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~L~CTRICAL COMMUNICATIONS HCHNIQU~ 
AND ITS APPLICATIONS 1 N ALLIm FI~LDS 

IMPROVEMENTS IN RADIO-FREQUENCY BRIDGE METHODS 
FOR MEASURING ANTENNAS AND OTHER IMPEDANCES 

NeE the annoullcemcnt o f 
the 1'YNc 516·A nadio
Frequ e ncy Brid ge so me 
months ago,· this bridge 

has iJ.ecn in use continuously in the 
General ltadio la boratories_ I ts appli_ 
Calions bal e included the measure_ 
ment of bolh lumped and distributed 
impedances at radio frequencies and 
the results ohtainCl1 not only lihow the 
practicability of the method bul also 
point the wily 10 improvement in the 
design of the bridge itself. 

The range of usefullle88 of the original 
lIIodei ",as grea tly limited by the in. 
ductance of the rceiSlance decade and 
by its change '" ilh dia l &ett ing. Al
though Ihis imluclance iii less than one 
microhenry, il has a n appreciable re
actance at radio frequencies. Both this 
IOtal reactance anti its cha nge as the 
decade dial setting is changed produce 
an error in ca pacitance measuremellt . 

Tbe effective capacitance o f a con· 

'''lJ ridg~ \letboo. (Of' MeuuremenUi . , 
R.dio Fre<lueltcie.." Ch.rles T. Burke. Gen· 
er. 1 n.dio Expwim#:f1ter. luly. 1932. 

dellser in series witl. all inductance is 
given by the expression. 

t ~ 1 _ ~'LC 
where C = effectil'e ca pacitance in 

farads, 

C = ca pacitance of the con· 
denser in fa rads, 

L .., inductance in henrys, and 

'" = 2'1r in ra.lians IlCr second, 
and tile effective capacitance is always 
larger than the nominal capaci tance by 

the (act(H" I _ ~2LC' If a n inductance 

of one microhenry is placed ill series 
with a conden5Cr o f 500Ilo",f capacitance. 
the effective capacita nce will be 5\0 
J.'J.'f (an error of 2%), at a fre<lueney of 
one megacycle. Since the error del>ends 
upon the square o f the frequency. how. 
ever, it is between 8% and 9% a t 2 
megacycles. With smaller ca pacitances. 
the error is less; with larger ones it i! 
greater. 

The inductance of the resili tance 
decade varies from a few tenths to one 
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FIGURIt l. CU.,(", .,"rl\ination or ooml'cnu_ 
lion of ".rae iliceapa.,iullce and ind"cullCf! 
make!! .1", new radio.f''''I' .. ,ncy Lridgedirect 

rudinllo .... 'r."'iderange 

microhenry,depend ing upon thedecade 
setting, a nd it presents a seriollii bar
rier to Ihe lise of the bridge as a direct
read ing instrulIlen t. 

In the design of a new model, there
fore, considerable allcnlioJl has been 
gi,'en to making the illclucta nce of the 
decade COlls ta nt wi lh dial setting and 
to pro\'i(ling in dIe unknowli arm o f the 
bridge 8n e<lual amou nt of inductance 
to compeni!ate. When tbis is done. the 
bridge ca n he lIIade direct reading in 
capacitance a mi the case of mak ing 
measuremC!ltli is grea tly impro,'eil. 

This lie"" bridge is 8110wn schemati· 
ca lly ill Figure I. Ilalio arlllS A 8n<1 8 
li re cqual 8S in previous models. 

The indut tance-com llensatcd deca de 
is sho" 11 in the lo"er left-hand arm o f 
the bridge. Tilis dec.llde is so arranged 
thai, "hcn the rcsiS luute sctting is in
creased, a n a mount of illtluctance e(l lul.l 
10 the inductance of the added resis
tancecarlls is reIl1O\ CII from tile circuit. 
When tIle tlial setting is decreasetl, a 
like amount of inlluctante is added. 
Thlls a n inductance ellllal to the tota l 

inductance of Ihe tlecade is in circuit 
at a ll times. In order that illl lota l 
\'a lne shall 1101 ca use a n error in capaci. 
tance readings. 1111 approximately eq ual 
amou nt of illductance La' is placed in 
series with the unkno"" arm of the 
bridge. The magnitude of Lo' is ad
jusled to make the total inductance in 
the X arlll ( includi ng leads to lenlli . 
oals) equal to La plus the s tra y lead 
inductance in the s tandard arm. 

It v.i" he seen from Figure 1 that 
neithcr side of thc slandll rd condenser 
C. is at ground potential, a lltllherefore 
each 8itle has a (Iefin ite capaci ta nce to 
ground . Tile ta pacitance o f t he rotor 
to ground is sh .. ntctl across ti le s ta nd · 
artl resis tance Il, and its effect on the 
resisiallee sta ndard is entirely negligi. 
ble o\'er the usdul ra nge of the bridge, 
The ta pacitance o f the s tator to ground 
(Co in Figure I) is in shunt with the 
entire sta ndard arm of the bridge a nd 
ca n cause a serious error· in the setting 
of the resis ta nce tlecade R •. 

In orller to eliminate this error. a n 
e(lua l capaeit am:e Co' is connected 
across the unkno"-n arm as IIlIo",n in 
Figure l. This makes the hridge direct 
reading in resist!lUce. 

T he s tanda rd resistance Il, of the 
nev. bridge uscs II decade of tcntlJ -ohm 
steps insteatl of the slide" ire tlse<1 io 
prcvious mod els. The COllIlenser Cp 

°The effecli\'<\ re;in:llnef: il gh·tn loy Ihe 
upr~ion 

ii - [ l -~ (l :.,/,q], 
... her" H. ... "ffecli .. " r""i~I~nef: in ohm~ 

It ... dec~de di.1 !letting (olun.) 
Co ... ground <:lIpa<:i la'><:e (~bo"l 30 

I'l<f ) infand8 
C ... <:.p~ciun<:erseuingofC. in farad •. 
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acron rat io arm H in Figure 1 &en'CS 

two puq>o&es. It aIJow8 a finer adjust
ment of resistive component tha n is 
given by the tenth -ohm decade and it 
also l)cfmit8 I>ower factor mea8ure· 
mell ts to he Illad e ... ilhout ca lcu lation. 
The diu I is calibrated directly in power 
factor at I megacycle. At other fre
<llIcncics the dial reading is multiplied 
by the (re<luency in megacycles. {n 
order Ihal the "ridge read correctly a t 
the zero po .... er (actor settin g of Cpo a 
condenser Cp ' c<lual to the zero capaci
taTlce of Cp is placed aCfOSS afm A. 

The TYPE SI6·C Hadio-Frequency 
Bridge is direct reading up to 111 ohms 
and 1150 ~jJ f. For the measurement of 
inductance oror higher valucli of capaci
tance, a 81118 11 fixed condenser llIay be 
placed in seriCiJ with the unknown as 
sbown in Figure 3a. When the resist
a nce of the lmknown is abo"e III ohms 
a pa ra llel condenser or a combination 
of series a nd paralleluni18 (see Figures 
3b and 3c) ca n be selected to produce a 
balance. While in each of these cases 
the bridge is not direct reading, the 
necessary ca lculations are not difficult. 

FIGI,;HK2. Panel layout of the 
TYPK Slo-C lladio·Fre<Juene.:'" 
Bridge. The circuit de taii.ll are 

sho .. ·u in Jo' igure I 

The terminals marked 
CO;"l' nENSER in Figure I are pro\-ided in 
order that ca pacitances ma y be mea
sured by the substilUtion method. A 
parallel cond enser cll n a lso be con
nected here to extcnd tile ra nge of the 
8landard cond cnser. An additional pair 
o f terminal s engraved S"; ItI~:S ItI::StSTOR 
is provided. The direct-reading range 
of the bridge may be extended by add
ing a plug-in resistor or an unknown 
res-iSlor may be con nected to these 
terminals and measured by direct 
substitution. 

The substitution method - for capaci
tance a nd resi6tance IIIcasurements is 
recolllmended where precise resu lt s are 

• "A n )o:(I',a1-Arm Capacitance Bridge," 
n. F. Jo' ield, General Ihdio ,.:;X'H':,imenter. 
January. 1930. 
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bridge may be opera ted from a small, 
portable. battery-operated oscillator, 
whose output is one watt or Jess. TillS 

bas other advantages than merely con· ~~~IIII!II vCllience. A low power oscillator can be 
completely shielded and direct pickup ,( 
between the oscillator and the an tenna _ 
can be eliminated. This, together with I f-++I-kf1'tit++-t+tHffl 
the avoidance of s tray impedance ~ 

errors, gives a decided advantage to '~~ ~~~II~~!II tbe bridge met.hod. 
Uesistance measurements ona broad· 

cast antenna made with the radio
freq uency bridge are sho,,'" in Figure 4. 
This antenna is operated considerably 
above its fundamental (frequency) and 
consequently all measurements were 
taken with a series condenser (Figure 
3a). Since an antenna is entirely resis
tive at its fundamental, this point can 
be identified as the frequency where 
the capacitance read on the bridge is 
equal to the capacitance of the series 
condenser used. 

Figure 5 shows the resistance of an 
antenna from below its fundamen tal to 

V 
I-- /" 

FIGURE S. Resiatance of a roceh·ing antenna 
frnm l>elow ill! fu ndament al to above ill! half_ 

wave point 

F ICURE 6. Resis tance and reactancc charac_ 
terilltico[amul ti_Be(l tion chokeinthe vicinity 
ofreS()Ilance. Note that hoth ind uctive (+ XJ 
and capacitive ( - X ) are. for convenience, 
plotted a6 ])()6it ive to the Bame !!Cale 8$ the 

reeilltance 

above its half-wave point (para llel reso
nance). In this measuremcnt it was 
necessary to use a ser ies condenser up 
to 2600 kilocycles and the parallel con
denser connection above2600 kilocycles 
when the resistance exceedcd III 
ohms. The hum p at the low end of the 
curve is due to energy absorption by 
another antenna nearby. 

Other types of measurements eon
venicntly made with the bridge incl ude 
the frequency characteristics of radio
frequency coils and chokes. 

The results of one set of measure
ments are shown in Figure 6, which 
represents the im pedance character
istics of a radio-frequency choke for use 
at broadcast frequencies. Thcse mea
surements were made with the parallel 
condenser sho ..... n in Figure 3b and the 
results calculated from the para llel 
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circuit c<luatio rls. HcsiSla nce. reactance 
a nd impeda nce. as " e ll as inductance 
and self-ca paci ta nce, CU ll he calcula ted 
from tile data ohta ined Ii )' IUcans o f the 
bridge. 

The TYI' E 516·C Hadio-Fre(luenc), 
Bridge is the result of 1Ie\'c ral years of 
resea rch and de \clopmcnl work in 
rad io.frc<luency measurements. 118 
aCClIracy, wide range, and case of oper· 
a tioll make il the m08t satisfaclory 
ill81rWI\c nt a"ailable for radio-Cre-

(Iucne)' imp·cdance measurement. I I 
should be emphasized that the bridge 
is /lot intended 10 be completely a 
"{ool.proor' ins trument 3nd , "hen 
improperly UIie(I , crrOllCOU8 results ca n 
be obta ined . In the ha nds of tholie 
posses;;.ing experience in the tedllli<lue 
o(ll igll frequency measurements il .... ill 
fili I! IOllg-recoguized uccd aod will g i\'c 
d cpcndahle a nd ac(:urlile resuh s. 

- c. E. WOHTII EN 

TYPE S16-C RADIO-FREQUENCY BRIDGE 

SPECIFICATIONS 

Capacitance Range: 0 10 1150 "",f. direcl lIIod"lpled Osc: iIlmlor ie , ugge&letl. See Ihe 
rcudi"g. Can be exte ... l ~ct to in finity by u8ing October. 1932. iil~ "e of the Gcncral Ha.lio 
M H rie8 oondenil" r u ct .,...,ril.etl in the fnre_ 1':J..,.erjmcmer. 
goingarlide. 

Reeillance Range: 0 to 111 ohms. direcl 
reading. Can be u tend e<1 10 IICvet'al Ihouu nd 
ohml by usi"g a oonden..erin l' a .. l1elw'th the 
• ",kllo,,·n. 

Frelluency Range: 500 kc to 5000 kc "'itlt 
outl",1 tundor",er furn'dhetl . Wit I, I,rol'er 
OUII"'I lrandormer. range can he ""Iended 
d"",'nwardtoaudiof,-.,quenei .... 

Accuracy : Aa a direct ,",_di"I;: bridge. 1% 10 
5% UI' 10 5 mq;ac)·de8. With di recl ~ ub.!lilu . 

tion melh"d~ grealer aoc:uracy can be 01.. 
uiue,l. 

Acce88ories: The bridge i~ s lIPI,lied coml,lete 
.. ilhoull'ut Iran~forme r bUI " 'ilhout It radio_ 
fre<l',eney general or or delec tor. Ol",ra lin l;: 
in,nr .. cl ion~ are also included. 

Additional ACce8&Ories Rcqulred: A~ • 

Detector : A radio rece;,'CO' cO\'erin l;: d,,",ired 
f_ luenc,' range. A Tn'lI: 619-A or T\'pw: 
6 19-B lIeterot.l yne De tector may be "iled. 
Con~ult Cau.log G or Bulle tin 10 . 

Condensers : If mea8uremenlil oUlaide Ihe 
direcl .rcatl ing rltnge of Ihe J,ridge are to I.e 
ma, le' I,lug·in fi:<eol oontlenHN arere<luired. 
T VI'''' 505 Comlen8eN are recommended. A eel 
of Ihese. wh __ cIl'aeitanCC1l I re 100 "1'(, 
2001'1'(. 5OOl'JoIf, and 10001'Jolf. ill ad '"'!uale (or 
moell'''rt)(lol!nl. Su Ihe ";Xpi'rinll"'ter for J an. 
uary. 1933. and AlIgu~I-SeI"e",ber. 1933. 

Dlm cnsions: 18 '''chee (Io"g) " 12 inchell 
( ... itle) x8 incheil (heighl ) over·all . 

Net Weight : Z3 ,>oundil. 

Code Word : B .. TeIl. 

ratiio-fr,",!lIcncy gellera tor I T\'I'R 481_A Price: $225.00. 
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Co~~u~::sll;a~e::::r:::::1 :a~:1 :ec:;;: 
velopcd to give II creditable perform. 
ance, bul the mechanica l auxiliaries 
such as lighting and scenery introduce 
<]ifficultics tllat are extremely trouble
some ill amateur dramatics production. 
These difficulties are especially seriollS 
where fund s are limited and the produc_ 
tion mu st be given OD II s tage ren ted 
for tile one performance. 

It was such a problem that confronted 
the " Friends of the Drama," an experi
cnce<1 play-producing group of Arling_ 
ton, Alassachusetts. whell they gave II 

melodra ma based on Ilarriel Beecher 
Slo\\C'S "Uncle Tom's Ca bin. " Simon 
Legree and his blood hOllnds could 
cha se Eliza across the ice rea listically 
enough , bUI how wa s hea\-CIl 10 open 
and I,ake up lillie Eva when she died? 
The conven tional method of pulling 
her 10 til e bridge over Ihe s ta ge with a 
b lock a nd tack le was out o f the ques
tion from the dramalic as well as the 
mechanical s tandpoinl , for the audience 
wO\lld most certainly have seen humor 
inSlea d of the pathos that wa s in
tended_ 

THEA TER NOTES 

little E¥. Goes to Hu¥en 
on,V'rilc 

Tire " Friends of Ihe Drama" were 
forlunate enough to ha\-e jusl com· 

The oontl"(ll panel designed for -' F'riellds of 
the Drama" by Stage.M~nager DawCti_ Dillis 
for the two VllriaCOI lire ill easy reach of the 
operator who worke with his ",Ibows on the 

euc-sheetdC6k 
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