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• APR 0 B l E M re<:cntly encoun tered in 
connect ioll with the design of a shicl(led 
bridge trallsfofmcr was that of measuring 
d irect ca paci tances of the order of O,OJ I-'!-!f. 

The measurement could not be made on 
avai la ble bridges hccause of the small mag
nitude of the capacitances and the rcla
l ively large term inal 3flmitt ances associated 
with t hem. A parallel.null method , using 
the Tn'~; 546 .\'Iicro\·oltcr and the '['Yl'E 

736-A Wave Analyzer, was found satisfactory and is described below. 

Theory of the Method 

The method is basicall y a parallel-transmission null mcthod such as 
is used in the T1·P£ 56 1·0 VacuUlu ·l'ube Bridge. It resembles bo th 
bri(lge and parallcl·T methods. but difTers from both in several im. 
portant respects. 1 t also resembles the so-eullcd "charging-curren t" 
methods commonly used for the measurement of intercicctrode capaci. 
tances. but differs fun· 
damentally fro m such 
methods in that it 
uti lizes a null balance 
rather than a cali· 

'0 bruted deflection 
determine the un· 

known admittallce. 
JI1 F igure 1 are 

showll tbree voltages 
fcedi ng through three 
separate admittances 

"'IGUH~ L Basic diagram of the parallel-trails . 
mi~~ion null methOtI. The relation be tween tbe 
~·oltages alld admittances for zero vol tage acros& 
t he DE'TECl'O II tcrmillals is given in the tCl't. 
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GENERAl RADIO EXPERIMENTER 2 

I • 

CfJ DE:CTDR 

~'I CI! " " 2. Tile cin;uit of Figu{e 1 call. IIY the 
al'plication or Thcw~ll ill's Thoorem, I.e reduce.1 

10 the @ir"plc system al,o"''', 

to a CO lllm on null deteclor. 
The condition of balallce can be de

ri\ ed lII06t easily by reduciug the sys
tem, as seen at the detector tenninals, 
to a constant current gCllera tor shunt ed 
by iti! 0\\ II internal a(lmittan\!e. The 
efJlli valClI1. system is shown in Figure 2. 

The total currellt I is si mplr Ihe Sllrn 
of the short.eircuit currents produced at 
the dctel'tor by the individual \'oltages, 
i.e .: 

1 - &,Y.+ E. )r. + Etr. 
- l:E.Y. (I ) 

The shunt admittance Y is the admit 
l arH"C a l. l ite detec tor terminals lI'ilh 11m 
\'ohllge SOllrecs short-circui ted. 

\' - \", + Y, + Y, - l: \'. (2) 

Ir .he currellt L E:.. }-~ is zero, the vohage 
across the deleetor terminals will be 
U'ro, Thus Ihe l,.'Qnt!i tion of balance is 

LB,. l'~ = Eo ) -D + E, )" 
+ E,\,,- O (3) 

T hus if l o is an admittance G .. + jll .. 
it t:all be balallccd by adjusting E, i ll 
&eries \'0 ith a susceptance 8 . and E: in 
serics \\ itll the conduetan('e ~, For ~x· 
ample, consider the circuit of Figure 3. 

The cqullliolls of 1,,.1,.111'1" for the cir-
cuit sliOln. arc: 

E, 
C~ = E c. 

" 
E, 

(5) 

G. - /f G, 
" 

I r,sllCclioti of 1,IIt, J; ircui t alill tl.c eq [la · 
lions of bl.llmll:C reveals 8C\'era l impor. 
I.lIl1t rea tures: 

(0) Direct aJllIiuance is measuretl, as 
adJllittant:es 10 ground or thc terminals 
or tlte unk.Jl0\\·u arc thrown across tbe 
generator alld detector, where they have 
110 effect Oil the balance, Likewise, ad 
millance to ground or the leads to tbe 
unknown docs not nfTeet the measure · 
ment. 

(b) The two bal ance conditiolls arc 
completely ilillept:udeut. 

(c) Tbe voltages E, :1Ilt! & can be 
\' uried, by meaus or a ll elluatOril or volt_ 
age dh' iders, from zero to maximullI 
value. This gi\'cs the equi\'a lent of t:a pac· 
itors and resistors variable continuously 
over extremely wide rauges. 

«(I) Pure res.is tance or pure capaci
tauce cao be mcasured equally \\ell b) 
sclling EJ or & to zero as requircd, 

The equatioos of balance given abo\'c 
arc of course dcrived for idea lized con· 
ditiolls wbidl can only he approximated 
in praclil:e. The factors which have I.Jcen 
neglected are: 

(a) The dissipntioll ractor of the 
"standard'! ea pncit.or. 

(b) Tbe shullt cuput:itance of thc (;011 -
dllctn nce G~, 

(c) Phase i;hifl. be tl\ cen tbe ... ol tage 
Eo and tbe ,' oltages EI 3nll & (ai, audio 
frequencies caused largely hy the leakage 
reuelauoo of the transformer). 

(d) The interlml output impetlallee of 
the allenuators suppl yi.ng El and E" 
Co(.yri,bl. 19+1. G~_al lI . dio ComI,.n1 
c..,nl ... Hi..,. M ... _, U_ S A, 

'"' 
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T he effec t of these fac tors is mostly to 
in troo uooerrors in to the measurement of 
smaU quadrature COJllllOlle n ts o r admi t 
ta ll(~. For example, ent irely crroneoull 
results fU ny be obtai ned in a ttempting 
10 measure the com/lletollce of a good 
C81)aci tor, if theS(' fac lors are not taken 
into account. 

SenSitivIty of Balance 

The practical usduincss of any null 
halance method ofmcnsuremcnt depends 
Lo a lar/:,rtl ex tent on the se nsitivit y re
q llired of the detector, that is, on the 
magnitude of the cbange in output voh
age for a gi ,'cn unbalance of the IIwaSllr
ing circuit . The sensi ti vity of the syste m 
described ca n be 811UlY1.ed as fo llo ..... s: 

T he opc" o(;;rcuil voltage appearing 
across the lie lecto r terminals of Figure 2 
is given by 

T E E. Y .. 
c' = - .. (6) 

Y EY. 

T he Chllllge in open circuit output volt
age for n smaU change in the ndmit
ta nces Yo is obta ined hy dilTerent iation 
of (6) and ran be \\ri tten as 

.6. ' _ B'oE Y~ - I: E,. 1'~ ti l' 
c (E l',,)1 0 

SEPTEMBER , 19H ~ 

_ AI'. IE _ EE. I'·1 (7) 
E lf .. l o L l' .. 

nUL a t balance LE .. Y .. ,., 0 and Eflua
lion 7 reduces to 

The actu al 'Toltage appearing acrOS8 a 
de tec tor having au admittance l'd be 
comes 

AY. 
.6.(-' = Eo L If,. + )' d (9) 

In a circuit ar ranged for Ihe measu re
Illent of small admittances, the circuit 
admittance E Y.. will normally be 
SllIall collIrared to the detector ndmit 
I,ance Yd under which ci reumslllllt:e 
Equation 9 reduces to 

Ae - EoA YoZ, (10) 

E quation 10 sta tes tha t the output 
\'oltage for a circui t unbalance .0. Yo is 
simply the vol tage developed acr068 the 
de tector by the unbalance current . 

With particular refcrence to Figure 3 
the minimum ca pacit ance tiC" which 
can be dclectC(i wi ll he 

de 
AC. - ( II ) 

EoXW X Zd 

"' tGURK 3. Sllo .. ·ing a I'nctiui circui t f()(" lhe mea!un:ment of CIl I).cil.)~ce and oondueta,lOt. A~ 
indicated , the lra n$forll1cr is eonnectc.1 to produce the phllse re\·erll.l~rC(luired for balam:e. 

UNKNOWN 

" c. J 
G. 

C, 

ATTENUATOR I " 
-"=~f' 

" + 
u H ~ ATTENUATOR o-r ~2 .;; OET~ EQ.TOR 

r- ~ ~ I 
...L + - -

GEN CTOR 

l 
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GEN ER Al RADIO EXPERI MENTER 4 

"'here Ea is the applief( voltage, Z" the 
inpul iml:ledam .. -e of Ihe delector, and Ac 
Ihe minimum ((etectable output voltage . 
Using Ihe TWE 736·/\ Wave Analyzer. 
which has ao inpul impedanoe of] meg
ohm and can easily tlNcet 10 micro
vohs " 'e ha,'e, us illg an in put of 10 vohs 
ut 16 kilocycles, 

lO X 10-' 
~C" = 10 X6.28 X 16 X l~X 1 0o farads 

_ 10..-.4 ~~f 

EHII aUo"'ing for cons iderable rCllue
lion of the dele<'lor input impedance by 
dIe Inuit capacit ance of circuit and 
leads, there is evidfOlitly at lefluat e &en
sitivity (or t,he lIleasure ment of very 
minute capacitance. 

Detector Se le ctl,lty 

As "ilh any uull halance me thod. 
se lecti vit y in the detC(: tor is necessary in 
ordcr to obtain the 1U0s l satis(actory re
sults. In the abSt! IIt'C of sclc("ti \"ity the 
true balancc Olar l.ril masketl by po\\cr
I! lIppl) hum alHl lImplificr noise. Also, 
the preS4.'n~ of harmonics in Ihe signal 
source lIIay obs{'ure the fund amental hal· 
ant;e or 11rodutt a fal"e halalwc, if the 
,:olldi tions for balam.:c depend upon fre_ 
tlucllcy. For the uircuil described, fre_ 
4uency lloes not C~l)liei t l ) en ler tlte 
equations of balulll"e. hul , as a praclical 

FIt-URI!. I . Schemuie tliagram of dauhl)
!hid.led trans rormer. j\ ij Ihis Iran/iform.:r i~ 

"fW, t he ou ter ~hieltl iii couneo:: te<1 to the junco 
liron ... r II.e rutio ar",. of II Scheri,, !> hridge, The 
C"l,"ci tauce Cr prOtluceti an tlT(lr iu .liM;l'ation 

facto.- readi,,!> "ntler ret'! II ; .. cono.lition!-

_ 1 

matter, eithcr or bOlh component or a 
complex ad mittance will vary "it ll fn'_ 
' Ilicney. and the halance for the fu nd a
mcn I 31 will not coincillc with I he 1111111111'(' 

for the harmonil'!!. 

EXAMPLES OF MEASUREMENT S 

Translormer Capacitance 

In F igure 'I is shown a schClllutil' di ll
gram of the shieJ(led Irallsforrtler IIwn
tione(1 carlier. Each windillg is carefull y 
shieltled. wilh one side or each winding 
(.vunected 10 ils shield. [n alMitiflll, 
there is a third shicltl, between the t"o 
winding shields, conllecled to Iltl' meta} 
case which ~' rves liS a complete oute r 
s llielt! . TIle capacitance of particu lnr ill _. 
terest is that be", ec n the primar)' Icall 
ami tlte center shie lll, as indicated ill Ihe 
skelch . Tn Figure 5 is dra"'n the reduccd 
circuit showi ng this capacitance and it;! 
associaletl tcrminal illll:ledanocs. 

The II1custl re mClll was made usi ng a 
Tn'~: 5 16./\ J\ l ifro\'oltcr' to adjus t lite 
,'urn:llt through the s tandard capacitor , 
'\ sufficienll ), sharp bahlllOC OOlIld 1* 
ohtaillc(1 in tltis ease withOut providing 
D q uadra ture I.a lance, IL was fO lln d nce_ 
essury 10 surround tlte transformer " itlt 
a grounded shield lind to usc shiclt le,1 
eOllllec liolls in orde r 10 rClltll'i! the ,lin:N 
ca l)acita nlJe of Ihe mcasuring t'i rcuil 10 3 
value small COIllI)an:ll to Illa l !Ici ng 
mcasured .1 

The standard capaci tance IIscd was 3 
JOO ~~ f capaciltlr of II,c " posln gl' 8tllIllP" 
variely. Wit h the T"PE 5 16·1\ \lit 'ro. 
,Tolter , au illJllI1 of 7.'1 \tOI IIl was rC11llirl'II 
to produce an Oll tpll t of one vol t . "(" 
cordin gly, the unknO\,'u ca pacil3Ut'C 
from Equa tion 5 is gi\·en by 

'TI.i . .. wtkl I ••• • • r . ... r ... ~"'r 1 ... iI. 'n. '" ;d, ,be .:.".~" • 
.. ,,,,[.t, T v." 516_11 .... ,," ..... 1 " .... ror ........ , .. . be .... d 
II, "h •• ,,, ,h" 1'1. ...... .. ~" .r. _ 

'Ir d",;r.d .... . ,101; ' ;0 ... 1 .. m.or_p ...... ~''' '<b' rub u", 
1>6 t" .. ,·, .... I, to ".n.,.,! "," .1", .,r.." or t.h. ;n"" cop. e;
.on ..... 
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FI<~ lItIE 5. The circuil or Fig
ure J. r",lw;t'd 10 show floc 

SEPTEMBER , I9U 

,....... "III'~"ilnlH:t: Cr MIl,t i lS . .. rmi

nol iml>e<la".'i"iI. The I)<)ill ' 
man.ed ~II "" I,r._"ls the 
O1I1 ~'r ~hieM of the It. fll!

(ofmcr. The cllp. "iunce C. ;a 
It", '-"I"lci ta" .. e (Of th is ~hi .. ld 
10 gn )Ulul, ... hilt· I. r(·r'r", ... "I ~ 
Ih/! ,,,,Iuetullce Ilf the pri. 
mary .. ,,,,ling of Ihe tra,,~· 

runner. Th.. enlire Irang_ 
former ~ .. nclo..t>d in H 

gnnmtle<i 8h;.-Io.l . 

• __ [C 
'" ~-------

r 

Shown dl!!'. utt': the con ...... • 
lif,n" of till' n"'hurinl; . ·i~"it. 

( ' '" C" ,~== ,'.-
7, I 

os, 

, , , , , , , , , , 
, 

0 
IlLATOR 

~ 

wllNC E is the read in g o f the miuro
,-oll er Ilial at lUi lance. in \'0I l 8. Oy proper 
choice of the ,·.llIe of Cs or by adjustiug 
th" voltage 'Ippl ied to the lIIi('rOl'olter 
(wi th a resistive ,'oll l.ge divider), the dial 
~'a n be made direC I reading in /.I/.Ir. 

No i n . lepelul~nt checks of accuracy 
\\ere available for very I;mall capaci_ 
tan(."t:s. but al 5 /.I /.I f (as measured against 
a T Y!'E 722·0 I'recilOion Condenser) till: 
,'orrect an811/'r was obill illcti williin lhe 
ti ll1 it of accuracy of the calil,ra t ion of I he 
microvoltcr .Iial. Also. Ille CB. paei taJlI'e 
between prilllilry shieh) and secondary 
sl.icld (of the order of 1 /.I1lf) "liS meas· 
ured by Ihe I11c lhOlI described. An indl'!' 

, 
, 
, , , , , , , 

'1 
C~ 

Pc. 

y 

TYPE 

546-A 
~ I CRO\IOLTER 

~ 

--. -- -- , , , 
, , , , , , , , , , , , , , , , 

" , , 

TYPE 
WAVE A 

1,36· ... 
NllYlER 

.1 ~ v 

IlCndenl delermina lion "i lll the trail!' · 
former insla llell ill the brill gl' c·heck('d 
wilhin 0.01/.1/.1f. 

Inlerelectr ode Capacitan ce 

The I),pe of measuremcn t dcscribed 
ob"iousl" ilCan considerahle si milari I y 
10 the measurcment of Ihe ilit ereicl'lrOile 
ca pacil ance of vnl'UUIlI luhes. A few 
measurement s 011 re prescnlati, c luhes 
indicate tha i 8a tisfllelory result s can he 
oblained ill 1Il0il 1 cases. Wil h properly 
designed, ahielded socke t8,J tllia mel hud 
should give aecural c resul lil for Ihe plnlo
grid capacit ;lIlI'c of screen.gr id lubes. 

- I\'A" G. E ,\S1'0" 

,~. r.,. ;" . , . ,,,.~. "T I,~ H~,"" "I .. " ., ,,' 1" .... 1.,.·" ,_ •• 
C: • ••• d,.,,"" " " SI,ld," .. ," _ I .... ,,,.,,' ', '. "",·k" .. ". 
/ '"",. I .H.E" \ "I .3!.l\o.~, t' tI ....... 1. 19 11. 1'1'" 9' ·'K. 

TECHNICAl AND PRODUC T LITERATURE 
• W E H A V E A N U M B E R of publica
t ions a"ailable thal engineers lIlay find 
lIi1C ful. These include bulle tins describ · 
ing General Uadio prod ucl8, Iheir appli. 
('a t ions, alUl lechnical litera ture allli 
(·ha rls. 

Eyes for IndustrY-A handbook of 
s troi:tosropic Ic('hniques. This booklel 
OUl lines th~ prilll'ipies 011 \\hich Ge neral 

Uadio s trohos('opes operat l: lind de
scribes Iy pica l u.~es . QuulilUliH! alil l 
quantilalivc mea.sure lllcili s are dis · 
I:ussed , as 'Iell 11.8 high -sI)C{',I, I! ingle . 
fl ash pboto~>Tu ph). 

Slroboscopes-A folder dest' rilJin~ 
the Sirobot llc all li Strol:tolux and illus· 
Irating I) pica l uscs . I\ p,k for Form 
'l20·D. 
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Stopplnl Mollon for Deslln Data
by Kenneth O. M08lander. Reprint of 
an article on the use of the stroboscope 
by design engineers. This article Vlas 
originally publisbed in 1\1 \ CIII "n; 0 1':
SIGN for June. 194 1. 

Intelillent Use of the Strobotac
by R aymond W. Mitchem. Heprin t of 
an article from the October, 19'~2 , issut' 
of T EXTILE WORLD. This article dis
cusses the practical application of the 
Slrobotac in the spinning room and 
shows ho\'\' it helps incrcase production 
without increasing the cost of the fin
ished yarn. 

Stopplnl Ti me -by Robert Liue ll. 
Beprint of an article ou s troboscollCl! 
from the February, 19·1O, issue o( TnE 
SCIENTIFIC AlIERICAN. This article was 
subsequently published in READEIIS' 
DIGEST. 

The Noise Prlmer- T be AUC of ""'" 
noise and vibration measurement s. Dis
cusses the characteris tics of uoise and 
vibration and the principles underlying 
their meaSllfemenl. General R adio in
s truments for measuring and analyzing 
noise and vibration are described and 
details of their nse are given. 

Industrial Nolse-A folder descrih
ing the General Hadio TYI'E 759-13 
Sound-Level Meter and its use in Noise 
Measurement . 

Va r I a c s - Folder describing the com
plete line of Ceneral !l aflio Variac auto· 
transformers. 

Heal Control Un its-by Joh n A. 
Riddick. neprinted from I NDUSTRIAL 
AI'W Ei\"C INEER INC Cm:_\IISTRY, Anal}'li
cal Ed ition, April 15. 1940. Describes II 

heat control system, using Variacs, on 
II fractionating column in the chemical 
engineering lahoratory. 
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Impedance Bride:es Assembled 
from laboratory Parts-Reprint 
of a se ri es of articles (rom the 
EXI'ER1MENTER. Discusses how audio
frequency impedance bridges can be 
assembled in the lahora tory. Circuil l! 
and sources of error are covered, and 
exa mpil's of measurements aTC given. 

Insulation Testing at Low Voltae:e
Book le t describing the lise of t.he 
TYI'E 740-BG Capacitance Test Bridge 
in power factor tests on bushings and 
insulators. 

Portable Stage lighting Control 
by R. B. Le,,-is aud L. T. Herndon, Jr. 
Hepriut of an article from the EX1'ERI

~IE"'TEIt. de&:ribing the portable stage 
ligilliog equipment . with Variac con lroi, 
buill at the Glendale, California, Junior 
College. 

A Simple and PrecIse Standard 
,-... of Musical Pitch-by Horatio W. 

Lamson. Reprint of an ar ticle in the 
Jul y. 1935. iBSue of THE JOUIt NAt. OF 

TilE ACOUSTICA L Socmn' O~· A ,\IEIUCA. 

Describes the use of a 440· cycle eleclri· 
cally.dril·en tuning fork as a standard 
of musical pitch. 

The Basis for the Non · Destruc · 
live Testin, of Insulation
by H. F. Field . Hcpriut of a pal:ler from 
TItANS,\CTIONS 01-' TIJEA. L E. E. for Sep· 
temlx:r, 1941. An analysis of the physi. 
cal nature of dielcctric8, the mechanism 
of deterioration and breakdo ..... n, with an 
outline of non·ties lrncli,'e methods of 
lI)f'as urcmcnt. 

Impedance Measurements on 
Broad'casl Antennas-by D. B. Sinclair. 
Hcprinted from CO)UIUNICATIONS, June 
and Iuly, 1939. A SUDunary of methods 

r of measuring antenna8 and lines at 
broadcas t freque ncies, ..... ith a diSCllssion 
of sources of e rror. 

SEPTEMBER,1944 

'. '. 
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Reactance Chart- '\ \\itle-range,ea8)_ 
to-usc chart n·lating reacWncc, caplu; i
tant:c, Lmluctanee . ami resonant frc
quency. Available ;n 8M" x 11" size, 
punched for a three-ring binde r ami 
also in larger si7,c for \\ulllllounting. 

Inductance Chart-A handy chart for 
llclcrmining lhe number of turns and 
the si7,c of "ire neeessary to obtai n II 

given inductance on a given "inding 
form. Available in two sizes, for note
hovk ami wa ll mounting. 

SINCLAIR APPOINTED 
ASSISTANT CHIEF ENGINEER 

Dr. Donllill B. Sinclllir of the General 
Hudio engi neerin g staff hlls becn ap
Iwinlell Assistant Chie f Engineer ami 
\\ill IJc in charge of circuit dc w! loplllenl . 

Dr. Si nclair was Iwrn in \Vinnil)t;g. 
~ I allitoba , in 1910. li e attended the 
Uni versi ty of ,\1anitoba from 1926 to 
1929. Ill' reccivell the degree of 5. 13 . 
from the ,\ lassaehuse ll s Institutc of 
Technology in 1931 , S.J\ l. in 1932, and 
Se. D. ill 1935. Prior to joining the Gen
eral Hutlio engi neeri ng stuff in 1936, he 
was a Itescarch Assistant at M.I.T. 
frOtH 1932 to 1935, and a !lescarch As
socia te in 1935 ami 1936. Dr. Si uclair 
is a lIIemL.cr of Sigma Xi anti II Pellow 
of t.he Institute of Ha(liQ E ngi neers. 

GENERAL RADIO COMPANY 
2J5 MASS . AVE . CAMBRIDGE 39, MASSACHUSETTS 

\~ 
I 

BRANCH ENGINEERING OFFICES 
90 WEST STREET, NEW YORK CITY & 

920 SOUTH MICHIGAN AVENUE. CHICAGO 5, ILLINOIS 
1000 NORTH SEWARD STREET. lOS ANGElES 38, CALIFORNIA 
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