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BRIDGE METHODS FOR MEASUREMENTS AT 
RADIO FREQUENCIES 

1"' .... "'''ffiN the ticn:lopmclll of mea· 
surin,!: rncllll)(l!' simpl!' ('ir­
(' luiS im'olving', so far I:I R 

pos"ihlc, olll~ LlIf' unit s 
I 

under lIl eilSlIremcnl are at firs t uscd , 
and as c'l>cricru:e l lllti technique j'll­

pro\ c. lIIor(' elahorate bu l more "Oil · 
... enient and fle \:ihlc methods arc dr. 
velope", 

The carliest method s of measuring 
resistance \\crc the voltlOc tcr-:Ullmclcr 
and later the substitution melhod", 
Bridges. which hwreased the !;ells i­
til'il, of the substitlltioTl lIIethod h) 
introduci ng a differential comparison 
and c,; lcnded its range by using rado 
arlllS. naturatl) developed from the 
8uht't illilioll lIl"dux!. Bridge,," ar .. no\\ 
univcr8<llI} llsed for dircel-<'urn'llt allil 

.. ,ulin.rn·'lll"Il'·Y II1caSUrl:men I ... 
In the higllf' r (requellc) rung" s, 

vollmct er·ammeter methods hll\ c h('cn 
eX lcns ivel) used. At radio (r{'queuries 
(say 100 ke. 10 2 \lc.), the tuned· 
circuil subs titution method is gener­
ally favored . In this measurement the 
unk"o'" n resistance is replaced in a 
tUlled (';r(:uil by a standard which is 

aflju8tcd to give thr I!UIlIC voltage drop 
ul conSla nt ,'urrent as lhe unkno\\'Jl , 
The ollje"1 of 11lf' IlinNI ('in:: llil is to 
reduee Ihe err('('1 of reaetanec on Ihe 
lIlea"urClIlcn I, 

Bridge rnct hu<1s It .. ,,> 1:I(' \ cr .. 1 all­
\antagell over vol tmeter'lI tnnwter lind 
tuned-t'irclli l g,thstilutiou tne lhod ... 
The) lire nol limited to 1Ilirruvo' fre· 
'IHellf') ranges. lind liter grull l IItore 
IU!;Tude ill tile ('lIoi,'c of SllIlIdllr<ls , 

Thc) ill\'ol,('. 110"'c'er. tlte introduc· 
tion of other (·jr,·ui! elemcnts into the 
lIH'lI ilourel1lcnt and ar,' , tlll'rdore, jllsll ) 
,ie",ed ",ilh SQllle suspicioll "hen usell 
unrler condition!' ",here .he ,'alues of 
Ihc additional 61'(;1Iit c1ernenl ~ lire not 
f'lltirel) 1.;110\111. 

The clOISC lltial diflicult } \\ilh m CII­

~UrClllelll, .[O ut. Iligh rrcq ""lI('il!s lics ill 
Ihf' fact Ihal the 6r~uil l'lcmcnl ;, or in­
d.lclilncc, '·lIpu('il,1I111·C. lind rf'.~i!! tlln l;(' 

ca nnot he illfli\'idua lly isollilcd hut are 
prese nt toge ther in allf'ircuit unit s, Utili 

he tween dlc unils Ihcmst: h es, as well 
as between unil S and grou nd . \ Ios t of 
.he technique of a il ernating..('urrent 
bridge methods ;0\0"'C8 Ihe develop. 
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lIIelll of cin;uj, units whose cilura(" l,cr­
iSlics a pproat·h IUIIIIJf!11 cons tant s and 
means of eliminating fhe e ffect o f 
rc;;idua ls {rolll the measureme nt . 

LelHls. (1\80. "hieh IIrc igllorcd a l 
low~r frequencic ... rnay hal'C impe­
,lance" approaching in lIIugnilude those 
under IlIcasurelllf"nt . These problems. 
it sllOul(1 be Ob&4'rVCfl , are present al 
1000 c} cles. a lthough 100 frequcutly 
ignored. J u auy bridge method it is 
n~ssary Iu llistingui8h between a 
hulance of the hrid ge and a ba lllDce 
hctween the IIllkno"'u and standard 
(' 1('Olen ls. The c ff(!f" o f relilduals j" 

frelluenll ) !'Iuch as 10 gi,-c a false 
ba lauce iuvolving IIl1kllOWU lind ex­
Ir/ioCUIl!! impedance", 

Uridg~s hs ,"c bee" used al fre(l"c n. 
,·jclI \\ell .. I}Ole the alldio.rrcqllc llc~ 

ru uge, 111111 ,I.ere i", no (llieSliQn Illal 
1\ ilh proper care hrillgl> measuremenl S 
ca n he 11*,1 at ler) Iiig- il frequencies. 

The main difTerClwc heill cen mea­
t> uremCI1I .. ~I audio (lnd radio frCIJllen. 
I·ici' is !'IHlUIICd up in Ihe I)tIC-lh,uI8aml­
fold innclt sc in se rie s i ndu e lil e 
rcal'lallce IInJ the correspOIJ(ling (Ie­
"rease ill pllr~ lIel ca l' ll c iti,' c reacta nce. 
Thi,. 1I1t'IUl!! Ihal diSlribut e.1 iudtu::­
lanec a llil capa('il,ance "hieh "cre cn· 
lirf'l) ncgligible III Illlllio fr."t IUCllr ics 
freq uclltl) hale c"lllrolling inOuellec 
III frequf'lIl'icl! /If 1114' ortlf'r ilf one 
mcgae),·If'. 

The a l' ~elll'c of !'rOIKr staudllrd{l 
"fTcrs 11 .. grcl!.t a n ohslltclc III high. 
(re(IIICII(') h ridge 1II(' 111I.)l ls ,18 Ihe .Iilli · 
I'ullies iullNClit ill the bridgc cir~' uil 

ill'elf. I{c"is tance stBllllards uSllnll~' 

lin I e sollie real·tanee lit bigh Cre(I'lency. 
ami rt"lIc tlllll'C 8tB lill a rds hal e rel!.is­
lance. 

Air eomlcllsers hlll'e Ibe I:\mallest 
li me W n"llInt. .. o r an~ imperla n" e cle· 

ment II nll t.hl!ir law o( varillt.ion widl -... 
.. a jJlIcitanec ami (requeuey is knowu . 
They may he either ft;xed or variable. 
Solid dielec tric mica condensers ma} 
he mude which 11180 hal'C a small lime 
eOlls tallt "tiryi ng: ouly wi th frequency. 
I~h:e.t s traight "ire resistors hal'e \er.1 
small time cons tants, w'lidl ca n he 
I'lI ltulll lcd provided the wire used i ~ 

1I0n. magne tic, Resistors u( the hi fil ar, 
A)rIOIl.Perry, lIIi ... a -card, a!H1 wove ll ' 
t81)C (orllI s also have 6111a ll time ('on· 
stll n la. Their equiva lent series in · 
du e tances and tim e con sta lll l! a r e 
il1!lcpcll(lenl o f frC{IIJCIIC) Ol'cr II "illt' 
range. The) ca nnot, IIO" CI'er, he ca leu· 
hued, but IInt ,; l be eOIll I)ared with thc 
straight wire Slll ndnrd ... Vllriable re­
"i810r8 are inferior 10 rLxed resistor .. he· 
ca use of the added reaCla,we of Ihe 
,,\\; I('lIill l; mecha nism. In duc lors 111 111.e 
poor radio-fretIIICne} s llllHla rds. since 
III!"ir time cons tan Is are la rge a nd vari­
able, dCI)cllliing: IIpon ;,:I.ju efTel·t ami 
lhe l·haradcl·is ti. ·s o r Ilu' irOIl eon ' if 
olle is used . 

Their nat urlll frcII"elwics arc 1m, 
a llil vll riahle indu clors IIho" I ariati.m 
of resis tance lI'i lh se ttin g. The) Illtl ;,:1 
he (:o mpared wi l h slalldurll (·ondClIS<' r .... 

III t.'Ollsidering bridge circuil s fnr 
radio frequencics it i;,: the tlatural 
course to sclect simple "irCtliIS a lld 
tho~ IIHI·iug similar cle ll1 c lIl ~ pcr­
mitling a B) lIlllletri t':l 1 arrallg.eIlH' ''t . 
The I'!flual.arlll bridge sholi id Le II~"II. 
allhQllgh Ih ilS lilltil 8 lite IIscfulnCSiI or 
1 he hridgc lIIe l hod SOll1c wha t. I I is no. 
100 difficult 10 make similar units 
having pract.ically identica l 11I1I'Iwll 
a nd distrihut ed cons tants, but 10 milk.' 
lliMimilar unil./!I in which the lumped 
a nd distrilmled constant s bear like 
ratios is rar more dimcult. Equal reo 
Bistances are normally IIscd for Ihe 
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ratio arms, although ~~apaci ty ratio 
arms can be used. 

An elementary hridge circu it suit­
ahle for lise at radio frequerteies is 
;;hown in Rig. I. II eOll sis ls simply of 
th e '1'.'O fi:'«cd ratio ar lllS, tile shielded 
in put transformer, and terminals for 
f3 land nrd a nd unknown impedances. 
' !'his diagra m is, of l'Oll rse, e~actl }' 

I, hat \\ould b .. H~d at audio or lower 
frequencies. The modifications neces­
sary for high-frc(lutllH."Y lise Lie en tirel), 
in the arra ugcmcnt of paris li nd leads 
and the shielding which is required. 

While Lhis element ary hrid ge circuit 
ca n be reasonably well LuJllnced a t 
tOOO cyd es, al higher frequencies a 
double balance is necessary in order to 
elim inate a ll factors of s lril)' ca paci. 
tance. Two methods of accomplishing 
Ihis offer themseh'cs. Oue is the add i­
tion uf a Wagncr grou nd circuit hy 
mea ns of which the ca pacitances to 
grou n,] are fi rSt balanced hefore ohl.ai n­
iug a hnlance of t.hc main bridg('. A 
I!econd arrangement is the suhstitu t ion 
method whir!. is, of ("ourse, ex tensive ly 
lI!led in precision measurement s at 1000 
c)cles. III this methOlI, lite IJllknoW Il 
ami stnlllJard arc placed ill para llel ill 
t h e sa me s ide of th e brill ge and 
hala nced in thc olilcr Ilrlll II)" 311 1111-

t'alihra tcd condenscr \\ bich IIIII;;; t , h OI\­

!'Ier, possess reasonably good charac­
Icridtics, The bridge is ba lancell once 
with the UnkllOl\ll Jisconnected and 
aga in with the unkJwwll sbunted across 
the staudard, Tile ICl'h nique is the same 
as that used al lo\\er frequencies, e ,~­

,'cpt th at greater care 1Il1lSi be taken 
and it is particularly important thai 
the a rrangement ol len,ls be unch anged 
for the two balance couditiolls. " 'lIe 

I resistaoce ba lance is obtained Ly add­
ing resistance in series or paralle l with 

F'1t: mll~ I. Ba8ic bridg;, circuit COllullunly lI ied 
a t audio fre<:lucnci e& and 811;lol,le for rud,CI­

fN!(luency work if ,>ret,antious are taken 

tlte ca pa"i I8uce arms. WItt! l1 tlte aili lcu 
resistance i" changeu l,e t ll"ccll measure­
mellts, correction mliSl he applied for 
t.he cha ngc ill illducla ll ('C of the re­
sistance ulliess it ean he es taLl isbcd 
Ihat Ihis i" lIegligibJc. l n ca lcllialin~ 

results from the hri(l ge HlCaSllrCl1I cltl !i 
at high fre(Jucncies il is important to 
use the origiual brid gc equa t ions before 
elilllilla tions hasee! on o,'uers of magni ­
tude have been made, These C(luatiolls 
llIa y he easil), ileril<cd or are given in 
lUost textbooks ou bridges, Many of 
I he order-(,r-magnilude eliminations d" 
not hol,1 at higb frequencies. 

In an endcavor to test out the prac ti ­
ca bility of bridge methods at radio 
frequencies, the Gencral Uadio Com­
pany has developed the TYPE 516-A 
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F,(;I Hit 2. '1'10 .. no:'" T\I'K 516·_\ Hatiio. FrL'<IIIcncy 8.;,lg<:. un .. )( ,wr;",,,,,,I.,1 ill ' 
~ tru"w'" r ... II,,· ,1,'l<'r"';" 1I1 ion of .eue''''''·'' uml re~i;;l lu l C': III high fre(luc"d('~. 
II~ ,,~ i~ r,~·,,"""c", I , ... 1 for IwhorllIoriL'1iI ha> iug II ooll~i dt'ra l ,l e ""-periell('" ... j,l. 

o l io",. nH"l hod;! for mell ~uri,, !t iml)e(laru'" 

HaJio-I'rC(luenc} Bridge. This is illus_ 
traled in Figures 2 lind 4 li nd Ihe .... iriug 
.Iiagram is silo .... II in Figure 3. 

The entire bridge is enclosed in one 
"hicld ..... hilt- separa te internal shield .. 
enclObe the ratio arms, the J,alance 
,'omlcnscr, the po .... cr.faclor Lalance 
rCilislor, anti the ou tpu l Irllusformcr. 
The latter also contains II shield he­
I .... cell primar, allfl secondUf} . 

The: shielded tra nsfor mer is placed 
in the OUlput of the bridge. 80 IIllIl III 
ba lunce il wililiuve nOt'lirrenl ill il a nd 
no t'~lcrna l fi eld , II is Il li air-core trailS­
for mcr ... i lh concentra led ... indings. 
...hose capacil a nees 10 each o lher Ilnd 
10 the shield have been minimized, By 
a lIuilahle c hoice of the numbcr of 
lur ll8 the blind of frcllucncic", I,c lneell 
10 L.c. and 5 \1 1'. IIIlIy he ('o\crcd. The 
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rulio arms orc JOO ohms each . LOI" 
impc41ance d ClIlcnts are II requirement 
of high-frcqucnc) Illcasuring circuiti!. 
Theile arm s are ... ound 0 11 thin mica 
Cllrli8 . .Bolh trans forml 'f aUlI ratio Mill S 
arc mounted 011 plug-in bil lIeS so Ilult 
the} 'll ay It(' transposed or oe ... one!! 
inserted. The balance t.'ondCIISt!r has II 

!'apaeit ance of 1000 }jj.C f lind is pro· 
vided ", ilh a SIIH"1I10lioll fri ction dri\ c. 
\ small .\ crnier comlcllser of 15 j.Cj.Cf 

a llo ... .. the adjustmellt of the lowl 
eapacilance II) 0.01 j.C1A r. The "ariablc 
resis tance for po\\cr.factor haJam'!' has 
three dia ls. !ens and ullits {Iel'alies. ami 
II non·intiuc li, e .!' tide ... ire hu\iuS a 
10lal resis tance of olle ohm ami rlwding 
to 0.01 ohm . The zero iIHluc l,3ncc of 
this 3·dial resis tance unit is only 0.2 
microhenrys IHIlI tbe maximum in· 
duc tll lH:e 1. 1 microlu!nrJ. The lends 
from the condcnser aud resistor lire 
IJrougl1l 10 a tefluinal board located in 
a sl,if'lded cumparlmcllllH:ceilSiblc from 
the (ront panel so tI'"t ther lila) h~ 
connectcil in series or parallel or usell 
separa tely. 

The measurement s are most eaeily 
ninde "iLlt It modulatcd carrier as a 
po" cr supply 11I1!J a detec tor und 
lIudio amplifier a s a null indicator. A n 
a hernali\'(~ me thod is tu li re all un ­
modulated us(: illalOr, hc terodYllc to i i , 
Il. lld use the re(' t ificli allliio heal not I' 118 
a null indication. Lt is essential that 
there be no pid,up hct"een oscillator 
IHld amplifier. Uoth IIIU~ t , therefore, Le 
well shieMed. The .~ IIiel(ling of the 
oscilliltor "JUti ~ be oompltrahle 10 thll t 
of a good stllllllanl.;, ignal generat or. 
Either the ' l'lI'E 403·0 IIr '1" '1'1; 603· \ 
S tllndard ·Si&nnl GellNlit or i ~ suitah l!'. 

lI igher 1./OI,er,.; tlUIn a re availillil!' 
from the signal generau.r "ill m.hi to 
the 8Cusitivily of Ihe lIleasurements 

"'" 

FIO;ulu~ 3. Schemalie ,tiagram or Ihe Tl'l' ~ 

Sl u-.' IlM,li .... Frelluency Bridg ... The hea,·, 
tinC8 repro.enl 110 .. t ... ,tlle eiementil, Ilw lil;ht 

li)ll' tbe l hiddl 

a nd to the speefl "ilh ... hieh the Lal· 
anee ('all be o btained . An oscillator 
I'a ving an Ollt pil i or ahou t 25 llI illiwiltl a 
moduluted to 50% is bei llg dc,'c lo pct.i . 
This instrumcnt \"i ll ma inl a in abo ut 
one \ oil across the bridge al rrC(llIc ncies 
bel" CCII 20 kc. lind 20 i\le. It is com· 
plc lc ly shicldc(1 ami lIseS toroid lll coils. 
so thai it ,. cxlerlllli field is \err slllll ii. 

The lIlost IIlllilable null (Ie tector ill 
the broadca st range is It standard reo 
ceivcr or good sensi tivity. ComlUcl'ciul 
St! pcrhe terod) lie reeei l'era IIIl ving a 10-
micro,ult sellsilil' ity are cntirely sa tis · 
factory . Lsillg I>III:h a receivcr at full 
sellsitivit }' amI IUcrely lis t,euing to tile 
I O lld,s l~aker, the hridge can be bal· 
anced to o lle part in .LOO,OOO for capa . 
ci lances or tlte order of LOOO "'~( ami 
10 0 /11' pnrt in lO,OOO ror rcsis l:lllces of 
Ihe order of 100 ohllls. T hese lIIeasure_ 
ments \lcre I!l ltlle in all 1I11shieldeti 
room aII'I there W[lS l10ticea hle ou tside 
picl.up ill the rcccil'cr. 

\ l eal urClllent,iI hllve been made \,it ll 
this brillge at a rrc(luelll,}, o f I \I e. b) II 
ilUbillitulion me thod , using an exlerual 
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T\'I' ~~ 222 Precision COllllcnscr Il nd 
either the decade resis tor in the bridge 
or a similar externa l oue. Tbe impe· 
dances measured have included the 
{'U p!u'il a nce Dnd resistance oC ai r li nd 
mica comlcnsers, va rying (rom LOO 
PIl{ 10 1000 J.lpf, t he resis tance and in· 
llllc lll llCe of resistors varying from 1 to 
10,000 ohms, and the res.istance and 
reuc la nce o f 8n a nl Clllla whose natura l 
frC(lucncy was 1.2 Me. over Ihe hroad_ 
cast frequency ronge. The antenna 
measurements ",ere int eresting in 
showing tha t the volt ages induced ill 
fa irly large 8n telilloe may ol)proach a 
volt in magnitude. It is, therefore. de­
sirable that the voltage applied to Lhe 
hridge be at least of this magni tude 

f-' ICUHK 4. ,\ ' I', 'PH 5 16 ·A I I .dio. Fre(III ~"CY 

Bridge set "I' roc ant~nna meaeuremell le_ A t 
Ihe left i~ the mod ulated radio.!reo:lucllcy 
$Gurce Inti on the ehel r ie a broadcasl reeei .. e r 
"IINI lie a " ull deteclOr. The precision ron-

t1 enilCr a l Ihe right is an all .~mlry 

and preferably la rger, so that mea· 
surements may be made a t all point s. 

The TYI' E 516·A n a~ lio. l~re<llI cncy 

Bridge hits been dC\'eloped to permit 
the in\'c8 tigalioll of the possibilities of 
bridge cin:uits a t ra(lio frelluencics. It 
... ill not be regularly carried ill our ca l ­
alog because we feel lhat an experience 
in high-frequency measuremcnl8 which 
is not l>OSSesscd II) the a\Crage experi­
mcnler is rC4u ired in ortlcr to obtain 
sa tisfactory resuhs with il. IL ... ill IJe 
available in stock, ho ... e \ cr, and offers 
lUI intcrcs ting and uscful 1001 for those 
pos8Cssing ... idc clo.l>crience in Ihc le..-h­
ni4ue of high-frc<lucnCr IlIcasurClllcnlS_ 

T hc price of Illc TYN; 516·A Il adio­
FrC(lucncy OriJge is $190.00_ 

- C HAR LES T . BURKE 
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MEASURING PENTODES WITH THE MUTUAL­
CONDUCTANCE METER 

TU£ '1'",,1': 443 Mutual-Conductance 
Meter, developed several years ago 

for testing triodes, ca ll be used equally 
well with fouf·clement tuhes. After a 
miuor modifica tion (which every unit 
in our stock now includes) hath heater­
type and filament type pelliodes can be 
measured. 

One of the modified mutual-con· 
ductance meters with the batteries 
connec ted for measuring a filament ­
type pcntode is show n in Figure I ami 
the corrcspondillg c ircuit in Figure 2. 
The connecting links LO the /lew bind-

iog pos ts, engra ved "+" and "- "', 
flIurkc(1 PEN TODI': SCItEEN, have been 
installed in the left side of the pane l. 
The cathode circuit has been broken 
and its two end s connected to Ihe lIew 
l.IOsts, The screen /:,'Tid of a fil ament ­
type pentode is connected to the prong 
corresJ>ondiug to the cllthode of hea ler­
type tubes. Tests in our laboratory 
have shown the necessit y for a source 
of voltage for the screen scpara Ie from 
that for the plate in Ihe filament-type 
pen lode such as the 247. The connec­
tions for the screen grid are, therefore, 

FIGUII K 1. '1'11<' "' ''1'11 143 MUlual-Collductance l\leler modified ror checking filarnent-lypt: 
Jlentodes. t:on ncclion~ for heater.type pentodetl are the same as for IICreen.gritJ .",-; the 

pentode'lICreen terminals are closed by Ibe link 
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,,~ PLATE 
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FIGU RE 2. ThedoltM li"" 5 in Ihj~ diagrum show the change in wi ring 
llece!!slIry to m ake the T n 'R 4.43 1\1 uilla l Conductance ,\l e ter 5uitahle 

(or me a@uring pentodes 

made 10 the two new binding posts. 
For the measurement of Ihe heal.er­

ty pe pen tocle tllbes the connecting link 
is left in place and bULLer), connec tions 
are made as if H screen-grid tube were 
being measured. Detailed illSlruClions 
concerning this are fOtlnd in the in­
struc.tion book accompanying the in­
s trument or in the Genera l Baflio 
Experilll(!IIter ror July.August . 1930. 

T be charge for the modifica tion is 
$3 .20 n('l. ami it would require about a 
week be(ore return shipment coul(1 he 
mad e. If a lJIutual conductance meier 

is to be returned for this change. we 
suggest that it he packed \'ery well in a 
woodell case to preven t damage in 
transit and i'hiplllCllt made by ex press 
prepaid . 

There are still available in our stock 
a few of the TYI' E 413 Mutual Con· 
ductlHlCC i\ le tcrs lhal hu\'c hee n 1Il0l'1· 
ific(] for Ihe mcasurcmenl. or pcnlode 
tubcs. The price is 527.00 eaeh and im· 
mediate shipmen t ca n he lIlade upo n 
thc receipt of a n order. 

- U. H. DAWES 

TilE GENERAL RADIO COMPANY nlaih llae Experimenter, without claarge, 
eacll month to engineer., lleientiA,., and oillen interested in commun­

ication-frequency meruurement and control problemll. Plerue send requellill 
for lIubllcriptiolill and addreslI·change nolicell to tile 

G~N~RAL RADIO COMPANY 

30 State Sheet Cambridge A, Massachusetts " '::;' . ... 

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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