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ABSTRACT 

The AN/UPT-T.3 i~ a trnining jrunmcr designed to 
simulde electronic jrunming on S-band rndars. The equipment 

·delivers nn RF signal to a small antenna which is pln.ccd in 
the ben.m of a.nd pointed at the radar antenna. It should be 
used only in the immediate vicinity of the victim radar. 
Modulation by several sine wave frequencies or by noise may 
be applied to the tun~ble RF oscillator to simulate the 
variDus types of countermeasures. The device may be used 
in the study of the effect of electronic jamming on con­
tcmpor c>.ry S-be.nd re.de;rs, such t.!.S the SG e.nd the l.fa.rk 8. I£ 
r:k'l.Y also be employed to e.cquaint re.dir operators with these 
countermeasures a.nd to tr~in thGffi in ·th0 technique of mini­
mizing the effects of such jamming. This report describes 
the design, operation, and perf8ri.llnncc of this equipment. 

-b-
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INTRODUCTION 

l. The subject problem, requests development of a 
low power S-band training ja.mmer, consisting of .an S-band 
oscillator, a modulator, an RF attenuator, and several 
antennas. It ·requests that the equipment be made sufficient­
ly powerful ·to oper~te at a nJOderate diste.nco from the victim 
radar, · such as from ship to ship, e.s well as at close range, 
as in training ~chools or aboard ship. A modification of 
the problem, written when it beceJne apparent the.t additional 
w,.,rk would be necessary t:i prcvidc an equipment with sufficient 
power to work at a distance, requires operation only at close 
rcmge. The rcquirem.Gnts for pulse e.nd frequency modulations 
arc also waived. Overmodulation with sine waves is requested 
as a substitute for pulse, to simulate railings. 

2. The function of the equipment is to produce an 
effect on ?.n S-band radar si1nillU' to that which would be 
caused by _tacticP.1 electronic jamming by the enemy. The 
purposes are tc facilitate study of the effect of electronic 
jamrranG on such rndars, to accustom operators to these counter­
measures, and to tra.in therr, in the technique of operating in 
the presence of such difficulties. 

PRELH'.INARY INVESTIGATIONS 

3. A water cooled lighthouse tube oscillator with a 
power output of f.bout 1/2 W?.tt we.s Rv,dle.ble at thG time 
the problem was written. As it was known that this triode 
can be amplitude modulated, it was used in the first work 
on S-band jamming at NRL. Provision was raa.de for operating 
CW, and for mopull'.ting 100% with noise or sine wave 
(10 Kc. to 350 kc.). 

4. The first tests were run against an ASG radar, with 
antcnnc>. s0pare.tions of e.bout 200 yards. Although they were 
succGss.ful, these tests and in.formation extrapolated from 
dl'.t<'. tc>.ken at lower frequencies indice.ted that more power 
would be necessr.ry fer self screening even small ships at 
ranges less than 12,000 yards. 

5. A push-pull lighthouse tube oscillator having 
twice the power of the circuit usod in the abcve mentioned 
tests was proposed for use with n higher ~ain antenn~. How­
ever, since several phases of the push-pull circuit develop­
ment were not completed at that time, it was decided to 
expedib dcliv,ery of a training jru;lrJ.Cr by we.iving the require­
ment f or ship to ship operation. 

1. 
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6. Design of a low power triode oscillator for this ap-
plicRtion and development of the modul~tor circuits around an 
existing oscillator were begun. A pilot model was constructed 

' at NRL with its modul~tor giving 60 cycle, 10 kc., 50 kc., 
200 kc., or 350 kc, sine wave, or noise, at 50 percent or 
100 percent modulc>.tion. Prevision w2.s also .mn.dQ for running 
CW, ovcrmodule.ting with the sine wc>.ves, and for superimposing 
60 cycles on the sine wave and nois~ modulations. It was 
demonstrated that the pilot model could be operr.ted success­
fully against contempore.ry S-band radc>.rs. 

GENZRii.L DESCRIPTION OF THE AN/UPT-T3 

7. A prc-producticn model of the AN/UPT-T3, using the 
oscillator desigped expressly. for service in this equipment 
was mEnUf P.cturcd by H~rvcy Radio 12 boratorios, Inc., from the 
pilot irodcl described above. It consists of tho generator 
unit, an antennt>., 25 feet of RG-8/U cable, ten feet of line 
cord, and c;; rrying cases for the c>.bove. The equipment, less 
carrying cases, is shown as connected for use in Plate 1. 
(The head set shown in this plate will not be furnished with 
the equipr..cnt.) The generator -unite.lone., with dust cover re­
moved, is shown in Plate 2 •. 

8. The equipment oper2.tes from the 110 volt., 60 cycle 
line and consUl!l£)s 150 watts. The size of the genera.tor unit 
is 1211 x 1211 x 18 11 ~ and its weight 67 pounds. The chare.cter­
istics and performance of the pre-production model closely 
a.pproximc.te those cf · the fincl. production m:-del. 

9. The raain controls are: (See Plates 1 Md 5) 

(a) (S-2) Th~ four position modulation selecting switch 
by which CW, noise, sine wtwe, or overmoduleted sine wave 
oporaticn n~~y be selected. · 

(b) (S-5) The 60 cycle modulation switch. 

(c) (S-1) The four position sine wave frequency switch, 
for selecting frequencies of 10 kc., 50 kc., 200 kc., or 350 kc. 

( d) (S-3) The two position percente.gc moduh .. tion switch 
for choosing between 50 percent end 100 percent mcdul<'.tion. 

(e) (S-4) The oscillator oetor circuit switch, through 
which the meter may be cP.used to reP-d grid current, plate 
current, or pl~te volt~ge. 

(f) (S-6 and S-7) The twc, power circuit switches. 

(g) (1) The oscillatsr tuning control. 
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(h) · (B) The 1'.ttcnu?.t,:>r rui.d outp~t connector. 

(i) (R-34 :>nd J-1) Tho 1i.atcn through device g~in con-
trol and hottdsct jt>ck. A nar.1e plP.te will be furnished on the 
fin?l production model# showing. the function of each control. 

OSCILLATOR 

10. From the c~rl!' invcstiga.tbns it Wt>.s concluded that 
for antenna sep..-.rations undor 100 foot, powers of the order o! 
1/2 millivm.tt at ~n LZ antcnnt>. (gain 1'.bout 12 d'u.) arc c'.dequr.tc. 
To deliver this :'.JGWor through seventy five feet. of RG-8/U c;,.blc, 
thu oscilir.,tor should he.Ve -?.n output of .n.'.:>out 50 milliwe.tts. It 
wt.s recognized th;•.t the equipment should be sturdy• ste.ble in 
power tnd frcqucncr I siizq:1le to cperc'.te, s:nr.11, c1.nd light. Since 
the chc'.ri>.cteristics · of the two ciwity trfo<le circuit recommended 
it .on P.11 of these points, it was selected for use in this 
equipmo_nt. · 

ll: The cr:>.thodc-gr-id lino . is 11foldG:i b!".ck 11 over the platc-
griu line, ns Ll::'.y b~ seer. ih tho ,mcloscd drc:.wing of the HF 
circuit (plr->.tc 3). Botn cniti(is nre tuned with pistcns 11cti­
vr.tod ~y a scrC\<J dri vc mechc'.I'.ise, ~.nd the ;,i tchcs of the drive 
screws ~re sc r9l!:'.te:d "S to m,.,J:c the two pistons trr.-.ck over the 
tuning rrnga ;)f tho circuit. A sliding clutch arrr-.ngment, rc­
le~.scd by pulling out the tunin.z kncb, permits trimming the 
c2,thodc piston ~djustmcnt with respect t <l thP.t (;f the pl~tc. f... 

series of interlocking wr.shc:rs between the two movements limits 
the anuunt of possible reset displacm,.cnt n.nd theroby prevents 
the possibility of operat•::r confusion P.s ~- result 0f ine.dvertont­
ly detuning t.he C"',thcclc circuit ;,. considere.l:>le nraount. 

12. Fron: tho dri>.wing of th0 RF circuit- shown in Plate J 
it mny be se ,::m thnt the cP.th..)de piston is f.1.'.?.de up of two sccti,:ms 
insu.l r-.t0::l fron G~.ch ct:·,cr. S.?.ch section contc'.'tcts one cc•nductor 
c f t hG co.~.xi;,.l lin0 in •11hich it P.ppot.rs. C.?.pr.city provides low 
.R.F ir.1nc(,,-ncc rcrcss the br.ek 0f tho piston, Hhilc "'.)Om.itting the 
DC insulr-tion noccssr..ry for dovclcping bias. The plr-t0 circuit 
is tun-:ld by :i. plunscr with bro::d b:md itF chokes r.t its inner cir­
cum.f;:,ronce. Tho chokes serve tho sr>.r:1e purposo P.s tho CP.pr,,city in 
the c::':.thodo piston, e.nd tlsc permit cpcrP.tion of the piston in a 
region closer to the tube th~.n would be pcssible with the CP.p'l.city 
type. To prevent tho c?.vity behind. tho pl".tc piston from reflec­
ting undesirable inq:,<Jdr.nccs through the chokes, r-. trnveling baffle 
plate is prcvid:d. This plr.tc divides the portion of the CPvity 
behind the pistc,n ir1t~") two sections., r.nd :,irovcnts unf P.vcr~blc 
rcflccticns which 11-..-:uld c.,thorwise result, Fecd1J.?.ck coupling is 
eff;:::ctcd by I.loans of r. 10-:•p coupled tightly to the pl1>.tc ca.vity, 
and tcrrc.:i.nr>.tcd in r>. cr-.?~city c0uplinc to tho cr.thode circuit. 
Th0 degree of c ouplinz. thus intr•:duccd proves ,".dequr.te for thi;; 
typo 2C40 tube, r-nd docs net require •" . .ijustr:.1ont. The output 
probe, which extends into tho pl.-i.to CP.vity, is not shown in the 
e;;:nclosod drl'.winc;. 
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13. The output of "·\: P.vorr . .;c tube in this circuit is 
about 50 milliwatts c.t 9 centimeters, increc.sing to 100-150 
milliwe.tts 2.t the lower frequencies. The oubut level for a 
fixed frGquencyv:--ries with the input to the oscill.tttor from 
the unregul~tcd 300 volt power supply. These Vl':.I'iations hAve 
nut been noticoP..ble in ;,.ny of the op0rP.ticnd tests to which 
tho equip~cnt hes bcon subjected. 

14. Froqu-;ntly "· new tube ,:ay bo substituted in the cir-
cuit withcut rcquirfoc e.ny edj~str.,cnt. Occ~.sionelly some trim­
.mint; of the s;;:nd-porm,...ncn t 1:.djustmer .. ts, such ;,.s the input vol tr.go 
and tha piston positionings, is nocess~ry when tubes ~re chringod. 

15. Since the trdning jn1..ir.1cr is tightly coupled tc the· 
rnd?.r in actud use, rn :i.ttenuc'.tor is r,ecdcd in the RF circuit 
to focilitr.to sir,.iUl.'.'.tion of m.;:,.rgintl j1'.IT'.ruing. It is not neces­
se.ry th?..t th,'3 ettcmu~.tc-r be lincr.r, er even the.t it be c,tlibrn­
ted. Hc\vev¢r, it should provide continuous adjustment of .?.t­
t.Jnut-.tion, c1nd hc>.vc lcw minimum insertion loss. 

16. · 1. c~.pr-,city typ0 r.t tenuPtor is used with this equipment. 
It consists of e. fixed pnd ri. ir:cvcr-.l.>le section of the ccntre.l con­
ductor of "· co:>xinl lino. Tho one section is novod by mcrn.ns cf 
a screw c.djustment on the front pir1ol, e..nd in.:.":J' bo u.djust0d to 
r,ctut'lly conte.ct the fixed p;:;rtion cf tho central conductor. 
The Pttenu.,_tion incre-".scs from :,, 111.inimuni V:>,luc ..,_s the; .movcr.ble 
probe is withdrm·m from this p0sitfon. 

17. Th.:: discontinuity produced in the line when the m0vc­
e.blc pri:bc is withdravm rites rise to reflections. A resistive 
disc, inserted in the line between the ::iscill?.tor and the attcnu­
nte-r, :lc'JllPS w1dcsire.ble reflections to the pcint where serious 
effect on thG. pcrforr.wic0 of the oscillP.tor is avoided. This 
produces ?. minir..ur,:i. ir,scrtie,n loss for the attcnut.tor of ~bcut 
3 db. 

18. The ~ttcnuutor, ~s pr~vidcd on the equipment, permits 
edjusting th0 . outr,ut fr-:.ri:t '.'.b ·.·,ut hnlf the output power of the 
oscillntor tc n lcvyl which C!'.usos osscntirlly no disturbance 
on the.: victim rP.dcr screen. .;.t nc, <:>.djustmont cf the .ei.ttonu:,,,tor 
is the oscill;,.tfon i f the HF gon,J ri>.kr s;.;riously impe.ired • 

.\NTEllNA 

19. 'HE>.ivin[. the requirement for rom.ote uperatiun rr~"l.do it 
possible to pcrf,,rv. ell noce'Ss~.ry fur.cti ,:ms with one mtcmnn. 
Since the e.vr.il;,.blc RF pe;wer is r.dcquatc, even with low gain 
antenn,'.s, l'Il a.ntenr1.::-. bci:.r;: sufficicr.tly wide to tllow innccurr?.cies 
in pdnting is pcrrrci.ssibl0 ~ Thus !>. sr..i.tll, ru;i'.;ed, wide-b1:>ncl 
r~.dfatcr with e. wide: beam width in beth polP.rizations we.s nccd0d 
for the equipment. 
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20. To r,icct these rcquir0ments, ~..n S-br-ncl he;m, 711 X 8 11 

x 10 11 , is provided. ,\. 1/811 pclystyrene window is cla..."1ped n.cross 
the aperture and sec.led with n rubbGr g;,,skot. 1-. pr:-;bc feed, 
oper~tinc int.:i r-. typo N fitting providos the noc0ssnry coroc tc 
wcwc guide tr~.nsi tion. A block cont!'..ining four t.o.p;:icd holes 
.is secured to the w?.voguide to cllcw .o.tt?..ch.r..ent of 2-nY mounting 
device which rr.1:.y !Jc desired. 

21. The standing wr.ve rl'!tic .( v.;ltn.g~) cf the Mtonn~ vr.ries 
from 1.0 t0 2.0 rcross the br.nd from nine to 0lcvon centimeters. 
The highest reflection encountorod does not interfere with the 
opcrc:tion cf the oscilletsr, even when c~mnectcd directly to it, 
1md ordin<>.rily r.t lor.st fc·ur db. of CP.blo· will isol.?..te the two 
cor::pcnents. Tho ?.mount cf pcwer rcfJ.octod is less thru1 15% in 
?..11 C/'.SOS, . 

22, The orientation of tho e.ntcnna is chPr16cd to effect 
different polnrizr.tions. Its bc.0,1:1 width is P.pproxir.1,".!.tdy 30 
degrees for both i~oln.rizl'-tiuns, P..nd its r:"-in ".b- :ut lG db. 

:.DDUL:.TOa 

23. The ty;-:-.es cf .raodulP.tion rcqucstocl P.ro rrois0 rnd high 
frequency sine wrwc, ,.-,j_th )rr:>vision f,jr supcrirr.posin,: 60 cycle 
sine ,~r.vu en eithc,r. It shoulc. be p;:;ssiblo to cp,3rr.tc ~t 50 
percent or 100 pcrcf.:r:t r:.cdulP.ticn with ;,,ny c-.:i::bination. The 
problG1;1, ( as r.~odifiod) e.lsc r::;qucsts cvcrmcc:ulr..tion with tho high 
frequency sine waves. · 

24, A Hr.rtloy oscill .,t:ir is used r.s n. sine 'Nr.ve gencrr-i.tor. 
A four position switch (S-1) selects the ~Jro~er resonmt cir­
cuit fer 10 kc., 50 kc., 20C Le,, :r 350 kc, cscill.,_ticn~ 1•'iith 
P.. VR-150 tub,:: used to reg,ul,"'.to tho plt-.t,o 1'nd screen volt~ges, 
tho output rc,,:r.ins osscntir-.11.y const.<mt for these frcqucncios. 
The oscillator opcrtt0s intc a 6V6 cnth·:dc follower, .h. seiri­
porm,u1ont 1>.djustracnt c,f the pcrcont.,.,_gc sine Wl:'.Vc r,.1odul~.tion is 
provictod in the ~~tontic)moter apper,ring ~-s ~. portion of the out­
put circuit of this Cc'.thcdc f0llowor, 

25. Noise is gcmerr.tcd by ~n 884 [J•.s tube, ~.nd F.'..mplified 
by <'. 6v6. Tho coils, L--4 .o.nd L-3, in the ~,lr.tc circuits of the 
884 P.nd 6V6 re spec ti voly r.rc usccl to incre".SG the high frequency 
output of the circuit by to~1ding to nQutralizc the shunt ce.p~­
city in the tubes and other parts of tho circuit, The be.r.d width 
of this noise generatcr is ~.bl•Ut 1. 5 .megP,cyclcs. Pcrccnt;,.ge 
modul:>.tion is e.djusted oy met>.ns c-f P, p0t0ntior,;ot,;:r in the ple.te 
circuit of tllu 6v6 E>.Llplifier. · 

26. Th8 3.F oscillt,tc-r is nhto c.0dulr.ted by two T)P.rnl.101 
6V6 tub,:;s. A svli tch . ( S-2) selo~ts excitation for the modulator 
frc_11 one of the two· gcncr::it')rs J:1onticncj, or removes all excita­
tion, pcrl!'.i.ttint; tl1o ~:F oscillP..tor t0 opcre.tc 0;, . Over modula­
tion with sine vfr•.ves is offcctf.::d by driving the modulP.tor with 
the full sine wrwc output :}f the CP.thodc f,)llowcr rontioned in 
p~.ra.gr~ph 24. 
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27. The sccc.ndary of the 60 cycle mcdule.tion tre..nsformer 
is connected in series with tho JC plate voltage circuit of the 
.;:;.F oscill8.t:>r. Excitation o! the pri..t.1.,.ry c.r this tr"-tlsformcr 
fror:: the power source thus introduces the r0quirod 60 cycle 
rncc~ulc.tion. i~ variable resistor in the pdJr;:'.ry of this trp.ns­
for,~:er prcvides r.djustnent .-:if tho pcrcontt go 60 c;yclc n:cdule.tion, 
and ,". switch (S-5) in the same circuit is used to turn it on :ir 
off. 

28. Sine wrve "nd noise oxcitc1.tions for the modulator ap-
pear tcross a tapped resistor. T~ c perccnt?.go mcdule.tion svlitch 
( S-3) in t}.o 100 percent position connects the grids of the 
r:d:iulr.tor c.cross the complete rcsistrnce, ;,.nd in the 50 perc.:mt 
position ".crc,ss just h".lf· of it. Another sectkn ::if the s0.me 
switch ch;:,nges tho v0lte.i;0 .<1.cross the prin".r'J c,f tho 60 cycle 
modulr.tic:n tr;,.nsfcrr:1.cr. 

;_~;'"'. SJ. .. ': :r..t1 fi~o1n thC victir:i r~dc..r picked up in tho 
1\N/UPT-TJ _,· ; , ::,-·····,· :·ppo:>.r in the platc-crid c:c.vity of the RF 
oscill;-,.t •.r. The feed b~ct circuit couples these sii::71"'-ls to tho 

·cnthc.,dc-r.ri~ c,vit:,· cf tho oscillcl.tor, r.rd tho pulses of tho 
r!'.d;-,_r t .. ppor.r c.s Jotoctod sign~.ls on th0 [rid ·of the oscilll'.tor 
tube. The c>:.,7liturlo of these sicnnls incrcc'.ses t'.S the cscillr.tor 
is tunod to tho frequency of tho victim r?.dc>.r. T:C:; 7:i..,., c_;_:.•cc.:;..t 
..;f tli::.s Jscillr.tor is used tc excite ::-. two st<'.c;c :>.udio ru;:plificr 
cpcr.n.tinc intc r-. hcr.dset. It is possible to set the j:,~.,.J.'l"r 
frequor;.cy t :) r.py:r•)Xll.l"toly the.t of tho r0 . .J.:,r by tuning for rile..xi­
murll strength si[nc.l in tho ph0ncs, sinc;i tl18 tuninc circuit fer 
this listen throue:,h receiver is the pL:.to ci;ccu:i.t of the oscillr.­
tcr its.Jlf. 

JO. :·r r;h the four c ::mtrols it is possible to l'._pply 50 per-
cent, 100 percent er l'.h:;ut 500 percent meidul,'.'.tion by 10 kc., 
50 kc., 200 kc., ,: r 350 kc. sine vrve, 50 percent or 100 percent 
nrJisc m.r.:,,jul'."'ti:;n, e r 60 cycle mudul".tiun cor.~binod with c>.ny of 
th,J , :th~r ty;'CS L1onti'...mcc: oxco_pt overmDdul".tic:n. It. is cl.so 
;-1cssi 1)lc, 'Jy mc~ns of the scttinc-c;n d,:;vicc,· to ,'.'.<:~just the fre­
quency cf the j P.t:'Qcr t0 ,p;_-:, r,:;xirs".tc:ly th1>.t of the victim r<-.c.r.r. 
:. c,.:r;.;:, lotc circuit <li"..frcI4 of the mudula.tor, :;>:.war sup)-:;lics, r.nd 
listen thr·-•U/ h device is sh:.wn in Fl!".tc 5. 

OPERATION 

31. Tho AN/UPT-T; .. , :pmcmt is connected fer use t.s shi;,m 
in Pl~.to 1. The ,,ntenna should b0 oc,unted in the bce.r, of the:: 
victim rr-dr.r mtcnn"', ~nd pointed c?.t the latter. 1ho t.J:"Msnutter 
operdes sr.tisf"ct-:rily if less than sev0nty five feet cf ltG-8/U 
cablG is uaed to connect t o its ,').ntcnnP., .!'.11.d the: sopr.ration be­
tween rnter,...nr.s is loss thw 100 feet. The ef!ccts of the equip­
ment cm tho i. scci·e; )f :m SF r:1.dnr r.tre sh::>wn in figures 1, 2, 1?.nd 
3 of Pll'tc 4. Tho nc.dul2.ti :.:. ns used are 100 percent noise& 100 per­
cent 350 kc. sine WP.vc, ;-nd •:)vorooduli'.t<1d .350 kc~ sine wave re­
spectively. Fi.gurc four shows the trn.ce in the <'..bscnce c:, f jr.r..r,iine;. 
The r:-dr-.r g:;,.in c ::mtrol W1".s left in tho s~.mc position for r?..11 0f 
tqoso ~ih,· b gre.phs. 

6. 
DECLASSIFIED 



DECLASSIFIED 

. When it is doeired to rcoove thG je...'inling offoct, it 
h~s bo0n found edvis~blo to detwio the jru,·.oin& oscill~tor or 
disconnect it fror.~ t::o ... .ntenn11., re.thor the.n shut down the power 
supply. The slight drift in frequency 1.r..iLlodiP..tcly following 
the i:.~1plic-".ticn cf pl.i-.tc voltP.c30 is thus l'!.Voidod. 

33. The pre-pr,·,duction r.i,.~del h~s been used under field 
conditions at NJ,t., ng~st the SE, SG, Md tark 8 radp.rs. I;. ill 
tests over fifty tcct c,f ct..blc was used bctwcon the trru;sr,.itter· 
and the t'ntannE', of the lJ-l/UPT-TJ, and its r.ntonna. w~s mcunted 
100 feet trc.r:. thti.t of tho . victim r1'ld11.r. All except the strong0st 
Si£I1r-1s were cbscured in ~11 cnses. 

CO.FCLUSIONS 

34. The l~/UPT•T3 r.i.dequ~tcly meets the roquiro1ucnts of the 
subject problon. as c8clificd, in respoct to modul-'.-l,ti::n, tunini:; 
rnnge, pr;wcr output, ease c.f opcrr.tion, size, r-nd overall 
pcrfor:J&iCe • . 

35. PreliminarJ tests indic,de thP.t satisfr-.ctory performance 
agr.inst N&yY S-band re.d;,.re m.".y be exr.octcd with a .miniruwn of 
instr>.llr>.tion md upcrnticn r.lifficulty. 

RECOI:.J ·END,,TICNS 

36. 
Tbe ~~/UPT-TJ is recvmmcndcd for use in tho inll'JlediP.te 

vicinity cf the victim rE'.dl'.r rnly. The i1F pvwor is not E'.dcquate 
for cperP..tion over long dist<?ncos • 

.r"tSELENCE 

(n) Bu.ships lt.r s--s67-S(920-Da) Ser ._,20,.,06623 cf 
6 Dec 1943 to Dir WRL (SRPPB) 

(b) BuShips ltr S-s67-5(920Dr) S920-07708 of .3 Mar 1944 
to NRL 

DECLASSIFIED 
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PARTS LIST 

R-2-2500 ohms, l OH 
R-J-22K, l W 
R-4-lOK, l/2W 
R-5-1200 0h.ms, l/2W 
R-6-750 oh;r;s W, Tf! . Pot, 
R-7-4700 ohms , l/2W 
R-8-4200 ohms, 151N 
R-9-2200 0hms, 1/ 21.'I 
R-10-2200 ohms, l/2VI 
R-ll-33K, 2W 
R-12-2000 ohras, lOW, N, I. 
R-13-55 ohms, l/2W 
R-14-56 ohr:ls, 1/21/! 
R-15-165 chrns, 2VT 
R-16-2500 ohms, 5W.-Pot. 
R-17-750 ohms , 1/2F 
R-18-750 ohms, l/2W 
R-19-3000 ohms, 5W 
R-20-500 ohms , l W 
R-21-560 e, hms, l W 
R.:.22-15K, 51N 
R-23-lOK, l/2W 
R-24-8200 ohms, l/2Vi 
R-25-L.700 oh.ms, l/2W 
R-26-150 ohms, l/2vV 
R-27-750 ohms W.H.Pot. 
R-28-1000 ohms, l/2W 
R-29-120K, 1/27! 
R-30-1000 ohrns, l/2W 
R-31-270K, l/2v,r 
R-32-1000 ohms, l/2W 
R-3J-120K, l/2W 
.i.1-34-5ct~ P,1t, 
R-35-620 ohms , l/2W 
R-36-JOM.A. Shunt 
R-37-lOK, l/2iiv 
R-38-JOO V. l 'lultiplfo r 
R-39-101''. , l/2W 

C-1- .OJ uf, 
C-2- .0016 uf, 
C-3- .0007 uf, 
C-4- .0002 uf, 
C-5- .1 uf, 400V Pap. 
C-6- .1 uf, 400V Pap. 
C-7- .Ol uf, 

C-8- , 02 uf, 
C-9- .1 uf, 400V P 
C-10- ,02 uf, 
C-11- 8 uf, 600V, P. 
C-12- 8 uf, 600V, P. 
C-13- • 5 uf', 
C-14- .1 uf, 600V P. 
C-15- ,002 uf, IITCA 
C-16-- .005 uf, HIGA 
C-17- .1 uf, 
C-18- .1 uf, 400V P 
C-19- .01 uf, 400V P 
C-20- .01 uf, 
C~21- .01 uf, 400V P 
C-22- . 01 uf, 
C-23- • 02 uf, 

L-1- .66 hillihenry 
L-2- 8 ,4 EillihGnry 
L-3- 150 uh@ l HC 
L-4- 60 uh @ li:-IC 
L-5- 80 mh 

T-1- 800V C.T. @ 200 ma; 6.JV@ JA; 
5V @ 3A. 

T-2- 6.JV @ 1.5A 
T-3- Approx 30V 

B-1- Red 6.3v Pilot Lite 
B-2- Green 6.3v Pilot Lite 
Ch-1,2-2.5 Henrys 

Table 1. 




