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• A N A S PEel of the recent \\"ftt' that has 
rI'ccivl'd more und morc widespl'('ad recog­
nition, as hilh('rto cl:l.,,-~ifiro info.'mat ion on 
<'<Iuipmcilt. und tcchn ique:'! has been rc-
11'$00, is the tr<'m('ndou.-;]y important. role 
that waH a.'Nlm('(i by electronic dc\'iccs. 

The dCn'iopmcnt of radar has 1x'('11 de­
!!eribcd in tenus of equipment design and 
olX'l'aling charactcri>llic8 in mutly PUI}('I'I;', 

and will, 110 doubt, be the !!ubjret of m:Hly more. Its direct. rdation to 
military ojX'mtion:" ho\\,('\'('r, is a pamlt(·] story of equal £a. ... cination. 

h,r"on'>l1IJ<Tl\ ,,. TIl. P1t~ 
(,1.'1»1 WAv, ... n"" 

, hJleJ:1.l.A"V 

, , 

'For; .. u""", F..dwin F. ScbneidoPr ... IUda. ... J>J.oe. TRI':. , Vol. 34.l'Oo. 8 pp 52S ,s78. "_t. 11U(I, 
!Joyd J, nett"., '".'\nal Aubar ... l!.&dar," I'n)o.. litE., \<>1. 3~. 1\0. II, liP. 671 100. :,le1l16mbeo-, 
111-16. 
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The importance of rndar and of elec­
tronic aids to navigation \I'M localized 
very early in tbe war when the Bllttic of 
Britain first demonstrated, on n grand 
scale, the importancc of aerial warfare. 
TheRA F'g gallant few, to whom ao many 
owed SO mucb, could never have accom­
plished I h('ir seemingly hopele."-'I task of 
turning bftt'k the Luftwaffe had they not 
been alerted nnd controlled by IUl cffee­
live radar chain. 

This new weapon, which helped 1.0 de-­
feat. tbc cncmy at a critical time, sooo 
8howcd, howcver, that it. waa a two­
edged sword . There was, unfortunately, 
00 monopoly of anyone country Oil in­
vention of ('lCCtrOllic devices, and the 
LuftwzlJf~ ', rcpulst'<.l in daylight wA.rfare, 
~n tUI'I1('d to night aUacks ou England 
with thl:' aid of elcetronic navigational 
systems that provided unplea.."8ntiy ac­
curate blind bombing information . 1t. 
Ix:came apparent vcry Quickly indeed 
that. a wea poll of defense in the h:mds of 
the Brit i .. h had beeome a. weapon of 
uffcnsc in the hands of the Germans and 
thai a furthl'r dcfell:5(' in the fonn of 
~'I('Ctroll.ic countcl'lncasurc8 was vitally 
needed. The battle linC8 of a war in t he 
taboratoril'8 of thc two coul1tlies thcre­
fore bcg'J.n to fonn behind the actual 
Lmttlc lines a..:: fir$t onc ~idc and then the 
other gained temporary supremacy in 
L'tluipment IiUO tactics. 

As the imminence of in\'Ol\'cl11ent of 
the United Sllll(''S in the wur beaunc more 
and more tllJlm.rcnt, great interest in thi" 
t(.'(:ilnicnl stnlgglc led to Ii cOlisidcrntioll 
of our own equipment needs if we were to 
become Im.rticipant.'i. It was the good 
fortu ne of thl' Gellernl Radio Compaoy to 
be able to contribute. oue of the fifflt 
developments of equipment, fOI' this new 
field of military endes\·or.t 

Fundamental factors ill the plnnnillg of 
eountemlCQSm"C:S equipmcnt. design nre 

, 
1 he immediacy of t he. pl"Oblcms and the 
di\'crsilyof requirements. III conlrll8t to 
radar developmcnt., in whieh tbe designer 
poses and solves his own problem, in 
COWltermessurcs developmen t the enemy 
po.ses the problem and tbe designer must 
solve it, on tenns not. ot bis own choosillg. 
It was a consideration of the consequent 
need for accumte, up· to - the - minute 
information on enemy equipment and 
tactics that led t he National Defense 
Research Committee to place its first 
counl.crme3.SUI'Cs {:ontme\' for a. 5ClI rch 
receiver. 

In order to establish an effective 
countel'llleasurcs progmm, it is Ileec:ssary 
to detennine, fil-st, wht~L equipment t he 
encmy may have. :\l lLCh information can 
be ga.thered through conventional inteUi· 
genre chruUlels, principally interrogations 
of prisoners, but t his infol'matiolJ i" 
liable to be incomplete and, quite of len, 
iuacc·umte. A c:upplc!llt'Tltllry source of 
infonnation of great valuc is dir'OCL in­
formation obtained by seeking out enemy 
stations with mobilc receivers that will 
tunc to the frequeucies in use and re­
s)JOnd with sufficient fai t hfuluCS') to the 
modulation to muke po:;si.ble analysis of 
the nature of thc emitted signal . T tllio 
type of infon nation, which bas been 
called elootronic intelligence, is, a.t mdu.r 
frt.-quene ies, {:oll t'Ctiblc only within rough­
ly optical !'nngc of the I I"tlIl.'lmitlcl', twd 
Ihe equipm('ut is t herefore most. suitably 
earned 011 submarines or in airpla.nes I hat 
can opemtc in enemy waters or over 
enemy terri tory. 

The requirements for a search receiver 
for accumulating informution of this kind 
ar<' readily deduced from this analyRis. 
1'hf' receiver ~hOllld , first, be capable of 

'''&!elltiot. %"':;1111 Ti ...... " J .. ""," f>bi~ u.,.* III 
(Little. u ........ ad C ..... pany). p. 1M. Chapte< X d th .. 
brief offici&l tu.tDf)' '" tbe Qffi"" 01 SclaaU5e R_ch .. pod 
OomlIOPm~u" io drroled to ....... 'm,...,. '" the oop\.rib,,· 
liolll 01. the N .. th.nal Defe,_ It_reb Q,mmi\tee t.o 
radar """PI8r",,,..,,,. 
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, 
luning over the entire frequency spectrum 
within which the enemy is kJ10Wn to have 
equipment operating or in PI'OSPCCt. The 
bandwidth should be great enough to 
penult oscillographic analysis of modula­
tions of various kinds, p .. '1Tlicularly shorl 
pulse:;. The equipment should be dooigm .. 'Ci 
fo r airborne usc. Alld, most important, 
the dC8ign should be flexible enough to 
permit rapid modification, parlicularly in 
frequency range, when chnngcs in condi­
tions arise. 

The General Radio Company TYI'E 
P-540 Receiver, from which many of the 
search l'eceivers ~Iscd in the war WCl"C 

derived , was designed to meet these 
needs. The first. butterfly circuits' bad 
just been developed and applied in the 
design of field-strength measuring equip­
ment, for the frequency range from 300 to 
JOOO Me', and the wide tuning range of 
t hesc units made feasiblc the design of a 
superheterody-nc reeeiv!'\' having char-

- actcristics similar to those of 10\\'-f re­
queilcy reeei,'crs. As early ns I he slimmer 
of 1941, when work was begun, it wns 
known thaI, t h(' GCI·mans were using 
radar frequencies between 120 and 565 
Me. The first design was therefore made 
to cover this frequency fllngc with ample 
rnfLrgins at bolh ends. 

It. was found that, with a 30 ~lc inler­
mediate frcqueocy, the range from 75 to 
1000 Mc required only two bands. 

The first of these was covered witb a. 
Type 955 acom triode iu a. butterfly­
circuit local oscillator, tmung from 105 
to 300 Mc; the second was covered with 
a Type 955 triode in a butlerfiy-circllit 
local oscillator t.uning from 135 to 485 
Mc. On the first band, mixing was done 
at the oscillator fundamental and yielded 

IE. ~ .... "Wide-RaDp Tw>ed CinNiu and OOdU .... 
ton tar Ui,h F,.queo.ola;' !'roe. IRE, Vol. 33, No.7. 
pp. 426-«1, JlIly, 1114 .... 

'E. Kalpl .... "CamPO""'''u of UHF F'kld Me\.ll ... " 
e~ia, Vol Ill, No, II, liP, JU-I29, NovDlDblr, 
111411, 
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a luni ng range from 75 to 300 ~lc; on the 
second band, rnix;np: wru:; dOll(> at Ihe 
second harmonic of the local Of>Cill!tlOt' 
and yielded :l tuning rnng(' from 300 to 
1000 ;\'[c, On both hands, tl1(' ::UltCtltla wa.., 
tuned by buttcrfly circuit." of appropriate 
ffiubrc. 

T he need for as much flexibility in 
design as possible was recoglU1OO from the 
oul&>t. NoL only was there no guarantee 
that enemy frequencies outsidc t hc tUIl­

illg range might not suddenly appear, but 
new developments were occurring at such 
rnpid rate that there seemed good reason 
to suppose that frequent changes in t.be 
receiver it.seU might be desimble to keep 
it abreast of requirement.<;. A uoit-con­
stnlCtion design was t.herefore chosen in 
which complete r-f t.uning units could be 
plugged into a chassis that comprised the 
intermediate-frequency, second-det.eetor, 
video-amplifier, :lncl power-supply assem­
blies. Figure J shows the general nature 
of the design that was evolved for mount­
ing in a. standard ATR rack. 

Thc ba."ic correctness of this appronch 
is well illustrated by the fact Lha!., except 
for changes in control"! and othel' minor 
modificat.i(Jt)s dictated by oJ)('I'fttioll!l1 
expcrience, no changes wcre made in Ill!' 
general chassis design throughoui the war. 
Muny substantial changes were mad" in 
luning units, however, :lnd improvcd 
perfonoance obtained from receivers al­
ready in the field with newly designed 
units that could be inserted jn plaee of 
obsolete oncs. 

The operating characteristics of the 
reccivers as otiginaUy designed are now 
largely of historical int.erest flnd will be 
mentioned only as thcy are basic to the 
particular application and us they led to 
later improvement. The i-f ba:ndwidth 
was 2 Mc, and about 90 db of i-f gain was 
obtained ",-.}th five double-tuned over­
coupled stages. This was sufficicnt gain to 
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get down into the noise if'vel and to 
realize as much Sf'nsitivity fl.., could be 
obtained with the r-f cireuits. The r-£ 
circuits, themselves, were eicmcniary by 
modenl receiver standards. No r-f ampli­
fier was used, IUld the antenna. and the 
local~dll.8.tor tuninjl; were !:!Cparate. This 
simple design led I() vcry rnpid develop­
ment, and models were submitted that 
were ac(''Cpled for production within two 
months of the time the contract. was let. 
The ovcr-all sensitivity of the rcccivcr 
W88 not extremely high, an r-f level of 5 
to 15 Po\' generally being ll~ry to 
produce all audible signal ; but it should 
be emphasized that sensitivity is not often 
imporUl.nt in radar-intercept. work since 
direet signals at. a given di8tancc from 1\ 

transmitter are so much stronger than 
signals rcAected back over a path as long 
again to t he radar receiver itselL 

A few words about the ~ubsequent 
history of the development. of search 
receivel1l are of interest, particularly 8.<; 

they bring out thc coordinated ('ffort of 
industry. Much 1111.$ tl('cn said about. ihc 
intcr('\l!lnge of infornunion in th(l airemf! 
indu.<;try during the war. 1.,("0.." highly 
ptlbliri7.('(1 has oc'('ll 111(' ('xt('111 to which 

• 
the same (:ooperation devcloped in til(' 
electron.ic industry. 

By tbe summer of 1911 it wa.. .. obvious ~ 
tbat production facilities at the General 
Radio Company were going to bf' fully 
taken up by the manufacture of m(,:l.Sur-
ing equipment. and that. recei\·cr produc-
tion should be undertaken by a company 
bettcr able to handle it. As a. consequence, 
thc Philco Corporation took thc dcsign 
and, by the spring of 1942, produced a 
small quantity of a J. avy Bureau of 
Ships version of t he receiver (Navy 
Model t\ RC-I ). This was followed shortly 
afterward by a small quantity of an A.ir 
():)rps version (Model SClt-587). 

In the meantime the Radio Research 
Lnboratory hnd been set up at. H an'ard 
UIl..i,·ersity to deal dirt'Ct.iy with the de­
velopment of countermeasures f'Quip­
mcnt.. fntcns ive dev('lopment. work was 
commenced there in the spring of 1942 on 
an impron.'d model, which incorpomted 
a ;;ingle--dial control of antenna tuning 
a nd local-()S(:illator frequency, a. motor 
,!live for !!wf.'f'pmg a llY desired frequcncy 
blind within t he frequcllcy rang(' of the 
luning ullil,~. impro\'e<1 imag<' rf'j('('tion, 
and an additional tuning unit to ('Owr 
t he frequcncy mngl' from 40 10 100 Me. 
Thi'l work culmin:.'~1 in t he B.n L TYPE 
Dl00 fC('ch'<"f, which WfL.<; mallufnchlrro 
wilh somc modifi('ution8 by the Galvin 
;.\ Ianufacturing Company for the Nllvy 
I1S the T .... I· E A~/ APR-! and by the 
Cl"O:"ler Radio Corporntion for the Army 
Air J~Ort'C!i JL.'l th(' TVPE ANI APR-4, 
hrgp-qu:lntity dpli\'c.ry beginn.ing 10.11' in 
1!)..l3. 

In t'OIljUIlCli(Jll with thi" work, 111(' 
General Badio Olmpany also de\'clopcd 
[1 T\'p.1-: P&IO-P3 tuni ng uni t to co\'pr the 

Figure 2 . Panel "jew of the 
TYPE P.540·P3 Tuning Unit. 
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frequency range from 1000 to 3000 l\<1c. 
This tuning unit, shown in Figure 2, also 
used butl.erfly circuits. A scalcd-dowll 
butterfly circuit was used for antenna 
tuning over the range from 1000 to 3000 
Me, and a local-oscillatot' butterfly circuit 
of more collventional dimcosiolls for 
gencralingl1 fundamental {requency mngc 
of 500 to llOO :Mc with a. Western Electric 
Type 703-A triode. 

This tuni ng unit. wns produced in small 
quantity but was not so satisfactory as 
the lowcr·frequency units bccmt';C seri­
ous difficulties were encountered with 
anomalous resonances in the antenna­
tUlling circuit. The Crosley R.adio Cor­
I>orat.ion therefore undertook the de­
velopment of two new luning units using 
a similar local oscillator design but re­
placing the antenna-tuning butterfly by 
a. tuned coaxial transmission line. The 
tUlling of this line was ganged success-

MARCH , 1947 

fully with the oscillator drive to produce 
tuning units having single-dial eont.rol 
and frequency ranges from 1000 to 2200 
?l Ie and 2200 to ·1000 1\ lc. 

The ultimate receiver secu red from so 
much joint effort., therefore, covered with 
convenience alld flexibility a. freq uency 
range from 40 to 4600 Mc, which wa..,; 
ultimately found to encompass aU the 
nldar frequencies u.sed operationally by 
both the Germans and J apancsc. [ I. fi l'S!. 
found sel'vice in helping to spot enemy 
radar insl1illations for the plannillg of the 
amphibious assault on Sicily and latcr 
found great use in the operations of the 
8th Air Force over GI'm1any and the 20th 
Bombing CommMd over Japan. Jis 
appearance mol'C recently among the 
electronic devices used at Bikini seems to 
indicate thaL advances in t he art have 
not yet rendered it ob~lelll. 

- D. B. SINCLAIR 

IN STOCK-TYPE 726 · Pl MULTIPLIERS 
Although the 'f.'ypE 726-A Vacuum­

Tube VoltmetN has been fiuperscded by 
the recently :'I.nnounced T-o' PEl 1800-A, 
thousands of the older instruments are 
still in use in radio and electronic labora­
tories. The w;cflllne.~ of thC>le can be 
greatly increased through the use of the 
TYPE 726-Pl Multiplier, which extends 
the voltage range of the instrument to 3-

maximum of 1500 volts. 
The multiplier is a capacitive voltage 

divider, which provides a \0:1 reduction 
between the volt.age applied to the multi­
plier and the voltagc appearing ru:ross thc 
voltmeter tenninl1ls. 'fhe multipliel' fi ts 
fillugly to t he "oltmekr probe, adding 
about th ree inches to Ole effective pro~ 

View of Ihe TYPE 726-PI Multiplier 
0110 <ked 10 Ihe Vollmele. probe. 

Icngth. The Ranges which secure the 
multiplier to the. probe also (wt as an 
electrostatic ~hield. 

This useful accessory is still available 
and /\ quantity has only recently bccn 
completl'd in our factory. Shipment can 
be mflde from stock. 
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Fr.quency (horodeTillie of Ih .. ",ulliplier. 

S PECIFICATIONS: 
MultlplI.,. Rallo, 10 to I , within ±1 %. 
Inp ul Impedonc., F rom I 1\Ie to 100 M e, the input 
impedllllre is effectively that of a 4.5 Jillf con­
denser of less t hall 0.5 % power fnct(lr. 

TV'" 

F.~u.ncy El1'or: The frequency error is shown in 
the plot. No appreciable error Ocelll'!l between 
1 Me tlnd 100 Mc. The multiplier is not 
recommendl"d for frequcnciCil below 1 Me. 
Ntl Wlight, 12 ouncCII. 

Ctxh JVord Priu 

126-P1 1 Mult;pli ............ . , , , , -, , , -, -, I ALOUD $11.00 

Add 10% to [lnce lisled nbov ... . 

IMPROVEMENTS IN THE PRECI SION WAVEMEHR 
ThC' tunoo-circu it wavemetcr, long 

~illce displaced for highly precise work 
by crystal standards, nevertheless re­
mains one of the 1ll0f't useful genC'ntl­
pUl'J>osc instruments in the radio lab­
oratory. This is particularly true of the 
TYPE i24 Precision Wavemeter, which 
ha.<i been for many year.~ an accepted 
standard in the industry. 

For such applications as the pre­
liminary line-up of radio tmnsmitl.ers 
and the rapid eherking of oscill ator 
frC'quenc icfi, ihis prf'cision ws,\'emeter 
fi lls a definite nood in the frequency 
measurement field. The variable capaci­
lor is a Gt-nNal R.'ldio '!'HE 722, spe­
(' ially designNi for the purpose, wi th 
plnt~ shap{'d to giVf' a scale that is 
lincar in frr>quency. Tht' precision of 
sett ing is br>ttcr than olle part in 25,000. 
The plug-in ('oil mounting allows the 
{'oil to be rotaled io obtain different 
degrees of coupling. 

Newly developed crystal rectifiers lind 

newly derived dCf' ign formulae for 
inductors havc made it possible to 
improve the performance of the wave~ 
meler considerably. Tn the latest model , 
T YPE 724-B, the vacuum-tube detector 
bas becn replaced by a germanium 
crystal, thus eliminating the need for 
batlerie.'l and considerably simplifying 
the maintenance problem. Both selec­
ti vi ty find sensitivity are enhanced 
owing to B. 2:1 improvement in the load­
ing effect of the detector on the tUlled 
circuit. 

Selectivity and sensitivity are also 
grcatly improved by a complete redesign 
of the inductors to obtain higher values 
of the storage factor, Q. All inductors 
have considerably higher Q's than 
formerly, with the greatest gain ob­
tained 0 11 thc 16 to 50 kilocycle coil, 
where the impl'Ovement is of the order 
of 6:1. As a. result, this coil is 110W cali­
brated to the same accuracy as the 
others, namely, 0.25%. 
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SPECIFICATIONS 
f ........ "cy .... "p: 16 kilocyclee to 50 mcgacyele& 

Acu ... cy: ±O.26$O. 

ColibroH ... , The calibration is supplied m the 
form of a table of calibrated poinUl. Lillcru­
interpolatioll between these points is used to 
obtain 8(lttiugiI for other frequencies. 

Co"do",o .. Precision worm..<Jrive type 8imi!!lr 
to TYPE 722. The condenser setting is ind ica.t.ed 
on the tlill.! and drum and is oontrollNi from the 
front of the I)&nei. There /U"e 7500 divi.'liolUi for 
the entire 270-<1egree angular rotation of the 
oonden/Jel" rotor. The precision of selling ia 
better than one part in 25,000. The plRlet are 
sbaped to slve an approximately linear varia­
tion in frequency with seale setting. 

I"d"c!«f,: Coil!! lU"6 wound on i!!Olanlite forms 
and enciOlMld in molded phenolic cases. Seven 

T,,,, 
11 ..... ' I Prec;,io" W ..... m .... 

Add \0% to price listed noovc. 

coils are used to oover a frequency range be­
t ..... een 16 kilocyclell aud 50 megacycles. 

blononn Indicot"" A gennlLllillm cry9tal recti­
fier i9 used with a mieroa.lllmeter to indicate 
resonance. The indicator is coupled to the tuned 
circuit througb a capacitive voltage divider. 

Crylfol: TYPE I Na·1 gcrmnniutu crystal re(lti­
fier is used. 

Mo",nting: A wooden !Storage case, fitted with 
lock. and carrying bandle, Ia furulabed. This has 
compartments for Iwlding the condenser, in­
ductors, nod calibration chZlrt.8. 

OI .... n'lonl: Carrying case, 17~ x 13 x 12~ 
iuches, over-all. 

N. t Weight: With carrying case, 35}i pounds; 
without carrying CMe, 20 pounds. 

COOf: Word l)riu 

WOMAN ---'---'~2~3~O.~OO:--

, he TYPf 72-4.8 Pro-c:ilion Way.m.'.r il id.ntical in app.aranc. with tho 
TYPE 72-4·'\ . hawn here. 
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TWF.KTY YEAJ{S AGO in the 
EXI'EIU)II:lNTEIt, "March, J927 - The 
feat.ure article is cntilled, "A Discussion 
of Condenser Plule Shapes," by C. 'J'. 
Burkc. Three types of plates arc dis­
cussed, giving lincal' val·ialions in capaci­
tance, wavelength, and frequency, re­
spectively, and their advantages for 
part.iculnr uses are pointed out. Also 
mentioncd is the fact that the straight­
line-wavelength plate was first used 
commercially by the General Radio 
Company in the TYF~E 124 Wavcmeter, 
introduced in \916. 

A second article deals with the design 
plate supply units to achieve good 

regulation, and a th ird announces the 
TYPE 41 5 Layoratory Amplifier for usc 
with bridges and osci llographs. 

Another art icle, entitled "Bow Good 
is GOOD?" deals with the quality of 
reproduction obtainable from audio­
frequency ampli fiers and reproducers. 
rt is pointed out that. there is little 
advantnge in designing ampl ifiers 
to COVC I' a wider frequency range 
than can be reproduced by exist.ing 
speakeliS. 

A handy copper wire table is also 
publ ished which gives the mechanical 
and electrical properties of wire for B 
and S gauges between I and 40. 

Donald B. Sinclair, aut.hor of the article on search receivers, is Assistant. Chief 
Engineer of the General R'ldio Company, where the 1'Y1>E P-5-l0 Re<:ei\'er was 
developed under his direction. As head of the Receiver Croup of the Radio .......... 
Research Laboratory, Harvard University, he superv ised both the development. 
of the DlOO Heceivcl' and its first fi eld tests in the .Mcditcn'nnean Theater of 
Operations, 

THE Gelleral Uadio E}(I'EU IMENTER is mailed lVitllout. charge e~elt 

month 1.0 en gi ,.eers, scientis ts. l ecllllicialls, and others int.erest.cd ill. 

COli' In IIlIic f' I.ioll-J rer/ftelley "WOSlirem ent. and COli lrol. problem,s. Jr' lwl/. 
sellc1illg reque,~ts Jor s ilbscript.ioll s lUul ad dress- c/w " ge notices. pleflse 
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uess COllllx HlY is en guged i'l. lind I.hle or IJosit.ioll oj individIHd. 

GENER AL RADIO COMPAN Y 
215 MASSACHUSETTS AYE NU E 

CAMBRIDGE 39 MASSACHUSETTS 

NEW YOU Ii, NEW YOU 
10 WEST nUH 

TH.-WOHH 2·SIJJ 

TELEPHONE: TROWBRIDGE 44 1111 

BRANC H ENG IN EE RING OFFI CES 
CHICAIOO 5, IL LIN OIS l OS INGHU JI , CllirORNU 

15 D IIORTII HIGHUNO AVENUE 
TEl. - HOLlYWOOO 120 1 

In SOUTH MICHna/! AVENUE 
TEl .-WUUH SUO 

"~"'. ". 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988
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