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PEBIMENTEB 
VOLUME XVll No.3 AUGUST , I942 

A NEW R·F BRIDGE FOR USE AT FREQUENCIES 

UPT060MC 

_THE NEED FOR A SIMPLE, ACCURATE INSTRUMENT 
10 measu re relatively low impcdal1ecs in terms of the ir e ffecti ve series re­
sistance and reactance components has i:H..-c1l pressing c \'cr since {Iuan ti . 
181;"e information regard ing antenn a characteristics was firs t (\csired. 
The 'fYI'1-: 516 Radio-Frequency Bridge.1,2 first offered for sale in 1932, 
proved very sa tisfactory for such measu reme nts at frequencies up 10 a 
few megacycles, and therefore found particu lar usc in m easurc lllcnis of 
radiating sys tems in tllc standard broad cast band. II 0wc \'cr, as the upper 
frequency limi t at which accurat e measurements of impedance are re­
(Juired ,has increased, t he limitations of this early brid ge (Icsign ha,-c 
become increasingly apparent. 

The T \'PE 916-A Uadio -Frequency Bridge,3 described in this article, 
replaces the TYPE 
516·C nadio-Fre· 
que ney l3rid gc, 
supplying a wider 
range of direct im­
l)Cdanee measure­
lIlent in a more 

' Ch u l •• T. lI " d,~, 
.. BridleM.' ....... r.,. M •• o­
"",,,,,,,t. a t R. dio .'<e­
'I"."cl ..... G._al R.dio 
f~,'_;"""'~. \'01. 6, I" 1, 
J"I,·, 1932. 

' C, E. ",,,,,,h.". " 1m· 
I"o~u".n" in Radio­
F'''J'''''''' D,i"~e Me,h· 
oJ,lor .'\, ... ",,". A,,,.,,, ••• 
ond Od ... Im,,,,,I . _." 
G .... ,.ill. <lio f':"s-imm. 
,,,., Vnt. 8, ". 10 I~m' 
bet. 1933, 

' D. H. Sind.ir, "'" 
llodio-.· ..... , .. ""y lI,i, •• o 
1m' 'm,,,,,I., ... ~ M.-.",,,, 
" .. "to frum.OO Kilo<-ydu 
to bO Mr~'cycko.," 1'.-. 
UI.E.. V..,l. 211. \ •. 491; 
Nov.",!..," I9-W. 

FIGU RE I. Adjuuing antenna coupling networks at 
lI adio Stu l;on W IIDH "ith lite Tn·.,; 916·A Radio­

Fte<l"eney Britl /!e . 
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OET. 

c, 

" c. 
UNKt+O¥IN 

FlO •• H.: 2. Ell'''''''' ' u" ,'or .. ".' diugrw m of t he 
'1', I' ~ 1116. It. Bo,lio. Frt'(I'H!nf'Y Hri.I!;.·, Thl" j ' ll­
I'orllllli fealu •• • di"lil1~ "i ~hin!: thi~ I>ritig" (ru", 
lilt' Sella;,,!: 1,.,,1\7" , ~ .h" !!<:rif'~ 8"1,,,'; IUI;011 
'''el h,-"I "f ,'(II" w"' ,ng the unk",)\<." irl1l'cilunce. 
'1'1". """""wn ." tI .' lunee;8 ,11'1.- rll1'IIcti fro'" Ihe 
chonge in ~lI i n" "f Ihe <'o",I"IIlI<'r C,> "nd Ihe 
11"1,."" .. " re!'i~I,,~,,~e from tl,,· dUll,!::" in ~"I ting 

,,{ d,,' oomlcl1!!f'r Ct. 

COII\'en icnl form ovt'r 1\ "ider (re'luclle), 
range. \\ hile u"Cfui liS II gt'llcrai purpose 
instrument in Ihe InOOrIlIM}. the lIew 

brid!!t' i~ I'urlieuluri} inti'lIIle(1 for meas­
IIrcmcn l ;; 011 radiati ng ~)"Iems. and bas 
lM:cn dri'igul',1 for m8xillllll11 cOD\ c nicnce 

iu Ihis appli,·u li on. 
In atillilion 10 11i(' grentl ~ increased 

rn'4I1cnf'~ ranl!e. l ilt' lit''' hr;(ll!e has t\\O 
featllrt'~ Ihal lli~ling lli~h it. frOIll Ih,' 
oilier brid ge. rllllnel~ a consillcrably 

< ou. 

grea ter direct.readi ng resistance range, 
and a simplified dial for rellding react-
anl..'e. The resiSlallct: range, frolll zero to ~ 
1000 ohms, is co, ered 0 11 a sin gle 8- {Iial 
"it!. a scale that is roughl y linear from 
7£ro to 1 ohm and logarithmic from 
I ohm to 1000 ohms. The resistallce -<iial 
reading is independent of frclluellcy. The 
reactance rsuge. from zero to 5000 ohms, 
is covered 011 a Eingle 4- flial "ilh a scale 
that is roughl y linear froUl zero to 50 
ohms and logarithmic frolll 50 Ohlll6 to 
5000 obll1s. The reaelsllf'e.di al reading 
varies djrectl y "ith fn:ljllcllcy. Ihe cn· 
graved scale beillg: direct reading at a 
frequency of 1 ~Ic. 

CIR CUIT AND THEORY 

To schitn'c these grea tl y increased 
fre(fuency and resis ts ll('f' rnllges, the [Jew 
circuit sbow-n in Figure 2 has hC~1I de­
veloped. 

Similar in appeara lwi.' to the Scherin !; 
bridge circuit, thc ne" ci r"uit llilTers io 
the method of ("onnecling the un"'nO,,11 
impedaul'c ami lhe method of measuring 
the reac ti ve CQmpOllt' lI1. The halance 
conditions arc: 

Il l' = Uti C" 
CN 

( \ ) 

J fl. ---- (2) 
jl.JCp R,jI.JC, 

When an impedanf'c, Z~ = U. + j X z, 
is 10 he uU'lisurefl , the bridge is first bill. 
alll'cri hy 1Il("II IlS of the cOllfl cn~rs CA 

FICLItE 3. ('.(''''1,1 •. " . ,·i r.·"it . Ii ,,~ram of Ihl' 
'1', 1' 1\ 916.,\ Bl"l i .... Fn·'I"~'''·) IlriJj::'·. The 
I .. . C ~ ... ilch cl""'J;:t"jj th~ ""Iu l' nf Ihe rUl in ur'" 
UA • IhcreL) f.'!!luh lishing t he inilinl .M! tlin ll uf 
Ih,· rtl"CI .. nct' l'ial "t ", in i,,,,,," O)r ",,,.-:i,,,,,oo for 
", .. "suring i,,,I,,,,li,,' "r clI"uciti,t· reM,·fu""!'. 
Th.· tri""" .. r t·lI l, ~"i l l""::Cl! C\ '. es" are " .... ·,1 10 
n1~k t: Ihe ellp"c, I .. " "e fum. ,,,,i,,t '." .. to !;ffl .. "d 
I h .. M m e for Iht' t .... " 1'000i l i .. ,,~ lOf II ... 1.·C~ .. ild,. 
The Iri",mer c"p Hci l""CC (;,.:''' ie " p"rl of 11,1' ~ 
plng.i" tr",,~former "l!Iot'", !.I)" "nd .@ n&eol 1\. 
Ntnalize th,., gro"nd CIOpHCil1,.,c .... uf 110 .. '''0 

tran~(un"«e. 

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



r 

and Cl' with a short circuit across the 
UNKNOWN terminals. The short cir­
cuit is then removed, the im pedance 
cOlillected, and the bridge rebalanced . 
This series-substitution Ule thod leads to 
the simple relationships: 

R - R CAl - CAl (3) 
,,- B C,\, 

x " = ~ (;1'1 - C~) (4) 

in ",'hicb subscripts 1 refer to initial bal­
ance values lind subscripts 2 to fiual 
balance values. 

Equations (3) and (4) sbow that tbe 
resistance and reactance balances are 
independellt and that each depends di­
rectly upon a change in se lling of a 
variable air condenser. The absence of 
the cross terms that make the power­
factor and capacitance balances inter­
dC]:lendent in the Schering bridge results 
from the facl that the zero capacitance 
of tbe condenser CA is balanced hy tbe 
resistor Rp rather dIan by a trimmer 
capacitalll':c CB across the ratio arm R B• 

T he fact tbat the resistaucc component 
is measured in terms of the fixed re-

3 EXPERIMENTER 

sis tance, Un, und vari able ca pacitance. 
CA . is vi tal in estublishing the wide fre_ 
qllency range, si nce thcse elemcnts can 
be made with very smull residllal parum . 
e lers. They combine, ill this circlli t, to 
form tbe eqllivalent of a continuously 
vari able resis tor hu\rin g residual react­
ance much less than any varia ble re­
sis tor cnrre ntly known. 

DESCRIPTION 

The complete l}irCllil lliagram of the 
brid ge in Figure 3 shows tbe modifica­
tions in the basic circuit of _Figure 1 
neccssary to lUeet the nceds of a eOIll­
mercial instrument. The condeusers CA ' 

and Cp ' are trimmers for settlUg zero on 
the resistance and reactance d ials when 
making the initial balance. The t \\'o 
ratio arms, RA(L ) and RA(C). and the 
associated swi tch are provided so that 
the reactance dilll can be set initially at 
zero for measuring inducti ve reac tances, 
or at 5000 oluus for measuring eapaci­
ti I'e reaclauces. 

A panel view of the instruIIlent is 

Fl(a.!""" 'I. Panel view of tLo e Loridge. The IIt aud1.nl OOILUL'Cl ing Icads dILl'pl ied with 
the instrumcn t plug into the jack adjacent to the react ance Jial. 
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GENERAL RADIO 4 

sho\\11 iu Figure I. IlIIlIIcdiu h.!I) Lt·lo\\ 
the LU~S I STANCE di al, at the rif hl , iii 
the I1\> ITI A L IH L \NC~ I..lIulJ con ­
trolling IIIl' couJcnser C,, '. IinmeJi lltcly 
below the HEACTA.l~CE llial. at the 
le ft , il> the IN ITIAL I1AL1\ NCE knoh 
cOlltfolliug tllc condenscr C/o luuncJi. 
atel) above the RE AC'I'ANC E dial is 
the L C 8\\ itch for measuring illduel j,'c 
and ca paci ti ve reactances. The jack to 
II hiel! the IJnl...nowll impedance COlU1CClS 

is moun ted in the center £If the circular 
.... ·indo'" a l~}\e and to the righl of Ihe 
REi\(.TANCE llial. A cUlIllcc ling lead. 
", ilh a prooo thal plugs into thi$ jack 
a lld that houses re~islor H,_, j " ui!\:d tu 
t;onllcct to I he unkno\\ 1\ iIllP(·du llce . Tv, u 
£If thc!oe lcad", of lliITeren t lengths, arc 
"upplied "ilh the llls lnunCll1. 

DESIGN FEATURES 

\\ hill' die ('ircuit of Figure 2 is. in 
gell('rnl , inherentl) morc suitable for 
high frettucllc} operation lhun pr~ viou31} 
used circuil S, thc actual charm 'I('riJl(ic8 
olilainl'u arc direc tl ) IIffected IJ} the 
medIAni.:al llIal elecLril'al dc~igJl , SOllie 
of the more interesting f(' ulurei! ure 
describ.'d helo\\, 

In Figure 3 triple shielding ii! sho\\ II 
,,;u rroundin g the reDctalice-lIIl'asurin:; 

assembly cOllipnsm g capacitances CI , 

and CP'o The inner shield localizes the 
variable SlrU} ca ]Jucitanee of the HE· 
·\ c rANCE condenser, Ct .. \\itLin th. , 
shie ld so thnt it "101 111101 appear aerOS!! 
II II' IN ITIAL BALANCE condenser, 
Cr', and calise interlod.illg of the sel ­
tings o f the lwo condcnscrs. The llIiddle 
shield e liminDtes any capaciLDuce of the 
inner shield to grou nd Mild substitutes 
a ll inl ershield cnpacilanl.le aerOS!! the 
INITIAL BALANCE I..'o ndenser . The 
outer shie ld eliminat es thc capacitance 
of the middle shield to ground and suh­
s litlltes an illtershicltl capacitance acrO:;i; 

the secondary of the transformer. The 
assembl y liS a \"holc therefore prevent s 
an}' ca pacitlHlI'c but IIl1ltnf the measure­
meut jack i tself froUi appeuriug ucruss 
lhe measurClllcnl t,cflnlnuls, and elimi­
nates an} capaci tance to ground be­
t\\etm Ihe llieasuremcnt jack and tbe 
right-hand (,'(tr llcr of the I, ridge. The 
cu pucitancc of the Oilier shield to ground 
ap(JCars acr065 Ihe cvmlell;;cr. CN. i.n lhe 
(m, (: r left-hand bridge !lrlll, '\ cluall) Ihe 
o uter i.JOx dinlt"lIsiOll8 III1tI III(' s pacing to 
Ihe panel and cabinet shieldin g arc so 
chosen that this rcsi,llIal capacitance 
forms the 1· lIpacilanL~ . eN. itself. 

'1'\\0 I : I plu g.ill ,;hidtletl1.rallsforlll crs 
are slipplic(1 to co \er the frequeue} 
ranges from 400 k .. 10 3 1\l e and 3 (\I e 10 

Fh.1 UK 5. ~'ti ,)U/oi .' i~", .... r Ihr ilhi,·!ded ()I,, ~. i .. Ir"niltormcr . T o ",aL .. I"e ~"iehli .. :; 
II~ """'1,1 .. 10- ,,~ l.u&iI,I,· rue" ", i ... li,, !; i~ ""'''';,ju .. Ii, ~hid,jw .. ;Ih <-"OI' I,,·r ruil. in 

u,It!;li ...... 10 th ., ",lull ed hraM t .. II.'Il. 
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GO Me. As shov. n in Fi gure 3, double 
shieldin g is required 10 comple h- I he 
shielding syS lem of Ihe rellelun ct·· 
condeuser a;;sc. lnbl ). The r •• lHlanwnlal 
shicilLing Nlquire lllcnu arc IIia t Ihe 
grounded primar) he locale/! v.ilhin a 
Sohicld a l ground IJO lelliial alld tlia t tile 
ungrounded secon,lnr} he loca le,1 wi thin 
a shield connected to lile left-ll/lIId cor­
ner of the bridge. The shielding mus t 
pre\ent e8lH1ci ti,'c coupling belv.t.<e n 1111' 

v. indings. mU!l1 I.II! locu tell ..0 that the 
"apa(:i tulI(:e bel" !!!! 1l t he tiiO sllidds is 
s lU all comparell wi lh Ihe I:llpacitnnee to 
groil lul of Ihe ouler shield of the react · 
ttllce-oondenser a.ssc mbl}. a nd Illust nol 
l!eriollsl) impair the mugne tic COU IJling 
betwccn the windings. The dCil ign tha i 
has heell found 10 furni sh II 8uti lOfuctuf} 
l:o llll'romLsc is ShOI'1I ill Figure 5. 

The lII05t serious 801Ir('(' of troul,l ... ill 
the design of these trttn"fHrllwrs "liS 
fOllnd to he t he e lect romotive fon 'N:; in­
duced in the tl\V split hras~ lul" 'i! IIsc,1 
a8 shields \x'I"cClI Ihe I'rill1 l1 r ~ and 
sccolltlary. The 1)Olcntia lll i (ft' relu~ taken 
alollg a ra{lius bc L" Cf' i1 tht'@!! lulles is 
prul'lically zero ilL any I»vi lll so long aiJ 
tllc "lOI S ill the tv. 0 lubes uri ' lill('11 up. If. 
hO\\C\'er, ILre slo t., a n! no t illllll(,lliutcl) 
opl'o;;ite. over u sector iJet"ecll IIII' I\\v 
~ lot8 the radial 1){)(Cnl ial IlifTcr(' lwe is 
approximately (' llual to the c lcdromo­
li v!' f() rce illtlm·t'11 in II s ingh· IlIrn ill tile 
mugnctit.· licll!. Ca paciti ve "oupl ing Le­
tllcell li le 1"0 shields over this ~(· tor 

5 EXPERIMENTER 

1.0 1)1' i ntrOlhl ~,t'11 from lilt' Icfl ·lmlld 
corner of lht' hridge to ground . T his 
"vlIL llOncnl ('1111 CIHI...c \ l'r~ largt' errors 
ill 1)OI h rc .. islanl~ a llli readllnee meas­
ure menls III Ihe higher frf'llueneie8. 
i.AX:ll ling thl' lelld,. to Ille "inllings di­
rec d) oppo;;i te the ,.Iots COIIII('Cl illg t he 
brass lubes 10 till' I!oil al Ihe SU Ill t' point. 
aml lilling up Ihe "Jots care full ). make;; 
the (' rror from IILi .. 8Ourl..-e negligible. 
Ho tation of l ilt' Oilier brllSS luhc "i t lL 
reil l)Cc t to tin.' ililler. ill fal'! . is u"cd as an 
adju"llIIcnl 10 '-"illlinalc it. 

Il csidualull llluHcII imp.-dulln· .. ill Ihe 
\uriol ls "irel lit l· lelll t'n t:. a lh l in IIII' 
v.iri ll{;' 1'1I11S!' dClialiollS frum lilt' illca l. 
izcd Lchav ivr 110 fur tllcitl) 1I~" UllIed . 

Si,lI'c Ihe correc lions that IIIUS' ~ mao,· 
for thc llI ge lll'ra ll) dl' IJI!IllI 1I1 1O/I (r('· 
quene). t he) de te rmine lJa,.irall } til(' 
frellul'lle) lilllit s I "' IIH~(' II \Ihich Ih,' in . 
iUrUllle ll1 is satiiOfael Of). Oue of the 111 0 

I'orrce lions to Lc malic is Ilcl'Cssita tn l b} 
t he 1000s ill the llielectril ' "trllel un' of t he 
REACT I\ l'\CE I:OII,I I' II ..cr, (;," Tllis loss 
ca uses :111 dfccti\e series rcsi" lam'e Iha l 
,'urics innr .. d y alt Il le fnHluclI(') a nd 
ill v('f8f' I~ as the "{Iuan' of ti ll' l'llpaei­
lallce. It e!;tllbli,. IIC" the lov.t"r frt'(IUCOC~ 

lim it for accurale lIu;:as urtll lCIlI Ii in tht' 
\·il·ill it y o( 4UO!.c. A pivi of IIII' l'ITce ti H 
ser ies re"isl llllce al! II fUliel ioli of dill l 
sc l.lin g and (reljue llc) i ~ s hll\\ /I ill Fig­
ure 6. The o th(' r l'() rrectivn 10 Lc 111311(' 

t 'IUI~S a residual ('VIIII )()IICIiI of \ollage arises frO lll tht' (' fTccli\e sc rit'li illduc-

F";l "~ 6 (ri~I" ) . I-:"" I'(i ", s.·ri .... r. ·~i~ I ;ull'e of n·~l' lnue~ 
.,<.",d",ui!l"r a~ II (",wl i<)11 of,liul s" lIins an,l fn'<III,·nC). 

Fit" IIi! 7 (""'Old. Corr''etion to t .. • "I'IlIi .... 1 to r<':l!i~ lnne .. 
dill I r"'~ ding Ud a f",,,,l i.),, .. f fr<"lucnC). 

r:~ !'~ni6li ~ ... , . . .. .. .. ..... _ ...... -...... 
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Lillu::e of dJ.e HES IST L\NCE oondcllser, 
CA. Tills residual indu c llIllce. L , CRUseS 

l he effective Cilpuci touce. CA. to dilT!!r 
frotu the stalic CapalJ ilancc. C.to at'I'onl · 
iug 10 tbe relation 

• C, 
CA = 1 -","LeA 

A plol of the correction to be lUade to 
the HESISTANCE dial reading as 0 

function of frequcnc} is show n ill Fig. 
ure 7. As tlie frequeucy is rai.sed, Ille 
ind uctance is seen lo red uce progressi vely 
the r esistance range that can be meas­
ured aud to es ublil'h au upper lillii t for 
accurate measurement in the, il'in il), \If 
60 :Mc. 

LEAD CORRECTIONS 
In common "ilh other ' } I:M:S of 

impedance ·measuring equipmeut, the 
bridge can only mea"ure impcdau(Jc ill. 

ill own I.ermiurus. The residual imped ­
ances of d.lc leads used to councc t the 
unknown impedance l Q tbese terminals, 
however, often causes tlus impedance to 
differ from the imr~danee appearin g at 
tue termiuals of th~ d~vice under tes t. 
Under some circumstances tbe differelll:e 
eau be ignored IIml the lIIeasured im­
l>etlullce takelJ 8S the impedance of the 
II(wiee Ullder test, indulling Ihl' leads. 
In most cases, ho"e\-er, the device "ill 
not be used with the sa llie leads used to 
cOllnect it to the measuring ins trumcnt 
and it is llCce5Sar) 10 compeusa te for th~ 
effect of thcse leads to obtain the. desired 
impedallce. 

To insure s tandard mcasurcmCIl L COII­
ditions, two conllecting leads II rc sup· 
plied, one about 5"' long aud Ihe odler 
about 27· long, over-aU. Approwlla le 
capacitwlcc and induClanre figures are 
given in the ins truction L.ook lind sim­
plified procedures for making the correc ­
tioll il are outlilwll. 

APPLICATIONS 

Tire" ide frequelley rWlge covered b) 
the lie" bridge permits convenient aud 
al;curate direct measurements of 10" 
impedances al frequcllcies eX lelldi ltg up 
through the (-m band to t.he top of tele­
\'iaioll channel J. T"-o typical examples 
of m citsuremcnl$ o n an antenna and 
transmissioll line at frequencies bet"eell 
2.5 and 60 ~I (; are siJo,,'o in Figures 8 
and 9. JI1 addition to measurements of 
impedances that fa it " 'ithin the direct­
reading ranges of the brid ge. lIlCll8ure­
m enlS can, of course, be made oC hi gher 
impedances by indirect methods_ T he 
(ollo"-illg examples show procedures to 
be followed ill making typical measure-
11Icnts. 

(a) Moo.fllrcmem of 100 IJ.II.f UJ"'/Cll ifer Itt 500 
K iloC)'de&. 

The ,,,,L'O' ... l ilUl .... ..) .. 'w;e. in lhill elllnll'lc, lit 
a IIm all mica oondellllCt o( good ~"'et betor. 

Plo;: ahort connecting lead (916-1>3) illlO 
paoel Jack and (ai l en one leaJ o f IInkllo .. -n 00'" 
.Iell!ler 10 IlIlnel IJinJing poet. .\djuu loe.I lion 
of unknown condenller !JO tliat dip of connecting 
leud cau be trulllI(erre<.! from ungrounded 00'" 
t/cnSl"r lell.1 10 groumk'tl condenser lead " 'ith 
minimom chn"!;,, in connect ing. lead !,o;j.itiou. 
lleac lDnee of condenllet will ~ a l.uut 3200 
ohms ( t600-ohm change in dill I relding) IloO 
1,.lance cannol 1M! m ade " 'ilh IIwilCU in L voei­
lion. 

\\ ;tb IIwi tcb ;11 C IM.lSition C=JlahlillU an inilial 
I,alance. Set Ihe It I::Ac r ANCE <1; ,,1 "I Ihe 10 ... • 
e$1 oon ... · "ie"l rC"tting. 1liiy 'WOO ob"' lI. 

'I'rllnsf("r clip o f connet;ting lead to UII­
grounded IClld of unkno ... n eondcn..;(!r and re­
Lalwllce ... ith IIESISTANCE lind HEA CT . 
ANCE .. li ll is. SUJlI IOlH: Ihe r~I>acIi\'e rellding! 
a re 2.3 ohnui lind :N50 ohm~. Before COrT~lion •• 
thc o'--.... ~d rOoli&(."OI:. R .. • "d reaCla nce X .. 
IIrc: 

H • .. 2.3 ohm!! 

:'! 'ISO - '"100 
,\ . - 0.5 '" -3 100 nhlll,. 

T o t:orr~'(; 1 ror dic lL-C lrie 10SiI in Ihe IIEA C'!'­
"NCE co" .. lcn,;cr look "I' in Fig,,'" 6 t he 
"ffceti.·c rOlin'net:;! (or dilll &e lling. o f ,WOO 
nhm!; a nd 2-150 ol"n~ a l 0.5 \I e. The COI'Tt<CI",1 
.... I ... , o f R, I hen hecome!! 

R • .. 2.3 + t .5 - 0.6 .. 3.2 ohms 

To eoc-rcct for Ihe ooUnllCli"I-I"lId cat",ei- .-.. 
( .. nce (0 ground. look up. in the elld r" .. CHlllel: 
tlU"I, th" corrd!p.omliug r CIlCIP'lI"C X •. It is 
- It<l,OOO ot"" I_ ' \t ' I,ly il1l; ~:':Iuliliou, (Sa) lind 
(6a), which li re s i"en ill 11.0" ' 11lil ruction I .... ok. 
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,... H. _ 3.2[1 +2( 
- 3.4 0 

3100) ( 
111 ,000 -

\' oa - 3100 + (-JIOO}l- (3.2)' 
• 114.000 

.. - 3 181 fI (ul,ad ,' ''''' ) 

3.2 )'1 
111.000 J 

FI"QIn these "' CIl8 "r,.,ne I1l ~. the CBI'"ci tIlIUJe. 

C1 • ami di~il'uioll (IICIOI',- Dz ~: • lI fe: 

c. 

D. 

10" 
2 .. X 0.5 X HI' X 3184 

3.' 
- 3 18.~ - O.OO I I - O. JI % 

100 ~( 

Th" u"",,,.e is ci led u an utrclIl C' cati4'. in 
which failu re to correct f(K the dicleclr;<,: ro... of 
tile REACT\NCE conJcn~r leads 10 I n error 
in rC'&in, " ce mealurcnH' ''' of Ol earl, 30(-; . For 
irnl>etlnllcetl in whieh the rt'l!i~ tll"(.'" cOUlPQnent 
i, ugcr oollll,"red wilh t he reactance ~"Qm,>(), 
nenl the cor~tio" i~ of leu iml>OfU " ce. 

(b) .HMJllfmrm l of lJromkusi I' '''t.'tma aI 

I17Q Kilocy clt3 . 
In II. lyric~ 1 (;118(:. the anlenna I"rou in,, ' i~ 

I<)clltctl witllin Y '''ctul nIck in II 8mall hu,, ~"'" 
t be foot o f the " ,,!ellna lower. The hridge C.1I1 
be llel up on packins: oo)tee 10 come "I) t o t he 
hont of t he rack but cannol be brou~ht clot.e 
enough to the antenna lerrn;" .l to u~ Iho sborl 
cQnnecti ng lead (916·P3). 

Plug long con nectiug 11'0,) (9 16·1'·1) into 

r.a .. o:! jllck. G round loridgo 10 rack .. itl •• I,,) rt 
cad. p~fl'ra bly of coppot:r Alri l) I ' .... I!O wi.le. If 
thi! cuooection cannot loe ma' e ooo\' enienlly 10 
Ihe clamp provided on Ih .. inslmmenl eau the 
Iland Clln lie JtJoOSened lind II Ili l')("A! Qf (.'()I'lter foil 
~ lid onto Ih ... crllck bel" c~n Ihe I'ancl an.1 the 
i,u 1nu"ell1 caM'. 1)0 not &roJ""/ to flOIU<{ .crows 
ru rhey mo)' not be makin& OOlltOd to Ihe EXilic! be. 
muse of poillt. Arrange ()()'meeling lelld j(l that 
il can lie clipped to IIlI le""a lerminll l (If to 
nearellt ground poinl un rack with u lillie 
chunge in phYAical locll lion liB IlO6I!ihle. The lead 
, ho"ld be kel'l as fAr away (rnlll mCl al ol'jec" 
a, l>OI&illle t lrou!:hoUI ;I.e length hy any ()()n· 
~eni"nt means Bitch .~ S"~fWnding il .. ith &Iring. 

"'n. .. qu.n"' r ;"1"""'0c0")' ~"u.1 I ....... ptIw.r f"".", 
(It~ '7",) f<w ..... U~ •• .eo • • nd io oflu 00 ",\K. IIe.I. 

F I GI Kii 9 (ripa). Inpul reac lance lint! re!l ifi tolJCf' 
or a I rlln~millii! i(", line. Tlu' !!<Iliu 1;01"-'1 ~ho .... aleu. 
lau'd "aluee; 11~ .-irdell. v.tu~ "'ea~ufetl .. illl Ihl" 

bridge. 

FIGURE; 8 (belo .. /). BeaCl an(.'t' " lid rN!i~ I D "el" o( "" 
. " tennD ~ y ~ l e rn as '''f'a~uret.l by 1110' hritlS'" 

I , 
! 
i 

-
• 

• I I 
• • 

II • 
• 

. ' /. filtj-~ ' 

i , 
-; 

. • .................. 

• -
-• • 

7 EXPERIMENTER 

Su r.~ the '" I.e .... a to lie .bol1 l 0.6 wavf" 
lellSII! InuS. "ilh " " im" .. -danoe lu .. ing a 
upacitive ~aet"u(.-e oon'JJOIlI'JI I. " ilh tile 
logsle , .. itch ~et tn the C fo(oei lion. and 11" • 
.·"n!'e:c~ins:. 1 .. ",1 gro"nut'(l to II!e rllck, eorlllbl i, l, 
un IInllal ""I"nee. Sel Ihc HhAc rA NCE dill l 
10 5000 oh lll ij I~nding fur l her Imo"'leolge ( If II,e 
",a$" 'IIId" of the r .. uet an .. e. 

' I ran~r .. r dip of M)'Ulet:l'nj:: lead 10 anlelllla 
I ~rminal anti ... ""llIm:r .. ith BES ISTA NCf; 
"ml REA C T .'ICE .lial~. Suppo@e Ihe re8/..,.;. 
tive relidillS8 are 193 oh",,, anti 4850 ohm., I'he 
re<!ie l lln(:C' readill!; ie 9t!"'I"&le; the reac tance 
readinS i ~ nOl •• pre.!'~ u m;,t:" 1 loe detlired 
hecall~ of crt, ... I",!!: (If the B.E.ACTANCE 
..cal". To nht ain a more \Jreeille reactan(ltl meaa. 
ur .. ",cnl. Ihrow iI, .. 10;'1;" . wi lch 10 the I. 1>011" 
lion, ~" I Ih" REAC I ·\ NCE dial ' 0 u ro and 
rdlal"n~" ~hc bridge ,with 1101' ' ... ·0 IN ITI Al. 
HA I..A NeE I)Un ln,I~. rfl",~ f"r dIp of conneet . 
i"S lead to F.momd nn rack a,,0.1 reb~lance " 'it b 
ltES1STA NCE a",lltE.ACTANCE dials. Tbe 
UJo:SIST\ NCE d,lIl should reholAnee al ~ero ' 
~lll'I'0llc,he R EACTANC E dill l re.ding i, 160 
(,h",~. BerON: lvrn'(l lion • • tire ohl!orrvrd re.. 
6i8111 11C", R •• untl reaf"tance. " ,. liN:: 

R • ... 193 oflonJl 

- 160 
S . TiT - 137 oh ... ~ 

'1'10,· correctim'8 {or "i("lce l ric low in th ll 1l E.. 
Ac r \NCf; eOlldcni!e r 311(1 intl ltclaoce in the 
/{ E::i ISTA..'IC E cundl'neer .~ lee". rrolll 1'"i«. 
ure. 6 ond 7. 10 loe nCEligibie. To oorrecl (or tlie 
CQ'''Ie<:ting.l("ati cal'aclt . '1I'e ltlIl"Mu'lIl, look "I', 
in Ihe lead rer.el ancc chart. Ihe corre.pondiog 
rea"I""e<', X •. It i~ - 16,000 ohm • . AI)I)lying 
E(IUa1iuu6 (5a) a",1 (6_1 .... hich lITe givl"n in t he 
ill_lruClion I ...... k. 

~ - t93[ 1 + 2( _~~.~) - ( In )' ] 
16.000 

- 196 II 
_ (- 137 )' - ( 193)" 

X. - - 13 r+ - 16,000 

- 136 II (capacili"e) 
In I hj~ .. ",a"'I'I ••• eOtree-I'Ol)! II rc ,' er,. 1"'1111. 

., 

t l • {~ 
· --..,. -IV 
-
· f-C • - . 

~V /\ IA • 
• f· " 

• - fV· ... -......... 
• • • " ".y' .. , -. • • • - - -. ......... , ... 
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GENERAL RADIO 8 

The T'I'~; tJI6· .\ ila.lin.Fre' lucncy Hrid{::c ; ~ 
I,,,.tieularly ~"il",1 for ~t)ch ,., .. asureml'UU. 

eeJ Mffi~tI1Y"'«'fI' oj 7,.,,,,;,w, .. 1 ;2-01"" (Ntu:. 
i,,/ [.j",' lit 51} M." 

A t ' -I-ry high rn"'llto'l1d~, leu tl c.'rr ..... Lions 
I '~"·U"H· v ... ry importo"!' It i~. therefore, "we;;­
sar)' to 11~" II,,· short (.'o",,,."C l i lll; 1,-;,,1 (916·1~3 ) . 
11 h' ;,1 ..:() de~ir .. hle. or 1'0011;.111<-, to hriJl!,: "I' Ihe 
nu lo' r l'otuluclOr of lhe coaxiul line o"cr the 
,.",nel "nd " ".k,- ".mlllct 10 i , dir .... lly ,, ' Ilu~ 
ground "i",li,, ~ J>OiIt 011 the [.uud. 

!'fu jI; short f:Ollllt'{'ling feat.! (9 16. 1'3) ;1110 
I"''' el jllek. Cl i!, to "u ler comlnctllr of linc I'lr to 
ground I)indin~ 1'000t on 1'3"1'1. ~et toggle &,,;Io:h 
In 11,,· I~ (lO!!illoll. !Iud estll l,liF.l, nn 111; ' ;10 ' I)al· 
"",)0',5.-, n EAC'r,\ NCF: di,,1 1.) liS I"", n "111,,1). 
a8 f'VI!'li!)It:. say f>(I() 0Iu"8. 

Tr;",sf.'r clip of t:o"'''~'lint: leau to renter 
eorul"cl"r uf co,,~ i ,,1 lin" wud .,·hulance wilh 
H ESIST ,\ N(:E "nd I\liJ\ c rANCE dilli s. SU II-

lo()IIt th~ r"!pe<:li,'~' r~a "'i ns~ are &1.5 ohms II n,1 
150 ohm~. !lefor.· "orrerli""8, tht'. ohijcrved 

rt'!!iaI1I llCt·. /( •• IInti read a'''''', \'" Hre: 
R. _ ('·1.5 (>lI m,. 

1450 - 500 
X. - SO + 190hma 

T o corr ..... t for i",l lIl: t",,<:<: in t he HESIST _ 
ANCE '·m"I'·II~.>r look "I" in Figurf' 7. the 
<:orr • .", l ion ror a .Iilll n·ading "f 65 ol" " s l.t 5\1 
Mr. I t is 1.17. '1'1. •. Norre<.:tf'd ' ·al ... · Olf It. 11.1' 11 
I'l ... ·''' ''l", 

It. ,. 6t5 X 1.17 ~ 75. 1 .. h,,," 

To curr,.",1 r<or II,.. rollllN:ling-lel,d "a l.ad­
Ian, '" 10 grouO)(1. I"ok " I" in II ... le,,,1 .. :HclanCI: 
eIoorl . Ih l: cnrre!! l>unding reactancc. X •. It is 
- liSt! ,-,III " ~. Al' I,I), ing E(I ,>ation~ (Sa) autl 
(611). which lire g,,' cn in II ... illstruc tion bool , 

_ [ +., (_19 ) _ (..2.>. '- )'J It" - 75.1 J - - 1150 - 1150 

<& 72.(, II 

+ 23.7 Q (iwlue l;"e) 

Thi~ e~a rnl'le i..; ci letl D~ a ll e.l(tre rne CHile. ill 
whi"h ("ilure I" corr""l for I,ll .. ind"CIIIIlI'e " f 
110 .. ItF.S IST ANCE c"",I,.n Olf!r 1"11.,11< HlII.Il n ..... r 
i ll rt'!l!. i~ l"ncc "'CIIS llr"",cn l nf Ih e: vrdcr or I::! ~D_ 

S PECIFICATIONS 
Fflquency Ranle : .100 1.,,, to6fl Me, 
Reactance Rante : 50(1) 1/ al 1 M,.. Thi~ 

rllng" "ariel' iu .. cr@cly a ~ II ... rr~\".""')'. "",I III 
nlher fr .... I''',"cit.'ll Ihe di l.l rca, ing nm~t he 
tli"itleo! lJ) Ihe frClI"CIIC) ill megacycle/;. 
Resistance Ran le:OIO I()O()Q. 

At c u ra c y: FM rl'lIctarw". ±2((: ± I fl, 
For r<~i8 1 1, "ce, ± I (; ±o. 1 II, ,;u l.j,..,.. 10 cor· 

rec lion f(.r rCliiduul I'ara ""·t .... ~. A I I,i /!h fr"_ 
II"eneiC!! Ihe ("I)rr .. CI;ol1 oI"1"',,do "\ .... " Ihe fr .. _ 
IIUI·It(·y and "' ''''' Ih(' ",,,/!,,itn,Jc .. f I I .. ""k''''''''11 
rc~iKl." ... ,· '·""'II(}II"nt. AI I,,,, f .... I"'·IIcic@ tlH' 
corr.,·tinn .lcloen.l s Ul.on t lu~ r" "I',e')<:) a,,,1 
11 11011 Ihe Ill"!!"; I ,,,I .. IIr I I,,· II"l"""',, r .. llcluIIC'· 
'''''''1'"II"nt. Plol$ ,,( "vll! 11H'~" , '''rr''''li ,)Il~ arc 
si " f n in ,h,. in"ln"'lioll It""k Ihal is SIII'I' I;",1 
,,·il h Ihl' lorid~ ... 
Accessories Supplied: '1'",., inl", 1 Irlln ~­
for", ,.r~, "ne ,.,." ..... in l; Ih .. rang.' (")111 I{)II I. •. I" 
3 l\l c, 11"·llll ... r rrWI! 3 \, ,, 1060 \ Ic: I"" k~,. l s 
of diffcfl'l1 l len .. th~ (r"r ,·""" .... Iing the ""­
knm"l1 in'I',',I .. ",":',.) ; I"" ~~}a)iial c"IJII'~ f .. r ",.". 
nL'Clillg gcner"lt)r ~r1< 1 d,. l,eclt)r. 

Actessorles Required : J\ r .. din-fr"'lucnCr 
I;N ... rll l"r al1l l d,·I,.", I"r are retl',ircd. Tht: Tn'li 
W5. B ~ Il",dard -S i glla l Gcneralor i;! II liatis­
(aclor~' g"ncra lor. J\ "f'lI·shiel. l"d radio re­
(,,, i"'r co"o:~inp: t he d,."ir,~d frccl'''''''''> rang .. i~ 
ret.'t)'n '''~ n ,le, l lI~ II,,· ,1I'Icl.'lor. T II' "Qa~ i a l C3 h1e 
~1I 1'1 .I;cd for CIl"", ... l inn 10 Ih" rteeiv""r i;! filled 
wilh "1'",1,> I"rmi,wl~ J.I 0"" e l)d for o::o"neel ion 
10 Ihe reec;""r ;111"" '.,·r l1lil1ol$. For bl", l re­
~ "lt ij. II(!W'""I'. il i~ rC<XItl""ellded lira l t ho: 
r" ('~ i \l'r It" lilled wilh II T n>F. 771·(; I'HIl .. 1 
I'I ,, ~ an,1 II", ('H I,le "ilb 11 '1'1'1'1': ?il. \! Cli b le 
Jaek. 

Mo untl nz: ,\ iq.I""".' ''g!!:''!;'· 1> 1'" ellr;{' "i ll, 
earryin;; h" nd l.·~. Both in l''' ' tra,,~fo~ "' crg arO' 
!<lV,,,,,.,,1 ;n ~id ~ Ihe ea .. ·. COH"iul e"bl;:~. lealls. 
,,,,01 ;n~ l r"'~ litJ" I,,,ok ~r" s t"red in III" co,'cr .,r Ihe iOlij l r" .. w nt " I,,'n ,,,II in USf'. 

Olm enllon5: 17 X 13 ' l1 X 1P s incll"s,ovrr. 
,,11. 

Net Welz hl : 351'''''' 1I1~. 

____ ·cI'YI'~~'--__ , ___ ..... ----::_CC---------__;--'(":'~·'"e'-'''C~'"·"'''--;---C'C'c'""e"'::--
916-'\ I lta'li".F~clJu .. ncy Ilri tlge. .. . .. 1 ' ;n If: $350.00 

GENERAl RADIO COMPANY 
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS 
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101111 NORTH SEWARD STREET. lOS ANGELES. CALIFORNIA 
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