset wrench 
or other suitable tool until the bearing 
and end bell are riding free on the shn.ft. 
Remove I he. eml bell and bearing. 

(6) Remove. the bearing from the generator 
end bell by using the procedure in a(lO) 
above. 

d. Removal of Armature E60J anrl DisalNJembly 
of Armat1we Fan. 
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{1) Remove the nnnnture by lifting it 
slightly and withdmwing it from the 
frame nt the generator end of the ma­
chine (fig. 202). Use extreme care \vhen 
performing this operation to aYoid dam­
aging the armature. ..\void striking 
armature against the field poles and field 
winding. 

Caution: The diameter of the rotor 
is greater than the diameter of the motor 
a.rmature (fig. 202). Thet·efore, the 

nt·nmt u J'e t'annot be removed by pullina 
it through the frame n.t t.he motor end. e-

(2) Hemo,·e the armature fan by removing 
the three fnn retnining screws nnd lock­
wnshers. 

e. Underr-utting C'ommutator Mica. After a 
period of time, the sudnces of the commutator 
bars will wenr down to the Je,·el of the mica insula· 
t.ion. This <·ondition t·esults in sparlcing at the 
brushes whidt will <·nuse d (radio frequency) in­
tederence and will dnmngc the brushes and com­
mutntot· bn1·s. Therefore, the height of the mica 
insulation should be ~2-inch below the height of 
the commutnU>r bars. To mnintain this required 
height, undercut the mien by the followin~ 

procedure. 
{1) Disnssemble the motor generntor andre­

move the nrmnture. 
(2) Place the armuture on a suitable work­

bench. Be carefu l not to damage the 
armntur·e winding. 

(:3) Undercut the mien, by drawing the under­
cutting tool (1, fig. 112) back and forth. 
RE"pent this operation until the height 
of the mica is one thirty-second inch be­
lo'" the height of the adjacent commu­
tator bars. Be sure to cut the full length 
of the groove. 

(4) Blow out all carbon, mica, and copper 
dust thnt has accumulated in the grooves. 

f. JJi.~(Pt.YemQl!l of ('onneetion Bow and Termi­
nal Board T JJ601 (fig. 202). 

(1) Remove the fou r cover mounting bolts 
nnd remove the cover. 

(2) Loosen the l'er·mimtl screws and remove 
the leads. 'l'ng nll leads to avoid con­
fusiou at. r econnection. 

(:3) Remove the two retaining screws at each 
end of I he terminal strip. 

(4) Remove the terminal strip and black in­
su lating sheet. 

(5) Hemove the mounting bolt in each block 
insulator and lift out the blocks. 

(6) Lift up the connection box nnd carefully 
draw the free loads through the clearance 
hole. 

245. Reassembly 
a. aenRral. Reassemble the disassembled parts 

by reversing the procedu re for disassembly. Re­
plnce all clnmaged or defective parts. 



b. Bearinglf and Bru.•dt Afounting Ring. 
(1) Check the benrin~ mounting shoulders 

on the armature shaft for burrs, dents, or 
scratches. Use steel wool to remove any 
damages. Clenn all surfaces with n clean 
eloth moistened with solvent (SD) and 
dry thoroughly. 

Caution: Do not use emery cloth or a 
file for this operation. They will perma­
nently damage the surface being repaired. 

(2) Check the beunng housing in the end 
bells for dents, scratches, or burrs, and 
repeat the procedure in a above. 

(3) Remotmt the nrmature fan and insert the 
armature in the motor generator frame. 

(4) Assemble the brush holder assemblies and 
mount them on the mounting ring. 

(5) Mount brush assemblies and mounting 
1·ing in the motor end bell. Be sure the 
small round white dots on the end bell 
and mounting ring are lined up exactly. 
Failure to properly aline these brush as-

sembly location points will result in seri­
ous damage to the equipment. 

( 6) Mount the end bells to the motor genera­
tor frame and bolt tightly. 

(7) Mount the bearing on the armature shaft 
as far as possible by hand. 

(8) Place the bearing inserter (3, fig. 112) 
over the shaft and against the inner race 
of the bearing. 

Warning: Never exert pressure 
against the outer race of the bearing. 

(9) Tap the bearing inser ter gently with a 
rna llet until the bearing is seated firmly 
against the bearing housing in the end 
bell. 

(10) Mount the two bearing retaining nuts 
on en,ch end of the shaft and tighten. 

(11) Rotate the armature shaft by hand to 
make sure it turns freely. 

(12) Complete the reassembly of the remain­
ing components. 

( 13) Lubricate the equipment observing the 
precautions given in TB SIG 69. 

Section Ill. RECEIVER-TRANSMITTER VENTILATING UNIT 

246. General 
The ventilating unit in the receiver-transmitter 

onsists of a cleaner element 0 801, u blower 

FUNNEL---. 
(H810) 

BLOWER MOTOR (BSOI) 

motor B801, a centrifugal impeller (fan), an 
impeller housing, and associated parts (figs. 204 
and 205) . 

CLEANER ELEMENT (0 801) 

TM 1535- 210 

Figure 204. Blotcer auembly. ' 
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1 Gasket 
2 Nut (2) 

8 

\ 

™ 1535-540 

8 Setscrew 16 Shims (11) 
n Gasket ( 0805) 

3 Washer (2) 
4 Centrifugal Impeller housing 

10 Centrifugal Impeller housing 
11 Nut (2) 

17 Armature (E801) 
18 Shims (6) 
19 Brush lead 

cover 12 Washer (2) 
5 Washer (2) 
6 Nut (2) 
7 Centrifugal Impeller· ( OllOa) 

13 Brush spring plug (2) 
14 Brush (2) (Eg02) 

20 F•·ont end bell 
21 Stud (2) 
22 Spacer (2) 

1u Rear end bell 23 Blower motor (B801) 

Figttrc 205. Blower assembly, exploded view. 

247. Replacement of Blower 
The blower motor (fig. 204) is made accessible 

by opening the hinged panel of the receiver­
transmitter. 

a. Remove the funnel leading from the blower 
to the magnetron. 

b. Disconnect and tag leads terminating at the 
blower. 

c. Remove the three round-head screws that se­
cure the blower to its mounting. 
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d. Remove unit. 
e. Replace by reversing the above procedure. 

248. Disassembly and Reassembly of Blower 
Motor 

(fig.205) 

a. Remove the two nuts (2) a.nd washers (3) 
from the bolts mounted on the centrifugal impel­
ler housing (10). Lift off as one subassembly the 
blower motor (23), small gasket ( 1), centrifugal 



peller housing cover ( 4), nnd the centrifugal 
peller (7). 
b. Remove the large gasket (9). 
c. Remove the centrifugal impeller (7) from 
motor shn ft by loosening the setscrew ( 8). 

d. Remove the two nuts (6) and washers (5) 
m the blower motor studs (21). Lift off the 
trifugal impeller housing cover ( 4:) and small 

nsket (1). 
P, Remove the two brush spring plugs (13) and 
II out the brushes ( 14). 
f. Remove the two nuts (11) and washers (12) 

from the far ends of blower motor studs (21 
and separate the blower motor rear end bell 1J' 
from the rest of the motor Do not ( ) · remove end 
bell completely. 

g. rnsolder the brush lead {19) fro t . . 1 . 'd d m ermma ms1 ereat·en bell (15). 
h. Remove rear end bell (15). 
l. Remove armature (17) from front d b 11 

(20), which holds the motor field coils. ~emo:e 
two spacers (22) from studs (21). 

j. Remove shims (16 and 18) from both ends 
of motor shaft. 
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CHAPTER 16 

DISASSEMBLY OF INIDICATOR MECHANICAL PARTS 

249. General 
The mechanical assemblies in the indicn.tor hl­

clude the PPI tube housing a~embly, the dial and 
cursor housing assembly, and the deflt'd ion yoke, 
focus coil, and receiver synchro assembly. Para­
graphs 250 through 252 outline the disassembly 
procedure for each. 

250. PPI Housing Assembly 
(fig. 20(i) 

Caution: Put on goggles and gloves before 
working on the PPI housing assembly. 

a. ]Ji.<;a.98embly. To disassemble the PPI tube 
housing assembly, proceed as follows: 

3 

10 

5 

1 Yoke cushion Rprlug (3) (0100) 
2 Yol<e centering pin (3) 
3 Yoke 

5 Yoke cusllion (H106) 
6 l'PI tube· (VlOrl) 

4 Screw (3) 
7 Hubber shotk t•ing 

(1) Remove the eigl1t serews {0) that hold 
the dia.land cursor housing assembly (8) 
to the indicator front panel. Remove the 
dial and cursor housing assembly (8) . 

(2) Li ft oJJ' the rubber shock ring (7) from 
Lhe faee of PPI tube. 

(:l) Remove tube socket XYlOfi (fig. 152) 
connectl>d to the base pins of the PPI tube 

(H) and remove the tube ca refully 
through the front of the incli<·ator panel. 

( .J.) Remove, as one subassembly, the yoke 
p), the yoke cushion (5), and the thret' 
yoke eentering pins (2), by li fting the 
centering pins from their receptacles at 

7 
8 

9 

TM 1535-537 

8 D i n! nncl cursor housing us· 
SCDlbly 

9 Screw (8) 
10 Screw (8) 

/t'igut·e 206. I'PJ housing assembly, rwploded view. 
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the base of the PPI housing. The three 
yok<' cushion springs (1} will t•ome loose. 

(5) Pu11 the yoke cushion (5) from the yoke 
(:~) to which it is glued. 

(Ci) Hemove the three screws ( 4-) and disen­
gage the three yoke centering pins (2) 
from the yoke ( 3) . 

b. 118-vembly. To assemble the PPI housing 
a~embly, reverse the disassembly pro<'edure de­
scribed in a above. 

261. Dial and Cursor Housing Assembly 
(fig. 207) 

a. Di~£(u8embly. To disassemble the dial and 
cursor housing nsssmbly, proceed as follows: 

(1) Working from the back of the assembly, 
remove the eight screws (28) thn.t hold 
the dial backing ring (27) and the scale 
(26) to the scale m01mt.ing ring (10). 
Li ((. off the dial backing t•ing and the 
scale. 

(2) Remove the six screws (25) that hold the 
dial cursor (24) to the cursor drive wheel 
( 15). Lift off the dial cursor. 

(3) Remove the two screws ( 48) t.hat hold the 
shaft assembly bracket (!H) to the scale 
mounting ring (10) . 

(4) Loosen the two Allen screws (51) that 
hold the cursor knob (50) on the shaft. 
(38). Take off the cttrsor knob andre­
move the shaft assembly (:H through 39) 
from the scale mounting ring (10). Re­
move the sere''" (39) and disengag-e the 
shaft. ( 38), bearing ( 37), spacer ( 36), 
a.nd bearing (35) from the Rhaft assem­
bly bracket (34) . 

(5) Remove the two roller mounting screws 
(0) and lift out the roll er assemblies (11 
through. 14, and 41 I.Jwough 45). Lift 
otfthecursordrivewhed (15). Hemove 
the roller assembly screw ( 14) nud disen­
gage the stud (11), bearing (12), and 
space1· ( 13). Remove the ro11er assem­
bly screw (41) ancl disengage the stud 
( 45), shim ( 44), bearing ( 4a), and spacer 
(42) . Lift out the spt·ing (40). 

(6) Remove the three lamp holders and lamps 
I 101, I 103, n.nd I 102 (4, 8, and 4-H) . 

(7) Remove the 12 nut.s (22) nnd split wash­
ers (21) from the 12 bolts (:3) that hold 
the dial lamp contact nssembly (17, 20, 
23, 29 and 33) 1o the scale mounting ring 

(10) and the dial and cm-sor housing (5) . 
Remove the two screws (1) with the nuts 
(!32) and washers (30 and !H). Remove 
the entire dial lamp cont-act assembly (17, 
20, 23, 29 nnd 33) with the three spacer-s 
(18), three contact insuhttors (19), and 
contact insulrutor (16). 

(8) Remove the eight bolts (2) with nuts (7) 
and washers (6) that hold the dial and 
cw-sor housing (5) to the scale mountino­
ring (10) . Take out the scale mountin~ 
ring (10) . 

(9) Remove the eight screws (47) and sepa­
rate the eight fixed scale mounting spac­
ers (46) from the scale mounting ring 
(10). 

b. A88embly. Assemble the dial and cursor 
housing assembly by reversing the disassembly 
procedure described in a above. 

252. Deflection Coil Housing Assembly 
a. General. The deflection coil housing assem­

bly includes the deflection-coil and slip-ring sub­
assembly; the focus-coil-housing subassembly; 
and the receiver-synchro subassembly. The en­
tire deflection-coil housing assembly must be re­
moved from the indicator, along with the PPI 
housing, Lo gain access to the focus-coil-housing 
subassembly; otherwise indicator parts mounted 
near the focus coi l will prevent a<'cessibility to the 
attachin~ hardware. However, the deflection­
coil and slip-t·ing subassembly and the receiver­
synchro subassembly can be removed with the com­
plete assembly in or out of the indicat.or. 

b. RemoMl and Disa.ssembly of Deflection-coil 
and Sli]N'ing S1tba.Ysembly. To remove and dis­
assemble the deflection-coil and slip-ring sub­
assembly (fi~. 208), proceed as follows: 

( 1) Remove the PPI :md a llnssociated parts 
as described in paragraph 250. 

(2) Hemove the two screws (39) and washers 
(40, ·H, 42) . Lift out the synchro aline· 
ment cam switch ( 43). Hemo,·e the two 
screws (44) and lift out synchro nline­
ment cam switch mounting plate ( 45). 

(:3) Hemove the eight screws (35) and lift 
out ·front bearing retainer (36). 

( 4) Through the hole in the front of deflec­
tion coil housing (2), remove the screw 
(46), washer (47), stud (40), bearing 
(48), idler gear (50), and stud washer 
(51) . 
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Figure 201. Dial and cursot· housi1111 <UBetnbl,y, eiDploded view. 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Screw (2) 14 
Bolt (8) 1() 
Bolt (3) 16 
Lamp holder and lamp (I 101) 17 
Dial and cursor housing 18 
Washer (8) 19 
Nut (8) 20 
Lamp holder and lamp {I 103) 21 
Roller mounting screw (2) 22 
Scale mounting ring 23 
Stud 24 
llt>aring (0 102) 2;) 

Spacer 26 

Roller assembly screw 27 Dial bncklng ring 40 ~llrin~ 1 0 108) 
Cul'8or tlrlvc wheel 21:1 :::icn~w 41 Roller 11!-lsembly sc1·ew 
Contact insulator 29 Contact 42 Spacer 
Contact for lamp (XI 101 ) 30 Washer (2) 43 Bearin~t (0 102) 
Spacer (3) 31 Washer (2) 44 Shim 
Contact insulator (3) 32 Nut (2) 45 Stud 
Contact assembly wire 33 Contact !or lamp (XI 103) 46 Scale mounting spacer ( 8) 
Split washer { 12) 34 Shaft assembly bracket 47 Screw {8) 
Nut (12) 35 Bearing ( 0 102) 48 Screw (2) 
Contact !or lamp {XI 102) 36 Spacer 49 I.Aunp bolder and lamp ( I 102) 
Dial cursor 37 Bearing (0 102) 50 Cursor knob 
Screw (6) 38 Shaft 51 Allen screw {2) 
Scale 39 Screw 

Figure 207-Continued. 
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(II 
(II 

., 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Ill 
( 11114) ld 

Deft~tion-eo\l hOU":;in.g l.'i 
Insulator plate 
Washer (2) 18 
Washer (2) 19 
Screw (2) 20 
Cover 21 
Screw (2) 22 
Washer (2) 23 
Spacer (2) 24 
Washer (11) 25 
Terminal board (TB101) 26 
Brush holder (2) (H112, Hl13) 27 
Detlection-eoil brush (2) (El05, 28 

ElOO) 

,.IUJ: (:!) :!fl Slip ••lit"' ll."ot .... ,.,uhl,l t l t:tfH J 
C'uptlv<' nut (3) au .l>..~u,~·tluu <""Oll ( 1 ... 101) 
F~us ~o\\ \\OU\\\n~ \ A."l~Yl.) a1).\\ ~'- \\~w-r\wo1. \ \.)Y~\ \ 

focus cou (Ll02) 3~ I<'ront beuring retainer (0100) 
Screw (6) 33 Cam bearing ring 
Bearing retainer (0 1(};)) 34 Screw (8) 
Support bolts (3) 35 Screw (8) 
Tube housing 36 Front bearinJ:: retainer (0107) 
Screw (7) 37 Cam (0103) 
Allen setscrew 38 Cnm setscrew 
A Hen sets(·rew 39 Screw (2) 
Screw (8) 4() Washer (2) 
Rear bearing retainer (0104) 41 Washer (2) 
Bearing (0124) 42 Washer (2) 
Detlectlon-eoll mounting and 

gear 

Figure 208-Continued . 

-- -
-~~--------------------~--~--.. ~------~~~~~--~~~=---~~~~~~----~------

4."f H_,·ru·hr·c-• ulhu•IIIOil(. ,,,. .. , ""'Uc:h 

\ S1o.&) 

-\-\ ~~'t~'-.; \ '!.) 
4:i Syncbro alinement cam switch 

mounting plate 
46 Screw 
47 Washer 
48 Bearing ( 0101) 
49 Stud 
00 Idler gear (0111) 
;)1 Stud washer 
()2 Idler gear and hub (0112) 
;)3 Setscrew (2) 
:>4 Receiver synchro (B101) 



(5) Loosen the two Allen setscrews (23, 24). 
Hemove the two brush holders (13) in­
tact with brushes (14) and plugs (15). 
Subparagraphs (3), (4), and (5) free 
the deflection-coil and slip-ring subas­
sembly of all obstructions within deflec­
tion coil housing (2). 

(6) Lift out the deflection-coil and slip-ring 
subassembly (28, 29, 30), which includes 
cam (37), cam bearing ring (33), small 
front be.<tring retainer (32), bearings (27 
and 31), and rear bearing retainer (26). 

(7) Remove the eight screws (34) and lift off 
cam (37), cam bearing ring (33), and 
smnll front bearing retainer (32). Re­
move the cam setscrew (38) and separate 
cam (37) from cam bearing ring (33) . 

(8) Remove the eight screws (25) :tnd lift 
off the reu.r bearing retainer (26). 

(9) Remove the bearings (27 and 31) with a 
bearing puller. This will free the slip 
ring assembly (29) and deflection coil 
mounting and gear (28, 30). 

c. R&TMval and DiMJ!f8emb'/;y of Receiver 
Synch?·o Buba.98embly. To remove and disassem­
ble the receiver synchro subassembly, proceed as 
foll<>ws: 

(1) Remove all 'vires from the terminal 
board (12). Access to terminals can be 
gained by removing two screws (8), 
washers (9), spacers (10), and washers 
(11), and then by lifting off terminat 
bonrd cover (7) . 

(2) Loosen the throo synchro adjustment. 
screws (1). Remove receiver synchro 
(54) with synchro idler gear and hub 
(52). 

(:-3) Remove the two setscrews (53) and lift 
the synchro idler gear and hub (52) off 
the synchro shaft. 

( 4) Disassemble the receiver svnchro (54) 
exactly like the transmitter synchro (par. 
225). 

d. Removal arul Disa.~sembly of Focu.r;-Coil-
11 ousing Subassembly. To gain access to the focus­
coil-housing subassembly, the complete deflection-
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coil-housing assembly must first be removed from 
the indic1ttor. Pro<'c~l as follows and refer to 
!igure 208. 

( 1) Remove the PPJ and all associated parts 
as described in paragraph 250. 

(2) Remove all leads from terminal bonrd 
TB101 (12} niter removing two screws 
(8), washers (9 and 11), spacers (10), 
und the tenninnl board cover (7). The 
terminal board itself need not be removed 
from the housing (2) for this procedure, 
but if its removal is desired, take out the 
two screws (6), and washers (4 and 5). 
Both the terminal board (12) and in­
su lator plate (:3) will come free. 

(3) Unsolder the focus coi l leads from the 
term in:tls of resistor R137 (fig. 151.) 

(4) Remove the nut and bolt to remove relay 
1001 (fig. 1o1) from deflection-coil 
housing (2). 

( 5) Loosen two Allen setscrews (23, 24) 
through holes in front bearing retainer 
( :36). Remove two brush holders (13) 
intact with brushes (14) and plugs (15). 
This wil free the deflection-coil brush 
leads and clear the housing (2) of all 
remaining wires. 

(6) Remove the four mounting screws (fig. 
153) that hold the base of the deflection­
coil housing (2) to the indicator chassis. 

(7) Remove the eight front panel mounting 
screws (10, fig. 20G) that hold the tube 
housing (21) to the indicator. 

( 8) Lift out the entire deflection-coil housing 
assembly nnd tube housing. Separate the 
tube housing (21) from the ueflection­
coil housing (2) by removing the seven 
screws (22). 

(D) Loosen the three setscre"'S (fig. 152) and 
remove the support bolts (20) from the 
deflection coi I housing ( 2). Remove the 
six screws ( 18) and the bearing retainer 
(19) will come free. Slip the focus coi l 
housing (17) of!' the support bolts (20). 

e. A.wmwly. Assemble each subassembly by 
reversing the pro<'edures desc1·ibed in b, c, and d 
above. 



RESISTOR COLOR CODE MARKING 

(MIL-STD RESISTORS) 

AXIAL-LEAD RESISTORS 

(INSULATED) 
RADIAL-LEAD RESISTORS 

(UN INSULATED) 

= 

FIGURE 

'-----FIRST SIGNIFICANT FIGURE 

RC-COMPOSIT ION 

A B C 0 

= 

SECOND SIGNIFICANT 
FIGURE 

'-----FIR,ST SIGNIFICANT FIGURE 
!DOUBLE WIDTH SIGNIFIES 
FIXED WIRE-WOUND 
RESISTORS! 

RU-WIRE-WOUND 

(ENOl 
TOLE 

RESISTOR COLOR CODE 

RZ -COM POSIT ION 

(BODY! 

RZ -COMPOSITION 

SIGNIFICANT 
FIGURE 

SE 
SIGNIFICANT 
FIGURE 

FIRST 
SIGNIFICANT 
FIGURE 

BAND A OR BODY* BAND B OR END* BAND C OR DOT OR BAND* BAND D OR END* 

FIRST SECOND 
COLOR SIGNIFICANT COLOR SIGNIFICANT COLOR 

FIGURE FIGURE 

BLACK 0 BLACK 0 BLACK 

BROWN I BROWN I BROWN 

REO 2 REO 2 REO 

ORANGE 3 ORANGE 3 ORANGE 

YELLOW 4 YELLOW 4 YELLOW 

GREEN ~ GREEN ~ GREEN 

BLUE 6 BLUE 6 BLUE 

PURPLE 
7 PURPLE 

(VIOLET) (VIOLET) 7 

GRAY B GRAY 8 GOLD 

WHITE 9 WHITE 9 SILVER 

*FOR WIRE-WOUND-TYPE RESISTORS, BAND A SHALL BE DOUBLE-WIDTH 
WHEN BODY COLOR IS THE SAME AS THE DOT lOR BAND! OR END COLOR, 
THE COLORS ARE DIFFERENT IATED BY SHADE, GLOSS, OR OTHER MEANS. 

RESISTANCE 
MULTIPLIER COLOR TOLERANCE 

(PERCENT) 

I BODY ! 20 

10 SILVER ±10 

100 GOLD !~ 

1,000 

10,000 

100,000 

1,000,000 

0 . 1 

0.01 

EXAMPLES ('BAND MARKING): EXAMPLES (BODY MARKING). 
IO OHMS !.20 PERCE NT: BROWN BAND A; BLACK BAND B, 10 OHMS !. 20 PERCENT . BROWN BODY, BLACK E NO, BLACK DOT 
BLACK BAND C; NO BAND 0. OR BAND, BODY COLOR ON TOLERANCE END 
4 ·7 OHMS!.~ PERCENT YELLOW BAND A, PURPLE BAND B; 3,000 OHMS !.10 PERCENT: ORANGE BODY, BLACK END, REO DOT 
GOLD BAND C; GOLD BAND 0. OR BAND, SILVER END STO-RI 

Fiuur(' 209. Resistor cotor cudcs. 
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CAPACITOR COLOR CODE MARKING 

(MIL-STO CAPACITORS) 

IDENTIFIER (BLACK) 
FIRST SIGNIFICANT FIGURE SECOND SIGNIFICANT FIGURE 

INDICATOR 
DECIMAL MULTIPLIER 

TYPE INDICATOR* MIL BUTTON-MIC~FIRST SIGNIF"ICANT FIGURE 

J (READING DIRECTION) CHARACTERISTIC CAPACITANCE TOLERANCE 

=L = BUTTON-MICA ICBl 

;2.-AOECIMAL MUL T 1 PL 1 E R * * f-F-IR_S_T_S_I_G_N-IF_I_C-AN-T -F-IG_U_R_E ___ S_E_C_O_N_O_S_I_G_N_I F_I_C_A_N_T_F_I_G-UR-E-~ 
L.:~OLERANCE 

CHARACTERISTIC CHAR ACT ERIST IC 

* BLACK DOT: MICA DIELECTRIC 
SILV ER DOT : PAPER DIELECTRIC 

**INDICATES NUMBER OF ZEROS ON PAPER TYPE. 

MICA (CM) AND PAPER (CN) 

FIRST SIGNIFICANT FIGURE 
TEMPERATURE------~ 
COEFFICIENT 
INNER­
ELECTRODE TERMINAL 

INNER-ELECTRODE 
TERMINAL 

NOTE: 0 

= 

0 
SPOTS MAY BE USED INSTEAD OF BANOS, TEMPERATURE 
COEFFICIENT MARKING IS LARGER. 

CERAMIC-TEMPERATURE COMPENSATING (CC) 

- - -t--MIL IOENT IFIER 
(BLACK DOT) 

0 
CHARACT~RISTIC FIRST SIGNIF"ICANT FIGURE 

SECOND SIGNIFICANT FIGURE ,-
) DECIMAL MULTIPLIER 

MIL IDENTIFIER CAPACITANCE TOLERANCE 

(BLACK SPOT) 

NOTES: 
1. SPOTS MAY BE USED ON TUBULAR CAPACITORS; 

CHARACTERISTIC SPOT IS LARGER AND MIL IDENTIFIER 
IS Ofl SlOE DIAMETRICALLY OPPOSITE COLOR SPOTS. 

2 . MIL IDENTIFIER OF DISK TYPE IS ON REVERSE SlOE; 
CHARACTERISTIC SPOT IS LARGER OR SPACE BETWEEN 
CHARACTERISTIC AND TOLERANCE SPOTS IS THREE 
TIMES SPACE BETWEEN ADJACENT SPOTS. 

3. TOLERANCE. YELLOW,+IOO'Y.,-20%. 

CERAMIC-GENERAL PURPOSE (CK) 

CAPACITOR COLOR CODE 

MULTIPLIER CHARACTERISTIC
1 

TOLERANCE 2 TEMPERATURE 
COEFFICIENT 

COLOR 
SIG 

NUMBER cc (UUFIUF/°C) FIG. 
DECIMAL OF CM CN CB CK CM CN CB 

OVER IOUUF 
ZEROS IOUUF OR LESS cc 

BLACK 0 I NONE A 20 20 20 20 2 ZERO 

BROWN I 10 I B E B w I -30 

REO 2 100 2 c H X 2 ~ 2 -eo 
ORANGE 3 1,000 3 0 J 0 30 - I :SO 

YELLOW 4 10,000 4 E p -220 

GREEN :s 5 F R :s 0 .5 -330 

BLUE 6 6 s -470 

PURPLE 
7 7 (VIOLET) T w -750 

GRAY 8 8 X 0.25 +30 

WHITE 9 9 10 I -330('!:500) 3 

GOLD 0.1 5 5 +100 

SILVER 0.01 10 10 10 

1. LETTERS ARE IN TYPE DESIGNATIONS GIVEN IN MIL-C SPECIFICATIONS. 
2. IN PERCENT, EXCEPT IN UUF FOR CC-TYPE CAPACITORS OF 10 UUF OR LESS. 
3. INTENDED FOR USE IN CIRCUITS NOT REQUIRING COMPENSATION. 

STO-CI 

Ftuwre 210. OltpacUo1· color cottes. 
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.. 
WH-BLK ~ 

TO 7 OF____. 
TB701 

JUNCTION BOX 
J-497/SPN-11 

T8701 T8702 

VIDEO 

JI03@ 

P704() 

P70~( 

VIDEO @ 
J702 ° 
IRAIO 

r-"1 r-'lt" 
r"-A--BLK LK--h,-I!J-BLU·WH ~ BLU·WH-K~ 

M--WH ro!- WH--2 r-16-BL*REDr-o!!- BLK·REO-L~ 
3 17 

N--RED ro-::---~ED--3• 1--17-WH-RE. -o WH·REO-e~ 

C-GRN ro!- GRN--4 11-0R·RE IS OR·REO-F~ 
~ 19 

'- 0--0R ~ OR--!J 19-BLU·R BLU·RED-0-" 

E--IILU ~reLu--e 
7 

.._1-Wt+-lll.K -eLK-7 

~0-RED-IIl.K ~ REO-tiLK-1 
9 

H-GRN·BLK ro-:-roRN·BLK-9 
10 

1'-J-OR·BLK ~ OR·BLK-10• 

~ P-BLU·8LK ~ BLU·BLI<-11 
12 

~ 0-8LK·WH ro:=-rBLI<·WH-t2 

1'- S-IIED·WH ~~EO·WI+-13 
'-R-GRN·W'Ht-0'-'

14
-t-GRN·WH-14• .___ 

VOLTAGE REGULATOR CN-192/SPN-IIX (II~V DC) 
VOLTAGE REGULATOR CN-193/SPN-IIY 132V DC) 
VOLTAGE REGULATOR CN-194/SPtH IZ124V DC) 

RADAR RECEIVER-TRANSMITTER 
RT-268/SPN-11 

24VDC-18 OHMS 
32VDC-20 OHMS 
115V DC-160 OHMS ~ M601 

0·130V 
400CPS 

VID£0 

r::<?.@ 
P801 J801 

FOR W708 TR~R 

0 0 0 ~a---------
FOR W707 FOR W709 J802 P802 

T8801 ,..-
r<?- BU<--1· 

2 
~-t~-1~H----2 

3 
?-~ED--·:S.. 
4 

.....,r<>-toRN-· 

6 
't-+--t-C:>--tBLU ---6-o T8802 

7 r;s-

THESE GLANDS USED WHEN IIIOICATOII 1$ 
PLACED ON TOP OF TRANSMITTER 

4------BLI< 
WH 
ED 

GRN ~~:::=====~ 10-
OR 

ILU I!J,-=====:=i 1--t!J-

tH-ILK 

REI>IIt.K 

~ 23 
0 

24 
0 

~GI 

~02 

~G3 
~G4 

o- WH·8LK-'7-f-"l5-8LU·WH~ 
8 16 

L-... --t-<>---tRED-BLK-8- ri&-BLK·REO !-<> 
9 17 

~GS 
GIIN-IILK 
OR-ILK ~G6 

MG7 

~~---­
~3·----

,-2--WH,~~====~~~~ 

MOTOR STARTER 
SA-287/SPN-11 (115V OC) 

~ fGRH·BLK-9 1-"47-WH·REI>~ 
~ II c>- fOR·BLK---10- ~8-0R·REI>~ 
II 19 
().- feLU.BLK-11- rii-ILU-R£0 ~ 
12 20 
~ ILK·WH-12-- 0 

BL~:~ ~GB BUC·W 
ED·W 

G9 

IRN·WH ~010 
ILU·WH 

~---··-----9-----MOTOR STARTER 
SA-286/SPN-11 (32V DC) 

MOTOR STARTER 
SA-28~/SPN-11 (24V DC) 

13 21 
6-- RE:D-WH-13• 0 
14 22 

BLK·RED ~Gil 

MOI2 
1--BLI<~====~~~ 

~ 0 z 

o- ~RH·WH--14- 0 ..___ ..____ WH·RED 
OR-REO 
BLU·RED 

~ i &---! "' c 
FHFA-3 CABLE: W703 (4 COHO) n 

~==~lc olct====================~~ 
I 

... 
MOTOR GENERATOR ... ~ 

PU-243/SPN-11 (115V DC) :8 
MOTOR GENERATOR <>• 

PU-245/SPN-11 (32V DC) !!!T 
MOTOR GENERATOR 1 0 

C¥>~~ 
..J G: ::> 

'!' r ~ t • N 1 
l~~'---~l----~l~~-~l~l--.1~~~·=7=1=1==~1,10 00 ~ 

•
-----·K·6iii0ioii _____ .J. L&A 

PU-244/SPN-11 (24V DC) ~ ... 
i• rr-- ~PARES A2--IILK·rn WH·RED-r--:-~-<:----~ 1 

A2--WH 1"2 -r---~ 

LE.A CABLE 
SIZE N0. 2 

(2 COHO) 
FOR 

24&32VDC 
DHFA-23 CABLE 

FOR 
IISV DC 

W712 

SWITCH BOX 
SA-2B4/SPN-11 (115V Del 

SWITCH BOX 
SA-2B31SPN-II 

(32V DC OR 24V DC} 

$601 

CA8LE.N012 
(7COND) 

- • A 
~ F601 W710 

DC SHIP'S LINE I J: ::......;1:----fo+-·l-
• 4 U I ~ .._ ____ __,~......;1:--~+-·I-
RGi2/u COAX W706 

MHFA-19 CABLE W704~9 COHO) 

0 OR-REO~ 
3 
0 8LU.REO-' FOR DC 

.._FLO--flED l.Jr.-- ILK--MOt~ LINE 
I ;- WH--MOI~ 

~ ILK-REI>MGII 

~ !OR·BLK-MG6-" 
7 c;- felu-au<-t1G7-' 

~I!~' 
II$V{ :"-~~OWH-MG~~ 

400 CPS ~ ~-~~ ·WK•MGIO­
~IAIU.WK-MGJC?~ 
]$.-lll"fo-MG2~ 
1j"- fORH-MG2 

'-2--GRN '"-tiG4~ 
t-L2--c;>~ -x_2 
i'""L2--BLU"Y.. 

- -=~~r----Hk--: R£0-IUC-MG~­
;;-- GIIN-tU-MG5 

'-U-WH-BLK~ 

~OR--MG3 
....__BLu-MG3 

Ti601 MG601 

}sPARES 

" 

~-

RG-12/U COAX W705 NOTE: ALL VO\.TAGE REGULATOR RESISTORS RATED AT 225 WATTS. 

Figure 219. Radar Set AN /SPN-11 ( •) , cabling diaqram. 

0 ..___ 

~ 

~ 
,-1--IL~~ 

A2 
2--wHF3 

,..;s..--RE_D ~3 
3--0RN 

... 4--0R ~4 
~--ILU 
~WI+-ILK r)/ RED·BLI< 

ORN·ILK ~· ~=efe::t: t:A~ 7-IILK-WI+ 

re-RED·WI+ ~~ 
A9 

9--GRN-WH ~;0 
~D-IILU·WI+ t-o 

l t--8LK·RED ~u 

~t--WH-RED ~12 
Al3 

io-13-DR·RE!>f-0. 
Al4 

5---IW-REI>!-<>. ..__ 

MHFA-11 CAlL£ W702 (19 COHO) 

AI 

... A2 

.... ~ 
A4 

f1~ 
A r-:: 

!-'A7 
rA7 ..... 
1-'AIO 

io-AII 

f--o'l 
io-A13 

Al4 

ANTENNA 
AS- 599/SPN-11 

~ 
BLKr? 

Wl+rS 

REO ~ RN 
R ~ 8LU 

WH-ILK ~ RED·BLK 
GRN·BLK ~ OR·BLI< 

LU-IILK ~ ILK-WI+ 
RED-Wit ~ 

9 
ORN-'NH-

f"?o 
BLU.WI+ ro 

II 
8LK·RED ~ 

12 
WH·REt>-f-0 

13 
OR-RED t-0 
LU·RE~ 
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IOOV I~ 
~~ 

SWITCH BOX 

12 13 MG~ 

~NTENNAI ! T8601 T8601 T8803 
15 ,- -T8802 EATER 

S801 

I P~OI ] 
I 

IANTENNAI 
(POWER( loFFI I HEATER ) 

SID~ - F801 HR501 

.~ .. J IOAMP 
I 

~3 

AT 
T8804 

INDICATOR 
HR~02 

7 
16 T8501 Lrliin_ 

T8802 I 

r 
I 

MG4 
T8803 

II 
T8601 

rM_o_T_o_R_s_T_A_R_T_E_R--------+-2--------~ l 
S6029 

! L.. !RESET! I 

~ ~ ,.60. I 
)c•oo ...._~_,. .. J:iv_ I 

1 I NOTE-~) NaTE 4!, L~02,_ 
-r- -4- . ~ ._1~ ~ __ J&~ ------- -- uT 

2 .2~ 2.2~ 
AI 
Ll FLO ( A2 

'--ir----t- -------+-------------
~1----+·-.. -------+ c-~-·-MOT_O_R_G£-NE_R_A_TO_R I T8601 T8601 

M --------0 
oc 

WINDING 

I 
I 

I l ____ _ 

MG6 
T88030--------~ 

VOLTAGE'' 
R601 ~EGUL'ATOR 
160 iJ 

c MGI 
T8803 

-o 
S802 

I __J 
'--<>-~::>--....1 

r-o! 

C~02 

ttl UF 
1\ 

l 
'-----~~ S504 

THERMOSTAT 

ANTENNA 
DRIVE 

M~ 
r02~L__ _ _ 

T 
;>T8!501 

4 

S503 

(OFF I 

T8501 

-
A4 

T8804 

)F802 
IOAMP 

'ANTENNA I 
MOTOR 

~ 
TB~OI 

A5 
T8804 

6 
T8501 

'Tt:04 

12 
T8501C 

8501 

XMTR SYNCHRO Sl 
R2 

(( )) 
., 

~ ~ 53 

Rl 
152 

WIDE 
CAM 

0 8501 

.. 1 
13 >-- 8 

TB~OI T8501 

( A8 
T8804 

ACflNG 

~08~--------------------~----4----------,-l-------M~~>B--4---~ 

T8601 T8803 

MGII 
T8803 

8801 
BLOWER M 
MOTOR 

I 4 l 
I ~M601 I 115V 

400

1
CPS 

I VOLTAGE I 
1 REGULA TO~- :.._ _ _j 

~F804 1iiG1 
biOAMP ~ 

I 
SHUNT 

j 14 ·~ T8801 T8601 

SERIES 

10 7 
T8601 T8601 

-~ 

MG7 MG2 
T8803 T8803 

--

II 
T8501 

.... 

10 
T8501 

ANTENNA 

J804 

ISYNCHRO( 

F803 
3AMP 

~ ~ 

Al2 10 I T8804 T8801 
I 

All II p 

T8804 T8801 PIOI 

II 
AID 12 0 

T8804 T8801 PIOI 

I I 

I I 

I 
I 

I 

8 

-·-----·-·----------- -----------·-----.+T.:..8::.8::;0::;.1:__ _____ --------------------·-------

J 
PIOI 

Sl 

..L..-<>---jl S3~ 

BIOI r-L-
RCVR SYNCHRO T8101 

• R2 

: 
I 
I . : 

L__t I..., 

(( ] glj~;:~ 
Rl ....L..i-0-----11s2 

'-------o 6 
T8101 

c KIOI 
c 

A 

Rl83v 
600 

_i_CII!5 
TIUF 

3 
T8101 

CRI02 

Q 
PIOI 

~FIOI 
y2AMP 

c Fl02 

-::I... Cl44 
- r- .0068 UF 

.!.AMP 
4 

Sl03-j NARROW 
CAM 

SI040 

r l1 

TI02 

II 

Jl05 

li~V I 
400CPS I 

1 
I 

I 

I 

I 
I 

J I 

LINDICATOR 

4 

I TBIOI 
R 

H 
PIOI -- ~· 

I II~V I 
400CPSI 

Al3 

14 
T8801 

--------
E 

P809 

D 
P809 

~------------~~------------------4------------....IT8804 
MG3 

T8803 
MG9 

T8803 
9 

T8801 

Figure 220. Potcer d~lrib11tion diagram. 
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~ 
I 
I 

A7 
T8804 

I 

l 

REGUL'ATOR 
-Vo'LTA'GE'I 

'----'F---·-__j 

8801 
BLOWER 
MOTOR 

HR501 
53 

4 
T8501 

A4 
TB804 

115V 
400 CPS 

MG3 
T8803 

WIDE 
CAM 

4 

8501 

8 
8!101 

A8 
8804 

N601 

I VOLTAGE 3 
1 REGULATOR-+---·--' 

~~:P lou~~uTI 

MG9 
TB803 

ANTENNA 

J804 

p 

PIOI 

I 

3 
T8101 

NARROW 
CAM 

5104 

J 
PIOI 

102 

Cl44 
.0068UF 

5103 

FI02 

!AMP 
4 

Tl02 

II 

L tNotcAroR ___ ·----·-·---r=.:......~=====~===~===---

J204 

2 T201 

I D 
IREC~~ J204 

9 

Figure 220. Potoer di3tribution diagram. 

I 

J 

E 
PB09 

D 
P809 

~- TB~OO 
I F402 

R412 
50K 

R410 
821( 

2AMP 

7 
T8401 

NOTES: 

T402 T401 

I 

UNLESS OTHERWISE INDICATED, 
RESISTANCES ARE IN OHMS, 
CAPACITANCES ARE IN UUF. 

I 
I 
I 

ll 
I 
I 
I 
I 
I 

i 
I! 

I 

I 
I 

I 
I 
I 

I' 

I i 
I i 

I 
I 
I 
I 
I 
I 
I 

I tl 

I l 
I I: 

II 
I 

2 . C=::J INDICATES EQUIPMENT MARKING. 

2 

F302 
2AMP 

R304 
IOD 

T303 

I 

TO V301 
CATHODE u 

1(301 

5301 

IHIGH VOLTAGE! 

K302 

1301 

R323 
22 

I 
__________ T!!_A~.!_E..J 

3 ELECTRICAL CONTACTS, NORMALLY OPEN. 

4. ELECTRICAL CONTACTS, NORMALLY CLOSED. 
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RECEIVER­
TR A NSM ITTER 

(FRONT) 

@ 
TEST METER 

SWITCH 

J303 

()> 115VAC 

0 
TEST 

METER 

VOLTAGE 
REGULATOR 

0 
RHEOSTAT 

I. VOLTAGE ADJUSTMENTS 
A. ADJUST RHEOSTAT FOR 115Y 

ON METER MoiO I. 

B. "OJUST R412 FOR IISV ON 
TEST METER. 

C. VARY T ,.P AM0HC RESISTORS 
R31S.R329 TO OBTAIN 
3 MINUTE OELA Y BETWEEN 
TURNING ON SET AND CLOSING 
Of' TIME OELA Y RELAY. 

RECEIVER- TRANSM ITTER 
(BACK) 

@ 
R313 ""' !".""" R3 26 

R327 
R328 
R329 INCRE ASE 

~ 
R412 

c=:=:::J 

2 . MASTER BLOCKING 
OSCILLATOR ADJUSTMENT 

PLACE 
220 OHMS 
ACROSS 

PL ACE 
220 OHM S 
ACROSS 

TR TUNING SCREW 

A. F C. REFLECTOR 
OPERATION TUNING 

()> MAN. 0 

RECEIVER 
TOP) 

[)c201 

E201 

Q xv2os 

E202 

TUNE 

J201 
@ 

QC226 

L232 
L 233 D 0 

R235 
R236 

RECEI V ER 
(BOTTOM) 

PLACE 
220 OHMS 
ACROSS 

3. MIXER TUNING 

A. PLACelA.F .C. OPE ItA TtOH.JoiAH. TUHElSwtTCH OHlMAN. TUNE.l 
B. CONNECT OSCILLOSCOPE TO V'lOI. 
C. ADJUST CAVITY TUNING STRUT ANDlREFLECTOR TUNINGl 

FOR ECHOES ON OSCILLOSCOPE. 
D. ADJUST TR TUNING SCREW FOR MAXIMUM AMPLITUDE OF ECHOES. 
E. ADJUST A AND 8 TO KEEP CRYSTAL CURRENT BELOW .75 AMP. 
F. "OJUSlJREFLECTOR TUNINGlTO PEAK AFC AND SIGNAL CRYSTALCURRENT. 
G. ADJUST CAVITY TUNING STRUT FOR .....XIMUM ECHO A""'LITUOE, 

COINCIDENT WiTH PEAK CURRENT. 
H. READJUST TR TUNING SCREW. 
I, PLACE(A.F.C. OPERATION -MAN. TUNElSWITCH OHlA.F.C. OPERATiON,lECHO AMPLITUDE 

SHOIJLO NOT CH ... NGE. 

CHECK 
KLYSTRON SHOIILO OPERATE IN MODE OBTAINED IN MOST COUNTERCLOCKWISE 

POSITION OF CAVITY ITUNINGSTRUT. 

27.5 30 32.5 

4 . SIGNAL IF. TUN I NG 

A. COr NECT T$-452AIU TUNED TO J0MC. TO CQ iloOC. 
B. PL...CE 220 OHM RESISTOR ACROSS E'lOI AIOllOl. 
C. COIHECT TRAVELING DETECTOR TOCATIIUOf\'206. 

_ ______ 0. ADJUST ClOt FOR 308LINE TO CROSS CUIY!ASSI()WH. 

5. AFC IF. TUNING 

A. CONNECT Ts-4~2AIU, TUNED TO 30 MC,TOClllll JACK. 
B. PLACE .160 aiM$ ACROSS 11330, 220 OHMS AOIOS R233. 
C. CCJ-INECT TRAVELING DETECTOR TO CA T1(tiE CW' '1214. 
D. AI>JUST C226 FOR3DBLINE TOCROSSCURV!ASSitOWN. 

6 . AFC DISCR I MINATOR TUNING 
A· CONNECT T$.4S2AIU, TUNED TO 30MC, T0CllQ1JACK. 

----

8. CONNECT OSCILLOSCOPE AT JUNCTION 0'lll!AI«l R236. 
C. ADJUST L219 FOR 30MC. 

L23! FOR 27.5 IIC 
LZ13FOR 32.51/C 

Figure 221. Complete •li~ement chart. 

IDL ER 
GEAR 

IND IC ATOR 
(TOP) 

RECEIVER SYNCHRO 

0 

SWEEP 
CENTER I NG 
HEX NUTS 

SI0 4 

0 
Rl37 

2 3 
@ @ 
8 20 
@ @ 

7 PPI ADJ USTMENTS 

A. IIU7 ADJU. TS T FOCUS 
&. WlTHClt<Uil HPAiiOIS• TCH!rm 

l.oJUST 5•EEP CENTERING HEX HUTS 
UNTIL SWEEP COINCIDES WITH 
CUIISOII CIRCLE. 

C. SwEEP LENGTH ADJUSTMENTS, 
I, ADJUST I FOil 211ANGE RINGS 
2. ADJUST 3 FOR 3 RANCE RINGS 
3, ADJUST 8 FOR 4 AANGE RINGS 
4. ADJUST 'lO FOR 4 RANGE RINGS 

MAIN DRIVE GEAR MOUNTING BASE 
(ANTENNA) 

8 10 

CAM 
ASSEMBLY 

TB501 

II 12 13 

OV 7V 

.--_;;;A:.;.T....;.;I6;..:8:..•_ ... .,_ ___ ex:> ----t 

lao• 176. 
FLASH Sl04 OPERATES 

8. ALl NEMENT OF SYNCHRONIZING Cl RCUITS 
A. WITH HORH AT 180", ALINE 

~~~::ft;i~v~'i.:~~RE~~HR~~~ BE : ----------___j 
8. WITH HORN AT 168" ADJUST SYNCHRO ALINEMEHT 

~~A~~t~~~~V:E~SSO~I:OP~E~N~-------------------------------~ 
c. ADJUST IDLER GE•R AND SYNCHROALINE"'ENT 

CAM TO IIAKE St04 OPERATE AT 176° 
0. ROTATE RECEIVER SYNCHRO TO CORRECT FOR 

BEARING ERROR. 
f, ADJUST FORE AND AFT FLASHCAAIS TO GIVE 

llool•u ot cf AND 110° 

I 

FORWARD ADJUSTMENT 

I 
SYNCHRO AL INEMENT 1 

ADJUSTMENT S 

I 
L__ _ _ __ __ _ _j 

~ 
INDICATOR 

(BOTTOM) 

XVI09 I I 10 

0 3 0 

RANGE 
ADJUSTMENT 

8 0 

SCREWS 20 0 

9 . RANGE CALIBRATION 
A. COhH~CT VI09 PLATE TO TS.239 OSCILLOSCOPE INPUT 
8. Clht<ECT TS-102A/"P 500 YO. CALI811ATION 

MARKERS TO VERTICAL PLATES Of' OSCILLOSCOPE. 
C. SYNCHRONIZE TS.I02AIAP AND TS·239WITH TRIGGER 

FROMJ303. 
D. TURN AANGE ADJUST .. EHT SCREWS SO POSITIVE AANGE 

MARKS FALL ON THE TAAILING EDGE OF THE 
"PPROPRIATE CALIBIIA TIOH MARKERS. 

I 

NOTE: THIS CHART PRESENT$ A SU-RY 
OF THE COMPLETE Al.INEMEHT PROCEOIJRE. 
FOR COMPLETE DETAILS ON ANY SPECIFIC 
ALII<E"ft<T PROCEDURE REFER TO THE 
ALINE .. ENT AND ADJUSTMENT SECTION Of' 
THE APPROPRIATE TROUBLE SHOOTING~TER. 

TM 1535-60 2 
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I. TRANSMITTING SYSTEM 

A. TRIGGER FROM MASTER BLOCKING OSCILU TOif 

I. AMPunJOEo 
2. YIDTlfo 
3. PRFo 

"'YJV 
.5 USEC 

900·1200 C1'S 

8. OUTPUT OF TIMIHG<:IRCUITS 

I. A)M'LITUOEo 
2. WIDTH' 

C. MAGNETROHWAVEFORM 

:JCX)V 

.J usee 

(TAKEN AT FIL. C THROUGH YOl TAGE DIVIDER T$-26JIUP) 

1. AMFLITUOE , 
2. RISE TIME' 
3. PULSE WIDTH, 
4. 0?LJt.Y T"'E' 
$ OVERSHOOT· 

D. POWER OUTPUT 

S.S - IOKV 
.1- .2 usee 
.3S-ASUSEC 
A - .6USEC 

lESS THAI< IOOOV 

I. AVERAGE POWER- 08M REACMHG +30.5 
CCHVERT TO ICW BY MEANS OF CHART 

2. OUTY CYCLE • PRF • (PULSE WlDT .. 
3. PEAK POWER •AVERAGE POWER 

OUTY CYCLE 
SHOULD 8E HOT LESS TH>.H J) KW 

E. FREQUENCY $PECTRUM 
I. TRANSMITTER FREQUENCY' 9345 • UOS MC 
2. DISTANCE BETWEEN 2CEHTER liiN]MA, SMC 
J. DIST AHCE BETWEEN OlliER SUCCESSIVE MINIMA: 2.S MC 

F. FlUX DENSITY 
I. USE FlUX/oETER TS-ISBIAP 
2. SHOULD READ 5050 - mo GAUSSES 

2. RF SYSTEM 

A. GAP BETWEEN REFlECTOR AND GAUGE, 11:12" 
B. BACKLASH (AS ~ED FROM END OF REFlECTOR), 1/4" OR lESS 

, 1'"' t U!i[C. 

RCVR-XMTR 

f\t 
-1 1--.svstc 

G. SPARK GAPS 

I. El02' .n" GAP 
2. E301 : .36" GAP 

3. RECEIVING SYSTEM 

J303 

A. 8AHD'IIIOTH 
I. SICIULO BE 4.S- S.S MC 

B. SENSITIVITY 
1. CALCULATE AS FOLlOWS, 

S£161TIVITY • 08M READING +30.5 
2. SHOI.U) BE HOT lESS THAN 90 DB 

ANTENNA 

4. SYNCHRONIZING AND INDICATING SYSTEM 

A. WITH lOIN AT 1.,. THE IILUE 
MARKS SHOUlD AGREE WITHIN 
ll.lr. ALSO, READ OV BETYEEN 
10 AIC) II OF TB 501. 

8. WITH lOIN AT 161° THE ORANGE 
MARKS SHOUlD AGREE WllliiN 11.12". 

C. SS01lii0Ul0 OPEN AT 168" AND 
STAY OPEN FOR 33" 1 'f' 

D. SIOHHOULD CLOSE AT 176° -'NO 
STAY ClOSED FOR 15°! 5" 

E. FlASHES SHOUlD OCCUR AT 
o• t 112" 

110 t 1/t' 

F.ITHE CENTER EXPAI()jCIRClE 
SHOUlD BE 117'' t 1/8" 

Figure !Zi. Complete final testing chart 

5. POWER SYSTEM 

LINE 
VOLTAGE 

A. ADJUST R601 FOR UAioii'S . OUTPUT OF 
..OTOR GENERA TOR. 

8. OVTPUT VOlTAGE SHOULD BE II" t.2V 

8 

9 

C. FREOUEHCY OF OVTPUT, AS !EASURED .. ITH 
FREOUEHCY IETER Ts.-321, V, SHOUlD 8E 400CPS !4DCPS 

D. FOR A LINE "PUT OF ''*'VI CURRENT SHOULD BE 

IISV 7AIWS 1 lA"" 
32'1 31 ...,PS t. 4 Aloii'S 
21'1 li""PS t.6"'""S 

E. TliE BRUSH SPRIHC PRE~E SHOULD 8E 
60Z. 1 .6()Z 

NOTE l" S CHART PRESC<T$ A SUMJO,O.RY 
OF THE COMPlETE FIML TEST NO PROCEDURE. 
FOR c:oo.PlETE OETAIU ON ANY TEST REfER TO 
THE F ..._l TES TIHG SECTICI< OF THE APPROPRIATE 
TROUBlE SHOOTING o;.t..PTE~. 
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Paragraph 

tor theory of operation Ac genera ' 
Adjustment of: . 

88b 

Afc: 

Brush llpring tensiOn __ ----------- ­
Heading Hash cam __ -- ---- - --- -

Horn - --------- ~----------- - ---
Master blocking oscrllator -- ------
Mechanical timer. -. ----- .------ - ­
Motor generator sprmg tcmuon ••.. --
Reflector - ---- ----- -- ------ - -
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