
SECRET TUBES FOR RADAR: 
THE WESTERN ELECTRIC 700-SERIES 

LudwtU Slbley, KB2EVN 
Flemi"l!)oa. New JCJ$Cy 

INTRODUcnON 
Bell TclephOllc Laboralories coded the 'JOO.series oC lubes {700A throuah 

732A) for military appUcatioiu during WW IL Tbcsc iypcs were in1cnded fa.­
production by WC$1crn Electric, Northero Elcdric, and a wide var1c1y or other 
conlr•ctors. Developed on a "crash" basis under pccuure of 1hc war slluation, 
these designs ""re wed mainly in rad:irs, with 50lDe further appUcatloos in 
communialtio111 gear. Many were advalMlCd technology, )Ct only a few Wied 
be;!Ond the war Some ve well documented; others, developed for spccillf appU­
cations or oboolctcd evly, ate quite obscure, DOI listed in a\O&ilable calolop or 
data &beets. A rew v.ere 5imply adaptatiOllS of British rubes for North American 
manufacture, but m°" were origin:il designs. AU are collectable examples t<>Wy. 

Development of the 'JOO.series ran from early 1941 to mid· 1943, "'hen assign· 
ment of new codes Uiifted to Radio Manufacturers' Associa1ion (RMA) num· 
bering plans: either the exiW"8 scheme fOO' "recching" rubes 0t the 1ben·DCW 
code for spccial·ru<JIO'C types. la partkW.ar, the 6AKS and 382A were reals· 
tcred v.ltli the RMA in April l!MJ, and their corresponding ~ioas 731A 
and 7.l2A were dropped. Later in the umc moodl the 70JA. 'lG&A.. ~ 713A. 
and 717A ""'re rep.lcrcd, the only Olbcr 100-scncs typcS to be so tn:.llcd during 
the w.ir. 

The mOSI popular dcsigllS wi:re widely maoufaClured by other moJccn, to such 
a.o cxten1 thJI production by Ampercx, Ken-Rad, Northern Electric, Raytheon, 
Sylv:inia, Tung-Sol, STC and other BritWi producers, etc., doubtless exceeded 
that of Wcs1crn Electric i1self. Certain of these BTL-dcsigncd Item~ rnay h:1ve 
been mode cn1lrcly by makers other 1h11n WECo. 

These tube.' "''Cre remarkably diverse. They gencra1cd power levels from mil· 
liwalls to 1 mcgiiwan, operated at frequencies from 60 H1 to 9550 Mllr, and 
represented 11C&Jly Lbc entire tno...'11 speeirum oltube constlUctioos. 

This 1rticlc docs not lltempt to go illlo the ilnportanl cootrib.00. to racbr· 
tube tccluiolol)' by wda makers as GE, Raytheon, Spcny, or Wcstinabou.e; or 
by OO'pniulions Uc the MlT Radiation Laborllory. NCO' does it deal "'ilh the 
many Western El«lric radar tubes that were clcwelopcd from the 'JOO.ierieL 
The oriaiul tubes in this lillc arc quite enoug)l to CO\'Cf! 

SOME RADAR TERMS 

Before going into detail, i1 may be helpful 10 define $0mc types of tube that arc 
un!iimiliar 10 many tube historian·collcctors bcaiusc ol their specialin:d naiure. 

Kl.r>tron. In the 700-series, these are sm:ill ntlerowa\'C ~llaton, generating a 
few dozen milliwatts ol l)O"'Cf, mode mainly for local ~llotors in radar re­
ceivers. Kl)-.lroo amplilien, power tubes, Cle. came later. More parlicularly, 
these are rrf/a klywon.s in which only 1 single resonant aivily is needed - a 
•rcpcllcr' electrode cause& the bunches of electrons th4t give rise to oociUation lo 
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The 700A with its cavities. 

720A. with coaxial output line. 

720-type and 725A magnetrons in their magnets. 

Photos copyright (c) 1947 AT&T. Reprinted with permission. 
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$Weep ~ lhc u•ity multipk times ( ll. Since the name •kJ)"tton· was a trade· 
mark ol the Sperry Ciyruawpe Company until well after lhc war, contcmpotary 
BTL aod WECo literature refers 10 lhcs.e tube$ a.s •rcllu OICilbton.• 

MagJldl'Oll. ~ fOf pll~ of tbi$ $CZX:s of lubes, thc •uhjcct i. the C<l\11)' 

111agpcu°"' or, more ap«i(IQJ!y, the multicn'ily magncuoa. Tbc c:a•;i, ~ 
Klrllll "'Ma I~ 811111.b ~ • .iwcd "'1lh the U. S. U. C'C&l a.:crccy in bte 
1940. It a.Jc fu 11ai1u ~r lcYe1s P"'siblc:, a rcquircmcat for mic:rO"'•YC 
radar. ~ >h<'fl •.-dcegt~ P"" precise rcaollllioo ol tlK tatFI (?I Tbc 
'lOOA, WECo"a r11111 production m~oo, ga'>c 40-l W puJ-. and the 720-lypcs 
prodix:cd 1000 kW .tlurtly ..fteni.vd. By COG1nSl. the iplit·anode mlgl>Clro• 
was well lr.n.own intcrn•lit>flaUy, a.nJ was ci.:.clopcd by lhe Japaner.e 10 pulse 
power levcll or scvc1al 1.il'1'>"JllS al 3 cm by the end of the war (31. 

Magnet roll~ in l he 700·M:ri~ were early design-wise: they were f®d·tuncd by 
the dimcn~iuM of their rcwnnn1 cavities, a disadvantage if foccd with an cnen1y 
capable of jam111i11¥ the rudnr. This also required multiple 111nre unilS where 
several radar& ur the MlJlle type, each assigned lo a slightly Jiffcronl frequency, 
were on a Jiivcn r.hip. The early devices were all ol the external magnet type, 
wherein a bullr.y fw:d aw&r"t ;.uppllcd the magnetic ficlJ required for opcratioR. 
Later~ in tbc 2Ju· and 4Jxx-5Crie$, ca. 19-43, were ·JN1da11cd· l~ ii>ror­
podl.iog in.tc:p.1 aupeb fu< lcascr bulk and .. tight, a~ prac1icc coetioucd 
to the prucDI. 11.,..e>u, lal thcM: carlydevi= be a>Nidcrcd Wluru. it V.OUIJ 
be -ed tbal l<>IDC K~J W>lil wclJ after the war. 

Tit T•/ ATR T•b«. 1114iiamWI~11.bc "'bic.b prO\idu clc<:­
uoaic li"'-il<.hioa 111 a t.iaclc &tllcana bcn•eca lnl>Smia and rc.cci»c fu!ICIMJOS 11 

rue. up 10 1000 u< 2XXKl tialc. per .ccood Stralcg;ally pla«d U. a r<*>G&ni cav­
ily coupled tu a Wl\qWtlc, it '1>rcab 00..11· (fires) and shon-cira11ts the waq­
uitlc, protecting the mi.er cry>1.tl in the receiver Crom tbc tr1111>miucd power. A 
second tube, the a11ti·TR or ATR liJbc, effectively di$conncct• the 1ran5mi11cr 
from lhc 1u1tcnna foedllnc during receive time, keeping the weak reu:ivcd power 
from being 1061 In th11 trunsmiuer. lo these tubes, a third electrode is usually 
present, carryin11 o small OC current 10 keep the gas in the tube li11h1ly iu11i1.ed, 
assuring fast rcsponw when the transmitter is pulsed 'ou.' A t)'Jlitlll TR s~tcm 
of WW U •int~ would allow, ol 200MWof1ta&111itter power, only about 200 
mW to tc&Ch the rco:i>cr ·· an bobtion ol90 d«lbcb. 

ModuLatOf'. Thia i. 1 JIClll>Cf tube, a swildl which 1pplia. """'"' to the m:ig­
DCU'OD ia brid rutac.: f.,, =pie, 12 ampere$ 11 20 k v ror one miu~ 
llXXl time. per ICC'MMI. TIU. requires the allilily lo b..Jk u.......Uy bip wolt· 
ages (oftca II bip allil.WC. .. berc ; ... u!arioo aad coolia& arc: diffi<..it) and mod­
entely bip P<""~r diS&ipatiua. Tbe 'JOO.series modul..lor tubca were air-cooled 
tctrodcs of the top-cap type. 11ie.c "hater tube$ Qllllpclcd "ilh thyrllrOGi, ro­
tary opark.pp de'~ (wm~oble to the rowy PP'()( -..itcleli6' d.ay.) and 
scaled 5park·pp tubca. 

f,..,q~ncy, Band, and Wa•dtnetJl. In dealing wilh radar!.. there 1> room for 
confusion in terms or the pan or the radio spectrum in which they operate. RP­
gencrutlng 1uhcs In the 700-itries opetllled io, generally, live frequency bands. 
The lettered hand dc~lgoator~ began as a wartime 50curily measure to di.guise 
operating purumc1cr1 or rad3r5, but were kept afterw~rd ror wnvcnicnce. ('The 
bands arc tellered 110111ewhat differently today.) 
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720-type, cutaway view. 

728·type, with glass shield 
on fragile hea1er leads. 

I 

\ 

A 707A with ils tunable cavity. 

725A. with waveguide output. 

7Z3A and 726A klystrons. 726A 
has slightly thicker output line; 
also simpler repeller support. 

Photos copyright (c) 1946 and 1947 AT&T. Reprinted with permission. 
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fa;®'llQ' W1~:cls:og1b .llil.wl .eww>ll: 
175 MHz 1'10 cm 710A 

700 40 L 'lOOA, 70'2A, 103A 
1000 30 L 72M 
~ 10 s '106A, 7fflA. 726A 

10.tnl 3 x 72lAB, 72SA. 7.lOA 

lNTERN"TIONAL "'TECllNOLOGYTRA.'iSFER0 IN RADAR 
Radar tcchaology us WW II was a 6tale sec:rei f« the wanifts IJO"'C'"'- AD CD· 

tcrcd lhc •-at with some form of radar (4J. Britain had tbc Chain Home ddcD· 
sive saccn, early a1111aircral1 gun-directing ICU, and naval ')>ICIDS. Gcrmmy 
bad loog·ranjp> aircralt ck:ICCIOt radar (the llS-Mll2 Freya ')'ticm), the Wuertz· 
bWJ! 6C'().MH1 air-dcrcMC '>"cm, 1beScelak1 37S-Mllz lll\31 rad&r, and Others.. 
France bad v.'Ofling aircraft dclccto" and h:ubor-dcrensc ')Mems. PhiliPI' in 
lbc Nctbcrbndi had dc11Ucd a basic 400-Mlh radar &cl, actually used in combar 
in 1~, wbicb WU e\'7lCUlcd to Brilain 10 keep ii out of German hands. The 
lralian l'avy poo&esacd a rcw ibipboard radars. Japan had iimple VHF aircraft· 
dctcctioa and naval sca.rcb acts, "hich g,cw to S2 Army dciip and 62 Na\y \'er­
sioas by the end ol tbc war The SoYiel Ueion had built buic VHF aircraft-Jo. 
ta10r S,s!CJIU. Tbc U S had land-based aircnft-detCCllOll ractan (the UlS-MHz 
SCR-'ZJO and -271), air-dcrcruc ICU (the :ZOO.MHz M:R-268). and naval search 
and air-defense ICU. facn the HunpriaM had ~loped opcratioD:ll ')'Stems 
("'1iich culminated 1D their obca111ing radar ecboc1 from tbc moon in 1~). Thu.. 
radar was hardly unique to any ol tbe comba1anu. BecaUIC ol 11\c secrecy as­
pcd. lhcsc S)"(Cm' "'CfC locally de\'Clopcd. 

As the war pmgr~. n:llioM friendly with each oihcr shared radar 1cchnol­
ogy. lavishly, in the case or the British, 1hc Commonwealth, and 1hc U.S. We 
received the magnetron and lhe silicon-crysla.I mixer from the Orili,h, as well as 
1he design~ for early VllF alr·lo-air and air-10-surfoce-vcsscl (ASV) radars. 111 
1urn, the British obtained mass production of eornplclc systems, plus supplies <>f 
tubes and 01hcr parts, which explains why MOlll of the 71XJ.scries tubes cartied 
British Commoo Va.Ive (CV) numbers. The U. S. supplied the Soviet Union 
with radars or advanced design under the Lend-Lease program. The Germans 
provided the Jarancsc v.ilb the critical p:ll1S of a Wucrt1burg rlldar and manu· 
facturing information, shipped by submarine in early I~ (SI. (The Ja1'3ncse 
were slow 10 ad.i(ll lhe dcs.ip 10 their paru ~and failed 10 get 1hc <Cl in10 
productioa before the cnJ or the"~'-) 

Tbc 5CCUrity problem "'ith radar V.OS SC\'erC: ,.'Ith C3ch side rnaling tec:hnial 
W1UICCS (mainly lbc Allies, ,.bo, °" the dcfcn..i'-e early oa, poured resources 
Uiao de>'Clopmcnl), the need lo keep t.bo5c advantt1 OUI ol. the coemys ban& 
was crilical. There ""' a f31f amounJ of uninleodcd lcdinok>gy tramfcr as the 
result of cquiplllCtll ca(llurc. In the C\~cWlioo of France in 19-IO, the Germans 
seized a Brithh 200-MHz rad.lr at Boulopc. but apparent!) wercn'l imprCMCd 
"ith ii (6(. ID capturilli Si"&l'porC. the Japac:z p11 dra-..ings and qx:cificalions 
for British 5CU ot the same dc$ian, and built similar radan of their own. Jn lak· 
ing O\'Ct the Philippi~ they ~cd a working SCR·268 on Concgjclor and 
got enough parti.tlly deslro)cd SCR-210510 assemble working ICU for cval112tioa 
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The 701 A modulator tetrode. 

707 A reflex klystron 

' 
L 

The 7t5A modulator tetrode. Near-twlrlS: 713A and 717A. 

Photos of 701A, 707A, 715A copyright (c) 1946 
and 1947 AT&T. Reprinted wirh {Xltmlsslon. 
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[7). Their Type S-3 wi&S a c~ copy ol the SCR·Ul& In invc.1ina Guadalcanal 
aud KiUa, lbc U. S. ubcaiDCd wwking Japanese r.dara; ooc o( them Spcnl the 
war wider l~. kiolina out CM:r Cbcsapeake Bay. Tbc BrilW. ,.,.JcJ tbc Ger· 
man an1WrcrJ1 Mic II Brwic:val on the FCCACh cod, sv.ccpq up the -
crilical patU cl a W11er1.r.burg (and a frightened op:.nu>r). They pit Ille 400-
MHz Licchtemicia air-tu-a.r radar from a JU..SS gigbl ficbtcr tlw LaoJcJ by 
mistake ia E'lgl••I, M...Ja ul cxh side'• iutcn:.l ia the Olbcr'• ra.br• ,.i.i D<lC in 
duplicaliag the eqwpmeo1, but in finding its v.m ~ to builJ more dTeaNc 
ja.mmcn. 

Perlwp5 the mOit crilic.11 traruler was the loss ol the ci-ity mlljll>ClrOD 10 Ger· 
many. All RAP Stirlin& bomber equipped with the "HiS" n:iviption/bombing 
radar crashed in thc Netherlands in early 1943. From it Ocrman tcchnical·intcl· 
ligencc: bpcciallblS cXlraaed the mangled radar and its CV64 10-cm n1ngnctron. 
and advi>ed their Jupnnc•e allies via a long radiotclcgram. Tills wus tho "Roller· 
dam gerael" (appnrutus), the focus of intense effort that eventually yielded a 
working replica. Thc German copy of 1.he CV64 magncrroo wus the LMS IO(G) 
[8]. 

The W~crn Ekcllic l!X).scrb tubes were $CDSiW.c tcchnok'ID' at the time -
the dal.> ibcc~ for at lc&>I six of them were dass;r.cd iafonn~tiun. Tbcy liiiurcd 
ia lhis 1cci<lca1~ ua.Wcr 10 M>me CXICDL A yur after the Br11~ uuJ•crtcatly 
muled l<km tcchnolo&Y lo tbc A.xis, a 8-17 arryi"l u "H~ homl>in& raJv 
(AN/APO-ll or A.~/APS-15, X·band •usioos cl the Hz.~) .... $lk11 00..'D ia 
Holland. TU mukd :km rad.tr dcsips= the 725A{TJ(JA m~r.>a. 72.lAB 
kl)'5Um. etc. Tlic Japaaa.c. too, IU()l'.CrCd APO·°' from J>ol ·~ 8-295. 
They made <1pid prop~ ia developing cwily ~tons. llO'o''C\cr, these 
losses came too lite in the war 10 have a real dTCCL 

MILITARY E·FFECI'S Of RADAR 

The effect of radar on w:irfore is a topic occupying cnlirc book~. A~ one ex· 
ample, the lrnpcrinl J11pnncsc Navy had developed, during the Thi11lcs, high skill 
in surface combat •t nijiht. They pul lhis advantage to wor k ln, for example, the 
First Baille or Savo hlnnd in the Solomons on Augusi !I, 1942. The result was a 
"the \llOISl sea dcfeJt in ii$ entire history" foe the U. S. Nary I'll· three U. S. 
cruisers, and ooc Au.Urali3n, sunk. Radar, properly awlrcd, would be an cqual­
i2tt 10 reduce the JJpan.:>e ach'aftlage. ID the Baille ot Cape Espcran.ce (S«oad 
Battle cl Sa\'O I~). about midnight of October 12·13, the Mk land Mt 4 
ndar$ <- 100-type bcluw) v.~rc us.cd in gi>-ing the Japanc.e their "lir.i dcfc:u 
c-.u in a~ llCllOO" ( IOJ, •>1h the loss ol a a\bscr &lld 11 da.tr~r, M the cmt 
ol an Amcnc&n de>lrO)C< (Jap>ncsc losses Vi'CfC cusgc.rated by a factor ol 
three M the tame I 11 J, bl.t wch i$ the uturc ot .. -artimc rcporti.>a.) 

lo 1emu of air ....,fare, r:itbr brought similar d>angt.t. l'OI to.> far into the 
war it became J"*iblc for an air force: to bomb an enemy city fairly accurately 
through clouds, and for the defcnden to direct rather accuralc antiaircraft fire 
up through the same clouds. 

TECHNICAL DETAI LS 

Multiple 11um~rln11. M06t of these tubes carried multiple numbers llbSigned 
by lbe military services, the RMA, and the viuioU$ makers. 'The mO•I Cl(lrcmc 
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Tho 709A with Its 
assoolotod Cllvhy. 

, 

The 72tA. t BZ3 {729A). 
and 724A TR tubes. 

702A and 709A TR tubes. 

-" ... ' 
,. 

.)"' -• I ,,. - \ 

I 

Photos copyright (c) 1946 AT&T. Reprinted with permission. 

54 



case is 1he 710A, which W3.\ known by at lcaSI nine duignauons. Table I, de­
rived Crom American and British sources [12, 13), fua 1he muh iplc numbers ror 
the more complc.r CMCt.. 

Prod!Klloa llrr. Many 0( lbcie lubes ~ qWd:-sbol deiiaJ's, dcsllocd 10 be 
replaced quietly by more -.1\'UCCCI l)pcs. Yei Ilic 'Anny.N••y Prdcncd Lill ol 
Elearne TW>a.• ai; ol 1'uv. I, l9'5 indnded lhe 71.SC, 719A, 2JUS (72JAB), 
7261\.C, IB23 (729A). 6AK.S (731A). and 3BUW (732A) Wa.icl"ll Electric 
dropped rhil produa L.nc qu.idly. I.be 1916 catalog ol lhe Gra)~r Elcaric Co. 
(WECo commercial d..iribvlor) l4l$ only lhe JO.iA. 'lQSA, 71$C. 719A, MX5, 
and 38".A. llll'Ac•cr, »C'ocral 700-scrics tubes ... ,.,e so ... ;.i.:1y wed that lhcy 
stayed in commercial demand for a generation. Ten yun after these lubes were 
introduced, Vllrioia m~nufacturef$ were offering the 705A, 7078, 71.SC, 719A, 
7218, and 2K25; 1hl! deipi1e yc11ts or intensive dcvclopmcnl or 111hcr radar tubes. 

Somo oppllcullo11s. These lubes and lheir successQrs formed the busl5 or doz. 
ens or radar l)'lilcms. Because of constant cllanges in 1cch11ology nnJ in military 
requirements, 5)'lilcma were developed partially, developed and lc~cd but not 
produced, or carried 10 01icrational success. Table 2 show!. some operational 
systems usin11he 700-1erics lubcl.. 

T\JBEDATA 

700.1)"]1r Ullt m.,nt:llOnl. WECo's fil's:t cubes ol tbio rypc, w11b couial 
oupuis and CJClcrnal mapcu. Eadl was fixed-tuned 10 • dJrcrcnt rrcqucn<y in 
the 680-720 MHz bud ('lOQA: 710.72D; 7000: QlO.Q,lO) and p<od1>eed a -..i-
1131pulse001pu10( 40 kW a1102% dutycydc.. rll'St, and poa.il>lyonly, use was 
in the 1'a'Y Ml 3 (Fq and Mk 4 (FD) gunlaying racbts, and i11 a rctrolit 11'111$­
miucr assembly ror the Mt I (FA} radar, v.'itli a pair ol 10W as modubtor and 
102.\ in the TR iwiccll. The Mk I ha<! started out with a 1tansmi11er u.1ng a pair 
or WECo doorknob lriodcs and a relathcly unsophisticaled receiver; 1he new 
magne1roo 1ran~mi11cr rn.i.scd the ou1pu1 p<>wer about 10 dB, and o relrolil re· 
ceiver whh GL-446 lighlhOWIC triodes improved pcrfomrnncc hy llnolhcr 10 dB 
or so. The 4J42 mnll"clron was a tunable replacemcnl for all lour versions. 
Bri1ish numbcrina: CV695 (7008), CV696 (700C), and CV699 (7000). 

701A: Modulator tetrode. Ao early bard-tube pulser cube. 11 comprised four 
SCIS of electrodes, pallcmcd af'lcr 1he 350A audio tetrode, in parallel All grids 
wcregold·plalcd; pb1c WU molybdenum. Realer, 8 Val 7.5 A; maximum plale 
Wlluge U kV; dl$.ipa1ioo 100 W lo lhe Mk 1 - Mt 4 rad.ara.1wo tubes i.n par­
allel gl\~ 2-$U ~ o( 10 l Vat 12 A peak [18). BrilW. 111111bcr CV6n. 

70?A, 70?8'. TR taba Tbrce>dearode disc-seal TR de\>ea, •ilh waltr·>-a­
por fillin& de\1'1CJ io bit 19"11 OD a quid-rcactioe basis ror use 111 lhc Mk I, Mk 
3, and Mt 4 rad.ui ( 19). Repbceablc by tbe 729A (1823). 

700A: Ullf rnansmltUna triode. A small (T di3.) sin&Jc-cnded doorlnob 
rube, a dual numbcrina or the prcw:ir 368AS. Filament rared 81 I.IS V at 4.S A, 
plate vollll&C Jj(), druipalion 25 W, nominal 1000-MHz ou1pu1 2.5 W, lotcrnal 
resonant frequency 1700 MHt (20). This may lul,·e been the receiver RF·ampli· 
ficr tube in carly-produc1ion Mk 3 radars, before 1hc CL-446 became available 
(21). Far more 703As were used in the T-26/APT-2 'Carpc1• and AN/AP0-2 
"Rug• radar jammcrs, producing 3 10 20 waits and intended 10 coun1croct the 
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TABLE 1 • MULTJPLE NUMBERING 

Other U.S. RMA Wcs1ing· Ray-
~ WELBTI. ~ fil. ~ ~ Bfil, lkillih 
703A 368AS CV679 

0-159764 
705A 378A VT-255 8021 RK705A CV3587 

D-1597&l (705WA) 
706A Wl.A43 CV3588 
707B QK26 CV3689 
708A D-160U7 CV3590 

1272Y 
710A VT-24<1 8011 WL.538 1 CV46 

588 E1046 
VI'90 

lOE/97 
717A VT-269 CV3594 
722A WA CE302 
723A 1439XQ 31 CV720 
724A 1331 CV26.56 
725A 1330M CVTZl. 
731A 403A 6AK5 CV850 
732A 429T 3624 CV812 

1299XQ (3B24W) 

TABLE Z ·SOME lYPICALAPPLICATIONS 

Trans- Cllpper 
milter or Trans- TR Receiver Receiver 

Radar 
System 

Mk3,Mk4 
ASC 
AN/APQ-13 

AN/APS-4 
AN/APS-15 

AN/MPG-1 

ASC: 
Mk3: 
Mk4: 
AN/APQ..U: 
AN/APS-4: 
AN/APS-15: 
AN/MPG·!: 

Modu. Charging mince and Local IF 
lat or Diode Osc. ATR ~ A!!!P~ ~-

2-701A 700A-D 7(1].A, B GL-446 (14) 
707A 713A 

2·5D21 705A 730AY 2-7248 2-723A 6AK5 1151 
&717A 

2-1822 3824 725A 2-723AB 6AK5 (16] 
715A None 725A 724A(?) 2-723A 6AC7 [ISJ 

&1B24 
2-SD21 719A 725A(?) 723A 6AC7 (17) 

Navy airborne sea-search radar. 
Navy l.rband sltipboard radar for fore direction against surface 1argets. 
Navy l.rband sllipboard air-defense radar. 
Army X-band airborne navigalion and bonmbing ra<Jac. 
Navy X·band afrbornc navigation and sca·scarch radar. 
Army X-band airborne navigation and bonmbing radar. 
Army X-band harbor-defense radar. 
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Wuerubur1 air-ddcn~ radar and other SjS!ems in the 21.n:no M 117 range. 
(Therc,.crct>lbcr triodcj3mmcrs: lheAN/APQ-9·carpcl llr wcd8012s, and 
the AN/ APT ·S employed a 3C22 lighthouse lube.) Tuna-Sul 1econd..our~ lhc 
70lA. 

71MA; VllF rtetlllu. A calhode-IJpC delcclor cbodc, wilb three •ire lads, 
apparclllly developed (r- a lube coded 0-1377~. Al\O nmhc:rcd 22STQ. 
Small: a.ly I ·S/I•" high. 9/ 11> diamctct, lookiog lib: a MD&ll ~mp "'llb • pblc 
lead .calcd iaco iis side. RMiap; beater 4.5 vat 0.5 A:. pc.i. r~ne volt~ 
1500, aver• forwatd currclll 10 mA. Used in lhc Na111 LW radar lal $e1 as a 
detector for the """'meter. 

705A: V..-uura rtellnfr A high-voltage diode OD I •rccial ccr•mic·diw: rour­
pin "=, wilh plate cap. Raltngs were: tho.Uted·lUDg!'ltn lilnmcnt °"ing 5 Val 
5 A, p.;<1.k revcrr.e vohngc 30 kV, average current 100 nl.A. Paor1 or 705As were 
used in the pull\crs or the AN/TPS-3 and AN/APQ- 13. Sccond·s()urcrd by vari­
ous maker~, o~ ~hown in Tnhle 1; later "ruggedi1.cd" into the ?05WA. 13ecame an 
inlcrnntional 1uccc•~, hcing made eventually by STC in Brhnln (a\ 1he '1.T/4.SOE 
and P552/IOE), hy the l 'ompagnic Thomson-Houston in France (the Tll'l05A), 
and by Nl.C in Jap1n (the IK7S). 

706-l)pt'c S·band inapttroD.f. CQari•l-outpul cJlernal·magnd dC\iccs, 
closely p;o.ucrn¢d after the British CV3588. Healer rat1Jt81 ().9 V; muilllum 
plate volt• ?2 kV; maximum pbtc CUJTCDl ?2 A; -Uwa pullC koetb S JJ.s; 
duly qdc o~: .... ,. dissipation 450 w. Tbc "lllGA· 8-C wu caJ"ll>lc: ol <IG­
kW ~ fuN·IUOCd ia 1bc 3019-3100 MHz bud, aod ucd ia early 5-band 
airborne ud .... ,~ raJan. There seems 10 lu.»c bccD a '106Y alio (ICC pl>oc"')· 
Tbc 106A Y tbr<JUSh ·GY .-cniom "'ere uprated sublt-wly, 10 206 kW, and 
CO\Utd 2914-~IOO MHt. for eumpk., 3038-3069 MH.z for 1hc iUC>EY. The 2J61 
and 2J()2 ,.ore lunahlc rcpbc.:mcnl$ for these 1)-pcll. A4o i.cc the rcl•tcd 714-
and 718-typc:a. 

707A, 70711: S·band klyiltODS. A dise·seal oct•l-bw:d dc:Mgn or 1942 vintage. 
the "McNally" tube, 11ftcr J. O. McNally of BTL, who is belier known ror work on 
the 300A audio triode (22f. The operating frequeocy, between I ISO And 3750 
MHz, was set by nn cxtcrnnl clami>-<>n cavity. Used ~ chc IOC11l oscill«tor in the 
SO and AN/ APN -7 roJan, the Navy LAG siglllll gcncralor, etc. Capoble or 140 
mW oulpul. Second·1<•utced by Heintz and Kaurman, Sylvani;i, and Raytheon. 
Tbc '7078 wa. a tcmpcrah11c-compe"53ted vcnioo. Raytheon dc-.:~>ped ii into 
the 2K28 by iboncnilis the: gbu .. ,,,lope sliglitly. BrilirJa number~ CV26Sl 
(107A) ud CV.1689 (707B) 

70IA; Sllf' trl*· A &teel-ased, lil:mtent-type triode for 11.....,ded grid 
mixu ....,_ The t.lMr pblcd case was !be giJ lcrmiaal; the lilamcol ,... 
broughl OUI lbruugh IWO lhicJdcd pins, each form.q I ~ line., ud tbe pble 
lhtougla two more. FiWllclll •oltagc L7 V at 1.85 A. AC or DC. lhcd IU a 
mixu in tbc Ni111 ASC and ASC·I aircraft radar• lo dcvck•p a 60-MI 11 Ir, and, 
appareody in thc ume 11>.<cmhly, in tbc 1942-•-inlagc SE ihi'*"wd syi.1cm. The 
708A wiu 1he only tubt mixer U>Cd in U.S. microw1vc radM&, ru the CV58 diode 
was the only British micruwave tube mix.er (23): silicon diode. quitkly replaced 
tubes because or eupcrior pcrformitncc. There WM appurcnlly nn o~clllotor ver· 
sion or the 708A numbered 0-160573 and 1301M; 1bc 708A wus rcully a power 
tube, rated ot 3SO V, SO mA. and 15 watts dissipacion. 
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Two vlows of the 703A UHF triode. of the "doorknob" family. 

The 708A melal grounded-grid SHF mixer triode, 
with ks coax!al filament and plate connections. 

Tho 710A VHF power triode (this example, Northorn Eloctrlo production). 

Photos: L. A. Sibley 
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709A: S·band TR tu~. A t hrce-elc«rode <fuc·seal cavity TR device made, as 
a quick expedient, by adding gas to a 712A; used in several Army radars 124). 
British numbering: CV26S3. 

7lOA: VHF-Utll' tran~mltUna Irle>«. Aa wemal-anode urut capable or 80 
watt<' dissipation 'Mth forced-atr cooling. Filament ~r WU 8.2S val 7.1 A. 
Maximum pbte-volt9 rat1J1g, 10 l V. As ~J by GEC in Brita... i.o 1939, ii 
was the fll'5t of 1 •micropup· ~intended for wc 11 and abo\'C 200 MHz 12SJ. 
Abl.c IO produce IC>'Cl1ll kil<l'"-alls of pulse J>O'"U 11 600 MHz. il WU applied i.o 
200-MHz &ll·UuerccpllOll anJ ASV radars. Adlpted for u. s . Canacl1•n DWUl­

facrutc, i1 was wed in pairs in the Phila> ASE anJ A.'E·I radm for Na>y air· 
craft (ad3pllllioiu of lbc Brifuh AS v Mk 11), II about 175 MHl., and •rparcntly 
in the SCR·SIO 200-MHz lir·inlcrccption radar, "'bich wu p;inemcd ailcr the 
British Mk IV dcsi&n Nonhcm Elea.ric produced 710As for wc in SCR·540s 
and Olhcr radars made by Rc.~reh Enterprises Limited (Rl:.L) in Toronto (DOI 

10 be confwcd with the Radio Engineering Laboratories 1n lhc U. S.) for both 
Canacfun and U. S. b.IC. The appendix by Colm MacKinnon prO\idc.s a.n cucl­
lcnt O\'CfViCW of !he 710A IS u.ed ID AUSltaJian radar$. Thc 71()A was p<CSWD· 
ably the dcsigJI iJca for the (larger) 6CU iluroduccd by RCA in 1946. Tbetc 
was also 1 Sperry 710 X·band ll)»ron and a 1'.atiocul Electronics 710/601 1 ps 
rcaificr, both diolinc:t from the 7 lOA. 

711A: O.dllatnr. Device med in Brilish equipment. Du:ll·numbcrcd 1287Y. 
O!hcr derail> arc laclaft8. The 71 IA apparently did llOI reccivc 1 CV-nwnbcr, 
and seems DOI 10 b''C turned up in l>O'fW:ll surplu. lilocks in the U. S~ so m2Y 
DOI ha>.-c gone inlo ICl~I production 

1Uk Kltstroo (?) Loaal-o&cilb1or tobe in \'Cry early microwa•-c radars (pre­
sumably a dhc·M:al ~lyi.1ron), replaced by the 71l7A 126). Ukc the 7 J IA, ii seems 
nOl to have been made in enough quantiry to sunive the w:it as Jurplu.\. 

71JA: Rt«M1111 penrodt. Physical chnractcris1ics and clec1rical rating.~ arc 
lhe same as those or 1hc 717A (see below); the 713A used an all·bakcUte base, 
while the 717A had a mctal·ring (ban1al) base. Sccand-sourccd by Tung-Sol. 
British numbering: CV3S93. 

7l4A: S·band mu1111ciron A couxlal-ou1pu1 cxicrnul·magnct design ra1cd al 
22 kW ou1, fixcd-1uncd in the 3280-3320 M HL band. The A Y "C"lon was up­
rated lo 165 kW. The 714A was u>Cd on the SCR-520 and AN/ APS-2 airboroe 
radars, "Cty early microwave >c~ Sec 1()6.type for basic ratinp. The 718-lype 
was related. 

nSA·1)i>e ModulatOt' tctrock!.. Pulse ampliC'iers oo a four-pin ccramX:-disc 
base ,,.;th pl..rc cap. The 71.SA ,.-u dcvc:lopcd from tbc lS6A and 'lOlA for use 
iD airborne raJan. &,th &Jids were eold·J>Wcd; plate was zircoruum-cxiated 
mol)bdenum. 71.SA ,.a. rated II 14 kV peal:. 1.$ A peak ct111cnt. 60 W ~pa­
tioa; hearer T1v11 2.1.S A. 7158 bad an improved arid for cooler operalioo aod 
carried slightly higher >ult• and cvrrcnt raiings. II was used in lhe MIT Mod. 
3 pulser and in Philco AN/Al'S·2and APS·l.S ~ The 71.SC h.od rati.na;s like 
715B; was also m•dc by Ra)1bcon and RCA. and was cvcn1uaUy replaced by the 
Eimac 4PR<>OA. The SD21was1 de\-elopmcnl from lbc 7158 127). British num· 
bcring; CV26S4 (715A), CV26SS (7158). and CV.598 (71SC). 

716A: Th)'nltron. Grid·coouolled g;is rcc:tiftcr, superseded by 72211.. 11 may 
DOI ba"C ac:tu:illy beco manufactured; ii has DOI bceo found "' early surplu.\ ad· 
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An early application ol 700-serles tubes: The 

receiver front~ {CW-46ABL) In the Navy ASC 
airbome radar, a 1941 design. In the center, 
the 708A mixer, operated grounded-grid, wtth 
the antenna and local oscilator fed to the Illa· 
ment via tuned coaxial lines. The filament re­
ceives 1.6 volts AC, obtained from the aircraft's 
400·Hz power system. At left, the 707A klystron 
oscDlator In Its cavity. Energizing the solenoid 
moves a piston In the cavity, retuning the re· 
celver to a preset radar-beacon frequency. At 
right, a 713A as first lntormodlate-frequency 
stage (IF preamplifier). 



vertiscmcnu. 
717A: Rttthlna p<'.otod<. Octal mushroom-bulb deYicc, dc,.clopcd ca. 1941 

from the prewar 386A aJkl lalcr modified illlo the 6AJS aJkl 6AK5. llutcr rat· 
ing 6.3 V al 0.115 A, trooM:Ooducuncc 4100 µmhoo. U5Cd iA WCCo communi­
catioas eqwpmcOl (tbc BC-942 and R-28/ ARC·S rcccNcrl), u•~ gear 
(tbc BC-733 Lxalizrr re~). as well as the 30- Of 6G-Mll1 IF amplificrs ill 
radars (SCR-717, AN/A1'0·7 &Del -13, etc.). As a radM rF ampl1foct, it,.._. prcl­
erablc to the older 6AC7 and lc>o desirable than the later 6/IJC.S. 

718-'l)pr. $-band ....,..tronJ. A loag-lik (200>-br) dc""lopmcn1 o( the 706-
rypc. fJ.JCd-tuncd '° tbc 2720-2890 MHz band and p<oduci11& 193 kW. Vcrsioos 
were 718A throua)i -E and ·AY through -GY. As an Cllll.lllplc, the 718DY oper­
ated between 2720 and 2890 MHz. See 706-type for bulc ra1ln~ 

719A: Vacuum diode, A cathode-type clipper rube for UM: ln rodJt pulscrs, 6" 
high, on a rou,.pi11 ccrumic·dlsc base with plate cap. l lcotcr 7 V m 7 A; peak rc:­
verse volluge 25 kV; peak forward current 10 A; average current O.S A. A spc· 
cializcd design nOl intended for rectifier service. 

7ZO-Tyjl<': S-b~nd m'cnclrons. Double-length \'eniOJ\$ or the 718 family, 
good for one-MW pu4" in the same frequency band. Vcnions "''Crc 71:0A 
through ·E and ·A Y tbt<>Ugh ·EY. Hcsttt rating 13.9 V; pl.1c ra1i,,._ 27 kV, 10 
A, and 750 W; duty~ 0.11(.; pulse lcogth S J.1$. Replaced by tbc 4J4S/72Qll\ Y, 
4J46{T11JBY, a.od 4.147 /710CY. 

7ZIA. 7Zl8 TR lu~ lMgc (?' IOllg) disc-seal diode "'ii.Ii llccp-a!Ne clcc· 
trodc, COl>l1illi11« ""1tcr upor and b)drogea. lnl.crulcd for ...., a. cJlhcr a rc­
a:i>'Cf..iisa>ru>cct (TR) Of lrammlttct-discooDCCI (A TR) dc•ia:. Typical lcep­
W't: currcn1 200 µA Was used in S-band radars, induJinc the SCR-S-IS and 
SL; also produced by Ra)tbcoo (28(. 

722A: n.,TillrOD. Grid-controlled gas rectifier, also n11mbcred u the WA 
and CE30'2. Used as a pulser in the SE radar. (Tbe l87A "'"5 a mertury device 
rated at 0.64 A and 2.SCJO V, ubout cs· high.) 

7Z3A, 7l3All/2KZ5: X·bund klystrons. Widely successful metal •ricrce-Sbcp­
herd' kl}'lilrons or Ince 1942 vlnt:igc, named for J. R. Pierce ond W. O. Shepherd 
of BTL, the fir" low-voltage 3·cm klystron to be made in quanticy. Ratings: 
heater 6.3 V, 0.44 A; typical rCM>nat0< voltage 300. II competed wicb the larger 
417A klystron made by Sperry aod Wcsti.agbousc. Capable ol 2().4() mW in the 
8700-9S.50 MHt banJ, >t wa. u>Cd as the local oscillat0< ill the AN/APS-6, APS-
10, Al'S·lt. AP0·7, aJkl S0-3 rildm., the TS-13/AP ud ll·P 1')-pc 0 &igaal 
gcocraton, etc. In airborne ra<brs, tllcse dc:vices wcno ol'cco wed in pain to al­
low 5Clccuble opcr&Cioa OD citbcr the regular frequcocy ol, ....Wly, 9315 MHz 
or the raJM-bu...., fr~oc:DC)' o( 9310 MHz. Developmcaw ownber 1439XQ. 
The 723A8 WU ICCODd·IOWa:d by Ampcru, H & K. Kco-RaJ, anJ Ra)thc:oa. 
W"&lh tighlcncd tcat lpecificatioos and sligblly 'lricler tuoini ranic. it bcamc: the 
2K2S (29(. II was the source design f0< many Olbct klyw005: the WECo 
'NIA/21<.56, 406A. 43lA, 4S2A. 77:6A·B-C. 2Kl2, 2Xl3, 21(26. 21<29, 2.K.54, and 
21<55; and varioU$ Ra11hcon products like the QKK1313 and RK5976, the t~uer 
promoted os lace as 1955. 

The frequency or ()S(illalion was slighcly scnsicive to ambient oir pressure: the 
WECo daco i.hect includ~ u curve showing che effect of varyina ohhudc. Going 
from sea level lo 2.S,CXXl feel, in Che absence of au1oma1ic frequency concro~ 
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The 2K25/723AB klystron and Its internal construction. 
Photos copyright (c) 1947 AT&T. Reprinted with permission. 
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cawed a drift of about 10 MHz. JU another quirk, tbc rcaon~tor was connected 
lo the tube &hell, requiring tb3t the tube body operate 300 V below ground. This 
~a 11>ura: ol swpnsc to unwary technicians.. 

BritW> ma!.cn cluipcd neu-<qW.U:ms ol the '723.A. the EMI CV322 end 
the Bntilb Tllom-·llOUilOll CSS2 (30). 

7l4A. n'a X·baod TR tuba TR mow:... simibt to I.lie 721A bill $lllalLer 
(3ll Abo au.mbcrcJ 1331. The "Ir was a tcmpcnllun::-Qmpclli&lcd ,..,,.._ ol 
the ntA.. Typic;al l.ccp-;alivc current ... -as 100 jJ.A. Uaccl u tbc TR ud A TR 
t~ m X·baoJ radarl lile tbc Al'/APS.fJ and ·15. Sccood·M)Wccd by S)h'&rua. 

725>.. X·baod lllll;ll<IJ'On A """'eguide-outpul, Cl<lern&l·magnct unit, fuccd· 
tuned Ill 9375 MH£ (:!:30 MU£), 1L<ing U rcsooatin and intcrch.lngcable ,.;th 
the 2J2L Developed during 1942 Hc3tcr ratlog 6.3 V; plate voltQ&c 13 kV, 
peak current 13 A, duty cycle 0.1%; pulse width, 21 µs. Output was SS kW, with 
input of 10 A ut 14 kV. Used in numerous airborne radar;: AN/APS-3, APS-4, 
APS· 15, etc:. Also numbered t330M. Second·sourceJ by Northern Electric and 
Raytheon; tool production 300,000. Replaceable by 2JS3. Orhish Thomson· 
Houstoo dc•clopi:d un equivalent, the MX57 (2), also coded CV'JJ1J 

7l6-T)'P": $-band IJ)>tronl. Exlemallythc :same .. 1bc 723AO, but frequency 
ranges "'ere 3.2-3.4 (72i>A), 2.9-3.2 (7268), aod 2.7-29 GH~ (726C). M3dc in 
modctalc q~llty uJ scc:ooJ-sourccd i,,. Ra)Ucon. Spccilic aprlit»ioe exam· 
pies DOI U.,..11, but w.u widely used in bier~ ol cqwpmcat th.ol bad cm· 
ployled Ille 107·t)'PC ll)"lfoo • for enmple, tllerc ICCDU to U\C bcca a rcccr.cr 
assembly for tbc SE racbr tlw substitmcd for cmc ,.,Lb 107A -'Llor (lll The 
72J66s ot.cnu we a limrlc fued-v.'l:ldcd SU:lJ> for Ille oooaJj~ablc udc or the 
IWli.ag mcdwli.m. "'hc.:reas '726Cs ba•e bccll found "'illl citbcr 1bi. !iJc4 dc.ip 
or the threaded· rod factory· settable design used in tbe 723A 

7l7A: lbyratro11. A cold·c:ithodc gas 1riode, s.imil;ar to the 359A and rcplocc­
ablc by lhe 39SA. The laucr "'ere is· in diameter and had three pins. 

728-Typc: L·bimd n111unrtrQ11s. A series of devices (with coaxial outpu1s and 
cxtcrn:1l mug11cts), ~uit:i!Jlc for 275 kW output in 1he 900.970 Mii~ urea. The 
group included the 728A lhrouQh .J and ·AY lhroui:h ·GY. Used ln Ore-control 
and search radar~ 1ha1 replaced 1hc Mk 3 and Mk 4, Thc~c units were rcplncc· 
able by 1hc 4J5 I ( 1443M) tunable uni1. 

729/\: vb:lnd TR tube. A du~ numb.-ring of the 1B2J doublc·8'1P 113s TR 
tube, a dc,icc for rad.trs in the approxinute frcqucocy ranie ol 9SO 10 1?20 
MHz. Repbttd the 7U2A -~h use or a mocfilicatiao kil. 

'T.lOA: X·ba•d lllllpdroa. l<k"1ic:ll to the 7l5A. but "'itb 1nput leads relo­
cated 180 dcpcca fra... tbc outru1 '""'"cguide.. Aho awnbcrcd !"\~M 

731A: lutthln1 pntodt A dU31 numbcriog o{ the 40'.\A/bAK!i. ActU31 pro­
dudJoo arrarcatly .... numbered 6AK.S. n.c MKS "'as rrdcrrcd O\'l:t earlier 
l)'PC' for lF amrhficn, but v.'3S rcstrittcd to airborne •rrhcatiou for a 1ime due 
to lack or production ca~city 

7JlA: Vocuum rtttlOrr. A ~cd-doY.n and rcbl.M'd \'Cl\Klll or lhe 70SA. 
Actual product ion was apparently under the other numbers. putt 1eularly 3024, in 
Table 1. It was a four-pin, top-c<ip, tubulru- type; with thoriutcd·tuns,~ftn fila· 
meal using 5 V at 3 A, peak reverse vollage 20 kV, avcrnge currc111 60 mA. 
'Rusgcdizcd" ln11> the 3D24W 
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