
., 

DECLASSIFIED SERIAL No.13 

NRI, Renart No . R-2144 
BuShips Prob. Xll4C 

UNCLASSIFIE NAVY DEPARTMENT 

Report on 

TESTS OF SH RADAR .EQ.UIPMF'...NT 

Contractor - Western Electric cQistribution Unlimited 

Authorization: 

Dates of Tests : 

NAVAL RESEARCH LAnORATORY 
AiiACOSTIA STATION 
..,..11.SHUG-TON, D. C. 

Approved for 
Public Release 

BuShips ltr. C- NOs- 82178 (916-1) C-915-6320 
of 8 Jan. 1943. 

31 Dec. 1.942 to 31 Mar. 1943, 18 Feb. 1943 to 
17 Apr. 1943, and 4 Jan. 1943 to ?.l ~pr. 1943. 

sectioa I Submitted by: ,k,-L /? ~_//Ve., 
,J-t5ih P. Hagen, Pr~ Phvsicist 
Ciief, Centineter Wave Research 

section II submitted by: 
R. er 
Chief, Transmitters section 

section I II ~ ✓-1-.~~ submitted by:7M I I/ ~ 

Reviewed by: 

Approved by: 

Distribution: 

T. McL. Davis, Principal Engineer 
Chief, Receivers section 

.J. 

Bu.3hipn ( 3) 
VC!'!G) ( 3) 
BCSO (2) 

USI! R!£Lab. San Die:;o ( 1) u CLASS i' 

meg CLASSIFICATION CH~~ r0 / -==~,,::;.._/} L ~- id 
~~~~~~~!l! &lJ!BQEITY Ol' L}I/A'o~t;;;,._ -~::-~ 

~m1~ J.!b: -~ /d ~ 
I tDilE) 1 ~ J ~ 

DECLASSIFIEu - . - S1gn8tU"8 of Custod l -



DECLASSIFIED 

SECTION 1 

..... 
u I lASS!Fl[D 

1-1. rnmoJUC TION 

1-2. 

1-3. 

.Ll- 4. 

From 31 December 1942 to 31 ltirch 1943, the SH 
radar equipment was given a systens test at the Uaval 
ResP.arch Laboratory Chesapeake Bay Annex. For convenience 
in discussing the tests, the report is divided as follows : 

cowmN'lS 

Introd.uction 
°Rscription of Equipment 
Installation 
Tune-up 
List of Tusts 
System Sensitivity 
llaxiuUIJ Ran,{e 
J'iinirJun Ran_;e 
Range 1\ccuracy 
ttf?Sct Accuracy of Range Rna ding 
&"mgc RE~solution 
Bearing hCCuracy 
dm1ring Rnsolution 
Linc Voltage Change 
\1an:i-11p 
.'.kfects an.l Recom."Jenda tions 

LIST OF PLA 'JES 
Title 

SH Anterum 
SH /,ntenna Pedestal, Inside View 
SH nntenna with Cover on 
SH Receiver- Indicator Unit 
SH I.bin Control Unit 
SH Transnitter-Recciver 
SH High Voltage Rectifier 
Layout of SH Units during 'Ihst 

LIST OF TABLES 
Title 

Sensitivity of SH Compared to 271 
Range .n.ccurucy of SH 
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,itl+i~~ 

1-2 DESCRIPTION OF EQ.UIPMEWT 

1-2- 1 The SH radar equipment is an 11 S" band search r adar 
designed for use on cargo ships and auxiliaries. It has 
sufficient range and bearing accuracy to be used as an aid 
to firing. 

1- 2- 2 The Model SH Redar Eauipment consists of the follow-
ing units: 

Transmitter-Rece iver 
AJtcnna Assembly 
Main Control Unit 
Adapter Control Unit 
Indicator Panel consisting of 

Range Indicntor 
Range Unit 
Antenna Control Unit 
Plan Position Indicator 
Bearing Indicator 

Power Unit consisting of 
HV Rectifier 
Regulated Rectifiers 
Antenna Hotor Co:itrol 

Transformer Assembly 

Junction Boxes 

1- 2- 3 The transmit tor tube is a ID8 -..:nctron. Tho high vol-
tage for tho mo.gnetron is gotten by abruptly cutting off the 
current flowing through a:1 inductance. This develops a high 
voltage across the i~ducta..~cc. This voltcgc is applied to a 
condenser which is disch~rged through the mag::i.etron by means 
of a thyrci,tron. 

1-2-4 The transmitter provides~ variable pulse r a te, 600 
i 10}6 and 1800 ~ 1()%. The lower pulse r~tc mt'kcs for lo~..ger 
life of tho thyratron a:id is recommended for general search. 
The higher pulse rate gives brighter PPI patterns. The fine 
control of pulse rate enable~ effective operation without 
synchronism 'I.Vhen several radars are in close proximity. The 
pulse length is 1/4 microsecond. 

1- 2-5 Tho receiver is a superhetcrodyne using a reflex 
klystron ("McNally tube) as the local oscillator . The co:iverter 
is a grounded-grid triode. There nre seve~ stages of inter
medin.te frequency nmplific:,,.tio:::i at 60 me., followed by the 
second detector and video amplifiers . 

- 2 -
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1-2- 6 Tne indicator has both a j - inch linear oscilloscope 
and a 5- inch, electrostatic deflection PPI. Both tuoes have 
available sweeps of 60,000 yds , 20,000 yds, and a precision 
sweep which leaves the range marker .:.i..--<ed ani moves the echoes. 
'I'he precision sweep is appro~ately 1500 yds each side of the 
range mark. '!he sweep usei on ei,:,her PPI or linear iniicator 
is independent of ~hat used on the other tube . 

1-2-7 Ranging is done on the linear tube by placin6 the 
leadinJ ed6e of the a:ho at the foot of ',,he step. On the PPI 
it is ilone by placlng the.echo tangent to the outer edc_;e of 
the circle. The range oarker appears as a dot on the PPI 
when the antenna is not rotating. In all cases T,he ran~e is 
read from a counter on the 1n,iicator panel . 

1-2- 8 Bearing is 3otten b r lobe swi tchin6• On the PPI 
bearing is obtained 1inile the antenna is rotatrng at ni.;h 
speed by r.;.akinJ a ra lial bear ..... n6 narLer intersec·::. the echo. 
In either case the bearin3, both true anJ. relative, is read 
from a ·lial on the in iica tor panel. 

1-2-9 'lhe antenna is a section of a paraboloid an-i is 
fed by vave tiuide . 'Ihe •• F asscublJ in the transmitter-
is cou.l:'led ,:,0 11ticket tube 11 wave guide (311 x 1/211 ) . '!his feeds 
311 x 1-1/211 guide ~flu.ch is couple.! bach. to 11 ticl.et ti;bing11 just 
before 6oinJ into the an,:,enna t'edcst.al . In the antenna ,:,ejestal 
11 tickt-.t tubing11feeds a coax:ial line 111rich in "tiurn feeds a round 
wave Juide, thus 1Jrovi ling means for a rotary Joint . The round 
guide feeds tuo parallel rectanb'11l&r 6ui 1es. In normal operation 
onl;r one of these trans!'.li ts. wrin5 lobe swi tc;1in6 they transmit 
alterna_,el r. The ant<..nna rotat.us at two speeds . It rotates clock
wis~ at 130 rpm. or in eith~r dir~ction at 1 r pn. ilso in the 
an'tl.mna base is a two phase ,;onorat-or for proJucinJ the rotation 
of tho PPI sweep. The antenna is waterproof and the parabolic 
refleci:,or is covured ,,i t..:-i a plcri µass hoasing. 

1-2- 10 '!he range unit consists of a step 6enera~or anJ a 
continuousl / variable ct .... lay to move the step. The step genera
tor feeds a 1,iezo-electric crystal in a 11.quiJ containctl in a 
tank . A second crystal in t:1e liquid. picks up the signal from 
the first an:i t,ris siJnal is properly amphfit?d to produce the 
step. The delay is obtalnt.:j by vary.rn6 the J.is:;ancc bo-..,we<.m 
the two cryst.als . 

'!he SH takes its pouur from the ship's 440 volt supply. 
A 440- 115 volt t.ransonuer steps ti1e vol ta -,1.;, lo,m. This is 
distribut, :i throu~h the main control unit. 

1- 3 INSTALLL.fOI; 

'!he SH was instalh.J accor iing to ti1e instruction book, 
The instruct,ion book svums to oe adequate. 

DECLASSIFIE~ 
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1-4 TUNE-UP 

The system TIRS tuned up according to the instruction 
book. The itlstructio~ book seems ndequntc. 

1-5. LIST OF TESTS 
The SH was received at the Bay station on Doc. 31, 1942, 

ru1d shipped out on March 31, 1943. The follo,dng tests ,,,,ere 
made there. 

1. I3stallation 
2. TUii.e-up 
3. System sensitivity 

n. Signal to Noise Rt:i.tio of Standard Targets 
b . MaximUIII Ra."lge 

( l) Lc"".n.d Targets 
(2) Freighters 
(3) 44-ft Boat 
( 4) Plnncs 

4. Minimum Range 
5. Ra:"lge Accuracy 

a. Reset Accu:rv.cy 
b. Range Resolution 
c. Absolute Range Accuracy 

6. Bearing Accuracy 
a. Reset Accuracy 
b. Bearing Resolutio~ 
c. Absolute bearing accuracy 

7. Linc Voltage Change of¼ 10',,b and lts effect on 
the operation of the oquipmc~t 

a. System so~sitivity 
b. Range Accuracy 
c. Focusing of tho Indicntor Oscilloscopes 
d. Anton:.,a following 
c. Receiver ttl!ling 
f. Other components 

8. Wnrm-up; Its 'Effect on 
a. Receiver TU!'.li~g 
b. Range Accuracy 
c. Other components 

9. Intcrchnngc Tests 

10. Defects cmd Recommendations 

- 4 -
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1-6 SYSTEM SENSITIVITY 

1-6-1 Three methods of measuring the system sensitivity 
wore used. 

1). A list of signal to noise ratios ~as com-
piled o~ various fixed targets an.d compared "ith n similar 
list obtai~cd o~ the same targets nith the 271 equip100~t , 
also an S be.nd search . r ad~ . 

2). The limiting rnnge of the SH on a 44 foot 
uooden motor boat "'D.s measured and compared "'i th the corres
po~ding figure obtained on the s~Jlle target using the 271. 

3). The po~or output , anten:1a gain and pattern, 
ro:.d receiver charPcteristics TTer e mec'sured in the laboratory. 

1-6-2 The list obtained usi~g the first method is given 
in Table 1. On the majority of the signals, tho SH nas much 
less sensitive th,.'1.:1 the 271. 

1- 6- 3 The limiting r <'i-68 on the 44 foot boe.t \-:ias 4400 
ynrds using high speed rntcnna rotation, Md 7500fyards 
V!ith the e.nton.."la stationary and poir:.ted at the target. The 
limiting renge of the 271 equipment on the same target U.."lder 
the same co~ditions TTas 10~500 yards. 

1-6-4 The follo':ri!lg data on the SH compo3e:n.ts v:rcre ob-
tained at the laborntory. 

1 ) . 
as that of the SJ 
in all of these. 
TTatts, peak. The 

The power output of tho SH •,-.as the srunc 
and the SE. Tho same trCJ1smittcr is used 
Tho po'l7er output is npproxime.toly 7 kilo
pulse le~gth is 1/4 microsecocd. 

2) . Tho antenna. gaii:. of tho SH is 21 db over 
a dipole. Tho berun ,ridths are 4.5° in tho horizontal plane, 
&"ld 7° in the vertical plane, both measured at half energy, 
hn.lf a.mpli tude. 

3) . The receiver se~sitivity of tho SH is 26 
db uorsc thP.n f', thoorc t icn1ly perfect rccc i ver. Tho i. f. 
band pass is 3.9 me. 

1-6-5. 'lb summarize these data, the sensitivity of the SH 
is much worse t,han :it s.tiou1d ·have been. ' It is worse with the 
an-ccnm. · rotating -at lo.~· speed.. 1he 'poor sensi ti vi t"y" is caused 
br.'t-h;~e.t~;nrsr: po6:t receiy~r sensitivity, low- pouer output 
and short puls~ length. · 

1-6-6. When the SJ report was subraitte::l, attention was called 
to the poor sensitivity of that system, due to the same ca1:15es 
as the poor sensitivit) of the SH. The remarks nade on this sub
ject in the SJ report apply to the SH also. 

.. 
- 5 -
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1-7 MAXIMUM RAN.GE ._ 

1-7-1 The maximwn range on land targets wns 6bt_tine5. fro·'! rad.lo 
towers at A,.!;.!lapolis which put in a signal of about 1.5 
times the noise. 

1-7-2 The llk.'l.Ximum ra!lge on freighters which commo~ly 
pass the Nav[l.l Research u:i.boretory 1s Chesapeake Bay A~ex 
is 15000 yds ~ith high speed entennn rotation a.r.~d 23000 
yds on both scopes uith the antei:..~R stationary and pointed 
at the target. The maximum range on tho British 271 is 
33,000 yds. on the same target. 

1-7-3 The maximum range on a 44 ft 'l"Oodon motor bont is 
4400 yds nith high speed ante"uUJ. rotation and 7500 yds on 
both oscilloscopes trith tho anten..11a stationary a::d pointed 
at the target. The ~imum range on tho British 271 is 
10500 yds. on the same target. 

1-7-4 The l!laJCimum range on an SBD eirplnne is 5000 yds. 
The llle..ximum range on t~e British 271 is 10,000 yds. 

1-8 MINIMUM RANGE 

The minimum range is 250 to 300 yds. This will 
depend pn the height of the entei~a [lbovc uater n...~d upon 
tho roughness of t~o water. The higher the nntenna nnd the 
rougher the uater tho larger uill be the minimum range. 

1-9 RANGE ACCURACY 

1-9-1 The range accu~ncy "'as obtf'.ined by comparing the 
rruiar range ~ith a r a!lgc obtained by surveying methods us
ing a.n optical bnse ltpc of nbout 3500 yds. A boat was used 
as a tnrgot and made stops at 1'.bout one mile i:.1tervv.ls to a 
distD.:ico of nearly 5 miles. The data arc given in Table 2. 

1-9-2 The mean difference between optical a.!!d rruiar range 
is 5.6 yds. The average dcviation:.from this mean is± 10.8 
yds. Hence, the probable error of a sin.glc observatior. is 
about~ 11 yds, a.td the probable error of the mean difference 
is about i 2 yds. 

1-9-3 Note; to begiZl •ai th, the SH ,:,as a.djusted for a 
knoun range according to the instruction book. The known 
range TTas that of Sharp's Island Lighthouse nt 14730 yds 
from the SH ~toll:la. setting the ro.nge cou..iter for this 
value ~ith the echo of the Lighthouse at the foot of thA 
range step, the range zero vrns fou.'ld to be - 60 ;1rds 

DECLASSIFIE~ 
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1-10 RESET ACCURACY OF RANGE READING 

The reset accurncy is a maximum of - 5 yds. This 
is independent of range. 

1-11 RANGE RESOLUTION. 

The range resolutio~ o~ the linc~r scope is nbout 
50 yds nnd on the PPI about 100 yds. In both cases it de
pends on the sig::.al strength. stronger echoes give poorer 
resolution. 

1-12 BEARING ACCURACY 

The bearing accuracy is as close t'.s cc1.n be read on the 
bearing indicator - or about 1/2°. The same holds true for the 
reset bearing accuracy. 

1-13 BEARING RESOLUTION 

The bearing resolutio~ is 5°. 

1-14 LINE VOLTAGE CHANGE 

Normal operation of the SH is at a load voltage of 
120 volts. A variac is provided i n the main control unit to 
keep this voltage constant ~hen chx.ges occur in the line voltage. 
Testing the performance of the SR for line voltage chn .. ,ges of 
- l{)J6 of 115 volts, without clu>nging the variac setting, the 
following da ta-'-W-eF6 ·obtained. 

Line Voltage 

115 volts 
103.5 
126.5 
103-.5 
126.5 

Load Voltnge 

120 
120 
120 
108 
131 

volts 

Operation 

Normal 
n 
n 

• sec comments Qelow 
Noriw.l except for 
necessity of rctu::i.-
ir.g receiver and 
resetting zero ra.~ge. 

*Rru!gc step and echoes are double on all sneeps. STieeps 2re jittery • 
.Antenr,.a mot ors operate normally. Signal strength about one- half 

~ormal . Ra:?J.ge accuracy good. Necessary to reset range zero. 

1-15 WARM-UP 

When the sH h.~d been shut off for some time about 
ten minutes of TTnrm-up ~as requir ed before echoes could be 
tuned in. If the hcp.ters are loft or: all the time it is possi
ble to tune in echoes a.~d have the system i~ operation in 
obout two mi~utos nfter tu.rnir..g on the power. Duri~g the first 
30 minutes of operation it is jeccssary to keep rctU!li:lg the 
receiver. No range drift ~ns observed durijg woxm-up periods • .--~ia 

- 7 -
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1. The cover pla tes on tho o..lltonnn housL~g screw on clumsily. 
The r ubber gcskets go to pieces m-ou~d the bolts. Slightly 
larger clearance for the bolts might climinete this difficulty. 

2. Antenna tuning plungers ~~c rather inaccessible. 

3 . The smnll tuning plunger in the ~nveguido ~t the trans
mitter fits too tight. 

4. The bcnring marker on the PPI is erratic at high cnte:inn 
speed. It docs not sho~ on every revolution. It may skip sev
eral on occasio~. This occurs o~ ~11 three s~eeps. When the 
be!l.ring !!IC'rker is on and the ~nten:-d). is turnir.g at high-.speed 
there is vn i~tcrferejco in the PPI , as the bearing I!lc'll'ker is 
moved6 ryhich sho~s ns spokes spaced ot r o.cdom. but about 20° 
to 30 npnrt . 

5. At high nntcn!la speed ond high pulse -cte, echoes ll!ld 
ra..llgo circles on the PPI npper•r double on oxpru1ded nnd pre
cision s~ecps. This docs ~ot sho~ on the line~r oscilloscope. 

6. On precision s~eep there is occnsionally a break in the 
ro.ngo circle and in echoes thot PXC i~ line with the break a t 
high D4tejila speed only. 

?. On the PPI there is n short trace rw:niP-g out from the 
center at a::::. aJ"!gle to the mc-i.in trt\.ce. This trEtce docs not 
appear throughout the ~hole 3500. It vv.rios up to about 1/2 
ir.ch i~ l ength. This conditio~ is visible o~ o:x:pn.lldcd a.lld 
precision sweeps. It indicates L""lndcqu.nte blo.nkir.g of the 
return trnce. c 

8. Tho ce?:tcr hole of the PPI hn.s a rcctl"~gulP.r shnpe. 

9 . Tho trnce on the PPI for cxprl,Ildcd nnd precision sweeps 
is sooc~lmt curved. 

10. 180 rpm seems too frst ~n N'ltcn~n speed for geoernl 
sc~.rch. The m..-i.xinum rrir.go is reduced by about 35% nt this 
speed. 

11. The ttgrnssn ~vnilnblc Qj tho linenr scope is i~suffi-
cient for optimum results. The receiver should he..ve more gai~. 

12. "Set rn:1.ge zero" rdjustroo::it should be n. screwdriver 
control. It is c~sily mistnkon for the receiver tuning 
co:..trol i:1 e. dimly lighted room. 

13. Tho li~cnr scope focusi~g is ~ot the snme for all sweeps. 

14. Centering co~trol for tho li~crr scope docs :1.ot operate 
a t lon pulse rate. 

DECLASSIFIEu 
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15. Some sticking of relays for the antenna control occurred 
but Lot very often. 

16. After 35 hours of operation. unsteady sweeps and lack 
of inte4sity control of the linear scope was remedied by 
changing the cathode ray tube. Ho~ever. the new tube did 
Lot focus as well . 

17. After 65 hours of operation the renge counter stuck 
b~..dly. Jt ~as ta.ken apart and a pin on one of the discs ~Ps 
found sheared off. This ~as ~epaired tempornrily while 
awniting ~ new cou.cter. Later~ new collr!tcr was installed 
~.nd has been in operation for 9vcr 100 hours ~ithout sticking. 

18, RF was found escaping erour.d vrRveguidc couplings. It 
seems th.c~t sorno bnskets arc a little too thick to allow close 
enough fit for good metallic contact. On couplings indoors 
the gaskets ryere removed. This ensily remedied the situntion. 
The bolts ~ere tighte~ed as much as possible o~ the coupli!lg 
out-of-doors but even then n slight runo~t of RF wns escaping 
at a few corners. This does ~ot affect the operation of tho 
system. 

19. After about 100 hours of operation erratic re~dir.gs of 
the high volt~e current were noticed. Co~denser 019 was 
shorted. Replacing this gave r:ormal operation. 

20. After 100 hours of operatio~ the thyratron blower motor 
had a frozen bearing. All the blo~er motors of this type 
seem unsatisfactory. Thoy are very ~oisy ~.nd nrcing at the 
brushes cnuses interference in scope pnttcrns. 

21. After 218 hours of operatic!'! the thyratron fniled and 
wns replaced by n ~ew o~e which ·restored normal operntion. 
High pulse rate had been used a great deal iil the operation 
of the SH and would account fqr tho short life of the thy
rntro:i.. 

22. It vras !lot iced tlw.t the receiver tu..";.ing control position 
for mrucimum signal strength had chnnged considerably since the 
installation of the SH. Ch~.::igi:1g the oscillator tU!ling con ... 
trol seemed to help o~ly teopora r ily. The repillor voltage 
on the klystron had ch.c"Ulged because &!otr.•he volte.go regulator 
tubes \'Jere out. Replncing these brought back the original 
receiver tuning position. 

23. The oscillntor cavity tuni~g stugs in the converter 
assembly turned very hard. The special converter wrench 
~eeded for tur~ing these stubs and their lock nuts did not 
come ~1th tho spare parts kit . Fi::mlly the tuni:.1g stubs 
got in such bad shape th~t i t ~ns iopossible to tune the os
cillator. Tho spare converter nsset:1bly nns tried but there was a 
parasitic oscillation in this u:iit. However, the oscillator 
cavity from tho epnro converter was used ~nd in this the 

- 9 .. 
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tuning stubs turned quite £recly. The sticki~g of the tu:1ir.g 
plugs was due to poor pl.at i:-ig of the cavity and its plugs . 
The plati~g rubbed off ~d then caused the threads to bind 
seriously. 

24. It was noticed from time to ti□e that the ce~tering 
of the sweep on the liilel'r scope shifts some'\'Thnt .ri th changes 
in the high volta.ge . 

25. The i:::.struction book states thc:i.t damage may result in 
the ante!Ula gecJxs a...~d clutches if the po~er should fail ~hile 
the antenna is rotating nt high speed. Provision should be 
made to take cnrc of such power failure. 

26. Coupling fl~nges for the mnveguide fit loosely. They 
should have just enough clenr~nce to goo~ the ~nveguide 
snugly. This is necessary for accur~te alignment of the 
'7.'a.veguide. 

The SH was shipped f r om the Bay Str-tion Mnrch 31, 1943. 

Distr ibution: BuShips (4) 
vcmo (3) 
CBA (1) 
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TABLE 1 

Bear i:-,.g Range (yards·) Signa l/Noise (SH) Signal/Noise (271 

60 3530 Saturated Saturated 
8 17810 In Noise 5 - 1 
9 19320 1.5 - 1 4 - 1 

12 40950 In Noise 4 - 1 
13 31000 No Signal 2.5 - 1 
13 32000 No Sign.a 1 2.5 - 1 
32 25010 1.5 - 1 4 - 1 
34 27000 No Sig::ial 2.5 - 1 
34 28000 No Signal 4 - 1 
35 29000 No Signal 3 - 1 
46 19640 yds 1.5 - 1 saturated 
56 28600 No Signal 3.5 - 1 
58 22500 No Signal 5 - 1 
58 24700 No Signal 3 - 1 
80 19010 1.5 - 1 Saturated 
86 31500 No Signal 3 - 1 
99 14730 1.5 - 1 6 - 1 

103 24750 1.5 - 1 5 - 1 
133 25080 1.5 - 1 5 - 1 
134 33500 No Signal · 1.5 - 1 
137 30600 No Signal 2 - 1 
143 5340 2 - 1 saturation 
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Radar Range 

1150 yds 
1090 
1090 
1100 
1160 
3170 
3180 
3220 
3245 
5450 
5480 
5500 
5440 
5595 
7833 
7840 
7822 
7822 
7830 
9820 
9870 
9915 
9840 

T.Am.E 2 

RANGE ACCURACY OF SH 

Optical Ra.ego 

1150 yds 
1095 
1090 
1108 
1162 
31?0 
3174 
3199 
3229 
5441 
5477 
5492 
5493 
5592 
7825 
7829 
7812 
7779 
7803 
9818 
9872 
9899 
9923 
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Difference 

0 yds 
- 5 

0 

- 8 
- 2 

0 
6 

21 
16 

9 
3 
8 

- 53 
3 
8 

11 
10 
43 
27 

2 
- 2 

16 
17 
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Section 2 

MODEL SH RADAR TRANSMITTING EQUIPMENT 

ELECTRICAL AND lIBCHANICAL TESTS 

2- 1. INTRODUCTION. 

During the period from 18 February 1943 to 17 March 1943 the mechanical 
construction and el ectrical opcr:ition of the Model SH Radar Transmitting Equip
ment vrere investigated to determine th3 suitability of the equipment for use in 
th3 Nav::i.l Ser vice . The following units vrere involv8d in th8S8 tsJsts: 

Unit 

Antenna Assembl y 
Transmitt8r -Rcceivor 
Indicator P.J.nel 
Povr0r Unit 
Adapter Control Unit 
Main Control Unit 
Junction Box 
Transform~r Assembly 

Typ13 No . 

CTI- 66AAQ 
cvr- 43AAF 
cn-55AAu 
C1!'T-20AAU 
C"iJ-23ABX 
CZC- 23AAX 
CZJJ-62AAC 
CSY- 30A..:,,F 

The results of the investi gations arc discussed bel ow. 

Serial 

3 
3 
3 
3 

3 
38 
3 

2-1-1. Cont0nts. For convenient rzference thD r~sults of the investigations 
are divided as follows : 

I NTRODUCTION ••. 
Contents 
List of Tablas 
List of Plates 

VARIATION IN AMBIENT TEMPERATURE 

EFFECT OF 10'/'I TEMPERb. TURE • 

VARIATI ON IN REL1-1.TIVE HUMI DITY • 

STARTING 1-1.T HIGH HUMIDITY 

EFFECT OF VIBR,;i,TION 

EFF8CT OF SHOCK 

VARIATION IN LINE VOLTAGE •• 

EFFECT OF LINE VOLTi.GE SURGES 

I . F.F. SYNCHRONIZING VOLTAGE 

CONTROLS 

page 
1 
1 
2 
2 

3 

3 

. . . . 4 

5 

5 

6 

7 

10 

10 

11 
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Paragraph 
2- 1 
2- 1- 1 
2-1-2 
2-1-3 

2- 2 

2- 3 

2-4 

2-5 

2-6 

2-7 

2- 8 

2-9 

2- 10 

2-11 
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COMPONENI' PARTS • 
Resistors 
Capacitors 
Meter s 
Vacuum Tubes 
Fuses 
Power Switch 

I • • f • • • 

GE~'ERAL PHYSICAL CONSTRUCTION • 
Mechanical 
Accessibility • . . .. 
~iring . •.. . • 
Weights and Dimensi ons . 

Mil.RKING 
Nameplates . . . . 
Component Part Labels • 

SlThiMrlRY OF DEFECTS AND RECOHMENDATim'S . 

CONCLUSIONS 

Page paragraph 

11 2-12 
11 2-12-1 
12 2-12-2 
12 2-12-3 
12 2-12- h 
13 2-12-5 
13 2-12-6 

13 2- 13 
13 2-13-1 
15 2-13- 2 
15 2- 13-3 
16 2- 13- 4 

16 2- 14 
16 2- 14- 1 
16 2- 14- 2 

16 2-15 

21 2-16 

2-1- 2. List of Tables. ·The follovring tables are appended to Section 2 . 

Title 

Variation in hmbient Temperature 
E~fect of Lavi Temperature 
Variation in Relative Humidity 
Effect of High Humidity 
Variation in Line Voltage 
Effect of Line Voltage Surges 
List of Controls 
List of ";ire-Y:ound Resistors 
List of Capacitors 
List of Meters 
List of Vacuum Tube Potentials 
List of Fuse Currents 
List of ~eights and Dimensions 
List of Nameplates 

Table No . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

2-1- 3 . List of Plates . The following plates are appended to Section 2. 

Title 

variation in iullbient Temperature 
Variation in Relative Humidit y 
Variation in Line Voltage 

UNCLAS .ff £0 DECLASSIFIEu 

Plate No. 
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2-2. VilP..Li.TION IN AMBIENI' TEMPERATURE. 

A test was made to determine the ability of the equipment to 
operate satisfactorily when exposed to ambient temperatures ranging from 
50°C to 0°C. As a preliminary to this test, the equipment was installed 
in a temperature test chamber and provided with suitable measuring 
apparatus. 

2- 2- 1 . Procedure. r.ith the equipment in o~eration, the ambient tem
perature in the test chamber was adjusted to 50°c . This value , .. as main
tained for 1-1,14 hours, after vrhich the ambient temperature was reduced, 
first to 35°C, then to 20°c , and finally to o0 c. Each of these tem
peratures was maintained for a period of at least one hour . At the 
conclusion of the period of operation in an ambient temperature of ooc, 
the equipment, excepting the heaters , was de- energized and allowed to 
remain idle for 1- 1,14 hours . The ambient temperature vras maintained at 
0°C during this time . At the end of this period the equipment ,ra.s again 
placed in operation. 

2- 2- 2 . Results . The data r ecorded during this test are presented in 
Table 1 and Plate 1. The results of the test were as follows: 

(a) The regulated rectifier 11A11 output voltage varied between 294 
and 300 vol ts during the course of the test. However, there 
V1ras no direct correlation noted between tha changes which 
occurred in this voltage and the cianges which were made in the 
ambient temperature . Similarly the output voltage of regulated 
rectifier 11B11 varied betw.3en 298 and 304 vol ts. 

(b) The peak radio f r equency power output remained relatively 
constant as the ambient temp3ra ture was changed from 50°C to 
20°C. However, vrhen the ambient tempera tu.re was changed from 
20°C to 0°C the p<Ber output increased approximately 25%, 

(c) The frequency of the magnetron oscillator varied 6.1 megacycles 
during the test. No direct correlation ,·,as noted betvreen the 
change in frequency and the changes in ambient temperature . 

2- 3. EFFGCT OF LC1.1 TBr--:PERATURE. 

A test y;as mada to determine the ability of the antenna to start 
opera ting promptly and satisfactorily after it had been allo,:ed to remain 
idle for several hours at a lm~ ambient temparature . As a preliminary to 
this test the equipment was installed in a temperature test chamber and 
provided with appropriate measuring apparatus . 

2-3-1. Procedure . 't,ith the ant;mna stationary and the remainder of the 
equipment in a sfund- by condition (vacuum tube heaters and space heater 
circuits energized) the ambi ent tempdrature in the test chamb~r was reduced 
during a period of 6-3,14 hours to - 28°c. ,~t th3 ,md of this period, high 
voltage was applied to the transmittar (by turning the variac to the 
prop..;r setting) and the antenna II high speedll and 1110w speedn sv:i tches 
ware operated to deter mine whether the antenna vrould rotate properly. 

- 2-3 -
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'""2~J:.:-2.,_~.,.;;,,.~~~l~-~~ata r0corded during this test are presanted in 
Tabl e 2 . The results of applying power at the end of the period of 
idleness vrere as foll ows : 

(a) The antenna. rotated satisfactor ily at " low spGed1'. 

(b) The antznna rotated satisfactorily at 11 high speed" . However, 
when the antenna ,'fas transferred to high speed rotation, the 
various speed control relays v.rould not remain closGd unless 
the 11 high speed11 s-rritch was held in position somevrhat long.3r 
than had been required at nor mal room t3mp3ratures. 

( c) There 1:"as no powJr output from t he t ransmitter. An investiga
tion ravealed that the type 722A gas filled grid controll3d 
rec tificr was not "firing11 . The temper ature of the air adjacent 
to the base of the tube at this ti.111e i'!aS 7 .6°c. Tihcm this 
tomp8rature reached 15.h0 c the tube 11 firectn and pov,.3r output 
vras obtained from the transmitter . G,.meral specifi cations do 
not requir e the equipment to operate satisfactorily at ambient 
temp0ra turGs lower than 0°C. 

2- u . Vl~RIA.TION IN RELA.TIVE HIDilDITY. 

A test was made to determine whether or not the equipment 'l'rould 
b<3 adversely affected either mechanically or electrically , .,h-::n exposzd to 
~ride variations in rel ative humidity. As a pr0liminary to this t3st, the 
equi pment was instal led in a humidity test chamb.,r and provided -vrith 
appropriate measuring apparatus . 

2- u- l. Procedure . v;ith the equipmcmt in operation, the ambient tem-
per ature was adJusted to u0°C and the relativ3 humidi ty •·ras varied in 
the folloYri"ng steps: 

(a) The relative humidity Y:as maintained in the rang::: of from 16% 
to 21% for 1-1;4 hours . 

(b) The relatin humidity was th-.,n incrGased to 97% and maintainod 
at this value for 1-1;4 hours. 

(c) The r,')lativa humidity was again restor;:;d to a low valu2 and 
maintain;;d in the rangG of from 25% to 18% for two hours . 

2- 4- 2 . Results . The data record3d duri ng the test are presented in 
Table J and Fla te 2. The r2sul ts of the t est were as follm,rs: 

(a) ThG output voltage of the regulat,::id rectifier 11A11 varied between 
JOO and 295 volts dur ing the test. The output voltage of the 
regulated rectifier "B" varied between JOO and 305 volts during 
the test . No dir-xt corr elation was noted bet,een these changes 
in voltages and the changes in humidity. 

- 2-4 -
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(b) The oscillator frequency varied 12. J m.Jgacycles during the t ;;st . 
Th8ra 11:as no direct correlati on obtain-3d between fraquency cha ng>2s 
and change s in r elative humidity. 

(c) The radio fr0quency peak pm,er decr~asod 23 .6% as the r elative 
humidity ,"as increased from 20% to 97%. Upon the restoration of 
a lm-- relative humidity this reduction in pm,er was still present . 

2- 5. STARTING AT HIGH HUMIDITY. 

A test vras made to determine the ability of the equipment to start 
operating promptly and satisfactorily after it had been allowed to remain 
idle for a period of several hours in an atmosphere of high relative 
humidity. As a preliminar y to t his test, the equipment was installed in a 
humidity test chamber and provided with appropriate measuring apparatus . 

2- 5- 1. Procedure . The equipment nas allo,red to operate for 15 minutes 
at an ar:1bient temperature of 40°C and a relative humidity of 23% - After 
measurements had been made to provide a refer ence base, the equipment 
( excepting space heaters) ,,1as de-energized . The r elative humidity was 
then increased to 97% and the equipment ;,ras allo,•red to remain idle for 
tro hours . At the end of this period the equipment 1rras energized and 
observations made to determine if its performance vras satisfactory. 

2-5- 2 . 
Table L.. 

Results. The data recorded during this test are presented in 
The equipment operated satisfactorily during the test. 

2-6. EFFECT OF VIBRATION. 

A test ~as made to determine the ability of the equipment to 
withstand vibration conditions encountered aboard Naval vessels. As a 
preliminary to this test the equipment ic;as secured to a vibration test 
table by means of the hold-doi.m fittings provided . 

2- 6-1. Procadure. The equipment v:as subjected to vibration at frequencies 
between 400 and 2000 cycles per minute, and observations ':rere made to 
determine Y:hether or not vibration produced any detrimental effects. 

2-6-2 . Results. The follor1ing i terns y;er e r ecorded during the tests : 

(a) Bety,reen 750 and 790 cpm, the Po·.,:er Unit vibrated erratically 
in a transverse direction with a 3/16 i nch displacement . 

(b) Between 1225 and 1250 cpm, the interlock S'.'ritches of the 
ReguJa ted Rectifiers 11A11 and 11B11 opened intermittently and 
caused chattering of the relay in the high voltage rectifier 
unit . 

(c) The chassis of the r egulated rectifiers are supported on 
flexible mounts . At 1275 cpm the chassis r esonated and 
vibrated vertically 1-rith a 1/811 total displacement. The type 

LASS fl[D 
.. 
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VR 105.-~30 tub~s fired erraticallv rhile being subjected to 
vi bra tio·ri ~T 'this frequency . It~ v,as found that by blocking 
the chassis so that it could not deflect on its flexible mounts 
it ,7as possi ble to eliminate both the resonant vibration of the 
chassis and the erratic operation of the type VR- 105-30 tube . 

(d) At 1350 cpm, the antenna reflector vibrated transversely r-ith a 
total displacement of 1/4 inch . The reflector also vibrated 
longitudinally at this frequency vri th a total displacement of 
3/16 inch . 

( e) At 1350 cpm, the low· speed brake motor solenoid S6 opened 
erratically causing the antenna to rotate in steps rather than 
continuously. This solenoid also developed an excessively loud 
hum after having been vibrated for an hour at this frequency . 

(f) At 1350 cpm, the cable entering the lobe switching unit in the 
antenna assembly vibrated transversely vrith 1/4 inch displacement . 

2- 7. EFFECT OF SHOCK . 

A test was made to determine the ability of the equipment to 
withstand shock such as may be encount2red in the Naval Service . As a 
oreliminary to this test , the equipm.:mt ·:ras s ,acured to a shock test 
table by means of the provided hold- do1,,m fit tings and appropriate measur
ing equipment vra.s attached. 

2- 7-1 . Shock Testing Apparatus. The shock testing table consists of 
a platform to which a relativel y large horizontal acceleration of short 
duration may be imparted by means of a pneumatic device . The peak 
acceleration imparted to the table depends upon the air pressur e used 
in the pneumatic device . Duri ng this t est this pressure 111,as 150 pounds 
per square inch v.i. th a consequent mom--3ntary peak acc,::,lera t i on of 250 g . 
The construction of the table permits it to be rotated so that any of 
its four sides can be present~d to the pnaumatic device . The rectangular 
units of the equipment under test 1rere mounted ,.rith their sides parallel 
to those of the table, and it was therefore possible by turning the 
appropriate side of the table tovrard the pneumatic devicG, to apply 
shocks to·•:ard any of the four sides of the equipment. 

2- 7- 2 . Procedure . The fo l lowing procedure was followed during the test: 

(a) Thi rty- one shocks ,•rere appli ed to the Pow-er Unit. Tr,el ve of 
these shocks vrere applied tovrard the rear of the unit, tirclve 
wer e applied toward the right side, and seven toward the left 
side. 

(b) Thirty-one shocks ,·,ere applied to thG Indicator Panel. Twelve 
of these shocks ,,,ere applied toward the front of the unit, 
ti-rel ve ;1rere applied toward the left side, and seven toward the 
right side . 

- 2-6-
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(c ) Fi fty- four s hocks vre re applied to the antenna . Some of these 
shocks •1ere a:1plied with the spinner not rota ting, some ..,,,ere 
applied with the spinner rota ting at l ow s~eed and some were 
applied ;-r.i th the spirmer rotating a t high speed. 

(d) Three type ci;;- 43AAF Transmitter-Receiver uni ts v.-ere previously 
subjec ted to shock tests during type tests conducted at the 
Na val Research Laboratory on the ?,;:ark 8 Equi pment, Model SJ 
and SE Equipments . Consequently, · the type cr~- 43AAF Transmitter
Receiver (Serial 3) vrhich formed a part of t he subject equipment 
was not subjected to shock tests. 

(e) Previous to the shock test , the inter lock S'tritch circuit i.·;as 
shunted in a manner that insured that power would not be r emoved 
f r om the equipment in the event that shock caused t~e contacts 
of any of the inter lock sritches to open . This shunt was 
installed because the contac ts of the interl ock switches had 
open- circuited i nter mittently during the vibration test . 

2- 7- 3 . Results . The results of shock test •.·,er e as follors : 

(a ) The r elay Sl.2 in the Antenna Motor Control opened momentar ily 
when the Indicator panel i1cls subjec ted to shock in a direction 
normal to its left side . This caused a momentary inter rupti on 
in the rotation of the ant enna spinner nhen operating at 11 Low 
Speed11 • 

(b) The r egulated rectifier chassis, which are supported on flexible 
mounts , suffered a large momentary deflect ion relative to their 
supporting structure when the power Uni t w.as subjected to shock . 
Yii th the auxiliary flexible mounts blocked out, this deflection 
was eliminated . 

(c) Upon one occasion, v,hen the antenna -rras subjected to shock ,;rith 
the spinner r otating at "Lem Speed11 , the bearing indicator 
stopped rotating momentarily but immediately started to rotate 
again and regained its correc t phase relation r.d.th respect to 
spinner. 

(d) As a result of each of the shocks applied during ttHigh Speed11 

operation of the antenna, the spinner stopped rotating . It vras 
found that this diffi culty occurred because the contacts of the 
relays S4 and s5 of the antenna assembl y 1"ere for ced open by the 
s hocks . 

2- 8 . VARIATION IN LI NE VOLTAGE. 

A test , :as made to ascertain ,-,hether or not the equipment 1.1,•ould 
perform sati sfactoril y and wi t hout damage •.·,hen the supply voltage v:as 
varied over the range of from 10% belO'V· normal to 10% above normal . 

- 2- 7 -

DECLASSIFIEll 



DECLASSIFIED 
. 

' ;';,r;::':r:-n•-r~,r'; · . 

2-8-1. Procedure . The procedure during this test was as follo···s : 

(a) The equipment was put into operation at normal line voltage . 

(b) The line voltage ..as then reduced to 90% of normal . 

(c) After the desired data had beun r ecorded i n step (b) , the line 
voltage Yra.s increased in increments unti l i t was 10% above normal. 
Appropriate data -~s recor ded at each step . 

(d) The procedure dzscribed in (a) , (b), and (c) above -r•ere c3.r ried 
out 11'i th the antenna rota. ting at "Loyr Speed," and vri th 460 vol ts 
considered as the 11normal11 supply line voltage . This process 
,,as t,·-ice repeatzd. The i'irst repetition ~-as -·ith the antenna 
spinn~r r otating at 11 High Speed11 ar:d 458 volts considered a s the 
nnormal11 supply line volt.:lge . Th3 second repetition '"3S with 
the ar.tt?nna spinnzr rotating 2. t 11 High Speed" and 41.0 vol ts 
considered as the nnormal11 supply lin-: voltage . These differing 
values of 11normal11 voltage ·,ere used recause of the confusion 
ar ising from statements in the Instruction Book . It is 
indic~ted there that a voltag~ of 4LO volts is to be applied 
to primary ·-inding of the lin~ transform3r and thnt the 115 
volt output of this transform~r is to b3 anplidd to thu equip
ment . Hov•ever , it ,eras found that a voltage of L.L.O volts appli3d 
to th~ primary of the transformar rE:sult-3d in u voltage of 109. 2 
volts being applied to the equipment. The othar t~o voltages 
lista<l above, namely, 460 volts and h58 volts resulted in a 
volt:J.ge of 115 volts b~ing appliad to the equipment . 

(e) During the test data were tak<:ln to p0rmit the d::?t3rmin-ttion of 
the variation of the regulated output voltage of the Regulated 
Rectifiers 11Att and 11B11 • Since the Instruction Book st<lt.Js that 
a voltage of 300 volts is the corract value of the output 
voltage of thes1:: r ectifi3rs, they r-cre adjust,Jd to this value 
3.S a preliminary of the test. Ho,·ever , 3t a coni'c,r encc held 
concGrning the subject equipment, a r3present.3.tion of the con
tractor explained, in dff~ct , that the poor regulation of the 
rectifi~r units encountered during t~e t3st V:clS possibly th8 
result of their hD.ving ba3n adjusted to 300 volts and that 
better regulation might h<J.vc been obtnincd i f they had b:.,zn 
adjusted to 285 volts . Accordingly, the regulated output 
voltage of the Regulated Rectifiers 1w 1 ar.d111;r1,-ras adjusted as 
closely as possible to 285 volts and a sufficient portion of 
the 11Variat i on in Line Vol tace" test was r epeated to indicate 
the amour1t by which the output voltage would vary under this 
r..e•·; condition. 

2- 8-2. Results . The data recor ded during this tes t is pr esented in 
Table 5 and Plate 3. The r esults of the test were as follows : 

- 2-8 -
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(a) The relay Sl.U i n the Antenna Motor Control chattered when 
subjected to a line voltage which was 10% below normal. 
(Antenna rota ting at n1ow Speed11 ; Jl!ormal line voltage = 460 
volts). 

(b) The relay S5 in the antenna assembly and the relay Sl.J in the 
- Antenna Motor Control would not close when the supply line 

voltage was 10% below normal. (Antenna rota ting at "High Speed; 11 

Normal line voltage - 440 volts). 

(c) Variation of the supply line voltage caused a large change in 
t he radio frequency power output of the transmitter. The 
following data is an example of the changes encountered. 

(d) 

% Difference From 
Normal Line Voltage 

-10 
- 4 

0 (440 volts) 
+ 4 
+10 

% of Normal RF 
Povrer Output 

7.1 
h2.8 

100.0 
157.2 
250.0 

The power transformer in the transformer assembly has a rated 
output voltage of 11~ volts ,ri.th an input potential of 450 
vol ts. Vii th the normal load of the Model SH Equipment imposed 
upon the transformer, however , an i nput potential of 450 volts 
produced an output voltage of only 112. 2 volts. 

(e) The output voltage of the Regulated Rectifier A varied 1'rith 
line voltage as shovm by the following data (obtained from 
Table 5), 

With Rectif i er Output Voltage 
adjusted to JOO volts at 

normal line voltage 

With Rectif ier Output Voltage 
adjusted t o 286 volts at 

normal line 
voltage 

Line Voltage Line Trans. 
Sec. 

Volt age 

Rectifier 
Output 

Voltage 

Line Trans. 
Sec. 

Voltage 

Rec tifier 
Out put 

Vol tage 

(Vol ts) (Volts) (Volts) 

ulJ(- 10%) 103 . 5 28.5 
460(100%) 115. 0 300 
505 ( +10%) 126._5 300 

Fl 

/Q 

di.fference 
from 

300 volts (Volts) 

-5 103 . 5 
0 115.0 
0 126.5 

DECLASSIFIEu 

difference 
from 

(Volts) 286 vol ts 

248 - 13 . 2 
286 O 
320 +12 . 0 
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2- 9. EFFECT 'OF 't"I'NE VOLTAGE SURGES. 

A test was made to determine the ability of the equipment to 
withstand line voltage surges . The procedure and results of this test 
are described below. 

2- 9-1. Procedure. The procedure during this test was as follows : 

(a) The equipment was put into operation with the power transformer 
secondary voltage applied to the equipment adjusted to the normal 
voltage of 115 volts. 

(b) The line voltage was then reduced to 82 volts , which is 30% beloY" 
normal, and after being maintained at this value for 1/2 second 
v,,as returned to normal. 

(c) In a similar manner, the line voltage was increased from normal 
to 154 volts, vrhich i s 30% above normal, and after being held at 
this value for 1/2 second was returned to normal . 

(d) Steps (a) , (b) , and (c) v,ere repeated with a pause of 1 second at 
the abnormal voltages. 

(e) Steps (a), (b), and (c) i.·,ere also repeated with a pause of 1- 1/2 
seconds at the abnormal voltages . 

2- 9- 2 . Results • . The data recorded during this test are presented in 
Table 6. Identi cal data were obtained for the 1/2, 1, and 1-1/2 second 
pauses at the abnormal voltages . The results of the test were as follows: 

2-10. 

(a) When in "High Speed11 operation, the antenna stopped rota ting ,"!hen 
the line voltage was momentarily reduced to 30% below normal. The 
II High Speedt1 svri tch had then to be operated before the antenna 
would resume rotation at 11 High Speed. 11 Rotation stopped under 
these conditions because the control relays did not remain closed 
when the line voltage was reduced by 30% . 

(b) The heater fuse (Fl4) blew when the line voltage was momentarily 
raised to 30% above normal. 

I. F. F. SYNCHRONIZING VOLTAGE. 

The synchronizing pulse for initiating the indicator sweep is 
obtained from the cathode resistor of the tube V7, an amplifier of the 
initial transmitter multi vi bra tor t,u be v6. The II I FF" synchronizing 
pulse is obtained from the cathode of the type 722A tube, V2. The 
operation of this tube is initiated by a 11 one kick11 multivibrator, VlO. 
The delay betvreen the operation of the multivibrator V6 and the operation 
of the tube V2 is a function of the inductance 14, the capacitors Cll and 
Cl5, and the temperature of the tube V2. Since the values of each of 
these components vary vri th changes in ambient temperature and with 11,•rarm- up11 , 

- 2- 10 -
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the lapse of time between the indicator sv,eep synchronizing pulse and the 
11 IFF11 synchronizing pulse is not a constant . This may result in a varying 
distance between the received echo and the received signal from the trans
ponder and consequently cause confusion in correlating the echo and trans
oonder pips . 

2-11. 

2- 12 . 

CONTROLS. 

Table 7 lists the controls of the equipment. 

COMPONGNT PARTS . 

iTherever practicable, measurements vrere made of the component 
parts of the equipment to determine whether or not they v:ere opera ting 
within their ratings . In addition, visual inspection was made of the 
COIP.ponents to determine v,hether or not they were of the quality, type 
of construction and workmanship which are required of equipment intended 
for the Naval Service . The r esults of these measurements and inspections 
are discussed belovr. 

2- 12- 1. Resistors . Table 8 lists the cire ~ound ferrule type resistors 
used in the equipment. The follov:-ing i terns were noted concerning the 
resistors in the equipment. 

(a) The mounting ferrule of the resistor R44 was found dislodged 
from its cer amic body. 

(b) A 60 microhenry inductance was found in the position intended 
for the res is tor R9. This mistake resulted in t-·10 60 micro
henry inductances existing in the plate circuit of the type 
722A tube, V2, inst ead of t he intended 2000 ohm resistor and a 
60 microhenry inductance . 

(c) The socket which forms a part of the indicator lamp- resistor 
assembly i n the High Voltage Rectifier Unit was found to be 
defective . There was no spare assembly in the spare parts . 

(d) The heater resistor RSS in the transmitter is mounted so close 
to the main terminal board that the heat from it damaged the 
insulation on several conductors which connect to this board . 
In order to protect the conductors from this resistor, a heat 
shield should be placed betyreen the resistor and the terminal 
board . 

(e) The equipment contains a number of components which are mounted 
in pairs of fuse- clips . In certain instances. the distance 
betr;een the clips of a pair was sufficiently large to permit a 
considerable portion of the available contact area to be unused . 
The amount by Tihich the spaciOGS exceeded the minimum necessary 
amou.~t are listed belo-:l'. 
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Fuse Clips for: 

Resistor R3 
Resistor RS 
Resistor R9 
R,.~sistor R44 
Inductor L2 
Thermostat TD- 1 
Thermostat TD- 2 

F..xcess $pacing 

S/1611 
1,1411 
5/1611 

1,1411 
5/1-611 

1,1411 
1;411 

(f) The r esistors R51 . l and R51 . 2 in the Transmitter Unit are mount~d 
on stand- off insulators by means of their leads but the body of 
each rasistor is in contact nith the matal case of th0 capacitor 
C25 . Tha height of the stand-off insulators upon ,..hich thcs.:; 
r0sistors are mount~d should b~ increased to provide sufficient 
claarance betyreen the body of tha resistor and the capacitor case . 

(g) The r esistor Rl7 in the Regulated Ractifier A is specifiGd in the 
temporary Instruction Book as a 4 -7 m8gohm resistor . In the 
equipment this r ~sistor has an actual value of 470,000 ohms . The 
raplacGment of this 470,000 ohm resistor by one having 4 -7 megohms 
r esistance remedied an intermittent firing that had bc~n present 
in the type VR- 105-30 tube, V7 . Thor~ nas a s imilar discrepancy 
in the Ragulat~d Rectifier B. 

(h) The r esistors R23 and R24 in the Regulated Rectifiers havo tab 
type terminals. Navy Specification RE 13A 372J does not permit 
the use of this type of resistor in sea borne transmitters. 

2- 12- 2. Capacitors. Table 9 lists the capacitors used in the equipment. 
The following items ~ere observed concerning these capacitors. 

(a) The capacitor C- 13 in the Transmitter Unit has a peak potential 
of 1000 vol ts applied to it. Its rated "·or king voltage is 600 
volts. 

(b) 

2- 12- 3. 

The capacitor Cl in the Antenna Control Unit is an electrolytic 
capacitor . Navy Specification P.E 13A 55LD requires that 
•t.~lectrolytic capacitors shall be used only upon approval 
by the Bureau of Ships for each s~ecific application11 • 

Meters . Table 10 lists the meters employed in the equipment. 
The meter Ml in the Transmitter-Receiver Unit is provided Yd.th 
a zero adjustment that is not accessible from the front panel 
of the unit until the ,.,rater- tight cover on the front panel h:ls 
first been removed. 

2- 12- 4. Vacuum Tubes . Table 11 lists the vacuum tubes employed in the 
equipment. The following items v:ere noted concerning these 
tubes: 
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(a) The tube 616 tube which is used as VJ, v4, VS, and v6 in the 
Regulated Rectifier and V7, and VlO in the transmitter is not 
included in the Army- Navy preferred list of vacuum tubes. 

(b) The filament potential of the type 722A tube, V2 , vras found to 
be J.2 volts . The rated filament potential for this type of 
tube is 2.5 volts and consequently an overvoltage of 28 per 
cent exists. 

2-12- 5. Fuses. Table 12 lists the fuses employed in the equipment. 
The follo~items ~ere noted concerning these fuses: 

(a) Refillable cartridge fuses are used in the equipment. It is 
understood that the Bureau of Ships nov; raquires the use of 
non-refillable fuses . 

(b) The antenna assembly is so constructed that the possibility of 
damage to its gears exists if the line voltage is suddenly 
removed ~hile the antenna is rotating. 

2-12- 6. POVTer Switch. The power svritch in the transformer assembly has 
a rating of 250 volts , but is required to interrupt a circuit which 
operates at 440 volts. 

2-13. GENERAL PHYSICAL CO~STRUCTION. 

A number of items of a mechanical nature were noted during the 
course of the investigations made of the Model SH Equipment. These 
items are discussed below under appropriate headings . 

2- lJ- l. Mechanical. The follovring i terns were noted concerning the 
mechanical construction of the equipment: 

(a) The plastic rim (formed by part of a 3 inch meter case) that 
composes the water- tight cover for the milliarnmeter Ml in the 
transmitter- receiver was found to be cracked at one of its 
mounting holes. 

(b) The use of brake bands for stopping the rotation of the antenna 
introduces the problem of upkeep and adjustI?lent of the bands. 
These brake bands are in an inaccessible position located in the 
antenna assembly . 

(c) The control knobs on the Po~·rer Unit should be secured to their 
shafts by means of socket- head set screws instead of by the 
slotted head set scre,,rs ncm used. 

(d) The universal coupling joints on the shafts of the variacs in 
the Power Unit should be secured to their shafts with socket
head set screws instead of by rivets. 
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( e) The coaxial output connection of the T- R cavity v.ras not in 
alignment :vith the coaxial output connection of the magnetron. 
This resulted in poor alignment of tie coaxial couoling betueen 
the two components. 

(f) The size of the cabinet for the Transformer Assembly is much larger 
than is required to contain the components housed therein . 

(g) The end bells of the synchro units were found to be corroded. 

(h) To provide for the safety of personnel , the antenna assembly 
should be equipped ,vi th a swi tell capable of completely de- enargizing 
the unit rhile servicing. 

(i) The lobe switching brushes , B.'lt- 1 , BR- 2, BR-3, BR-4, and BR- 5 
should have coin silvJr contacts . 

(j) The screws, by which the lovr~r cov.Jr plates of th.J antenna 
ass-1mbly are secured, thread into holes in the base of the 
assembly. It was found that these holes go complet~ly through 
the metal, that is, the inner end of the holes are not closed 
and consequently Y.f<l t .Jr may leak into the base of the antenna 
through th3se holes . 

(k) The svntch handle of the transformur assembly is not sufficiently 
sturdy to withstand the rigorous treatment cncount3red in the 
Naval Service . It is not rigid and may be easily b3nt. In 
addition, corrosion is present on the handL.:! . 

(1) The bosses on th8 antenna assembly hood mounting flanges should 
be provided with beveled tops and bottoms . Tight-3ning the hold
down bolts causes the bolts to bend due to the angle created 
between the flanges and the motL.,ting rim during this op3ration. 

(m) A suitable plating should be applied to the compon~nt parts of 
the lobu switching unit to pr~vent corrosion. 

(n) Fuse clips havB b~3n provided for mounting a r esistor designated 
as R56 in the Tran~mittcr Unit . Horr.:; v0r, this r0sistor is not 
included in tha Model SH Equipm0nt and the clips have buen 
conncct-.;d together with a l0ngth of wire. These fuse clips 
should be omitted. 

(o) There arc thr~e blower motors in th0 equipm,mt ,·,hich have no 
external provision for lubrication. These motors must be 
r ~mov~d from th~ equipment and disassembled before lubrication 
can be applied. 

(p) Corrosion was found on the guard of the fan for the tube V2 a nd 
on the end plates of the high voltage capacitor CJ . A suitable 
finish should be applied to thase aluminum components to prevent 
corrosion. 
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(q) A lock is provided on the Transformer Assembly door which requires 

an electrician's key for opening. This key is not provided with 
the equipment. A suitable key should be provided and s'11ould be 
made captive to the assembly case . 

2- 13- 2. Accessibility. The following items were noted concerning the 
accessibility of the component parts for servicing or replacement: 

(a) The antenna assembly contains numerous components which are 
difficult to service due to the poor accessibility. In addition, 
the location of this assembly on the mast head of a ship underrray 
results in a potential danger to servicing personnel. The 
complex electrical circuits and mechanical elements will probably 
make it necessary to frequently adjust or repair this assembly. 
The servicing of this assembly 1',!ill probably be neglected during 
adverse weather conditions in the interest of safety to personnel . 

(b) Replacement of the magnetron was rendered extremely difficult due 
to the failure of the manufacturer to furnish a non-magnetic screw
driver or as an alternative to provide wing nuts to secure the 
magnetron. In addition, the threads of one of the mounti ng screvrs 
was found to be imperfect. 

2- 13- J. Wiring. An inspection of the wiring in the equi pment revealed the 
following items: 

(a) The cables J6, J7, and J8 which connect to the knocker unit are 
too short to permit accessibility to the unit while servicing. 
These cables should be lengthened. 

(b) A potential of 820 volts exists between ground and the insulated 
conductor from the resistor R3 to terminal No. 6 on the sub- chassis 
for the type 722A tube, V2. Inspection of the insulation indicated 
that it was not adequate for the applied voltage. 

(c) An arc occurred betv1een the transmitter chassis and the insulated 
conductor leading from the inductance L2 to the plate of the type 
722A tube V2. The conductor should be provided vn.th insulation 
that will prevent this arcing. 

(d) The follovring units have surplus holes provided in the front panel 
for cable entrances. 

Unit 
Transmitter- Receiver 
Main Control Unit 
High Voltage Rectifier 

No, of surplus holes 
1 
2 
2 

New cable entrance plates which will eliminate these surplus holes should 
be provided. 
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(e) The P01·1er unit and the Indicator panel have ample space in the 
rear for the entrance of all cables . Ho~·:ever, the cable entrances 
are made from the f r ont . It is r0commGnded that all cable 
entrances be made from the rear thus providing more operating 
space and eliminating the danger of accidental danage to the 
cables . 

2- 13-4. Weights and Dimensions. Table 13 lists the yreights and dimensions 
of the equipment. 

2-J.L. MARKING. 

An examination was made of the nameplates and component markings 
of the equipment . The r esults of this examination are discussed below. 

2- 14-1. Nameplates. Table 14 lists the information vrhich appears on the 
namepla to s of the various uni ts . 

2- 14- 2. Component Part Labels . A number of component parts are labelled 
in an incomplete or unsatisfactory manner. The .follo1ring items were noted: 

2- 15. 

(a) The positions of the Regulated Rectifier meter S\7itch in the Power 
Unit arG marked 11111 and 11 211 , resp0ctively. Th.:;y should be marked 
11A11 and 11B11 to correspond vri th the nomonclaturc of the rectifiers . 

(b) Suitable arrows should be inscribed on the knobs of the access 
door of the Power Unit to indicate the direction of rotation for 
locking. 

(c) A chart shovring the fuse number and the position of the fuse in 
the unit (such as main line , antenna, etc . ) should be orovided 
on the fuse panel of the Main Control Unit. 

(d) The majority of the component markings in the equipment are 
unprotected . These markings should be protect2d vrith a coat of 
clear glyptal. 

SUMMA.RY OF DEFECTS AND RECOMMENDATIONS. 

The defects encountered during the tes ts of the Model SH 
Transmitt ing Equipment are summarized below. The num·Jrals in par3nthesis 
r .Jfor to tha par agraph of this report in ,·rhich the itom is discussed at 
grcat0r length. The relati ve order of l i sting is not indica tive of the 
r.Jlativc importance attached to the items . 

2- 15- 1. (2- 6- 2b) The car.tacts of t~e interlock switches of the Regulated 
Rectifier Units opened intermittently while the equipment .-,as being subjected 
to vibration. It is recommended that an investigation be made to determine 
-whether or not this difficulty can be overcome by re- locating the snitches 
or by providing them vrith supports that ,vill prevent relative motion between 
their two parts . If it is found that the difficulty cannot be overcome by 
such measures , it is reconunended that the use of this type of interlock 
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S'!.d. tch (Navy type p 2~·r,-·1>-e eliminated. It is also recommended that the 
connections from all of the interlock s,ntches be brought to a single 
terminal board and connected in a manner that vrill permit the continuity 
of each interlock svri tch to be tested individually. Provision should be 
made that would parmit an operator to test the continuitv of the entire 
interlock system by shunting two terminals. • 

2-15- 2 (2- 6-2c) When the equipment was subjected to vibration at a 
frequency of 1275 cpm, the chassis of the Regulated Rectifiers oscillated 
vrith excessive amplitude and the voltage regulator tubes (type VR- 150- 30) 
11fired11 erratically. It is recoimnended that, to eliminate both of these 
undesirable conditions, the auxiliary flexible mounts upon ,~hich the chassis 
are supported be eliminated. 

2-15- 3 (2- 6-2e) 1!fuen the equipment vras subjected to vibration, the low 
speed brake motor solenoid opened erratically causing the brake to be applied 
to the spinner with consequent interference with the rotati on of the antenna. 

2- 15- h (2- 6- 2f) When the equipment nas subjected to vibration, the cable 
entering the lobe svri tching unit in the antenna assembly oscillated trans
versely with a l/4 inch displacement. This cable should be supported so as 
to prevent this displacement. 

2- 15- 5 (2- 7- 3a) The contacts of relay S1.2 in the Antenna Motor Control 
opened momentarily when the equipment vas subjected to shock. It is 
recoir.mended that the relay be replaced by a type of relay that vrill per form 
satisfactorily during shock. 

2- 15- 6 (2- 7-3d) The contacts of the relays S4 and s5 were forced open 
rhen the equipment ;-ras subjected to shock. It is recommended that these 
relays be replaced by relays that will perform satisfactorily during shock. 

2-15- 7 (2- 8- 2a) Whan the voltage applied to the equipment was reduced to 
10% belovr normal, the relay S1.4 in the Antenna ].,!otor Control chattered. 
This chatte ring prevented the equipment from operating properly. 

2-15- 8 (2- 8-2b) 1Sihen the voltage applied to the equipment ,·,as reduced to 
10% belo'.'r normal, the relay S5 in the Antenna Asser.ibly and the relay S1.3 
in the Antenna Motor Control ,muld not close . 

2- 15- 9 (2- 8- 2d) The supply line transformer (a part of CSY 30AAF assembly) 
is int::md,~d to transform a h40 volt supply lin-3 voltage to 115 vol ts, nhich 
is the rated voltage of the equipment . However, t he vol tage transformation 
ratio of this transformer is such that a voltage of 109.5 volts rather than 
115 vol ts is applied to th0 equipment ;,,hen a voltage of 4hO is applied to 
the prinary of the transformer . The transfonur should be replaced by a 
transformar that 111ill provide the equipnant 1"!i th the correct supply voltage. 

2- 15- 10 (2- 9- 2a) The antenna stopped rotating whs::ln the equipraent was 
subjected to a supply line voltage surge vrhich momentarily reduced the 
line voltage 30%-
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4 ~~~;.J;r~~fa~eatcr fuse (FU) ble;-- --:-hen tho line voltage ,.ras 
noracntarily raised to 30% above normal . 

2-15- 12 (2- 10) ThGre is a possibility that th-3 r,:;lativc position of the 
rec-Gi ved echo and the IFF indications on the indicator screen ri.11 V3.ry 
Gxcessi vely 11i th changes in ambient t0L1pGrature . 

2- 15- 13 (2- 12- lb) The mounting fzrrul~ of the resistor R-44 ,.~s found 
dislodg0d from its ceramic body. This v-as th;; result of poor workmanship . 
It is r0cor:lfil,mdad that thG resistor manufacturer be required to improwl his 
insp8ction proc~dur e . 

2- 15- 14 The plate circuit of th0 type·722A tub~, V2 , nas found to cont:iin 
tv:o 60 nicr oh-nry inductances rath.=r than tho int.:;nded coubinati'"'n of one., 
60 microh0nry inductancd and one 2000 ohm resistor . To 0lih~nat0 tho 
possibility of such errors, it is r-~co1.11~~nd-::d th::i.t thQ inductancG b0 dis
t inctiv0ly n:1rk..;d or so c0nstruct3d th::it it cannot b- int...:rchang...:d ,;i.th a 
rasistor. 

2- 15- 15 (2- 12- ld) The indicator lasp- rcsistor assembly in the High 
Voltage Rectifier y;as found to b .... def.:ictivo. It is r ocorr.r.1cndcd that 
spares for this a ssm,1bly be includJd in the spare parts supplied vri th 
the equipment. 

2-15- 16 (2- 12- le) The insulation of t~e conduct0rs connecting to the riain 
tcrninal b..:iard in the transnittcr -cs found ta h::ivc b2en danagcd by heat 
fr,?m an adjacent resistor. It is reca1nr.1.Jndcd that a hQa t shield be provided 
bet't"reen the r Qsistor and the tcrr,1in:i.l board t o preclude such dannge . 

2- 15- 17 (2- 12- le) The nounting clips f0r a nl.lT.'!ber of c0~p~nents -:-ere fnund 
t8 be spaced farther apart than desirable . It is rec0~~ended that these 
spacings be reduced to the Binimum amount required t o accnmmndate the 
corresponding component. In naking the reductions, care sh::mld be taken 
to allow for the maximum dimensional tolerances specified for the various 
components . 

2- 15- 18 (2- 12- lg) The resistors R51.l and RSl.2 should be mounted in such 
a manner that they do not rest against a grounded metal surface. 

2- 15- 19 (2- 12- lh) The resistors designated as Rl7 in the Regulated 
Rectifiers v:ere found to have a resistance 7Thich was less in value by a 
factor of 10 than the value specified in the Instruction Book . This 
discrepancy should be corrected . 

2- 15- 20 (2- 12- li) The res i stors R23 and R24 in the Regulated Rectifiers 
have tab type terminals. Navy S?ecifications RE- 13A- 372-J do not permit 
the use of this type of resistor in ship borne transmitters . 

2- 15- 21 (2- 12- 2a} The capacitor C- 13 in the Transmitter Unit has a peak 
potential of 1000 volts applied to it. Its rated working voltage is 600 
vol ts . It is recommended that the capacitor be replaced bj one having an 
adequate voltage rating. 
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2-15- 22 . An electrolytic capacitor (Cl) is used in the Antenna Control 
Unit. 

2- 15- 23, (2- 12-3) The zero adjustment on the milliammeter Ml cannot be 
conveniently manipulated because access to it cannot be obtained until 
the watertight cover on the front panel is removed. The meter is in a 
high potential circuit and both of its terminals operate at a potential 
of several thousand volts with respect to ground. 

2-15- 24. (2-12- 4a) Several type 6L6 vacuum tubes are used in the equipment. 
This type of tube is not included in the Army- Navy list of preferred vacuum 
tubes. The 616G type tube does appear on this list. 

2-15- 25. (2-12- 4b) The filament potential of the typ~ 722A tube V2 was 
found to be 28% greatar than the rated value . 

2- 15- 26. (2- 12- 5a) Refillable cartri.dge fuses are used in the equipment. 
It is understood that the Bureau of Ships nov, r equires t he use of non
r2fillable fuses. 

2- 15- 27. (2-12- 5b) The antenna is so constructed that the possibility of 
damage to its gearing exists wh8n the line voltage is suddenly removed. 

2- 15- 28 (2- 12- 6) The povrer switch in the transformer assembly operates at 
a voltage which exceeds its rating. It is recomm.and3d that the present 
svri tch be r eplaced by one of adequate voltage rating. 

2- 15- 29. (2-13- la) Th~ rim of the ,,.ra t ertight panel cover for the m0ter Ml 
was found to be cracked . 

2- 15- 30 (2- 13- lb) The use of brake bands for stopping the r otation of the 
antenna introduces the problem of upkeep and adjustment of the bands. It 
is recomm,Jnded that an alternate method of .stopping rotation be consid3rad. 

2- 15- 32 (2- 13-lc,d) Socket- h8ad set screv,,s should be used to secure the 
Power Unit control knobs to their shafts and to s.3cure the universal joints 
to the sh:ifts of the variacs in th2 PoF~r Cont rol Unit. 

2- 15- 33 (2- 13- le) The coaxial output connections of thG T-R cavity and the 
magndtron should be ali6ned so that th.a coaxial coupling betwecm these two 
compon2nts will fit properly. 

2- 15-34 (2-13- lg) Th~ end bells of the syncro units should be treat0d to 
prevent them from corroding . 

2-15- 35 (2- 13- lh) To provide for the safety of personnel, tho antenna 
assembly should be equipped -rri th a switch that '.'.rill p.:irmi t the ant..3nna to 
be de- energized before servicing operations are undQrtaken. 

2- 15- 36 (2- 13- li) The lobe svritching brushes BR- 1, BR- 2, BR-3, BR- 4, and 
BR-5 should have coin silver contacts. 
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2- 15- 37 (2- 13- lj) Tho antenna assembly should be modifi8d to preclude the 
possibility of water l zaking into it through tho thr::iaded holes for t he 
cover plate securing screTTs. 

2- 15- 38 (2- 13- lk) The switch handle of the transformer assembly should be 
made sufficiently sturdy to Y.d. thstand the rigorous troa tment it i:d.ll 
experience in the Naval Service . 

2- 15- 39 (2- 13-11) The antenna assembly should be modified so tha t tho 
bolts by v,hich the antenna hood is held dovm will not bend vrhile t hey ar c 
being t i ghtened. 

2- 15-40 (2- 13- lm) A suitable plating should be applied to tha component 
p3rts of t he l obe sv.ri tching unit to pre vent corrosion. 

2- 15- 41 (2- lJ-ln) The fuse cl ips provided in the transmitter to a ccommodate 
a r esistor R56 should be climinat~d since ther e is no such r esistor in the 
transmitter. 

2- 15-42 · (2-13-lo) The three blow-.3r motors in the Gqui pment ar o of a type 
nhich expcri0ncc has shorn 11;ill fail aftGr a short p0riod of s 0rvic-:.: . It is 
r ecommended tha t this type of motor be rcpl a c:id by a type tha t ,·rill ha vo a 
s~tisfactorily long and trouble- free life. 

2- 15- 43 (2- 13- lp) A numb0r of aluminum components should ha ve t heir 
surfaces traa t ed in a mann3r that will prevent corrosion. 

2- 15- 44 (2-13-lq) An el cctrici~n 1s key is r 3quircd to open t he cabinet 
of th2 transform0r a ssembly. Such a k~y should be permanently fa s tened 
to the cabinet by a length of cha in or by other means. 

2- 1S- u5 (2- 1J- 2a) The components in the antenna assembly are not r eadily 
accessible for servicing due to the location of t hese parts in the 
assembly and the location of the antenna on the mast head. It is recommended 
that the antenna assembly be modified -to contain only the components 
necessary for rotation of the antenna . 

2- 15-46 (2- 13-26) The equipment should be modified to render the magnetron 
more easily replaceable. 

2- 15- 47 (2- 13-Ja) The cables J6, J7, and J8 should be lengthened to permit 
i ncreased accessibili ty to the knocker unit. 

2- 15-u8 (2- 13- 3b) The insulated conductor leading from the resistor R3 to 
terminal 6 on the sub-chassis for the tube V2 appears to be inadequate . A 
conductor having adequate insulation should be provided. 

2-15- u9 (2-13-3c) An arc occurred between the transmitter chassis and the 
insulated conductor leading from the inductance 12 to the plate of the type 
722A tube V2. The conductor should be provided 1rri th insulation that ,rill 
preclude this arcing. 
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'2-15-SO. 't2-13-'.lil') Tlje are a 
in their cable entrance plates. 

number of units yrhich have surplus holes 
These surplus holes should be eliminated . 

2- 15- 51 (2- 13- 3e) It is recoJ'Jillended that all cable entrances to the Po,,er 
Unit and Indicator Panel be made at the r0ar of these units instead of at 
the front as is done at present . 

2- 15- 52 (2- l4- 2a) The positions of the Regulated Rectifier metar s.:~tch in 
the Po·.•rer Unit ar~ marked 11111 a nd u211, rospectivl:ll y . They should be marked 
11A11 and 11 B11 to correspond to the nomJnclature of th3 rectifiers . 

2- 15- 53 (2- 14- 2b) Sui table arro,:rs should be inscribed on the knobs of the 
access door of the Po·-er Unit to indicate the direction of rotation for 
locking. 

2- 15- 54 (2-l4- 2c) A chart sho,·1.ng th3 fuse numbt::r and position of the 
fuse in the unit (such as . main line, antenna , etc. ) should be provided 
on thu fuse panel of the Main Control Unit . 

2- 15- 55 (2- 1L.- 2d) The majority of the component markings in the aquipment 
arc unprotected. 'I'hese markings should be prot.Jcted by a coat of clear 
glyptal . 

2- 16 CONCLUSIONS 

Th~ results of th9 inv~stigations conducted on tho Model SH 
Radar Transmitting Equipment lead to the follovring conclusions . 

2- 16- 1 The equipment oper ated without-damage and without difficulty 
when subjected to ambient temperatures ranging from Oto 50°c . The 
mechanical operation of the antenna was satisfactory at ambient tem
peratures ranging from - 28°c to 50°c. 

2- 16-2 The equipment operated without damage vrhen e:>-.-posed to relative 
humidities ranging up to 97%-

2- 16-3 The equipment is not adequatel:,r protected against vibration . 
As part of any modification, intended to effect improvement in the equip
ment, attention should be particularly directed to"l'rard the elimination 
of the intermittent opening of the contacts of the interlock switches, 
to the elimination of the excessive resonant vibration of the chassi s 
of the regulated rectifiers and the attendant erratic firing of the type 
VR 150 -30 tubes mounted on these chassis, and to the elimination of relay 
difficulties i'rhich caused er ratic rotation of the antenna spinner . 

2- 16- 4 It is recommended that all auxiliary resilient mounts be removed 
from the equipment. 

2-16- 5 The equipment is not adequately protected against shock. As part 
of any modifications , intended t o effec t impr ovement in the equipment, 
attention should~ particularly directed to~iards the elimination of the 

- 2- 21 -
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difficulty experienced with tho relay S1 . 2 of th~ Ant~nna llotor Control, 
and to the elimination of the difficulty caused by the opening of the 
contacts of relays s4 and S5 of the ant8nna assembly . 

2- 16- 6 The location of numzrous components in the ant- nna assumbly 
which will raquirc periodic servicing creates a condition ,rrhere either 
such servicing will be neglected or accomplished with danger to personnel . 
The antJnna assembly in its present form is not considered suitabJe for 
use in the Naval Service . 

2- 16-7 A number of defects were notod which are attributed to insufficient 
inspaction, poor workmanship, or improper design. A number of modifications 
or corrections are needed to improve maintenance, servicing, and operation. 

- 2- 22 -
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Table 1 

Section 2 

Model SH Radar Equipment 

VARIATION IN AMBIENI' TEMPERATURE 

Rel Reg Rect Reg Rect wave-
Time Temp Hum. Line Li ne Volts Volts H V Rect Length 
Hours (°C) (%) (Amps ) (Watt s) 11Att IIBII Voltage (CMS) 

0830 50 7 15.6 1615 298 302 990 9. 86 
0845 51 7 15.5 1600 298 303 990 9. 86 
0900 50 7 15.6 1605 298 303 990 9. 85 
0915 so 7 15.6 1605 297 304 1000 9. 86 
0930 50 6 15.5 1595 295 304 990 9. 86 
0945 so 6 15.4 1590 295 304 990 9. 85 
1000 35 9 15. 5 1595 296 303 990 9. 85 
1015 35 9 15.6 1615 295 302 990 9.86 
1030 35 9 15.6 1615 295 302 990 9. 85 
1045 35 9 15.6 1610 296 301 1000 9.85 
1100 35 9 15.J 1575 296 301 990 9. 86 
1115 22 21 15.3 1575 294 301 990 9. 86 
1130 20 23 15.3 1575 294 300 990 9. 85 
1145 20 16 15.7 1625 300 JOO 1000 9. 86 
1200 20 16 15.4 1595 JOO JOO 995 9. 85 
1215 20 13 15.3 1575 296 300 990 9. 86 
1230 20 13 15.4 1590 296 300 990 9. 86 
1245 35 37 15. 9 1670 298 298 1000 9, 85 
1300 0 15.6 2150 298 JOO 990 9.85 
1315 0 15. 4 2075 300 300 1000 9, 87 
1330 0 15.4 2100 299 300 1000 9.87 
1345 0 15,4 2090 JOO JOO 1000 9. 85 
1400 Q 15.6 1620 300 300 1000 9, 87 
1415 0.5 5.0 555 
1430 0 5.0 550 
1445 Q 5,0 550 
1500 0 5.0 550 
1515 0 5.0 550 
1530 0 5. 0 550 
1545 0 19. 75 2125 295 300 1000 
1550 0 19.0 2100 295 298 1010 
1555 0 19.0 2100 JOO 298 1010 
1600 0 19. 0 2100 JOO 298 1010 9. 87 

DECLASS~FIEu 
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I n•· • ~..::-, ,. ,r ..... lf.., ~ru,I?-
Table 1 (Cont 1d) 

H V Rect Load 722A 722A Rep Avg Rel peak 
Time Current Voltage Current Temp Rate Watts Power 
Hours (MA) (Vol ts) (Amps) (OC) (CPS) Output Output -- -- --
0830 111 120 5.45 59.5 1652 00608 1.00 
o8h5 111 119 5. 6 61.5 1685 00608 0. 982 
0900 110 120 5.6 61.8 1689 00593 0.955 
0915 110 120 5.5 62 .2 1665 00605 0.989 
0930 110 120 5.6 62 .6 1663 00599 0 . 9?9 
0945 110 119 5.6 62 .6 1671 00625 1 .016 
1000 110 119 5.6 57 . 9 1671 00663 1.079 
1015 110 119 5.6 57 . 2 1668 00644 1. 050 
1030 110 119 5.6 59.1 1672 00642 1 .042 
1045 110 119 5.6 58 .3 1676 00605 0. 982 
1100 110 119 5.6 58.3 1677 00608 0. 987 
1115 110 119 5.6 53 .7 1676 00680 1.103 
1130 110 119 5.6 55 .6 1674 00644 1 .045 
1145 112 120 5.S 56. 8 1673 00622 1.010 
1200 111 119 5.5 57 . 2 1673 00611 0. 994 
1215 111 120 5.6 57.6 1675 0062? 1.008 
1230 111 119 5. 5 57 .6 1674 00622 1.009 
1245 112 121 6. l 44.3 1674 00773 1.256 
1300 112 120 6. 7 41.2 1670 00750 1.220 
1315 112 120 6. 8 41.2 1670 00758 1.233 
1330 112 122 6. 9 40.8 1674 00766 1.243 
1345 114 120 6. 9 41.2 1670 00772 1.253 
1400 115 121 5. 9 46 .6 1672 00772 1.252 
1415 46.2 
1430 37 . 7 
1445 31.0 
1500 28.3 
1515 26. 7 
1530 26.0 
1545 116 120 7. 5 33 .0 1653 00750 1.230 
1550 116 120 5. 7 36.5 1659 00750 1.229 
1555 116 121 5.7 l.tl.2 1662 00750 1.225 
1600 116 121 5 ,.7 1668 00750 1.222 

Line voltage was held constant at 115 volts . 

Y:-avemeter Trans . Yia ve-
Reading Length 

6. 25 9.87 
6.26 9. 86 
6.27 9. 85 

DECLASSIFIE~ 
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DEC:.ASSIFIED ,-.~• ... ...-.·"-f'~~c;.o~.:.=1.:, .\~i• · Table 2 

Section 2 

Model SH Radar Equipment 

EFFECT OF LON TEMPERA TUF.E 

722A 
Base 

Time Temp Line Line Temp 
Hours (°C) Amps Vfa tts (OC) 

--
0815 19 16.2 1790 37.7 
0830 5 16.2 1790 34.9 
0845 - 8 16.3 1810 31.8 
0900 -11 16.3 1810 29.5 
0915 -12 19.0 2100 26.0 
0930 -15 16.25 1800 24 .0 
0945 -15 16. 25 1800 23.2 
1000 -17 16.25 1800 21.3 
1015 -19 16.25 1800 19.3 
1030 - 20 16.50 1850 18.2 
1045 - 21 16.2 1790 16.6 
1100 - 22 16.2 1780 15.4 
1115 - 22 . 5 16.0 1765 14,3 
1130 - 23.3 16.25 18o0 12.7 
1145 - 23 .J 16.25 1800 12 .7 
1200 - 2u 16. 25 1800 11.9 
1215 - 25 16.3 1810 11.1 
1230 - 25 . 5 16.0 1765 10.0 
1245 -26. 1 16.0 1765 9. 2 
1300 - 26 .6 16.0 1765 8.4 
1315 - 27.7 18.0 2125 7.6 
1330 - 28 .2 16.0 1775 6.9 
1345 -28.2 16.25 1800 6.5 
1400 -27.7 16.25 1800 6 .1 
1415 - 27.2 16.25 1800 7.2 
1430 - 25 .0 16.25 1800 8.0 
1445 - 26.1 16. 20 1800 B.o 
1500 - 28.o 16.20 1800 7 .6 
1515 
1530 - 25.0 24. 5 2450 15.4 

.. -- . . ... 
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Table 3 

Section 2 

Model SH Radar Equipment 

VARIATION IN RELATIVE HUMIDITY 

Rel Reg Rect Reg Rect H V Rect 
Time Temp Hum Line Li ne Volts Vol ts H V Rect Current Load 
Hours (°C) (%) Amps Tiatts _ ,r_A_11 __ 11_B_11 _ Voltage (MA) Volts 

1030 
1045 
1100 
1115 
1130 
1145 
1200 
1215 
1230 
1245 
1300 
1315 
1330 
1345 
1400 
1415 
1430 
1445 
1500 
1515 
1530 
1545 
1600 

38 16 15.3 1570 
40 20 14. 9 1525 
40 21 15.0 1535 
39 18 14. 8 1520 
40 21 14 . 9 1525 
39 23 14. 9 1530 
40 69 15.1 1550 

40.5 97 15.1 1550 
41 97 15.1 1550 
40 97 15. 2 1555 
40 97 14. 75 1500 
40 97 15.0 1550 
40 97 15.25 1575 
40 43 15.25 1575 
40 25 14-75 1510 
40 21 14. 8 1525 
40 20 15. 25 1570 
40 26 14 . 9 1525 
40 20 15.0 1550 
40 21 15.0 1540 
40 18 14. 8 1525 
40 18 15.0 1540 
40 20 14. 75 1515 

Time 
Hours 

722A 
Thy Gath 
Current 

(MA) 

722A 
Base 
Temp 
( oc ) 

1030 
1045 
1100 
1115 
1130 
1145 
1200 
1215 

5. 8 
5. 9 
5.8 
5.8 
6.0 
5. 9 
5.8 
5 . 8 

59.1 
58.7 
58. 7 
58. 7 
58.7 
57.9 
60.3 
58.7 

300 
JOO 
298 
296 
298 
298 
298 
298 
298 
295 
295 
295 
295 
296 
296 
295 
295 
297 
295 
297 
297 
296 
295 

300 
300 
302 
302 
302 
302 
302 
302 
302 
303 
305 
305 
305 
305 
305 
302 
302 
302 
302 
302 
302 
302 
302 

Avg Watts 
output 

. 00508 

.00492 

.00508 

.00500 

.00500 

.00500 

.00492 

.00452 

s 

1000 
1000 
1000 

990 
1000 
1000 
1000 
1000 
1000 

995 
995 
995 

1000 
1000 
1000 
1000 · 
1000 
1000 
1000 
1000 
1000 

990 
1000 

Rel Peak 
Pmrnr 
output 

1.00 
. 969 

1.00 
. 984 
.979 
. 979 
. 964 
. 888 

112 
112 
112 
110 
110 
111 
111 
111 
ill 
110 
110 
110 
111 
111 
110 
110 
110 
111 
110 
110 
110 
110 
110 

Rep 
Rate 

1668 
1665 
1667 
1669 
1676 
1675 
1672 
1670 

120 
120 
120 
119 
120 
120 
120 
120 
119 
119 
118 
118 
119 
119 
119 
118 
120 
119 
118 
119 
119 
118 
118 

Trans. 
YJave
L<mgt h 

9. 87 
9. 87 
9.83 
9.83 
9. 84 
9. 83 
9. 84 
9. 83 

OECLASSIFIEu 
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Table J (Cont 1d) 

722A 722A 
Thy cath Base Rel Peak Trans. 

Time current Temo Avg vratts power Rep '\7$ave -

Hours (MA) ( 0cr Output Output Rate Length 

1230 5.8 58. 7 .00414 .815 1667 9,83 
1245 5. 8 58,9 ~00387 ,764 1660 9.83 
1300 5.8 59,5 .00418 .826 1660 9,84 
1315 5.8 60 ,3 .00418 . 818 1678 9. 85 
1330 5. 7 58.7 .00399 .790 1654 9. 84 
1345 5. 8 58. 7 .00399 , 790 1656 9. 85 
1400 6.0 58. 7 .00399 • 787 1661 9. 83 
1415 5. 9 60. 3 .00399 • 787 1661 9.84 
1430 5.8 60.3 .00407 ,797 1675 9. 85 
1445 5.8 60,3 .00407 • 793 1682 9. 83 
1500 5.9 59.5 .00407 .796 1676 9,85 
1515 5. 8 59.9 .00407 • 795 1679 9. 84 
1530 5. 9 59. 9 .00407 , 793 1683 9.86 
1545 6.0 59,5 .00390 . 793 1681 9.85 
1600 5.9 60,7 ,00407 . 791 1687 9, 84 

/" .. 
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Table 4 

Section 2 

Model SH Radar Equipment 

EFFECT OF HIGH HUMIDITY 

Rel 
Time 
Hours 

Temp Hum Line Linc 
( 0 c) (%) Amps Watts 

1315 
1330 
1345 
1400 
1415 
1430 
1445 
1500 
1515 
1530 
1545 
1600 
1615 

Time 
Hours 

1315 
1330 
1345 
1400 
1415 
1430 
1445 
1500 
1515 
1530 
1545 
1600 
1615 

40 23 
40 23 
40 97 
40 97 
40 97 
40 97 
40 97 
40 97 
40 97 
40 97 
40 97 
39 97 
38 79 

722A 
Thy cath 
Current 

(Ma) 

5.6 
5.5 
5.5 

14 .9 · 1515 
14.9 1515 
14.8 1505 
1.0 50 
1.0 75 
1.0 50 
1.0 75 
1.0 75 
1.0 75 
1.0 75 
1.0 75 

15 .2 1545 
15.3 1565 

722A 
Base 
Temp Rep 
(°C) Rate 

59 .5 1661 
60.7 1655 
60 . 7 1657 
58 .7 
55 .6 
53 .7 
51.3 
50 . 9 
49.8 
49.4 
49 .4 
56 .4 1641 
58.3 1645 

Reg Rect Reg Rect 
Volts Volts 

IIAII flBII 

298 
300 
JOO 

303 
303 

301 
302 
303 

303 
303 

H V Rect 
Voltage 

1000 
1000 
1000 

1000 
1000 

Avg V.fatts 
Out put 

Rel Power 
Output 

Load 
Voltage 

.0107 

.01045 

.01033 

.01070 

.01038 

1.00 
.980 
.970 

1.00 
,982 

120 
120 
120 

120 
120 

H V Rect 
Current 

(MA.) 

112 
112 
112 

112 
112 

Trans 
wave

Length 

9.85 
9. 87 
9.87 

9.86 
9.85 

DECLASS:F:ED 
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Table 5 

Secti on 2 

Model SH Radar Equipment 

VARIATION I N LI NE VOLTAGE 

Power 
Thy Output 
Cath Reg Rect in% Rep AC H.V. H. V. Line 
Cur Line Voltage of Rate Volts Rect Rect Curr . v;a tts Load 
(I!A) Volts IIA 11 IIBII Normal (CPS) (Sec) (l:A) (KV) (Amps) Input Volts 

Antenna Operati ng on Low Speed Rotation 

9.5 413 285 JOO 11.l 1638 103 .5 99 0 . 91 4.70 1760 110 
8. 9 423 295 300 22 .2 1643 105. G 100 0 . 93 4-79 1820 112 
7.1 431 298 JOO JJ .J 1646 108.1 104 0 . 95 4. 92 1910 llh 
6.2 440 JOO JOO Wt .4 1643 110.4 106 0.96 5 .08 1990 116 
6.0 451 300 300 72 .2 1643 113. 7 109 0 . 99 5.18 2050 119 
6.0 460 300 300 100.0 1644 ➔:-115 .o 111 1.01 5.JO 2130 122 
6.1 467 JOO JOO 116. 7 1646 117 .J 114 1.03 5.38 2180 123 
6.1 478 300 300 144.5 1648 119.6 116 1.05 5-54 2270 125 
6.J 490 JOO 300 183 .5 1650 121.9 119 1.08 5. 73 2380 127 
6.4 495 300 JOO 183 .5 1651 124.2 121 1.09 5 . 82 2430 128 
6.4 505 300 300 200.0 1652 126. S 123 1.11 5. 95 2490 132 

Antenna Operating on High Speed Rotation 

12 . 9 412 .2 268 298 6.67 1695 102.6 98 0. 9 5 .90 2070 109 
11.1 421.4 290 299 1J .J4 1675 104. 7 99 0.92 6 .03 2150 112 

9.1 hJ0.6 295 299 26. 7 1673 106.J 101 0. 94 6.11 2200 114 
7.5 439. 8 298 JOO 40 .0 1679 109.6 104 0. 96 6. 28 2280 116 
6. 9 449 .0 JOO JOO 66 .7 1678 112 .0 107 0. 98 6 .48 2400 118 
6. 9 -~458. 2 JOO 299 100.0 1679 115.0 109 0. 99 6 .58 2440 121 
7. 2 467 .4 300 299 126. 7 1682 116.0 112 1.01 6.78 2540 122 
7.6 476.6 301 JOO 153 .5 1686 116.4 114 1.04 6. 93 2620 124 
7. 9 hB5 .8 301 JOO 180.0 1688 120.0 116 1.05 7.12 2710 126 
8.J 495.0 301 300 220 .0 1680 124.0 120 1.08 7 .38 2820 129 
8. 5 504 . 2 302 299 247.0 1692 125.5 122 1.10 7.52 2900 131 

11.0 396.0 2a2 JOO 7.14 1645 97 -7 97 O. G9 5.85 2000 109 
8. 8 404 . 8 290 JOO 21.4 1646 100.4 99 0. 91 6.05 2100 112 
7.5 41) .6 298 300 28.6 1647 102 .1 101 0 . 93 6.15 2150 114 
6.J 422 .4 JOO JOO 42 . 8 1643 105. 2 104 0. 95 6.29 2230 117 
5. 8 431. 2 300 301 ·71.4 1648 106. 8 106 0.97 6.44 2320 119 
5. 8 ➔~440 .0 JOO 301 100.0 1648 109. 2 109 1.00 6.62 2420 122 
5. 9 WrB .8 300 301 128.5 1650 111. 0 110 1.01 6. 69 2450 123 
6.0 457.6 JOO 301 157 .2 1650 llJ . 8 113 1.03 6. 92 2560 125 
6.0 466 .4 300 301 185. 5 1650 116.0 116 1.05 7.05 2620 127 
6.1 475 .2 300 301 221.5 1650 llG . l 118 1.07 7. 23 ?760 127 
6.1 4Gl.r .O JOO 301 250 .0 1650 119. 7 121 1.09 7.48 2ol0 131 
* Normal 

' 
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Table 5 (Cont 1d) 

722A 
Line Load Reg Rect Reg Rect Thy 

Voltage Voltage llAII "B" Cath 
(Vol ts) (Volts) (Vol ts) (Volts) (!!.\} 

103 .5 108 248 264 7.7 
105. 8 111 258 274 6 .6 
108.1 112 264 281 6. 0 
110.4 115 273 285 5.6 
113 .7 118 282 285 5.4 
115.0 120 2G6 285 5,3 
117.3 122 291 285 5 .3 
119.6 124 297 285 5 .1 
121. 9 126 305 286 4~9 
124. 2 128 312 286 4 . 6 
126.5 130 320 286 4 .6 

The thyratron current was adjus t ed to minimum before 
each reading . 

' DECLASSIFIE~ -..' 
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Line Voltage 
Load Voltage 

H. V. Rect Voltage 
H.V. Rect Current 
Reg Rect Voltage 11A'1 

Reg Rect Voltage 11B11 

Thy Cath Current 

Table 6 

Section 2 

Model SH Radar Equipment 

EFFECT OF LINE SURGE 

Normal 30% Above 
Readings Normal 

n5v 154 V 
122 V Greater t r.an 

150 V 
1.0 KV 1.38 KV 
110 MA 155 l.!A 
296 V 300 V 
JOO V 330 V 
6.4 Mil 6.1 MA 

For 1/2.1 and 1-1/2 sec duration. 

U CLASS IED 

30% BF.!low-
No:r:nal 

82 V 
90 V 

0 .64 KV 
7Z Mil 

2l·J V 
230 V 

Greater than 
15 HA. 

DECLASSIF'E~ 
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Cont. 
let . 

Dl 

P3 

Cl5 

P2 

Tuner A 

Tuner B 

Tuner C 

Tuner D 

Pl 

Dl 

D2 

T2 

Table 7 

Section 2 

Model SH Radar Equipment 

List of Controls 

Control 
Marking 

(Transmit t e!' ) 
Pulse Rate 1 

Pulse Rate 2 

IIA II 

"B" 

Pl, magnetron 
filament volts 

Control Calibration 
or Positions 

Circuit Controlled Type of control 

Time constant of v6 ·1Lovr-High11 switch 
multi vi bra tor 

Time constant of V6 110- 10011 Potentiometer 
multi vi bra tor 
(Vernier Adjustment) 

Delay of operation Variable condenser 
betv:een multivibrators 
v6 and V9 

Grid bias of V6 Potenti~eter 

T-R cavity Shorting cylinder 

T-R cavity Shorting cylinder 

V!ave guide matching Shorting cylinder 

¥;ave guide matching Shorting cylinder 

Magnetron filament Rheostat 
voltage 

(Main Control Unit) 

Meter Output voltages of 111- 211 sr;itch 
2 reg rect. 

Pilot lights Shorts resistances in 11BRT- Dlli11 svri tch 
series vri th pilot 
lamps 

Load Varies main supply variac 
vol tagc 

UNCLASSIFIED DECLASSIFIE;J 
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Table 7 (Cont 1d) 

Cont. 
let. 

D3 

D4 

Tl 

D5 

D6 

Dl 

.. D2 

D3 

D4 

D5 

D6 

Control 
Marking 

(Main Control 
.Main switch 

H V Rect 

H V Rect 

Antenna 
Control 

Heater uni ts 

Circuit Controlled 
Unit) 

Main supply voltage 

Control Calibration 
or Positions 

Type of Control 

110ff- On11 switch 

H V Rect Primary Volts 1'0ff-Onl' S'Titch 

Varies H V Rect Volts Variac 

Supply voltage to 1! Off-On" &•ri tch 
antenna control unit 

Supply voltage to 110ff-On11 svri tch 
heater uni ts 

(Antenna control Unit) 

High speed 

Low speed 

Stop 

Left 

Right 

Voltage to r~lay S5 

Voltage to relay S1.4 

Voltage to relays 
S1.1 and S1.2 

Voltage to low speed 
motor and solenoid 
S1.2 

Voltage to lovr speed 
motor and solenoid S1.2 

Lobe switch Supply vol ta.go to lobc110ff- On11 svri tch 
svti tc h mo tor 

(Bearing Indicator) 
11Bright-Dimtt 

Indicat3s relative and 
true antenna bearing 

(Rog Rect} 
Voltage adjustment 

NC S DECLASStFIE~ 
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Table 8 

Section 2 

llodel SH Radar Equipment 

CHECK OF RESISTORS USED IN EQUIPMENT 
(ns Per Specifications RE-13A:-372- J ) 

Rated Permi tted by Spe~s. 
Res Res M:::.x t:easured 

No (Ohms) Style Type No . watts Volts Res Watts Vol ts - - --
R55 100 A CA0- 63186- F 200 1650 75000 110.5 105 AC 
R53 100 A CA0-63186- F 200 1650 75000 107 .6 105 AC 
R52 100 A CA0- 63186- F 200 1650 75000 111.8 105 AC 
R54 100 A CA0- 63186- F 200 1650 75000 108.5 105 AC 
Rh4 6300 D CA0-63949- E 24 625 18000 10.03 250 DC 
Rl5 40000 B CA0- 63714-E 60 1200 50000 21.5 940 DC 
R9 2000 D CA0- 63079- E 24 625 18000 0 .24 22 .4Dc 
R4 31500 B CA0- 631020- E 60 1200 50000 17 .22 725 DC 
R3 16000 D CA0-63093- E 24 625 18000 2 .06 180 DC 
R5 2000 D CA0- 63079- E 24 625 18000 12.57 160 DC 
R25* 1000 B CA0- 63lhl- E 60 1200 50000 33 -9 180 DC 
R2,S-i:..,-i- 1000 B CA0-63141- E 60 1200 50000 33 .1 180 DC 

➔} Reg Rect 11A11 

~ Reg Rect nBn . Remainder of resistors are located in transmitter . 

Res 

99-9 
102 .4 

98.6 
101.5 
6230 

41110 
2015 

30540 
15680 

2035 
957 
980 

.. 
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Table 9 

Section 2 

Model SH Radar Equipment 

CHECK OF CAPACITORS USED IN EQUIPltEUI' 

Listed Cap Rated 
Component (in MF) Rated cap Wor king Applied Navy Type 

Unit Number (Instruction Book) (In MF) Voltage Voltage No. 

Trans Cl 0 .01 0 . 01 2500 1000 CD- 48643 
II C2 0 . 5 0 .5 2000 1000 CD-481478 
" CJ 0 .0002 0 .0002 10000 1000 CD-48270- B5 
II c4 0 .1 0 .1 1500 1000 CD- 48197-ClO 
11 c5 . l 0 . 15 0 .15 1500 1000 CD-u81429-10 
" c5. 2 0 .15 0.15 1500 1000 CD- 481429-10 
II c6 0 . 5 0 .5 600 285 CD- 481223 
II C7* 0 .01 0 .01 600 285 CD- 48848- 10 
II c8 0.0005 0.0005 600 228 CD-48691-10 
" C9* 0 .001 0 .001 600 132 CD- 481070-10 
II Cle» 0 .001 0 .001 600 130 CD- 481070- 10 
II Cll-l} o.oos 0 .005 600 165 CD- 481037-10 
11 Cl2 0 .25 0 . 25 1000 205 CD-48288- Bl O 
II Cl3* o.oos 0 .005 600 132 CD-u81037-10 
II Cl4~-:- 0 .0001 0 .0001 600 227 CD-48674-D5 
II c15* 0 .0001 "iuf" "(,. ** 227 coc-481426 
II Cl6 0 .001 0 .001 600 10.5 CD- 481070-10 ,, Cl7* 0.01 0 .01 600 2J . 8 CD-48848-10 
11 Cl8 0 .000025 0 .000025 600 0 CD-48711-10 
II Cl9 0.0005 0 .0005 600 75 CD- 48691-10 
II C20 0 .0005 0 .0005 600 72 CD-48691-10 
II C21* 0 .00035 0 .00035 600 2. 80 CD- 48676- 10 
II C22~:- 0 .000025 0 .000025 600 0 CD-48711-10 
II C23 0 .05 0 . 05 600 39 CD- 481311 
II C24 0 .01 0 .01 2500 * ~-:- CD-481387-10 
II C25 2.0 2.0 600 285 CD- 48403- BlO 
II C26 0 .01 0 .01 1500 ''- ''-;,,: ·,~ CD-481387-10 
" C27* 0.002 0 .002 600 120 AC CD-48856-10 
II C2& 0 .002 0 .002 600 120 AC CD- 48856-10 
11 C29~} 0.01 0 .01 2500 ~~ ?} CD-48487- B- 20 
II CJO-l, 0 .0005 0 .0005 600 {~ ..J} CD-48691- 20 
II CJl-::- 0 .0005 0 .0005 600 ** CD-48691- 20 
II C32* 0 .01 0.01 ~A- -;'!4 -~ ~} CD- 48h87- B20 

H V Rect Cl 2 2 1500 1000 CD-481345 
11 C2 2 2 1500 1000 CD-481345 

CLASSIF 12~ 
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Table 9 (Cont 1d) 

Listed Cap Rated 
Component (in llF) Rated Cap Working A.pplied Navy Type 

Unit Number (Instruction Book) 

l:ain 
Control 
Unit Cl 0.01 

II C2 0.01 
II C3 0.01 
II c4 0.01 

Reg 
nect 
" All Cl 0.5 

II C2 10 
II CJ 8 
II C4.l 0 . 25 
II c4 .2 0 .25 
II c5 4 
II C6 10 
If C7 0.00025 
II cB 0 .01 

Reg 
Rect 
"B11 Cl 0.5 

II C2 10 
II CJ 8 
II c4 . l c . 25 
II c4 .2 0 .25 
II cs 4 
II c6 10 
II C7 0 .00025 
II c 8 0.01 

* Component nuruber not marked 
~~ Ratings not accessible 

(In !.W) 

0 .01 
0 .01 
0 .01 
0 .01 

0.5 
10 
➔f -* 
0 .25 
0 . 25 
4 

10 
0 .00025 

0 .01 

0.5 
10 

** 0.25 
0.25 
4 

10 
0.00025 

0 .01 

CLASS E 

Voltage Voltage No . 

2500 300 CD-48487-B20 
2500 120 n.C II 

2500 II 

2500 II 

600 12 .5 DC CD-481223 
1000 470 DC CD-481343 
-)} ~- 460 DC CD-h81J42 

600 156 DC CD- 48fl8- B 
600 h5 DC CD-48618-B 
400 148 DC o·:- 4131348 
600 298 DC CD- 481343 
600 J .O DC CD-48690-10 

2500 298 DC CD- 48437-B20 

600 13 . 2DC CD- 481223 
1000 485 DC CD-481343 
-;~ * 470 DC CD-481342 

600 156 DC CD-h8618-B 
600 115 DC CD-48618- B 
400 148 DC C'J-481348 
600 310 DC CD-481343 
600 6 . 7 DC CD-48690-10 

JOO DC CD-48487- B20 

1t 

DECLAss FJED 



--- . - --,.,-

OECLAS~IFIED 

Circ . 
Sym. :Meter Range 

111 }Jain Cont . Unit 
0- 500 V DC 

M2 Main Cont. Unit 
0- 150 V AC 

U3 Main Cont. Unit 
0- 1.5 KV DC 

M4 Main Cont. Unit 
0- 300 1JA DC 

Ml Transmitter 
0- 15 HA. DC 

Ml Reg Rect 
0- _500 V DC 

Table 10 

Section 2 

Model SH Radar Equipment 

LIST OF METERS 

Meter Circuit Meter Dial Marking 

Reg Rect Voltage Navy Type CV- 22225 
Yieston Model 301 No. 1575297 

Line Voltage Navy Type CV- 22084 
•·;es ton Model L76 No . 248651 

H. V. Rect Voltage Navy Type CV- 22305 
"iieston Hodel 301 No. 1569827 

H. V. Rect Current Navy Type CV- 22066 
Vies ton Model 301 No .156938 

Thy Ca th Current Navy Type CV- 22132 
·:;eston Model 301 No .1_580095 

Reg Rect Voltage Navy Type CV- 2222_5 
·;:eston Hodel 301 No . 1574767 

DECLASSIFfE~ 



Tabla 11 

Section 2 

ilodel SH Radar Equipment 

LIST OF VACUUM TUBE POTENTIALS 

Tube 
Circ. Type 
Sym. Tube ~ _..!£ ~ _lL. ~ Isg 

Vl 
V2 
VJ 
v4 
vs 
v6 
V6 
V7 

v8 
v8 
V9 
V9 
Vl0 

Notes : 

813 
722A 
70SA 
706c 
709A 

6StnGT 
6SN7GT 
6L6 

6H6 
6H6 

6SN7GT 
6SN7GT 
616 

1030 
1000 

110 * 
230 -::-

94 19 

- 36 1.5 
- 36 1.5 

285 * 
77 * 

278 ·:l-

- 120 
820 1050 

- 20 0 
- 56 o 
- 28 14 

0 
0 

- 2 24 
22 24 

0 39 

1 Readings are for triode f.l! 
2 Readin~s are for triod~,,(p 
3 Readi ngs are for diode ~ 
4 Readings are for diode(?) 

460 

168 6. 5 ~ Off 
8 .2 Ep On 

* Affects circuit when analyzer is used . 

UNCLASS FIED 

·r;here Note 
..M....!l§.filL..~ 

10. 2 Trans 
J .2 n 
5 n 
6 . J II 

II 

6 .15 11 

6.15 ti 

6 .2 II 

6. 67 II 

6.67 11 

6 • 6 II 

6.6 11 

6 . 2 II 

DECLASS 
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Table 11 (Cont'd) 

Tube 
Circ. Type Ip ,~, Sym. Tube Ep (1:a) ~ _§: ~ -EL i;;here Used 

Vl 5u4G 430 AC 90 465 4.93 Reg Rect A 
V2 5U4G 430 AC 97 465 4. 98 II II 

V'3 616 450 44 295 JOO 450 3.50 6.63 II It 

v4 616 450 42 295 300 450 3.60 6.56 II II 

vs 616 450 42 295 300 450 3 .70 6.56 II II 

v6 616 450 43 295 JOO 450 3. 90 6.56 II II 

V7 VR-105-30 300 10.1 190 II II 

v8 VR-150-30 300 lh. 2 150 II 11 

V9 6SQ7 295 0.3 191 194 6.25 II II 

V1.0 6sQ7 192 0 .2 146 lh9 6.25 II ti 

\Tl 5U4G 435 AC 95 470 L. 97 Reg Rect B 
V'>. 5U4G h35 AC 100 470 5.03 ti 11 

•.J 616 450 40 287 295 450 2. 90 6.62 11 11 

. .,...,~ 616 450 41 289 295 450 3.00 6.62 11 11 

--~ 
:/ 616 450 39 287 295 450 3.05 6.60 11 II 

v6 616 450 43 289 295 450 J.10 6. 55 11 11 

V7 VR-105-30 295 10.1 188 " II 

vs VR-150-JO 295 lh. 2 146 ll II 

V9 6SQ7 290 0.3 188 190 6.35 II II 

VlO 6SQ7 188 0.22 144 147 6.35 11 11 

Vl 836 2.56 H.V. Rect 
V2 836 2.55 H.V. Rect 

.. 
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Table 12 

Model SH Radar Equipment 

LIST OF FUSE CUTutENTS 

Fuse Mount Operating 
Marking Size Ra ting Conditions 

Cir . Cir. Inch on Fuse Amps Fuse 
Symb . # Sym. Amps Volt Dia Leng Amp Volt Volt Surge Nor. Circuit - -
Fl R Fl ➔B~ ,_u~ 0.5 2 30 250 120 32.0 17 .0 1:ain Line 
F2 R F2 "" i<""-,\ --~➔~ 0.5 2 30 250 120 32.0 17.0 Main Line 
F3 R FJ .. ~H<" 7H} 0 .5 2 6 250 120 6.0 3.4 Trans-Rec 

Fil.Trans 
F4 R F4 -,'8:- ➔H~ 0 .5 2 6 250 120 6.0 J.4 Trans-Rec 

Fil.Tram: 
F5 R F5 ~Hf- ~~~(. 0.5 2 3 250 120 0 . 75 0 .65 CRO Supply 

Range Ind 
F6 R F6 ➔H~ ➔H~ 0.5 2 3 250 120 0.75 0. 65 CRO Supply 

Range Ind 
F7 R F7 ... )H~- ➔t'""'A- 0 .5 2 10 250 120 6.8 6.4 Reg Rect 

Fil.H. V. 
Rect 

FB R FB ~~} ➔H} 0. 5 2 10 250 120 6.8 6. 4 Reg Rect 
Fil.H. V. 
Rect 

F9 R F9 {H} iH} 0.5 2 6 250 120 2.5 2.5 H.V.Rect 
Plate 
Trans . 

FlO R FlO ~H} -~W.-(" 0 . 5 2 6 250 120 2.5 2 .5 H.V. Rect 
Plate 
Trans. 

*Fll R Fll ""' ')~\ {Hf 0.5 2 20 250 120 16.0 7. 7 Ant.Cont. 
➔}Fl2 R F12 ➔:--H- .. :H~ o.s 2 20 250 120 16.0 7.7 Ant.Cont. 

Fl3 R Fl3 ~h'-:- ➔H~ 0 . 5 2 10 250 120 5.0 5. 0 Heaters 
Fl4 R Fl4 -X➔~ ➔H} 0 .5 2 10 250 120 5 .0 5.0 Heaters 

Trans- N iH(- ➔'-''· '" o.s 2 30 250 440 32 6 .62 Main Line 
former 

➔:- Damage to antenna gears and clutches may result from a failure of this fuse. 
·lH~ Fuse holder not marked with this data. 
# Nin this column indicates non-refillable type fuse. R indicates refillable 

type fuse. 
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Unit 

Transmitter 
Eain Control Unit 
Antenna Assembly 
Indicator Panel 
Power Unit 
Adapter Control Unit 
Junction Box 
Transformer A$sembly 

Table 13 

Section 2 

Model SH Radar Equipment 

LIST OF WEIGHTS AND Dil.IBNSIONS 

Overall Dimensions in Inches 
HeigFit Thcltri Depth 

20-3/h 18-1/2 14- 3/h 
14- 1/4 15-1/h 15 
49 
32-1/2 40 30-1/2 
43 28-1/2 30 

9-1/4 5- 7/8 6-1/4 
5-1/4 21-1/2 21- 1/4 

22-1/2 23-1/2 10-1/4 

\·;eight 
Dia Pounds 

194 
127 

40 730 
590 
576 

51.. 
166 

U CLASSI IE DECLASSIFIE~ 



Table J.4 

Section 2 

Model SH Radar Equipment 

LIST OF NAMEPLA.TES 

Model SH Radar Equipment 
Supply: 115 V 1~ 60"-' Serial J 

Equipment Consists of Accessories and the Following: 
1 CV!- 66AAQ Antenna Assembly 

1 C11-43AAF Transmitter-Receiver 
CH-55AAU 

1 or Indicator Panel 
C'D- 55AAT 

1 Cl/i- 20AAU Povter Unit 
1 C':i- 23ABX Adapter Control Unit 

1 CZC-2JAAX ~ain Control Unit 
2 CZ11- 62AAC Junction Box 

Navy Department 
Bureau of Ships 

Contractor 
Uestern Electric Company 

Incorporated 
New York, N.Y. 

Contract Number NOs- 82178 - Contract Date Feb. 18, 1941 

Size of Nameplate 411 by 4- 1/211 

Type C .. i- 4JAAF 
Transmitter-Receiver 

180 Pounds Serial 3 
A Unit of Model SH Radar Sluipment 

uanuf'actured For 
Navy Department - Bureau of Ships 

By contractor 
v:estern Electric Company 

Incorporated 
Hawthorne 1:;orks Chicago, Ill. 

Contract Number HOs-82178 contract Date : Feb .18, 1941 

Size of Nameplate 311 by 211 

u cLAss:r1 D DECLASS ~•E~ 
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Table 1L. (Cont 1d) 

Accepted by Navy Placed in Service 
December, 1942 

See Instruction Book Regarding Guarantee 

Size of Nameplate : 411 by Jfa" 

Type crr-55AAU 
Indicator Panel 

500 Pounds Serial 3 
A Part of Model SH Radar Equipment 

consists of mounting rack and the following: 
l - CH55A.AV Rang0 Indicator 
l - Cn55A..lli Plan Indicator 

l - C:1551-L~N Bearing Indicator 
l - C:J23ABB Range Unit 

l-cn23ABC antenna Control Unit 
?1anufactured For 

Navy Department - Bureau of Ships 
By Contractor 

Western Electric Company 
Incorpor a tcd 

Hawthorne "!Jerks Chicago, Ill . 
Contract Number N0s- 82178 - Contract !)ate: Feb. 18, 1941 

Size of Nameplate: 311 by 311 

Type c\·;- 55AAN 
Bearing Indicator 

49 Pounds Serial 3 
A Unit of Model SH Radar Equipment 

Manufactured For 
Navy Department - Buraau of Ships 

By Contractor 
\lestern Electric Company 

Incor:)orated 
Hawthorne °dorks Chicago, ill . 

Contract Number N0s- 82178 - contract Date: Feb. 18, 1941 

Size of Nameplate : 2- 5/811 by 1- 1/411 

C SSI DECLASS FIEu 
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Table 14 (Cont 'd) 

Type CW- 20AAU 
Povrer Unit 

510 Pounds Serial 3 
A Part of Model SH Radar Equipment 

consists of mounting rack and the following : 
l -CZC- 20A.,;,v High Voltage Recti£ier 

2-CZC- 20A.A-;:; Regulated Rectifier 
l-Oi- 2JABD Antenna Motor Control 

Manuf'actured For 
Navy Department - Bureau of Ships 

By Contractor 
",";estern Electric Company 

Incorporated 
Hawthorne Tiorks Chicago. Ul. 

Contract Number NOs- 82178 - Contract Date : Feb . 18, 1941 

Size of Nameplate: 311 by Jll 

Type CZC- 20AA V 
High Voltage Rectifier 

75 Pounds Serial 3 
A Unit of Model SH Radar Equipment 

Hanu£actured For 
Navy Department -- Bureau of Ships 

By Subcontractor · 
E.H. Scott Radio Laboratories, Inc . 

Chicago, Ill. 
Contract Number NOs- 82178 - Contract Date : Feb . 18, 1941 

Size of Nameplate : 211 by 311 

Type C-., - 23.A..BD 
Antenna Eotor Control 

45 Pounds Serial 3 
A Unit of Model SH Radar Equipment 

~anruacturad For 
Navy Department - Bureau of Ships 

By Contractor 
i::estcrn Electric Company 

Incorporated 
Hawthorne :;orks Chicago, Ul. 

Contract Number NOs- 82178 - Contract Date : Feb. 18, 1941 

Size of Nameplate : 211 by 311 

UNCLASSif ED DECLASSfFIEu 
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Table 14 (Cont 1d) 

Type CZC- 20.AAi."f 
Regulated Rectifier 

85 Pounds Ser ial JA. 
A, Unit of Model SH Radar Equipment 

Manufactured For 
Navy Department - Bureau of Ships 

By Contractor 
~;estern Electric Company 

Incorporated 
Hawthorne ·:ior ks Chicago, ID. 

Contract Number NOs- 82178 - Contract Date : Feb. 18, 1%1 

Size of Nameplate : 211 by 311 

Type C":-J- 66AAQ 
Antenna Assembly 

750 Pounds Serial 3 
A Unit of Model SH Radar Equipment 

Hanui'actured For 
Navy Department - Bureau of Ships 

By Contractor 
~·;estern Slectric Company 

Incorporated 
Hawthorne "::"orks Chicago, Ill. 

contract Number NOs- 82178 - Contract Date: Feb. 18, 1941 

Size of Nameplate: 211 by 3 11 

s DECLASS:FIEu 



,.,...,.... .. 

OEC:..ASSIFIED . . :j 
~~~ .:-1 

SECTION 3 

REPORT ON ELECTRICAL AND MECHANICAL TESTS 
OF THE SH FAD.AR RECEIVER AND INDICATOR 

Enclosures: Plates l to 17 (Graphs), 101 to 128 (Photographs) 
Tables l to 4 

3-1. DATE AND PURPOSE OF TESTS 

3-2. 

3-1-1. The model SH Badar equipment, serial No. 3, made by ,estern 
Electric Company, Kearney, New Jersey, was received at the 
Laboratory on January 4, 1943, and was tested to determine 
its suitability for Naval shipboard service. Both electrical 
tests and mechanical inspections were made to determine the 
suitability of the equipment tor Faval shipboard service. 
The tests and inspections were completed on April 21, 1943. 

LIST OF TESTS Paragraph No • Page 

Date and Purpose of Tests 3-1 l 
List of Tests, Plates, and Tables 3-2 l 
Description of Equipment Tested 3-3 3 
Effect of Temperature Variation 3-4 5 
Thermostatic Temperature Regulators 3-5 6 
Effect of Humidity 3-6 7 
Effect of Vibration 3-7 7 
Effect of Shock 3-8 9 
Effect of Line Voltage Variation 3-9 10 
Pulse Repetition Measurements 3-10 10 
:ili'fect of Tube Interchange 3-11 10 
I-F Gain Control Characteristics 3-12 12 
Uecbanical Defects 3-13 12 
Receiver Sensifivity 3-14 14 
I-F Selectivity 3-15 14 
Second Detector Characteristics 3-16 15 
Video Fidelity 3-17 15 
Resonant Overload 3-18 16 
Recovery Time and Minimum Range 3-19 16 
Range Unit Tests 3-20 17 
Plan Indicator and Bearing Indicator Tests 3-21 17 
Sine Wave Voltage Measurements 3-22 18 
Electrical Defects a.nd Recommenda tions 3-23 18 
Mechanical Recommendations 3-24 18 
Conclusi•ns 3-25 21 

-1-
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LIST OF PLA.TES (Graphs) 

Temperature Variation and Zero Start Test 
Cold Start Test 
Temperature Control of Klystron 
Heat Cycle of Range Unit Tanlc 
Variation o! Relative Humidity 
Local Cecilla.tor Drift with Line Voltage Variation 
Second Detector Characteristics 
Gain Control Characteristics 
Sensitivity Data 
( I-F Selectivity 
(I-F Selectivity ,.,1th Gain Half On 
(I-F Selectivity with Tubes Interchanged 
Deflection Video Response 
PPI Video Response 
c~,; Resonant Overload 
I-F Resonant Overload 
Bearing Error 
Sine 1'iave Generator Out-put 
~~etch of Range Indicator Trace Under Vibration 

(Photo2:raphs) 

Plate 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 

Indicator Panel front view 101 
Indicator Panel front view, terminal board 

exposed, top cover open 102 
Indicator Panel - left rear view 103 
Indicator Panel - left rear view, panels removed 104 
Indicator Panel - right rear 105 
Plan Indicator - front view 106 
Plan Indicator - left rear 107 
Plan Indicator - bottom 108 
Range Indicator - front 109 
Range Indicator - top 110 
Range Indicator - bottom (cathode ray power supply 

cover removed) 
Range Indicator - left 112 
Range Indicator - right (inverted) 113 
Range Indicator-Rear (scope socket cover removed) 114 
Bearing Indie&tor - front 115 
Bearing Indicator - left rear 116 
Bearing Indicator - 'bottom of intensifier power 117 

supply removed 
Range Unit - front 118 
Range Unit - right 119 
Benge Unit - bottom 120 
Antenna Control Unit - front 121 
Converter Unit shown removed from 122 

transmitter-reeeiver 
Converter Unit - bottom. front, right 123 
Converter Unit - top (cover removed) 124 

- 2- ( Section 3) 
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(Photograuhs) continued 

Converter Unit - right (cover removed) 
Converter Unit - left (cover removed) 
Junction Box (interior) 
Antenna - showing two-phase generator and 

geared ccndenseT 

LIST OF TABLES 

Pulse Repetition Rate 
Range Accuracy 
List of Tubes 
Electrode Voltages 

3-3 • DE SCRIPT ION OF TEE EQ.UIPMEh"T TESTED 

Plate No. 

125 
126 
127 
128 

Table No. 

l 
2 
3 
4 

3-3-1. The receiver-indicator of the SH Radar equipment may be divided 
into two parts as follows: 

(a) The transmitter-receiver unit which contains the 
oscillator- converter. 

(b) The indicator panel which is made up of the following : 

(l) range indicator 
(2) range unit 
(3) plan indicator 
(4) antenna controls 
(5) bearing indicator 

3-3-2 . Echoes from reflecting objects are received by a parabol ic 
refl ector and transferred by a waveguide to a T-R box. The 
waveguide is coupled by a loop to the T-R box. 

3-3-3. From the output coupling loop in the T-R box, the signal passes 
through a, coaxial line to the filament tuning chambers of a 
grounded grid triode converter. A klystron is used as a beating 
oscillator for converting the r- f signal to the i.f . of 60 Mc . 
After one stage of i-f amplification, the signal is transferred 
by a coaxial line to the indicator panel. 

3-3-4 . The i-f amplifier in the indicator unit has six identical stages 
employing single tuned inductances and capacity coupling. The 
second detector is a triode connected 6AC?. From the second 
detector, the signal is amplified by a one stage video amplifier 
and then applied to the vertical deflecting plates of a type 
"A" cathode rS3 tube. 

- 3- (Section 3) 
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3-3-5. A crystal tank is used to determine the range of a target. 
Two crystals are mounted in a cylinder of liquid so that 
the distance between crystals ma,y be changed by a dial on 
the indicator panel. The synchronizing pulse from the 
iransmitter is applied to one crystal which sets up a com
pression wave in the liquid. This wave travels through the 
liquid and sets up a mechanical •tress in the second crystal 
producing an output pulse. This pulse is amplified, shaped, 
and appliet to a step generator. The output from the step 
generator is a~plied to the vertical deflecting plates of 
the range indicator scope. Each pulse from the crystal range 
tank produces a sharp discontinuity, or step, in the horizontal 
traoe on the screen of the range indicator. By controlling 
the distance between range crystals the step mey be made to awes
at any echo. The crystal moving mechanism is calibrated in 
yards. 

3-3-6 . The signal is al so taken from the one stage video amplifier 
previously mentioned and given three more stages of amplifica
tion before being applied to the intensity grid of the PPI 
scope. This in<Uca.tor employs electrostatic deflect ion which 
is obtained in the following manner. In the antenna assembly 
are two identical r-f oscillators. The outputs of these 
oscillators go through variable capacity type voltage dividers 
which are geared directly to the antenna. As the antenna 
rotates, the voltage dividers produce modulation envelopes of 
a frequency corresponding to antenna rotational speed. Since 
the condenser rotors are 90° out of phase the modulation 
envelopes are also dis-placed goo. Ea.ch output is rectified 
to a simple sine wave of frequency equal to antenna rotation and 
ai,plied to a sweep modulator. Two saw tooth swee-p generators 
are modulated with these sine wpves and applied to the hori
zontal and vertical pl ates of the PPI scope. Since the deflect
ing plates have sine wave modulated saw tooth voltages with goo 
phase displacement applied to them. a radial. sweep that rotates 
in synchronism with the antenna is produced . The range unit 
is also used for producing a range marker on the PPI which 
appears as a bright spot on the radial. trace. 

3-~7. Ea.ch indicator is provided with three ranges. The main sweep 
has a maximum range of 60,000 yards; the expanded sweep, 
20,000 yards; and the precision sweep, 3000 yards. When the 
precision sweep is used, the range mark appears in the center of 
the tre~e. Any echo ma,y be brought into coincidence with the 
marker by turning the dial of the range unit. 

3-3-8. Switches for controlling antenna rotation are located on the 
indicator panel. A low speed switch causes continuous rotation 
of one r.p.m. while a high speed switch produces 180 r.p .m. 
The antenna ma,y be 11 1nched" clockwise or counterclockwise by 
holding the right or left switch closed. In order to determine 
very accurately the bearing of a t~rget, lobe switching mey be 
used. To accomplish this, the waveguide leading to the antenna 

-4- (Section 3) 
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3-3--9. 

is divided into two parallel chambers which terminate at the 
reflector, one on each side of the focus of the parabola. 
These chambers are energized and disabled in seq~ence so 
that two beams which are 2.5° each side of the axis of the 
parabola are transmitted. ~1th this arrangement, each target 
gives two echoes on the screen of the indicator. If the 
antenna is trained to give equal echo amplitudes, the target 
bearing ms~ be determined very accurately. 

In addition to the PPI presentation of the angular po1ition~of 
a target, relative or true bearing ma,y be read on the bearing 
indicator. This unit comprises two type 5 F receiving selsyns 
with appropriate dials, gears, and pointers. The center element 
is a gyro-compass station connected to the ship's gyro-compass 
system. The second selsyn is geared to a pointer between 
a fixed outer dial and the gyro-compass dial. This element is 
actuated by a transmitting selsyn which is connected to the 
antenna aha.ft. True bearing mey be read from the gyro-canpass 
dial, while relative bearing ms~ be read from the fixed outer 
dial. 

3-4. EFFECT OF TEMPERATURE VARIATION 

3-4-1. (a) The equipment was operated at e.mbient teil1'9eratures of 
50, 35, 20, and O degrees centigrade, each temperature 
being maintained for about 90 minutes. After a temperature 
of O degrees centigrade had been maintained for 90 minutes, 
the power was turned off (heaters left on) and the equip
ment allowed to cool for an additional 90 minutes . At the 
end of this time, the power was turned on, and operation 
resumed. 

(b) The equi~ment was also subjected to a test in which the 
temperature was reduced to - 28 degrees centigrade with 
heaters and low voltage power supply on 1 but with the trans
mitter off. This test was intended mainly to check 
operation of the a.ntenna., which is subject to extremes of 
temperature. 

(c) Readings of klystron cavity temtierature and range tank 
temperature were made by means of thermocouples and a 
Leeds-Northrup potentiometer (serial No . 286009). 

(d) The klystron oscillator frequency was checked by means of 
a wavemeter connected at the radio-frequency input to -
the converter. 

(e) The range zero set staoility was checked as follows: At 
the beginning of the test, the "range zero" knob was 
adjusted so that zero r ange coincided with the leading edge 
of the transmitter nulse. Once set, this knob was not 
moved for the remainder of the test. In this way, by 
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resetting the range cierk on the leading edge of the 
transmitter pulse, the range dial reading becomes a 
measure of the range zero accuracy. 

(f) Klystron cavity voltage, and repeller plate voltage were 
also measured, since eny ehfl.nge in these voltages will 
affect oscillator frequency. 

3-4-2 . (a) The results of the temperature run and zero start tests 
are shown on ~late l,and the results of the -30 degrees 
cold start test are shown on plate 2. 

(b) It ean be seen from these graphs the.t the range tank 
temperature is constant to within the cycling range . The 
klystron cavity tempere.ture is constant to within the 
cycling ra.nge except for the time during which the cavity 
vol te.ge was off . The cf!vi ty tPm:oere.ture falls about 15° 
centigrade when the cavity voltage is removed. 

(c) The range zero setting e.ppears to show variation with 
tempere.ture, having a total variation of about 100 yards 
es the tempere,ture varied from +50 to O degrees C. 

(d) The Klystron oscillator frequency varied, but it is 
difficult to correlate these variations with temperature 
veriation. 

(e) The klystron rep ell er pla.te voltage showed a negative 
temperature characteristic, verying from 138 to 147 volts 
with an ambient teMperature variation of +50 to -28 
degrees c~ntigrade . 

3-5 . TnERM0ST.ATIC TEMPERATURE REGULATORS 

(a) Tests were ma.de on the 1;>er forme.nce of tempere.ture regulators 
used on the klystron oscillator, and on the crystal ta.nk to 
deternine the effectiveness of these regulators. 

(b) The temperature measurements were made with an iron-constanta.n 
thermocouple , and a Leeds-Northrup ootentiometer. 

3-5-1. Temperature Control of Oystron . 

(a) In this test, the thermocouple junction was soldered 
directly to the klystron resonant cavity. Beginning 
from a. 11 cold eta.rt", the test was run for 30 minutes. 
RPferPnce plate 3. The period of the heeting cycle was 
about 80 seconds,with e.n ambient temperature of 26 degrees 
C., and the mA.ximum tet1perature excursion was less than 
2• C, A gr~duai tem~erature rise is st i ll evident after 
30 minutes, 
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3-5-2. Temperature Control of Crystal Te.nk 

(a.)11 The (liquid) mixture has a. velocity-temperature C\lrve 
which shows a zero temperature coefficient at 57.5° C. 
The curve is approximately quadratic and a change 
of ¼8° C. produces a decrease of 0.1% in the velocity." 
(Manufecturer's description). 

(b) The thermocouple junction was inserted under the felt 
covering of the crystal ta.nk at about the middle of the 
tank. Measurements were me.de every 15 seconds until the 
cycling characteristics were apparent. 

(c) Ref erence plate 4. The period of cycling was about 100 
seconds at an ambient temperature of 26°C. The range ef 
t emperature was from 56.5° C to 64.5• C with an average 
t emperature of about 58 .5° C. (It ms.y be s,ssumed that 
temperature fluctuations in the interior of the t ank are 
ap~reciably r educed.) 

3-6. EFFECT OF HeMIDITY VARIATION 

3-6-1. (a) The equipment was operated at an SJ!lbient t emperature of 
40 degrees Centigrade while the r~lative humidity was 
VP.ried from .20 to 97 percent. The same quantities were 
measured as in the t emperature test. For a graph of 
results obtained, see plate 5. 

(b) The range zero shows a slight downward drift, but it is 
difficult to correlate this che.nge with humidity variation. 
All other qUEl.ntities measured were essentially constant, 
and the receiver-indicator operation was normal. 

3-7. EFY""J!;CT OF VIBRATION 

3-7-l. (a ) The equipment wa s oper~ted on the NRL vibration t able . This 
t able h~s a r ange from zero to A~out 2000 eycles per minute. 

(b) The reeeiver-indicator and the sine wa.ve generator (contained 
i ~ t he antenna) were vibrated separately . 

3-7-2. (a) The reeeiver-incrice.tor wfl,S found to he,ve a minor r esonant 
~requeney at about 700 cycles per minute, and a pronounced 
resonant frequency at 1275 cycles per minute. 

(b) During a preliI!linru-y run to dete:nnine resonant frequencies, 
fl, sweep amplifi er tube, v13 (6AG7), apparently shorted, 
burning out its screen resistor, cathode resistor, and 
cathode pot~ntiomet~r. This w~ s r epaired. 
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(c) All interlocks were found to open under vibration, and in 
ordn to operate the apparatus, it was necEssa.ry to short 
all interlocks. 

(d) The rPnge unit output disap~eared. All tubes were tested 
and found to be in good condition. Upon replacing tubes, 
operA.tion was a&ein normal. The cause of the trouble was 
not ~-"PPP..rent • 

3-7-3. (e) The receiver-indicator was vibrated at 1275 cycles ~er minute 
for about 90 minutes , The following troubles were noted: 

(b) The rangP unit was a~parently erretic in operation, The 
renge step, as seen on the precision sweep, was fuzzy, and 
about 1/411 wide, although this width was subject to vP.riation. 
In e.dd.ition, the precision sweep exhibited an effect, sketched 
on ?late 17, which indicated erratic initiation of the 
precision swEep. The range step decreesed so% in amplitude 
after five minut es of continuous vibration. 

(c) The PP! chA.ssis vibrated violently from 1/811 to 3/1611 , The 
PP! oscilloscope vibrated fully as much e.s its chA.ssis; 
this sco~e is supported on edditiona.l shock-mounts. 

(d) The 11A" oscilloscope did not vibrate excessively. However, 
t he tube is mounted with the same size of shock mounts as tb3 
PPI tube, but in a different plane . It is believed, therefore, 
that the "A" scope would be subject to excessive vibration 
under different vibration conditions. 

(e) The "A" oscilloscope was unreadable du~ to the erratic 
operation of the r11.nge circuits, as -prfviously noted, and 
the PP! scope w~s unre~dable due to the blurring effect of 
excessive vibration. 

(f) The indicator PA.nel itself vibre.ted e.bout 1/1611 • The bottom 
"Ple.te WPS very noisy, striking against a brace. 

(g) When vibrP.tion wa.s Atopped, the recei ver-incl.icator resumed 
normal operation. 

3-7-4. (a) The sine wave gener etor unit (mounted in antenna) vibrated 
1o1ith an EU!Ir;>litude of 3/1611 to 1/411 e.t 1375 cycles per minute. 
This vibrPtion is ap~A.r ently induced by a resonant vibration 
of the Mtenna paraboloid at this frequency. 

(b) After 50 minutes of vibration at· 1375 cycles per minute, the 
PPI displey became distorted, A check of the sine wave 
voltages showed them to be badly unbalanced and errat ic. Tube 
V2 (6H6) in the sine wave genera.tor we.e replaced, and although 
some unbalance in sine ~ave gener ator voltages still r e
mai ned, a satisfactory displey could be obtained. 
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3-7-5. (a) It is felt that this equipment is far too susceptible to 
vibration. Although only a few troubl~s developed. the 
amplitude of vibration 1s believed sufficie:nt to Cf'.use 
extensive damAge if mEi.intP.inea for a. period of time. 

(b) The shock mounts of the PPI chassis accentuated the vibration 
e.t the resonant frequency. Blocking these mounts reduced the 
vibrc>.tion of the che.ssie. The PPI oscilloscope, on separate 
shock mounts, still vibrated with almost as much Bl!lplitude , 

3-8 . EFFECT OF SHOCK 

3-8-1. The equipment we,s operf:l.ted under conditions of shock designed to 
simulate shock of gunfire. The table used for vibration is fitted 
with Fl. pnelll!latic gun which will impart an P.ccelera.tion of 250 "G1 

to the table when used at~ pressure of 150 pounds per square inch, 

3-8-2. The receiver-in<1icator unit was shocked a total of 31 times, Shocks 
one through twelve were delivered in a horhontel plane ana. directed 
toward the front of the indicator, Shocks thirteen through 
twenty-four were directed toward the right side of the indicetor. 
and shocks twenty-five through thirty-one were directed toward 
the left side of the indicF1.tor. Failure of the shock mechanism 
preventec further testing. 

3-8-3. The following results ,.,ere observed: 

Shock 110. The rP.nge oscilloscope prPcision trace dise.ppeared. but 
returned imm~diately. 

Shock #13 . Plroi in<Ucrtor pE>.ttern shifted to the right about 111 • 

Shock 'i1'14 . Ple..n incUcat or pattern returned to center. 

Erratic operP.tion unc1er shock indicates poor electrical contacts, 
a.nc1 poor mounting of components. FurthPrmore, defects which 
contribute toward erratic operation may, under fortuitous or 
prolonged confitions of shock, result in complete failure. It is 
felt. therefore, t hat the equipment does not satisfactorily 
withstand conditions of shock. 

3--8-4. (a.) The a.ntennfl. unit, contE".ining the two-phase generator. was 
shocked a. tC'tA.l. of 52 times. EP..ch shock we.s delivered with a. 
gun pressure of 150 pounrs per square inch. The two-phase 
generator was so orientated that the shock was applied fro~ 
the front right CC'rner towa.rc'l the left rear corner of t he unit. 
On shock +a, V1, a 6SN7GT Jumped out of its socket. 

(b) When the antenna unit was shockef with lobe switching in use. 
the r ange indicator trace wee extremely unstable during the 
shock impulse • 
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3-9, EFFECT OF LINE VOLTAGE VARIATION 

3-9-1. The eff~ct of line voltage variation upon l ocal oscillator 
frequency a.nrl upon catb0re ra:y oscilloscope presentation was 
measured. 

3-9-2. (a) The local 0 scillat0r frequency was measured by connecting a 
wavemeter at the ~ntenna input to the ccnverter. 

(b) Within the range cf input volte.ge 0f 100 t o 130 volts. the 
average Klystron oscillator frequency change wes 0,1 
megacycle per volt. See plate 6, 

3-9-3, (?) A flexible scale was used to measure the distance the 
pattern on the oscilloscope shifted as line voltage was 
varied. 

(b) With line voltA.ges of 105 t o 120, the trace r n the range 
indicet0r shifte0 h0riz0ntru.ly appr0ximately 0.1 inch per 
v0lt. 

(c) The plan 1~~icat0r range mark shifted radially ab0ut 0,01 
inch per volt within the r a.nge nf 105 t c 120 volts input. 

3-10. REPETITION RATE 

The equipment mey be 0perated at either of twc pulse repetition rates, 
and in a~diti0n, each repetiti0n rate mey ~e varied over a small 
range. 

3-10-1, The e.ppa.ratua userl in this test inclu~erl a General BR,dio 
beat frequency cscillat0r m0~el 713-B, serial 1,766, anc a 
DuM0nt cathcde-ray cscill ograph mcael 208 serial N0. 2861. 

3-10-2. (a) F0ur vP,riB.bl es were fount". t <"' affect the pulse repetition 
rBt~: the pulse r a te switch. the pulse rate fine control. 
the transmitter plate v0ltage. a.nr control "B" on the 
main c0ntrol pan~l. The pulse r epetition rate was 
mePsured by conpa.ris('n with the beat frequency 0scilla.t0r 
an the screen of the cPth0ne ray oscilloscope . 

(b) Resul ts of this test are given in tAble 1. The extreme 
ra.nges a.re 622 t 0 714 a.nd 1503 t 0 1961 pulses per sec0nd. 

3-11. :EFFECT OF TUBE INTE..'IWRA.l;GE 

For obvious reas0ns. it is desirPble that the r eplacement of tubes with 
epnres selecte~ at ranr. 0rn Bhoulr have as little effect as possible on 
the o~er etion of the equiJ)I!lent. 
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3-11-1 ·• ·if rect cf tube interchange en i-f amplifier. 

(a) The seven tubes ( type 6AC7) kce.ted in the i-f az:iplifier 
were re~laced with spare tubes sel ected at random . The 
selectivity cher Pcteristic of the i-f a.riplifier WA.8 then 
ret erm1ned. (Fc-r prc~eaure r ef er t o paragraph 3-15.) 

(b) The results of this t est are shown graphically on plate 10, 
an~ may be compared with the 1-f selectivity bef cre 
tube interchange . 

3-11-2 . Effect of tube interchange on plR.n i ndica t or circuits . 

(a) The f ollcwing tubes in the plan indicator sweep circuits 
were replaced ~1th spa res. 
(1) VlO, Vl2, Vl4, enr. Vl6 (6H6 1 s) modulators 
(2) V9, Vll, Vl3, Pnr Vl5 (6AG7 1 s) direct ccupl ed al!lnl1fiers 
(3) VS (6SN7-GT) pulse gener a t or, V6 (6AC7) r eturn trace 

bla.."lk, V7 (6AC7) clipper, enn VB (6.AC7)cl amp pulser. 

(b) Operation :/1=2, repla cement of the 6.AG7 rirect coupled 
amplifiers, cHsplaced t he center of t he pattern ~brut 
1-1/2 inches, and e.lso pr oduced a somewhat elliptical 
pe.ttern. Ar justment r-f horizc-ntf'.l Pnc. vertice.l center
ing centre-ls anr the circle control gave a satisfactory 
pattern. None of the et her r eplacements caused f',ny 
ncticeable effect ~n the display. 

3-11-3. Effect of tube interchange 0n sine wave generat or. 

(a ) The fr,ll C"wing tubes i n the sine we,ve gener~tcr were 
replace~ with spa res, 

(1) Vl enc'. V4 (6SN? 1 s) oscillate-rs 
(2) V2, V3, VS, P,n,i_ V6 (6H6 1s) demc-•rule,t ors. 

(b) Neither o~eretion hac'I any effect C"n the c'lisple-¥ of the 
plen 1nc1 icc>.t c-r. 

3-11-4. Effect rn ple__n c'li splRy of c.<i.t hode-ray tub e interchange. 

(a) The c,rig ine.l RCA cathNte r ey tube (5CP7) was r epl acect 
with ~ DuMont SCP? frC"m the syare -parts t o det ermine 
whE-.t effect such an interch,,nge mi ght have on t he pl an 
<Hs-play. 

(b) No ristort1on of thP. c'l isplay was noted . Slight r ea.djl.s t,
□~nt of t he tr.tensity an~ f ~cus cnntrols was necessary, 
In connection with this, it may b e r epeat ed here that 
the focus control h"le i nsufficient r enge . 

(c) The s0cket cc-ntacts were exiremely poor. It was necessary 
t o hrld the tube in place m~nually in or der t o orytaina 
cHspley. 
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3-12. I-F GAIN CONTROL CHARACTERISTIC 

The gain control characteristic was measuren to determine whether 
smooth attenuati0n is pos$i~le ever a sufficient range. 

3-12-1. A Ferris microvol ter mo<l.el 18-C serie.l #606 we.a used. 
The output ~eter was an RCA volt-ohmyst #7090. 

3-12-2. (a) The connectinn of instruments and precautions against 
feedback were the sene a.s in the selectivity test, 
parc>.,graph 3-15. 

· (b) The rectified si:~al. voltage at the output (cathode) 
r-f the secr-n~. cletector WEI.S held CC'nstant at 3.2 V('lts. 
Starting fr('m the mRximum gain position, the gain 
control was rotated counter clockwise in steps cf 
20°, the i-f signal input being adjusted to holcl 
the second detector output constant, 

(c) The results of this test are plottecl. on plate 8. The 
control has an ap~rcximately logarithmic cher~cteristic. 

3-13. MECHANICAL DEFECTS 

3-13-1. The equi~ment is ccnstructen in a ma.nner that makes it 
likely to be unreli~ble in Naval service. The reason 
f or suspecting this unreliability lies in the fact that 
C('mponents have not been pro~erly mounted. Many resistors 
a.nr.. crn11.ensers have been r:iounted r,n tube sockets, v0ltage 
test terminals ancl. other cr-nvenient points. This arrange
l!lent necessite.tes lea.as of improper length. A. long lead 
permits excessive component vibratirn ancl alsc allC'ws the 
lead to be shifted to a position which mey cause it to 
come in contact with another terminal. Althcu__~h sp~hetti 
is used., it is nc,t C<'nsidered adequate prctection being 
susceptible t0 Moisture. A short lee,a !'.lakes servicing 
0ifficult anc' also c0ncentre.tes vibratfon stress at the 
sharp benr: which is usually required. 

3-13-2. Since ceramic test points are riveter t o the chassis, 
they shculd not be usef t 0 mount components. Removal 
0f a. leacl. from e. test pr,int I!lBy break the cere..mic which 
wnuld require special t00ls for replacement. 

3-13-3. Meny sections c,f this equir,nent require c>..n excessive em0unt 
rf timP. for servicing. Although approximately twenty 
percent 0f the e.vEl.ilable space has not been used, there 
are mruiy examples cf inaccessibility. 

3-13-4. Frictirn tepe hRs been usea t c protect cables fr0l!l cable 
clf\.lllp aor~si0n. Alth0ugh the wrapping has been varnished, 
it is nc,t arequ.ately ~rotecterl frcm moisture. 
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3-13-5. Wire has been used to su~port power cebles. In order t 0 
rem0ve a ch~ssis fr0m its mou.ntin~ rack it is necessary to 
benn the cable support t 0 rem0ve the cRble, 

3-13-6. In severe..l cases c0m1)0nent leA,ds have been brought through 
terminal rivet hcles befrre being soldered tc the terminals, 
It is nifficult to remove a lead c0nnected in this manner. 

3-13-7, High v0ltege wire hRs been painted with gray paint. Since 
the ~aint cracks when the wire is bent, it affords no m0isture 
protecti0n n0r does it imprnve the appearance. 

3-13-8. Intensity c 0 ntr0ls on the plan ~ositinn indicat0r are crowded. 
Clearance between range ann bearing mark control knobs is 
only one quarter inch. 

3-13-9. Three: obsolete ra.c'l.ial leacl. resistors were found in thE> range 
unit. 

3-13-10. It is intenclect the,t 10.be switching always stt"ps i:-n the same 
l 0be. In ab~ut ninety percent cf the trials the switch operates 
correctly; hrwever, a mere reliable system should be employed. 

3-13-11. SA.fety st0ps used on this equipment are not rf the type which 
prevent inaclvertent closing of an rpened drawer. A person 
servicing equipment in an open drawer is thus subject tr 
unnecessary hazard sh0ula rclling cf the ship thr0w him 
against the drawer anr cause it t o clnse en his hands . 

3-13-12. Com~0nent rn~rking was fruna tn be very p0or. In s0.me cases, 
compcnent nUJ!lbers were ap~~~ently stamped on previously waxed 
temin~l boards, anr rubbed 0ff very e~sily , 

3-13-13. I-f inductances a.0 n0t hp,ve satisfactc-ry teminals, n0r are 
they well m0unted mechanically. It is believed that better 
mechanicnl construction can be used without roiy compromising 
cf electricru. chara.cteristics, since the 11 Q," of these coils 
is determined to a greet extent by plate load resistance of 
the tubes. The viae~ c0m~enseting ccils used in the range 
unit are C'f the same cnnstruction. 

3-13-14 A few c~ses were n0ted where ccmponent leads were twisted 
together and left unsupp~rted. Le~ds fr0m the video coopensat
ing cells in the range inclicator were simply twisted together 
with the ple.t.e resistor leads, .A.t the socket of V2 in the 
range indicetor, e conaenser w~s paralleled with an0ther 
crnr~enser by wre.Pping the l eP,ds cf 0ne c0na.enser around the 
leads 0f the ether condenser, rather th~n mounting 0n lugs or 
other rigicl prints. 
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~14. RECEI~ SENSITIVITY 

3--14-1. {a) The instruments used in this test were an NRL "S"-ba.nd 
signal generator, and a Simpson 20,000 ohms per volt 
meter, serial No. 9113. The input connection was made 
by disconnecting, a t the TR box, the coaxial cable 
from the TR box to the converter unit, and connecting 
the signal generator at this point. The output connection 
we.s made at the second detector cathode, end this -point 
was by-passed to ground ~1th a .01 microfarad mica 
condenser to eliminate e:ny possibility of feed back, 
either regenerative or degenerative. The first video 
t ube was elso removed to prevent feed back. 

(b) The equivalent noise voltage is the no i se voltage generRted 
in the receiver (mainly in the converter ~..nd first i-f 
stage) referred to the r eceiver input (P.ntenna). This 
equivalent voltP..ge is determined by introducing a signal 
(resonant frequency) at the receiver in-put which will raise 
the ~ower l evel Pt the second detector input to a ve.lue 
double thP power level due to r eceiver noise alone. This 
mee.surement requires an P,ccura.te knowledge of the second 
detector characteristic. See plate 7. The equivPl ent 
noise voltRge, when compared to the inevit~ble noise 
voltage of the input circuits, gives t he noise factor, e 
mePsure of how closely e given receiver ~p~ro~chrs the 
ideal. 

(c) The noise f~ctor was found to be 25 db, ceJ.culeted on 
the be.sis of e. bandwidth of 3. 9 megMycles, e.nd an equiva
lent noise voltage of 19.5 microvolts. 

~15. I.F. SELECTIVITY 

The purpose of thPse tests 1s to determine the 1-f selectivity 
chPr,t.1.cteristic, R.D.d to determine the effect of the ge,in control on 
the i-f selActivity. 

3-15-1. The sigM.l gennA.tor used in this test Wfl.8 a. Ferris micro
vol ter model 18-0, seriP1 No. 606. The out~ut meter wes 
~n RCA voltohmyst No. 7090. The i-f signA.l was injected 
at the converter ~late leRd. A 2200 ohm series resistor, 
and a 5 uuf shunt capacitor were inserted to simulate 
the plate i~edPnce of the converter tube. In order to 
eliminate ~ny tendency toward r egener ative or degenerative 
fe~d ~eek, A. fev sim~le precautions were used. The metal 
t,:,rminA.l box of the Fe-rris microvolter was solidly grounded, 
the second dett>ctor cP.thode .wP.s by passed with a .Ol uf 
cRpacitor, R.nd the first video tube was removed. 
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3-15-2. I .F .' se>lectivity. (gl'lin Elt maximum). 

ThP i-f gAin control WPS set Rt mA~imum. A r Fctified sigru>.J. 
voltage- of 3.2 volts wP.s mP.intFi.inPd rt the- cPthode of the
SPcond detector. 

3-15-3. The- selectivity cnrve obt1:1.ined in this test is plotted on 
nlP.te 10. The be.nd width Pt the hP..lf power point is 3. 9 Mc, 
P.nd P.t the hPlf vol tP.ge point 4 .85 Mc. 

3-15-4, I,F •• selectivity, g~in helf on. 

The test was repePted with the i-f gain control turned he.lf 
on (bRSPd on degrees of rotPtion). A rectified signe.l 
voltl>.ge of 3.2 volts was meintained at the cA.thode of the 
second detector. 

3-15-5. The eelPctivity che.rA.cteristics detPrmined in this test is 
shown on plRte 10. The i-f bandwidth et the half power point 
is 4.0 Mc, ru1a at the hPlf voltage point is 5,l Mc. 

3-16. SEcon, DETECTOR CHARACTERISTIC 

(fl) Since the second detector is ust>d as an output mee.suring device for 
all i-f tests, the chPrP.cteristics of this circuit were determined, 
using P. 11breRdbop.rd11 circuit with the srune components as used in the 
SH detFctor circuit. 

(b) The rPsults of this tt>st Eire "Plotted on plt'l.te 7. The cha racteristic 
is St>Pn to bf> a-onroximP.tely qllE'.dretic up to 1:1bout one volt (r .m ,s.) 
input, Pnd linPRr at higher inputs. 

3-17. VIDEO~IDELITY 

3-l?-l. Test equi"Oment usP-d: 

(P) Low frequency gene>rE1.tor -
Genere.l RP..dio beat frequency oscilla tor type ?131! 
seriAl 766. 

(b) High frequency generator -
GenFral Re.dio stPndard signal gPnerator 605B 
seriP.l 1506. 

(c) Input meter -
Gent>re.l Radio vecuum tube voltmeter ty-oe 726A 
seriPl 319. 

(d) Output meter -
General RP<'lio vPcuum tube voltmeter type 726A 
serif'l 149 

15 (Section 3) 
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3-1?-2. Fidelity of range indicator video. 

(P) A one volt video signel w~s fed to the c~thode of the 
seeond deteetor tube. The out-put meter wes connected 
through A •• 01 uf cap.<>citor to the lower vertic?.J. deflect
ing ple.te of the r!:'.nge indicntor oscillosoo-pe. Id.entical 
in~ut end output meters were used to elimin~te P:ny 
frequency error in these meters. 

(b) From this test. the hP.lf-nower frequencies e.re seen 'to 
~e 80 cycles Pnd 1.1 mege.cycles. Reference, pl~te 11. 

3-1 ?-3. Fidelity of plP~n indicP.tor video (overc<.1,ll video). 

(P.) A one volt video signal was fed to the cA.thode of tre secoM 
cetector tube. The output meter wA.s connected through a. 
. 01 uf eF!:p~,ci tor to the intensity grid of the plan ind ice tor 
oscilloscope. As in the ~revious test, identicPi input 
P.nd. out-out met A rs we:re used . 

('b) The hP.lf -oower frequencies of this video P.mplifier a.re 
45 cycles P.nd 1,8 megacycles. Reference, plate 12. 

3-18 . C.W. RESeN.\NT OVERLOAD 

The resonant overloP.d chi:i.rP..cteristic was run to determine the effect 
of lA.rge input signa,ls on the rPceiver reeponse. 

3-18-1. The generator used in this test we..s the NRL II S11 be.nd signal 
generator . The output meter used w~s an RCA volt-ohmyst 
junior No. 1951. The coaxial CP:ble between the TR box end the 
mixer tube was disconnectsd, and the r-f signal from the 
NRL gene-re.tor fed to the converter at this point. ThE rectified 
output signal was me.<>sured P.t the output (cR.thode) of the 
second detector. 

~18-2. (R) The m?gnitude of the r~dio frequency input w~s VRried over 
P. wide rPnge, The receiver WP.s in tune with the signe,l, 
P.nd o-perating a,t mrucimum gFi.in. 

(b) The results of this test P..re shown on ple,te 13. The 
maximum out-put is re<>ched with P,n input signA-1 of about 
200 uv. 

3-19. RECOVERY TIME AlU> MINIMUM BANGE 

~19-1. (P.) The time of recovny p,fter tht> trs,nsrnitter -pulse wa.s 
mPe sured by meP.ns of the r~-ngt> mP..rker step. The P.ntenne. 
we.veguide was block-=d with a sheet of metA-1 to eliminate 
E'-ehoes from nel'l.rby objects. 

(b) The minimum re.nge -.ms found to be 290 yards. 

-16- (Section 3) 
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3-20. RANGE UNIT TESTS 

The range unit was tested to determine its accuracy in operation. 
Accuracy of setting and s,ccuracy of calibration are both important. 

3-20-1. Tests on the range unit were made using the precision sweep 
of the range i ndicator. The standard against which the ra.nge 
unit was ehecked is the Western Electric Company crystal 
tank delay circuit type Dl50268. 

3-20-2. Range Step She..r:9ness. 

The rise time of the range step was investigated and found• 
to be 30 ya,rds (El.bout .2 us) 

I 

3-20-3. Benge Step Reset Accuracy. 

(a) In this test, and 11 echo11 was simulated on the screen of 
the range indicator by means of a signal from the 
1'1estern Electric Conp any delay circuit type Dl50268. 
range ste~ was repeatedly set on the leading edge of 
echo. 

The 
the 

(b) In five triru.s, the indicated range distances varied 
between 15017 and 15018 yards. Reference, table 2. 

3-20-4. Ra.nge Unit Ca.libra.tion Accure.cy. 

(a) The accurE1.cy of the r ~nge unit w?.s determined by direct 
com~arison with the cryst~ tank delay circuit type 
Dl50268. 

(b) The results i ndicate en accuracy of ±15 yards. Ta~ulated 
results are shown on plHte 2. 

3-21. PJ.Alj Ih'DIGAfOR .um l3EAR1NG ,IBDtCATOR :Bi.illING TESfS 

This bearing test was run to determine how closely the bearing 
tndicator (selsyn driven) fl.lld the plM indicator (sine. wave generator 
nr.~~e.n) follow the movement of the antenna. 

3-21-1. (a.) Twenty d.egree intnve.ls were marked on the plan indicator 
oscillosco~e. The oscillcsco-pe trace was mede to coincide 
with eE\ch of these markings, end the antenna e.nd bee.ring 
indicator positions were checked. 

(b) RPsults of this test are shown graphically on plate 15. 
The bearing indicator error has a r enge of +0°, -1.8°, 
The -plan inclicPtor error hes a range of +2 .3°, -5. 7°. 

-17- {Section 3) 

U ClASSlfi D 
DEC 



3-22. SINE WAVE VOLTAGE PLOT 

BFaring a ccurPcy on the plan indica.tor CA.!l be cbta.ined only if the 
sine wave genara.tor -proc'luces a true sinusoidi:i.l output voltage. 

3-22-1. (P.) Thi> out-out of one phPae of the sine wave gene ra.tor was 
measured at terminal No . 39 en the indica.t0r pp,nel, An 
RCA volt-oh.my st junior we.s used f or t h is pur"9osP.. The 
P.ntennE'. w&>s r ot a ted thru one complPte rev0lution, e..nd 
ree.d ings were t Pken P,t every ten degree a. 

(~) ThF results of this test a r e ~lot ted on plate 16. The 
curve is very n e~~ly sinus0idal, but some discreuP.ncy may 
be nC'ted. 

3-23. EL:EiCTRICAL DEFECTS A1TD RECOMMENDATIONS 

In order tr render this equi'pment suite.ble f o r NavPl se rvice it is 
recC'm.mended: 

3-23-1. Tha.t.·the · re~etve!' be ' i-"deeigned-tt>i pro~U.e mOi'e •gdh·. The maximu 
gain available in the r eceiver provides a noise amplitude 
(',f 0nly one e ighth inch. This cor.diticn makes weak signals 
very difficult to s ee . 

3-23-2. Th~t the r 2nge tank EU!!plifier h~ve more ge i n . The pre sent 
ar-rolifier he.a bA.rely enough gain t o e.llow the signfl.l t o pass 
the tril'l!llPr circuit. It is r ec ommended thet the emplifier 
hE>ve nC're gain, the extrf\ ge,in b e ing held i n reserve by 
the l'l.UtOMe.tic volume Cf\ntrol circuit prrvided. 

3-23-3. Th?.t thP f 0cus c 0ntrcl C'n the plan poeiti0n indict>tor should 
have more range.It is necessBry t o set the ccntrol at its 
extrene 'IJ"Sitir,~ t r- secure sPtisfaetory 09erati(\n , 

3-24. MECHANICAL RECOMMENDATIOl!S 

In order t" renaer this ep~~ratus suitAble fr,r shipboard service, it 
is r ec(\mmended: 

3-24-1. Th.t:1t terminP..1 bN•.rd be more extensively used for c omponent 
m0unting. Reference, pPra.gra9h 3-13-1. 

3-24-2. ThPt the use of voltfl~e test pr-ints f er CC'm-ponent mounting 
b e P.voided. Reference, PA.ra.gra:ph 3-13-2, 

3-24-3. ThPt comp0nPnt leR.oe sh0uld be neither t oo lC'ng nor·.too .- eh.ort. 
Reference, paragraph 3-13-1. 

3-24-4. ThPt s9aghetti tubing ehould not be used. Reference, 
paregralJh 3-13-1. 

-18- (Sf'ction 3) 
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3-24-5. 

~ In 
That ccmponents 
accessibility. 

be SC' arr:=mged Rs t c pr 0vide better 
Reference, paragraph 3-13-3. 

3-24-6. That the use rf fricti0n tape be avcide~. Reference, 
paragre.ph 3-13-4. 

3-24-7. That the wire r0ds ·on which the l oops of c0nnecting cable are 
hung be made eP,sily rern0vable. Reference, par8.tSraph 3-13-5. 

3-24-8. ThPt ccmponents be ~c unted 0n the frnnt cf terminal b0ards. 
Reference, paragr;:,.ph 3-13-6. 

3-24-9. Th~t the gray paint 0n high voltage wire be dispensed with . 
Reference, par~grarh 3-13-7. 

3-24-1O • . Th~t SPfety stops be redesigned t 0 prevent acciden~al clc sing 
0f drawers. Reference, par~~raph 3-13-11. 

3-24-11. Th?.t more perme.nent and mere complete c0mpcment marking be 
used. Reference, !)P--ragra.ph 3-13-12. 

3-24-12. Th;i.t i-f inductrulces be :pr0vided with imprcved terminals and 
m0untings. Reference, paragra~h 3-1~13. 

3-24-13. That interlocks sh<'uld make mere positive contRct. Reference, 
paragranh 3-7-2(c). 

3-24-14. That the grFiy era.ckle paint used on the a.ppe.ratus be mere 
resistant to humidity and chipping. 

3-24-15. That a type 0f wire less sugceptible t 0 abrasinn and fraying 
be used. 

3-24-16 . That soldering be of a higher quality. 
3-24-17. That small carbon resisters be waxed. 

3-24-18. That wirin~ be improved through the use of m<'r e cabling and 
wire cl:>rnp~. 

3-24-19. Tha.t the steel cC'ver on the br-ttom 0f the ca thode-ray power 
sunply (Range Indicator) be secured with 6-32 machine screws 
in ple,ce cf 4-40 machine screws. 

3-24-20. The.t b0lts sh0ulrl not be allowed t o protrude mnre than 
5 threat,s beyond the nut. 

3-24-21. Th~t V5 in the Range Indicat0r be rel0cated in a more accessible 
place. 

3-24-22. Tha.t insecure mnunting of components be av0ided. Reference, 
par-9.graph 3-13-14. 

3-24-23. That the insulating couplings on the f C'eus and intensity 
pctentiometers in the Rci.nge Indicator be ma.de flexible . 
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3-24-24. Th-alt tntem1.ty ~titl'ol·~ .:>n PlAt.-'pe-si-t·i<>h ihd·ic~or- -sh6fild be 
se~arated so that any control mey be adjusted without 
e~cidentllly turning an adjacent control. 

3-24-25. That more clearance should be provided between the automatic 
volume control rheostat (Pl) and the terminal board (TS5), 
in the range unit. 

3-24-26. That range unit delay tank should be provided with a larger 
filling hole . 

3-24-27. That it fllftllel· ehod.lcleb-ert>l'OTided t'orifl1UD8 !!an.gt. ts:Rk. 

3-24-28. That the range unit crystal moving mechanism should use 
siope which will not jam if turned rapidly to end of 
travel. 

3-24-29 . That rust resistant lock washers should be used inside 
range tank. 

3-24-30. That the range tank thermostat should be ma.de corrosion 
resistant. 

3- 24-31. That the range unit amplifier shield which covers VS0, 
VSg, vs10, and VS11 should be made in sections so that 
it mey be removed quickly and easily . 

3-24-32. That cotter pins should not be used as shaft coupling-sin 
the range unit. 

3-24-33. That taper pins in range unit should be installed so that 
they will not drop out. 

3-24-34. That the range tank heater indicator and range counter 
lights should be made more accessible. 

3-24-35. That the insulated counlings on range indicator intensity 
and focus controls should be flexible. 

3-24-36. That r eceiver tuning and ran~e set zero c0ntrols should be 
of contrasting shape to e.void confusion. 

3-24-37. That the lobe switching should be designed so that it will 
alweys stop on the same l obe . Reference, paragraph 3-13-10. 

3-24-38 . That junction box terminal strips should have rounded 
corners on the insulation between terminals. 

3-24-39. That the ~lan indicator scope socket should provide more 
positive contact with the pina. Reference, paragraph 3-ll-4(c). 
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3-25 . CONCLUSIONS 

Electrical tests anrl mech~nice.l ins~ections of the feceiYer- indicator 
stsi·em ot th@ ·SH.:.r~cht.r · eq_ll.t-pti~nt (hrial 4/:3) indicate that: 

(a) The mecha.nical construction and layout are not of the high 
quality necessary to i~sure satisfactory operation under 
conditions encountered in Naval shipboard service. 

(b) The accessibility of the various units and components renders 
servicing and maintaining operations extremely difficult. 

(c) The receiver indicator system is unsatisfactory because of 
poor sensitivity and insufficient gain. 

3-25-1. Therefore, the SH Radar receiver-indicator system is 
c0nsidered unfit for Ne.val shipboard service without 
extensive chenges in both leyout and electrical. charac
teristics. 
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High Pulse Rate 
Voltage Selector 

off lo 

off lo 

off lo 

off lo 

off hi 

off hi 

off hi 

off hi 

on lo 

on lo 

on lo 

on lo 

on hi 

on hi 

on hi 

on hi 

TABLE 1 

PULSE REPETITION RATE 
SH RADAR EQUIPMENT 

Pulse Rate Control "B" 
fr? 

min out 

max out 

min in 

max in 

min out 

max out 

min in 

max in 

min out 

max out 

min in 

max in 

min out 

max out 

min in 

ma.x in 

DECLASS ,r:;:, 

Pttl.se Rate 
per sec. 

651 

698 

622 

698 

1647 

1961 

1515 

1789 

666 

714 

634 

684 

1625 

1952 

1503 

1778 



DE\.,L.ASSIFIED 

TAJ3LE 2 

RAKGE ACCURACY 
SH RADAR EQUIPMENT 

(a) Range Reset Accuracy 

Tria.l No. 

1 

2 

3 

4 

5 

(b) Renge Accuracy 

Lab. Standard 

0 

1000 

2000 

3000 

4000 

5000 

10000 

15000 

20000 

30000 

Range 

15018 

15015 

15016 

15013 

15012 

RPdar Range 

0 

512 

1011 

2015 

3010 

4010 

5008 

9995 

15005 

20005 

30008 



TABLE 3 

LIST OF TUBES - RECEIVER-INDICATOR 

(All references to SH Instruction Book) 

Tubes located in transmitter-receiver unit. 
Oscillator-converter unit. Reference, figure 16. 

V-101 
V-102 
V-103 

707A 
708A 
713A 

oscillator 
converter 
1-f ampl. 

reflex klystron 
grounded grid triode 

Tubes l oceted in indicator panel . Reference, figs. 9 Md 15. 
Range indicator unit 
I-F Amplifier 

v201 
V202 
V203 
V204 
V205 
V206 
V207 . 

Sweep panel 

Vl.l) 
Vl.2) 

V2.l) 
va.2) 

Vll 

.Amplifier panel 

V3 
V4 
V5 
V6 
V7 
va 
V9 
VlO 

Step genera.tor 

Vl2 
Vl3 .l) 
Vl3 .2) 

Vl4 .1) 
V14.2) 

vii::; 
Vl6 

6AC7 

unit 

II 

n 

II 

ff 

II 

n 

6SN7-GT 

6SN7-GT 

VR-150-30 

6AG7 
6AG7 
6AC7 
6AG7 
6AG7 
6AG7 
5HP1 
2X2 

6SN7-GT 

6S1\17-GT 

6S}T7-GT 

6AG7 
6AG7 

i-f amplifier 
II 
n 

n 

rr 

n 

2nd detector reflex detector 

main sweep multivibrator 

(main sweep 
(sweep cathode follower 

voltage r egulator 

sweep amplifier 
inverted sweep ampl. 
focus video 
deflection video 
PPI video 
return trace blanking 
range oscilloscope 
h.v. rectifier 

cathode follower 

multivibrator delay 

precision sweep generator 

step genera.tor 
step generator 



TABLE 3 (continued) 

Range unit (Reference fig. 11) 

Vl 6AC7 trimmer 
vz 6S1..T'7GT multivibrator 
V3 6AC? multi vibrator 
V4 6S1'17GT knocker 
V5 6M? knocker 
V6 6SN7GT a.v ,c. 
V? 6AC7 a.v .c. 
VS 6AC7 amplifier 
V9 6AC7 II 

VlO 6A.C7 " 
Vll 6AB7 II 

Plan indicator (Reference fig. 10) 

Vl 6AC7 , video amp. 
V2 6AG7 video am:p. 
V3 6S1'i7GT pedestal generator 
V4 6SN7GT bearing mark multivibrator 
V5 6SN7GT pulse generator 
V6 6AC? return trace blank 
V7 SAC? clipper 
vs. 6AC7 clamp pulser 
V9 5l!.G7 modulator 
VlO 6H6 II 

Vll 6AG7 " 
Vl2 6H6 11 

Vl3 GAG? II 

Vl4 6H6 II 

Vl5 6AG7 " 
Vl6 6H6 n 

Vl7 991 II 

V18 2X2 high voltage rect. 

Intensifier power unit (Reference fig. 23) 

VlOl ZX2 high voltage rect. 

Tubes located in antenna e,ssembly 

Sine wave generator (Reference figure 17) 

Vl 6S:N? oscillator 
V2 6H6 demodulator 
V3 6H6 II 

V4 6SN7 oscillator 
V5 6H6 demodulator 
V6 6H6 II 

UNCLA~~1FIE 
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TABLE 4 

ELECTRODE VOLTAGES - INDICATOR PANEL 

lfo. Use Type Heeter Sweer Pl ate Screen Su-pp. Control Cathode 
_ Contr ol Gr id Grip Gr id 

Vl.l 1'-:S.1n sweep 6S-lll"7- GT 5 . 94 Main 320 0 20. 7 

t-:ulti- 11 Exp . II II " 
vibrator 

11 Pree. n II " 

Vl .2 n ~~e.in 74.2 20 20.7 
11 Ero. 74 .2 20 20 .7 
If Pree. 165 150 164 

V2 .l ~fa.in sweep • 5 . 93 ~a.in 318 74 86 
n Exp . II 74 86 

" Pr ee. n 165 173 

v2.2 Sweep .. n Ma.in 318 - 17.9 1.0 
cathode II Exp. 318 - 22 . 5 0 
follower II Pr ee . 310 -7 .8 8 . 6 

V3 Sweep 6.a.G7 5.94 Me,i n ,>95 166 0 .97 9 .0 
amplifier II Exp . 291 166 0 .02 8 .9 

II Pree. 131 168 0 8 . 5 12 . 5 

V4 Inverted 6.h.G7 5 . 93 Mai n 60 166 0 13 . 5 16.0 
Sweep " Ex-o. 58 165 0 13 . 5 16 . 0 
amplifier n Pree. 208 170 0 6 .0 11.0 

V5 Focus 6aC7 5 . 94 Ma.i n 162 199 2 . 65 0 2 . 65 
video II Exp " II II II n 

n Free . II II II II II 

V6 Deflection GAG? 5 . 93 115 260 0 - 5 . 8 • 78 

video 

V7 PPI • 5 .93 296 184 0 51 66 
video 

VB Ret urn t r e.ce II 5 . 93 196 143 0 - 1 . 96 0 
bl anking 

Vll Voltage VR 165 0 

regulator 150-30 

.. 
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. _;.,Jit: _ . ...,. --: - ·-•J'. • - PLAN INDICATOR 

-~ 
~ Use ~ Heater Pbte Screen Sup. Control Cathode 

201 I-F Amp. 6A.C7 5 .95 0 to 107 0 to 120 0 0 Oto .51 
202 I-F Amp . 6AC7 5.95 0 to 105 Oto 118 0 0 0 to .6 
203 I-F Amp. 6AC7 5.95 0 to 100 0 to 115 0 0 0 to .6 
204 I-:F· .Amp . . 6AC7 5.95 0 to 100 o to 115 0 0 0 to .58 
205 I-F Amp. 6AC7 5 . 95 Oto 103 0 to 115 0 0 0 to . 55 
206 I-F .funp . 6AC7 5.95 115 131 0 0 .• 48 
207 2nd Det. 6AC7 5.95 56.5 56.5 0 0 1.35 
1 Video 6AG7 5 .7 271 160 0 0 4 . 4 
2 Video 6AG7 5 . 7 265 80 0 -.75 0 
3 Bearing 6AC7 5 .75 300 165 0 0 56 

ltia.rk 
Pulser 

4 Bearing 6AC7 5 .78 120 48 0 - . 72 to 0 
Mark -.62 
Pulser 

5 .1 Pulse 6}:7 5,78 255 0 3.25 
Generator 

5.2 Pulse 6N'7 5.78 277 -12.5 3.25 
Generator 

6 Return 6AC7 5.78 268 195 1.44 -2.35 1.44 
Trace 
Blanking 

7 Return 6AC7 5.78 320 196 1.4 - 4.7 1.4 
Trace 
Blanking 

8 Clainp 6AC7 5.78 275 217 61 36 61 
Pulser 

9 Modulator 6AG7 5 .78 250 320 0 .05 14 
10 Rectifier 6H6 5,78 - 8 .9 .04 
11 Modula.tor 6AG7 5.78 268 318 0 -.37 12 

{Pin 3) 
12 Rectifier 6H6 5 . 78 9 Main - .27 

Exp - ,35 
Pree - .40 

13 Modulator 6AG7 5 .78 Main 110 310 0 5.9 17 
Exp 93 7.4 18 
Pree 81 8.4 19 

4F3 #5 '/f8 #4 
14 Modulator 6AG7 5 . 78 Main -9 5 .8 9 .5 5 .8 

Exp - 9 .1 7.4 9.5 7.4 
Pree -9 8.4 9.5 8.4 

15 Modulator §..AG-7 5.78 :-iain 380 310 0 -4.8 12 
Exp 398 - 6 .4 12.5 
Pree 400 -7.2 12 

v3 #5 #4 18 
16 Rectifier 6H6 5.78 Main - 9 . 5 "4 .8 ·-,;4 . 8 '9 . 5 

Exn - 9 . 5 - 6 .4 - • 6A 9 ,5 
Pree - 9.5 -?=~ ---.i-7.,2 9.5 
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TABLE 4 (continued) 

RANGE UNIT 

~ Use ~ Heater Plate Sc reen ~ - Control C,ath~de 

1 Trimmer 6AC7 6.1 300 300 30 0 30 
2.1 ave 6SN7 6.1 145 32 34 
2 . 2 if.ulti- 6SK7 6.1 255 0 15 

vibrator 
3 Multi- 6AC7 6.1 300 300 34 0 34 

vibrator 
4.1 Knocker 6SN7 6.1 94 13 .4 28 .1 
4.2 Knocker 6SF7 6.1 112 25 . 5 28 .1 
5 K.cD cker 6AG7 6.1 300 300 28.5 0 28 . 5 
6 .1 AVC 6SN7 6.1 180 11.l 22. 5 
6 .2 AVC 6SH7 6.1 180 0 11 .1 
7 AVC 6.AC7 6.1 145 180 25.5 21.5 25 . 8 
8 Amp. 6.hC7 6 .1 225 175 0 0 1.74 
9 l:unp. 6.dC7 6 .1 115 140 0 0 1.35 
10 .hlllp • 6AC7 6 .1 120 140 0 0 1.3 
11 Am--o . 6AC7 6 .1 126 141 0 26 27 

COl--i"VERTER 

101 Osc. 707A 6 . 5 - 190 300 7 
102 Conv. 708A 1.7 40 0 1.7 
103 I-F Amp 713A 6.6 94 94 .85 .85 
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