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A WIDE-FREQUENCY-RANGE 
CAPACITANCE BRIDGE 

IN T H  IS ISSUE 
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e THE CONSTANTLY expanding spec

trum of frequencies u ed by the radio 
engineer has stimulated the study of the 

dielectric properties of insulating materials 

and of the characteri tics of capacitors 
over an ever-widening range of frequency. 
During the war measuring techniques were 

developed to keep pace with radar, pushing 
the upper frequency limit first to 3000 Mc 

"ith coaxial line apparatus and then to 10,000 Mc with wave-guide 
apparatus. The lower frequency limit of such .equipment is about 

200 Mc, which in turn is the upper limit of the susceptance-variation 

circuit. The Schering bridge and the susceptance variation circuit 

Figure 1. Panel view of the Type 716-C Capacitance Bridge . 
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overlap, the latter e ending down to 
100 kc, and he form r reaching a lea 
to 10 Mc. 

Th TYPE 716-B apacitance Bridge 
u d the chering bridge cir uit, but ha 
been limited to audi -fr quencie vvi hin 
a factor of 3 belo-w r above 1 kc. 
During the la four y ar om 25 
of th bridge have been onverted to 
TYPE 716-B 2 apa itance Bridge to 
op rat fro 3 t 300 kc for capaci
tance mea ur m n up to 1 0 µµf, 
while maintaining a capacitanc rang 
up to 1 µf at 1 kc. The new TYPE 716-

apacitance Bridge, ,, hich uper ed 
th TYPE 716-B, incorporates the 
change . panel view of the n 
bridg hown in igur 1. 

C IRCU IT 

Th ircu1t i tha of th w 11-known 
chering b1ido·e, th arrangemen of 

whi h i hown in Figure 2. h impli
fi d condition of balan e are given by: 

RA 
Cx = C 

RB 
Dx = RxwCx = RAwCA = QA 

t an given frequen y and alu of 
RA, the capacitor CA can be calibrat d 

GEN. 
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2 

to be dir ct r ading in di ipa ion fa t r. 
Th andard apa i r an b ali

brat d dire ly in mi romi rofarad , and 
th capacitanc r nge xt nded b 

witching h re i tance RB in decad 
tep . n the T PE 71 - Capacitanc 

Bridg , he capa i ance CA con i t of 
an air capacitor and a mica decade 

apaci or, connected in parallel by 
uitable witchin<T. 

The air capacitor has a maximum 
capacitance of approximately 500 µµf. 

onnected acr s 20,000 ohms, this 
g1v a maximum di ipa tion factor 
rang of about 0.06 a 1000 cycle . The 
mica decade provide ten additional 

t p of 0.05 each, thu making a total 
range of 0.5 . 

Th andard apacitor CN i cali-

brat d dir ly in µµf from about 100 
µµf 1100 µµf, and th total capa i-

ance rang of the brid e i extended o 
.011, .11, and 1.1 µf by changing th 
r istor RB to 2000, 200, and 20 ohm , 
r pe tively. In ord r to maintain the 
feature of direct-readinff di ipation fac
tor, a uitable apa i or i connect d in 
parallel wi h h value of RB, o mak 

the produc RB B of the arm equal o 
the produc RACAo of the arm A. 

For ub itution mea urement of 
capacitance of 1000 µµf or le , the 
bridge i fir balanc d with a capa i or 

p connect d in th P arm, who 
capacitance i at 1 a t 100 µµf great r 

han tha of the unknown capa itor. 
econd balan e i obtain d with the 

unknown capaci r connected in parallel 

with h tandard capacitor CN. 
Cx = C' - C =AC 

C' 
Dx = 

C' _ (RAw A - RAwC' A) 

C' 
=AC D.QA 

Figure 2. Elementary cir-cuit of the Schering Bridge. 
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In ord r that th di ipation factor dial 
hall r ad up al wh n the unknown 

pa itor i connec ed across the N arm 
a m thod 'vitch i pr vid d, ' hi h in 
it ub titu ion po iti n, a h wn in 
Figur 3 tran fer the dissipation factor 
capacitors CA to the B arm ar d plac 
acr th A arm a capacitan qual o 
twi e the zero apacitance CAo of he 
A arm. 

EXTENS ION 

OF FREQUE NCY RANGE 

uperficially, the problem of obtain
ing direct-reading cale at se er al 
different frequencies i merely that of 

witching the ra io-arm r . i tor . Al
though the quation of balanc for 
capaci ance i independent of frequency, 
that for di sipa ion factor is dep n le · 
on frequency in such a manner that, 
for a iven RAGA combination, he 
range of di ipa ion factor i dir ctly 
prop rtional t frequency. In rd r to 
r tain the am rang a h fr qu nc 
i chang , it i n e ary o chang 

ither RA or CA in inv r pr 
For veral r a n , not h 
whi h i  the obvious conomi on , the 
change is accompli hed by wi ching to 
a new value of RA. and it a o iated 

omp n a ing capa itor. 
ou ly, of cour e, Rs must be switched, 
in order to retain th apa itanc ran e. 

The problem of ati fa tory id -
frequency-range operation invol e more 
than ratio-arm switching, how v r. 

mong he diffi ul ies ncount r d ar 
tho e du to 

(a) Inductance of ircuit el m nt and 
wiring. 

(b) Leakage betw en primar of ou
pling tran form r and bridge cir
cuit. 

Figure 3. Method of switching from direct to substitu
tion measurements. 

A P RIL, 1947 

(c) In ufficien tran form r r pon e 
at xtreme of fr quen range. 

I i lar ly the limitation of (a) tha 
have determined 10 kc a h hi he t 
nominal frequ n y f r th bridO'e. The 

rror introduc d by induc an e ary, 
in o·eneral, a th quar of h fre
quency; and, whil negligible at 1 0 I 

and with 200-ohm ratio arms, b c_ m 
intolerable at 1 megacycle an with 
2 -ohm ratio arm . The e rror could 
be r duced o a tolerable value only 
a dra tic mechanical redesign of the 
bridge and it component , an objective 
not ont mplated at the pre en time. 

T H E  

COUPL I NG TRANSFORME R 

The principal de ign problem ha 
been a ociated with the tran form r 
u ed t coupl� h generator voltage to 
the bridge ircuit. Ideally this tran -
form.er hould in roduce aero he 
bridg ircuit only that voltage maO'net
i all indu d in it econdary. 

Actually, any tran form r will ha e, 
in additio o hi de ir d indu tiv 

oupli..n · apa i ive and conductive 

DIRECT SUBST. 
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couplings between the primary winding 
and the secondary winding and shields. 
Any high-impedance bridge circuit is 
extremely sensitive to the effects of 
these extraneous couplings. In th de
sign of the transform.er for this bridge, 
unusual precautions have been taken to 
shield the primary winding. The input· 
is by way of a coaxial le.ad brought 
directly into the winding with its shield 
soldered to the winding shield. The 
latter completely encloses the primary 
winding except for the necessary slot, 
which is overlapped. imilar precautions 
are taken with the other shields; but 
nevertheless, a total residual coupling 
capacitance of the order of a few 
hundredths µµf remains, due probably 
to leakage through the braid of the 
concentric cable and fringing through 
the slots of the shields. 

The dissipation factor of this coupling 
capacitance, which would supply a con
ductive coupling, ha been reduced to 
a negligible val e by the u e of poly-

tyren tape for th insulation between 
hield . In all of the tran farm.er used 

in the previou mod ls paper and hard 
rubber in ulation ' as u ed and the 
resulting onductive coupling -.. as suffi-

4 

cient to cause an error approaching 
0.0005 in dissipation factor for small 
capacitance settings. 

The effect of this coupling capacitance 
depends on the pha e of the primary 
voltage aero s the bridge and at high 
frequencies i such as to produce signif
icant errors in dissipation factor read
ings. To counteract this effect, a second 
voltage opposite in pha e to the.primary 
voltage is coupled to the bridge through 
a small capacitance. By proper adjust
ment of this coupling capacitance, the 
effect of the undesirable coupling is 
"neutralized." The problem is ver 
similar to that encounter d in th 

riode amplifi r where grid-plate capa i
tance cau es unde irable coupling be
tween grid and plate cir uits. The solu
tion also i imilar, a the method em
ployed here bear a strong resemblance 
to the "neutralization" methods com
monly employed in radio-frequency 
power amplifier . The ou -of-pha e com
ponent of voltage is conveniently taken 
from the half-turn potential of th 
primary hield, th mid-p in f which 
is grounded. 

Maximum u eful frequency range of 
the tran former is achieved by the use 
of high-permeability core material, with 
a one-to-one turns ratio. For the norm.al 
connection of the bridge, the one-to-one 
ratio means a sacrifice in en itivity of 
about three to one a compared to the 
716-B with it four-to-one winding ratio. 
On the other hand, a three-to-one gain 
in sensitivity over the 716-B i realized 
when the generator and detector con
nections are interchanged. This latter 
connection is frequently u ed at 60 

cycles as it permits voltages up to 700 
volt to be impre ed on the unknown 

Figure 4. Schematic circuit diagram of the Type 716-C 
Capacitance Bridge, showing arrangement of trans

former shields. 
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capacitance, compared to 50 volts for 
the normal connection . When the 
bridge is so connected, the transformer 
is operated, at balance, at zero signal 
level and must b protected again t 
magnetic pickup. Such protection i 
provided by a case of high-permeability 
material which reduces pickup by more 
than 40 db. 
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The complete schematic diagram of 
this bridge is given in Figure 4. The 
transformer capacitance is placed across 
the B arm ·instead of the A arm in 
order to keep the zero capacitance of 
the ratio arm a small as possible. 

ACCURACY 

The same accuracy for both cap am-

Fi gure 5. T y p i c a l  
measurements with the 
Type 716-C Capacitance 
Bridge. 
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tance and di ipation factor hat ob
tain d in previou models of the bridge 
at 1 kc, and which i ated in th 

p ci:fi ation belov , hold i he 71 -
from 30 c to 300 k ·, provided the bridge 
i alw y operat d within a factor of 3 

f it dir ct-r ading rang fr qu ncy. 
ub titution m a ur ment an be mad 

to the am ac uracy up o 1 M pr -
vid d the unkno"V n apa itance i 1 

than 500 µµf. 

USES 

A ide from the normal u es of the 
bridg in m a uring ny capacitor vv"ith

in i s range for both capacitance and 
di ipation fa tor, h r ar many other 
u for whi h i accurac and wid 

apa ita1 ce and re u n y ran e par
ti ularly adapt i . P rhap it mo im
I ort nt u e i in he intercompari on 
of e of a dard u h a TYPE 50 

on en ·er . Thi in ercompari on 
be made to an accura y of 0.02 

a a it nc and 0. 0 05 for 
fa t r. b lu 
ha e an 
wh r 

uracy of 

h 
Bureau of 
r ng of su 
exten ed wi h 

capa itance 
mpari o can b 

ome lo in a curacy 

own 

6 

ial TYPE 722 
up t 1 mf 

of oil-

f h bridg 
i in m a uring ric con ant 
and di ipa tion fa tor of diele tric 

ample over th fr qu ncy range from 
3 to 1 ontain , · hin thi 
r nge are th ffe t of interfacial polar
ization at low audio-frequ ncie an of 
dipole polariza ion in polymer . Th 

eff t f surfa e wat r film can al o 
b tudi d. 

Thi bridg off r ne of he b t 
m thod of m a uring the o lla eff t 
in high alu d r i t rs. Thi eff t 
re ult from th di ribut d a a itance 

OU W igh 

i or . Th valu of 

apa i an 1 
lO"\ er-valued 

erie in u 
p r 11 1 

anc 

tance, he valu of thi 

an b 
th fr 

i du 
it 

manner 
f a larg 

rmin d 
hrough i na ural fr 

s capacitive. 
R. . FIELD 

. G. EASTO 

SPEC IF ICAT IONS 

Ranges: Direct Reading- apa itanc , 100 µµf 
o 1 µf at 1 kc; 100 µµf to 1100 µµf at 100 c, 

10 l , and 100 k ; di · ipa i n factor, 0.0 02 
to 0.5 . 

ub titution j_ 1 ·hod-capacitanc , 0.1 µµf 
to 1000 µµf with internal .·tandard; to 1 µf 
wit.h external tandarru ; dis ipation factor, 

C' 
0.56 X - wher ' i th capa itan of h 

z 
tandard ond n r and "' tha of th un

known. 
A ccuracy: Dir c Re a ding - capaci anc ' 
±0.2% or ±2 µµf X multipli r reading (0.2% 
of full cale for each rang ) when he di ipa
tion fac or of h unknown i 1 than 0.01; 

dis ipation fac or ±0.0005 or ±2% of dial 
readin('J", for valu of D belo 0.1. 

ub itution Method-capa i an ±0.2% 
or ±2 µµf; dis ipation factor, ±0.0 0 5 or 
±2% for chang in dis ipation factor ob-
erv d, wh n the hang i 1 than 0.06. 

A ·orr tion chart for he pr i i n cond n r 
i. uppli d, giving ale corr tion to 0.1 µµf 
at multipl of 100 µµf. y using th data, 

ub titu ion m a ur ment can b ma.d to 
±0.5 µµf. 

When th dissipation fa tor of he unknown 
xc ds the limit giv n abo , additional 

errors o cur in both capaci ance and di sipa
tion-fact r readings. orr ctions are suppli d, 

www.americanradiohistory.com

www.americanradiohistory.com


7 

by means of hich the a uracy given above 
an b maintained over the entire range of 

the bridge. 
Ratio Arms: The arm aero which the di ipa
tion factor condens r i normally onnected at 
1 kc has a resi tan of 2 ,000 ohms. Th oth r 

rm ha f ur values, 20,000 ohms, 2000 ohms, 
200 ohms, 20 ohms, providing the four multi
plying factors 1, 10, 100, 1000. Suitable con
d n rs are placed aero th e arms ·o that 
the product RC is con tant. t 100 c, 1 0  kc, 
and 1 00 kc he ratio arms are equal and have 
re i tanc s of 200,000 ohms, 2000 ohms, and 200 
ohms, r pe tively. 

A witch is provided for hifting the dissipa
tion-factor cond n rs to the oth r ratio arm 
when he sub titu ion m thod of mea urern nt 
i u d, so that the di sipation-factor dial will 
read up- cale. 

Standards: a.pa itance, 'I YPE 722 Preci. ion 
ondenser direct reading from 100 µµf o 

1 1 00 µµf; di ipation factor, T PE 539-T Con
don er ith semi-logarithmi al and de ade-

tep cond nser calibrated dir ctly in di 'ipaLion 
fa ·tor. 
Shielding: Ilatio arms ,  di ipation-factor con
densers, and shielded tran for mer are enclo ed 
in an in, ulated hield. The unknown terminal 
are shielded o that he zero apacitance aero 
th m is not great r than 1 µµf. metal du t 

over and th aluminum panel form a ompl te 
external shield. 
Frequency Range: All calibration adj ustm nt. 
ar made at 1 kc and the ac w:-a y tatement 
above hold for operating fr qu n i from 30 
to 300 kc, provided the perating fr qu n 
does not di.ff er from the range sele tor fr -

Type 

APRIL, 1947 

qu ncy by mor than a factor of th.re . Di ipa
tion-factor r ading mmt b corr ct d by 
multiplying th dial r ading by the ra io f 
op rating frequ n y to he range lector fre
qu ncy. 

Voltage: Volta e applied a the GE RAT R 
terminal is f d to th 1 ridg" through a 1-to- 1 
shi ld d tran form i·. maximum of 1 wa t 
can b applied, allowing a maximum of 30 
v lt a 1 k , but only 50 volt at 0 . 

Pow i· can also be appli d at the DETE TOR 
t rminal , and the dete tor conn t d t.o th 

T R terminals. 
Mounting: Th bridg is suppli d for mounting 
on a 19-inch r lay ra k or for cabinet moun ing. 

Accessories Required: 0 cillator and amplifier. 
or audio fr quencie T PE 130 1 - cillat r 

and TYPE 913-B Beat-Fr qu ncy 0 illa or are 
a i factory wcr ur s. TYP • 1231-A mpli

fier and ull etc ·Lor is recommended for u e 
a the d tector. For aural null indication , 
'iVe ·tern � 1 tri 1002- T 1 phon s can be 
used with he amplifier. Th TYPE 707-
Cathode-Ray Null D tect r can al o b l d 
a a d tector for fr quencie up to 2 kc. 

For uh itution mea w·ement., a balan in · 
condcn er i. n ed d. This ma be i h r an air
diel ric model, TYPE 539-B, or a fixed mi ·a 
condcn er of th T PE 505 eri 

Accessories Supplied: Two TYP 274-N 
cd onnc tori'!. 

hi ld-

Dimensions: (Length) 19 X (h igh ) 1 x (d pth) 
inchc , over-all. 

Net Weight: 4 1 .Yla pollil , r lay-rack mod l; 
53 U pounds, abinet model . 

Code Word Pric 

716-CR 
716-CM 

For Relay-Rack Mounting . . .. . . .. . . .. ·I 
Cabinet Mounted ................... . 

BONU 
BO M 

$410.00 
450.00 

dd 10% t.o above prices. 

MISCELLANY 
Among the re ent vii or to our 

plan and laboratori wer four from 

tockholm wed n: Mr. arl . Trapp, 

hi f Engineer of . B. Riffa; Mr. Tord 

Wik.land of the Re ar h In ti ute for 

National Defen e; Mr. unnar 

hief Re earch En.gin er, A. B. 
Ele troni'"or, and Mr. arl H. 

L. M. Erice on, Tu. 

vala, 

n ka 

of 

The TYP 71 - apaci ance Bridge 
v a dev loped by Robert . Field and 

Ivan G. Ea ton, th authors of the 
articl appearing in thi i ue. Mr. Field 

i a ' id ly known authority on im-

pedance mea urement and the prop

rti of diel ctric ma erial and ha 

contributed a number of pap r on 
he e ubj to the journal f pro-

f e sional o ieti and to the Experi

menter. Mr. Ea ton, h ha been 

intimately a ociat d i h bridg d el

opmen t will al b r cognized a a fr -

quent ontribu r to th Exp rimenter. 

He i at pr nt in charge of our w 
Y r k Engineering 

Th 

lator, whi h, ' 

in trument of i 

qu n cil

belie e, wa th fir 

kind to be made 
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available commercially, was announced 
twenty years ago this month in the 
Experimenter. Since that time, new 
models have appeared every few years, 
each an improvement in many ways 
over its predecessors. A comparison of 
the characteristics of the TYPE 413 

Date 

1927 
1947 

Type 

4 13 

9 13-C 

Frequency Open Circuit 
Range Output Volts 

I 0-10,000 cps l 2.5 I 20-20,000 cp 25 

with those of the current model, TYPE 

913- , affords in eresting proof of the 
progress that has been made in twenty 
years in the design of vacuum tubes and 
circuit components and in the develop
ment of circuits. 

Output 
Power 

0.6mw 
0.3 watt 

Oul.put 
Impedance Distortion 

I 10.000 n I 4% 
600 n o.3% 

VACUUM-TUBE 
TEST SET 

hown in the accompanying photo
graph is a laboratory test set for vacuum 
tube recently developed by Sylvania 
Electric Products, Incorporated. For 
dynamic mea urements of plate resist
ance, amplifi ation constant, and trans
conductance, this te t set uses the 
General Radio TYPE 561-D Vacuum
Tube Bridge, shown in the center of 
the photograph. 
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