
Atso. 
IN THIS ISSUE 

A WIDE-RANGE CAPA CITANCE 

TEST BRIDGE 

Page • T H E 0 u T s T A N D I N G F E A T u R E s 
60-CYcLE ScnERI 'G 

BRIDGE 5 
of th new YPE 740-B Capaci an e Te t 

Bridge are it accurac , portabilit _ , sim­
plicity of operation, and wide range of ca­
pacitance and dissipation fa tor - features 

which make the bridge suitable for industrial u e. The bridge is intended 
for use (1) by the condenser manufacturer or u er for checking paper, 
electrolytic, and mica conden ers; (2) by cable and insulated-wire manu­
facturers for measuring specific inductive capacity, direct and mutual 
capacitance between condu tor , and capacitan e between conductors 
and shield ; (3) by transformer manufacturer f r mea uring "rinding 
capacitances and capacitances between winding and case; (4.) by spark­
plug manufacturers for checking park-plug apacitance in the pro­
duction line; and (5) in gen raJ apa itanc testing. 

FIG RE 1. Panel iew of the TYPE 740-B Capacitance Te t Bridcre with cover remo ed 

www.americanradiohistory.com

www.americanradiohistory.com


GENERAL RADIO 2 

In this new bridge a isual indicator 
replaces the earphone method of null in­
dication. In industry earphones are pro­
hibited be ause they are too fatiguing to 
Lhe operator and because they are un­
suitable in the presence of the high noise 
levels existing in most factories. The 
TYPE 740-B Capa itance Te t Bridge 
with its vi ual indicator overcomes these 
difficultie and offers in addition the ut· 

most in simplicity of operation. 

SIM P LICITY 

Every effort ha be n made to min­
imize the number of controls and to keep 
manipulation as simple as possible. Re­
ferring to the panel photograph, Figure 
l, th only dial are the capacitance dial 
and multiplier switch, which read di­
rectly in capacitance; the direct-reading 
dissipation factor dial; and a sensitivity 
dial which allows the operator to adjust 
the sensitivity of the visual indicator to 
any de ired value. Batterie a d exter­
nal or internal oscillators are a voided, 
and, being de igned for 60-c de opera­
tion, the bridge can be set up and op­
erated at any location where a 115-volt, 
60-cycle line is available. 

To make the bridge entirely uitable 
for portable e, it is mounted in a light 
carrying ca , of airplane-luggage con­
struction with over and handle, so that 
it can be carried anywhere without dam­
age to knobs, dials, or other important 

�ISSIPATION 
FACTOR 

BRIDGE 

parts. The construction i o rugged that 
there is little danger of damage, even in 
inexperienced hand . 

Five micromicrofarads to 1100 micro­
farads for capacitance and 0 to 50% for 
dissipation factor are the ranges of the 
bridge - ranges which make it uitable 
for almost every in.du trial or laboratory 
application. At one end of this range is 
the cable and wire manufacturer, who is 
generally intere ted in measureme ts be­
low 1000 m· cromicrofarads, and at the 
other end is the electrolytic con.den er 
manufacturer, who is interested only in 
capacitances of the order of 10, 100, and 
1000 microfarads. 

The loss balance ontrol of the b id ge 
is calibrated in per ent dissipation fac­
tor (RwC), and all references to this Jos 
fa tor will be made in terms of dissipa­
tion fac·tor rather than power factor. 
This i because dissipation factor and 
power factor equal each other only £01: 
value les than lOo/c. Therefore, in view 
of the O-to-50% range of the bridge, it 
would be a misnomer to refer to the lo 
factor as anything but di sipa ti on factor.* 

THE BRID GE CIRCUIT 

The bridge circu"t is shown in Fig­
ure 2. The standard arm consi t of a 
fixed condenser in series with a variable 
resistor. One ratio arm is variable in 
decade steps and the other i continu­
ously variable and calibrated dire tly in 
capacitance. 

The power for operating the bridge 

VISf//:IL 
.IN DIC/-1 TOR 

* ee Table l, page 7-

< IGURE 2. 1m-

plified wiring dia­

gram of the 
" TYPE 7 0-B a-

pacitance Test 
Bridge. 
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circuit is obtained from the 60-cycle line 
through a shielded isolating transformer. 
Care was taken in the design and con­
struction of this power transformer to 
insure complete isolation of the bridge 
circuit from any variations that might 
occur in the supply line and to insure a 
1ninimum of capacitance between gen­
erator terminals and ground. These pre-

autjons are necessary in order to 
maintain the high degree of accuracy 
of whi h the bridge itself is capable. 

The voltage impressed aero s the 
U KNOWN terminals aries contin­
uously with the bridge setting. For verJ 
sma11 capacitances mea ured on the 
.0001 capacitance range, the voltage 
across the unknown condenser is ap­
proximately 35 volts, and with increa -
ing capacitance the voltage decreases, so 
that at 100 microfarad the voltage i 
approximately one volt. 

THE AM P LIFIER 

AN D NULL INDICATOR 

The problems involved in obtaining a 
satisfactory visual null indicator are con­
siderably more exacting than those in 
obtaining a suitable acoustical indicator. 
For the acoustical method of balance, 
1-he ear can tolerate the presence of con­
siderable harmonic distortion and ex­
traneou electri al noise without ma­
terially reducing the accuracy to which 
the balance can he obtained. In thi 
bridge, an electron-ra tube (the so­
called magic eye) is used as a detector. 
With thi type of vi ual indicator, how­
e er, the presence of harmonics or elec­
trical noi, e causes the "eye" at balance 
to appear fuzzy, and unless th se noi e 

and harmonics are filtered out, a sha1·p, 
a curate balance is impossible. 

By using a high-gain amphfier and a 
sharply tuned filter cir uit, a visual 
null indicator having the en itivity of 
th amplifier-earphone combination ha 

-

3 EXPERIMENTER 

been obtained. The schemati diagram, 
Figure 2, shows the connection of the 
de·tector circuit. The sen itivity poten­
tiomet r control t he gain of the a1n pli­
fier and hence ontrols ·the sen itivity of 
the visual indicator. This sen itivity 
control is extrem ly useful when the full 
sensitivity of the bridge is n ot d sired 
or when the bridg i b ing u ed a� a 
limit indicator. 

RANGE AND ACCURACY 

The capacitance reading of th bridge 
are taken from the settings of a seven­

poi:nt decade multiplier switch and a six.­
inch dial having a cale which is approx­
imate} logarithmic over one decade. 
For capacitance th bridge is direct 
reading from 5 micromicrofarads to 

1100 microfarads, and its accuracy over 
tnost of this wide range is within ± 13 . 

Di ipation fa tor readings are taken 
from a dial which is linear in dissipation 
factor over two ranges, one of 0 to 5� 
marked in divisions of 0.1 0 and the 
other of 0 to 50 0 marked in divisions of 

FIGURE 3. s shown, the capacitance test bridge 
is srn.all, light in weight, and easy to carry. 

www.americanradiohistory.com

www.americanradiohistory.com


. 

G EN E RA L RADIO 4 

1 %. The di ipation factor range chosen 
is selected by a toggle switch. The ac­
curacy of di ipation factor readings 
over practically th entire range of the 
bridge is within ± � of one of the small­
est scale divisions. This mean that on 
the O-to-5 0 dissipation factor range the 
error in dissipation factor reading is 
± 0.075%, and on the O-to-50% range 
the accuracy i to within ± 0.75%. 

60-C YC LE MEASUREMENTS 

Intended for industrial use, the new 
TYPE 740-B Capacitan e Test Bridge 
was of n cessity designed for 60-cycle 
operation. To the cable, transformer., 
and electrolytic condenser manufacturer 
1000-cycle measurements have been of 
little alue, since much of the equip­
ment manufactured in these indu tries 
i intended for low-frequency operation. 

either of the U KNOWN terminals 
is actually connected to ground, al­
though at ba1an e the low terminal of 
the bri ge is effectively at ground 
potential. Ha ing both terminals un ­

ground d makes it pos ible to use ·the 
bridge for (1) direct capa itance meas­
urements between transformer windings 
and b h een onductor in multi-con­
ductor cable . and (2) for d.ir t mea -
ure1nen t of th dir t and mu ual 

Fie RE 4. The apacitan test bridg t up 
for the rapid te ting of mica condensers. 

capacitance between conductors and 
shields and between transformer wind­
ings and cases. 

Specific inductive capacity and its 
change with moisture absorption are 

other measurements which can be made, 
and because of the extremely wide range 
of the bridge it can even he used for mak­
ing these measurements on standard 
10-foot test samples of insulated wire. 

POLARIZING VOLTAG E FOR 

E LE C T ROL Y TIC CON D ENS ER 

MEASUREMENTS 

In the standard TYPE 740-B Capa i­
tance Test Bridge no provision has been 
made for the connection of a d-c polar­
izing voltage. Terminals for the connec­
tion of a polarizing voltage have been 
purposely left off, so as to keep the bridge 
free from terminal which are not al­
ways required and which may be onfus­
ing to the inexperienced operator. The 
bridge ircuit, however, is o arranged 
that a d- polarizing oltage up to 500 

olts can be applied, and, for those who 
are intere ted in using the bridge for 
checking electrolytic condensers, special 
bridges can b supplied with terminals 
for introducing a polarizing oltage. Fig­
ur 5 show the manner in' hi h the d-c 
polarizing oltage an he introduced in 
the cir uit. 

USE AS A LIMIT BRI D GE 

The isual indicator make it po sible 
to use the bridge for production con.­
den er te ting. fter a single preliminary 
adjustment, on onden er af er another 
can be placed across the UN NOWN 
terminal and the ele tric eye will indi-

ate i m mediat l whether or not each 
condenser i within the allowed toler­
an e. When the bridg i sou ed, capac­
itance checks are mad almos t in tautly 
and without requiring any careful meter 
reading or dial adju ·tment. 
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STANDARD 

f 0000 l 110 v. 
60rv 

IG RE 5. Cir uit h wing method of intro­
ducing polarizing ol tage. 

5 EXPERIMENTER 

This capacitance test bridge sets a 
new standard for ac ura y, ruggedness, 
portability, and simplicity, and makes 
commercially available a capacitance 
measuring instrument suitable for pro­
du tion use, as well as routine labora­
tory mea urements. - L. E. PACKARD 

SPECIFICATIONS 

Power Supp I y : 1 5 volts, 60 cycles. 

P o w e r I n p u t : 15 w aus. 

V a c u u m T u b e s : One each of type 6 5, 
6J7, 6 5; all are upplied with the bridg 

M o u n t i n g : P rtable arrying a e. 

Net Weight: 19 pounds. 

D i mens ions : (Length) 14� x (width) 15 x 
(height) 9� inches, o er-all, including cover 
and handles. 

Type Code Word Price 

1��:� terlunals ins talled for polarizing voltage ................ _I_ . . . �-��- . . . .  I 140.00 
10.00 

This instrument is licensed under patents of the Ameri an Telephone and Telegraph Company, olel {or utilization in 
reBearch, investigation, meaeurement, te ting, instruction, and de elopmenl work in pure and applied science 

A 60-CYCLE SCHERING BRIDGE 

eME A S UREM ENT S OF THE 

D I E L E C T R I C P R 0 P E R T I E S of 
insulating materials are acquiring a con­
stantly increasing importance to in­
dustry. These measurements include not 
only the testing of materials used a di­
electric in capacitors, and as in ulation 
in tran formers, cable , and ele trical 
machinery, but also a multitude of te ts 
on ceramic, fabric, and paper products to 
determine their composition, moisture 
content, and the ef£ ct of temperature, 
humidity, and voltage gradient upon 
them. For such measurements, it is de­
si1·able that the necessary bridge equip­
ment be simple and capable of rapid 
routine measurements. Since much of the 

material so tested is for use at commer­
cial power frequencie , it is convenient 
to use the a -c line as a ource of bridge 
power, ' hich eliminates the need for a 
eparate osciJlator. 

The TYPE 671- Schering Bridg is 
de ign d for this sort of measurement. 
The power source may be any 115-volt, 
60-cycle line.* The voltage aero s the 
unknown capacitor can be varied con­
tinuou ly from zero to ten times line 
voltage by means of a potentiometer and 
input tran former. A meter is provided, 
reading in kilovolt the rms potential 
applied to the bridge and, e entially. to 

*The bridge ' ill op rate at any freqnen y bet een 40 and 
60 y le . 
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GENERAL RADIO 6 

the unknown apacitor. Both the input 
and output transformer are a tatically 
wound, and the bridge i 1 ctro tati­
cally hielded, o that e ·ternal 60-cycle 
fields do not affect ·the measurements. 

ertain sourc of error, difficult to elim­
· na te in a dire t-reading type of Schering 
bridge, are avoided in this bridge by u -
ing a substitution method of mea ure­
ment. 

The bridg network consists of two 
fixed equal resistance arm , R3 and R4 
(see Figure 2), shunted by the capacitors, 
C3 and C4, and two capacitance arms, 
one containing a fixed capacitor, Cl, and 
the oth r a standard apa itor, C21, and 
its trimmer, C22. The unknown external 
capa itor is connected in parallel with 
the standard, C21. A suitably hielded 
and re onated transformer join the 
bridge network to some form of null­
balance detector not included in the 
bridg . The jun tion of the capacitance 
arm , the metallic housing cabinet, and 
one terminal of the unknown capacitor 
are grounded in operation. The input 
tran £ rmer i olates the bridge from 
ground in the power upply. 

In the T PE 671- Schering Bridge 
th capacitance balance i made by 

means of a TYPE 722 Preci ion Con­
denser, C21, ·the scale of which reads 
directly the capacitance., c," of the un­
known apacitor. This scale i calibrated 
in teps of 0.2 µµf. The maximum capac­
itance i 1020 µµf. Unknown capacitor 
of larger alue than 1020 µµf may be 
mea ured indirectly b a series substi­
tution method. The precision of abso­
lut Cc alue mea ured on thi br"dge is 
better than 0.1 % of full s ale value, or 
± 1 µµ£. Small differences between two 
capa itors, or small changes in a given 
capa itor with time, temperature, hu­
midity, voltage gradient, etc., may be 
determined with an a curacy of from 
±0. to ±0.3 µµf. 

The resistive balance of thi bridge is 
accomplished by a eparate variable 

apa itor, C4, the scale of which is cali­
brated, at 60 cycle , in term of the 
function:* 

S = DxCx 
in " hi h C,, i the capa itance in micro­
microfarads and Dx the di sipation factor 
of the unknown capacitor. The S scale 
i , therefore, calibrated in micromicro­
farad units. The dis ipation factor, de­
fined as the ratio of re istance to react­
ance and hence a pure number, is nu­
m ri all equal to: 

D = RxwC:z; 

*A correction fa tor 
rnu t be applied for 
otbec frequencies. 

F1G RE l. Panel 

view of the 60-
yc l chering 

bridge. To1.e th 

on enien1. sh lf 
foL· te t specimens. 
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FIG R� 2. 'ircuit dtagram of the TYPE 671 -A 
Schering Bridg with the power fact r multi­

pl"er switch in the 1 p 

60� 
110: 

where Rx ·s the equivalent erie resisL­
ance in ohms and Cx the qui alent series 
capacitan e in farad of the unknown 

apacitor. 

Th dis ipation factor, Dx, ob t ained on 
the Schering bridge i th cotangent of 
the phase angle or the tangent of the los 
angJ of the unknown capa itor, while 
th power factor is the cosine of the 
phase angl or the ine of the lo angle. 
Pow r fa tor and di sipation factor are 
e entially equal for Io, lo s dielectrics. 
The relationship among the e four quan­
tities is indicated in Table 1 below. 

The maxim.um S cale value i ahou 

80 µµf. Capacitor having larger value 
of DxCx may, however, he ea ured h 
a eries uhstitution method. For the 
measurement of values of Je s than 
8 µµf, the range of the power factor dial 
can he reduced by a factor of ten, 
thereby increa ing the precision of 
measurement. This is accomplished by 
throwing a witch whi h connects the 

ower factor capacitor, C4, a shown in 
Figure 3. The compensa ting apacitors, 

TA BLE 

7 EXPERIMENTER 

� 110:. 

ircuit diagram of the bridge wiLh 
power� factor wit h in Lh . J po ilion. 

C7 and 8, are al o conn CL d in thi 
witch po ition to retain th ame initial 
apacitan e and resisti e balanc 

The first ale di i ion on the power 
factor dial i unity in the normal po­
sition, or 0.1 in the Jo, -range po j tion. 
The maxim.um error in the determina­
tion of the value of S for the 1.0 multi­
plier i ± 2 of the dial reading or 
±0.2 µµf, whiche er i th larger. The 
maximum error in th determination of 

with the 0.1 mu lt i plier i ±2 0 or 
±0.05 µµf whiche er is the larg r. The 
ah olute error of the computed dissipa­
tion factor in ol e thi figure in addi­
tion to the error of Cx mea uremenL 
pecified above. 

The trimmjng capacitor, C22, and the 
apacitor, C3, are u ed in e ta ]j hing 

the initial halan e of the bridge before 
th unknown capacitor i atta h d. 

The bridge i pro ided with a ord for 
on.ne ting it to the power main, a spe­

cially hieJd d lead for joining it to the 

1 
Phase Loss Di ipation Power DF-PF 
Anp,le Angle Factor Factor DF 

90° oo .0000 .0000 0 
85° 50 .0875 .0872 0.34o/c 
80° 10° .1763 .1736 l.53 (>� 
75° 15° .2679 .2588 3.4 I 

70° 20° .3640 .34.20 6. L 1c 
65° 25° . 663 . 226 9.3 o/c 
60° 30° .577. .5000 13.4 % 

Power <a tor = os co tan -1 D,. 

www.americanradiohistory.com

www.americanradiohistory.com


GENERAL RADIO 8 

null detector, and a horizontal shelf 
for supporting small e. ternal ca pa itors 
when u ed in a relay-rack mounting. 

or all of the contemplated uses of 
this bridge, it has been found that no 
guard circuits are required. In the in­
terests of simplicity of operation and 
minimum e ·pen e, no pro i ion for such 
guard ircui s has been made, and thus 
the bridge is capable of mea uring only 
t' o-terminal capacitor • 

Some form of null-balance det ctor is, 
of cour e, required for u e with this 
bridge. The customary headphones are 
not satisfa tory at commercial frequen­
cies. Th best dete tor is some form 
of visual null indicator having the re-

quired sensitivity and a uffi.cient degree 
of electi ity to eliminate all harmoni s 
of the applied frequency which are un­
a oidably present in the output of a 

chering bridge balanced at the funda­
mental of the applied frequency. The 
a-c operated TYPE 707 Cathode-Ray 

ull Detector,* complete in one unit, i 
ideal for use with thi bridge, or a suit­
able 

·
elective amplifier followed by a 

rectifier t p of meter may be employed. 
For ·am pl , the TYPE 814-A Amp1i:fier, 

the TYPE 814-P3 60-Cycle Filter, and the 
TYPE 488-Dl Rectifier Meter make a 
satisfa tory 
eral Radio 
1938). 

combination (see the Gen­
Experimenter for January, 

- HORATIO w. LAM 0 

*This new null indicator will be described in a. forthcoming 
issue of the.Experimenter. 

SPECIFICATIONS 

P o w e r S u p p I y : 115 volts, 60 cycles. 

Power Inpu t :  30 waus. 

M o u n t i n g : 19-inch relay-rack panel. 

Type 

671-A 

Ne t Weight:36.}1pounds. 

D i m e n s i o n s : Panel, 19 x 12 !4' inche ; d pth 
behind panel, 9 � inches. 

Code Word Price 
BEGET 325.00 

MISCELLANY 

eMR. H. W. LAMSON r e a  a 
paper at the spring meeting of the Acou -
tical ociety of Ameri a in Washington 
on" Method of Ob erving Sound De­
cay a n d  Mea u r ing Re verb r a t io n  
Time.'' 

Rad i o  a f t er n o o n  c oll oqu i a  i n c l u d e  
Messrs. Hill, Young, Sawin, Pace, and 
Crites of Westinghouse Electric and 
Manufacturing Company; Me rs. Riley 
and Cutt of General Electric Compan ; 
and Messrs. Ehle and Marsten of the 

e RECENT S PEAKERS at General International Resistance Company. 

GENERAL RADIO COMPANY 

30 STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 

90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA 
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