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for engineering tests to de
termine the effects of' n
vironmental factors such as 
f·emperature, humidity, im
mersion, and vibration. 
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3 FEBRUARY, 1958 � 
THE TYPE P-582 CAPACITANCE BRIDGE 

AN INSTRUMENT DESIGNED TO CALIBRATE CAPACITIVE FUEL-GAGE TESTERS 

The full range of an airplane can only 
be achieved if the plane lands with a dry 
fuel tank. Any fuel left over has not only 
reduced the range by not being used, but 
it has also added to the weight of the 

plane during the entire trip. A margin of 
safety is, of course, necessary, but an ac

curate fuel gage can keep this margin 

from being unnecessarily large . 
The fuel gage on a modern military 

aircraft measures the fuel quantity by 
measuring the capacitance of an element 
inserted into the fuel tank1. This element 
is, in effect, a capacitor whose capaci

tance changes as fuel is replaced by air. 
Periodic checks of the accuracy at full 

and empty gage readings are made by 

the substi ution of a variable capacitor, 
such as the MD-1 (GR TYPE P-579) 
Field Variable Capacitance Tester,2• 3 

l"Temperature Comnensated Aircrrut Fuel Gage," R. J. 
Levine, ELECTRONICS, 27, 9, September, 1954, pp. 
160-1. 
2"A Calibrator for Aircraft Fuel Gages," P. K. McElroy, 
General Radio Experfnwnter, Reptember, 1955. 3"Eleotronic Fuel Ga@ Te ·t r," P. B" hop, ELEC
TRONIC INDU STRIES, May, 1957, p. 75. 

for the tank elements. The gage can be 
only as accurate as the test capacitor, 

which although of high precision , should 
also be tested periodically, for an inac
curacy could result in a loss of life. Thus 

a bridge is necessary to test the tester 

which tests the fuel gage. 
The GR TYPE P-582 Capacitance 

Bridge shown in Figure 1, was devel
oped to meet this need . Actually, origi
nal specifications (MIL-T-4 778 (USAF) ) 

called for a bridge of somewhat differ
ent design, but the TYPE P-582, which 

meets the essential requirements, is a 
smaller and lighter instrument, and yet 

provides greater range , higher accuracy, 
and has many convenience features. 

After e aluation tests (including many 

environmental tests) the P-582 was 

given he militarily assigned commercial 
standard designation TEST SET, CA
PACITANCE BRIDGE, 'TTU 24/E, 
PRECI ION, THREE-TERMINAL, 

DEPOT. 

Figure 1. Panel view of the Type P-582 Capacitance Bridge. 
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Figure 2. Basic bridge circuit. 

This instrument is a self-contained 
bridge s. st m which includes a 400-
cycle oscillator and a sensitive null in
dicator. Since he fuel gage measures 

"t I "t f dir ct capac1 ance , a rans ormer 
bridge"' \: as spe ified to make possible 
direct (thr e-t rminal) capacitance 
measurement . " he ba ic bridge circuit 
is shown in Figure 2. 

Capacitance from the unknown ter
minals to ground shunts either the os
cillator or the tightly coupled trans
former and has no effect unless it is very 
large (se sp cifications). In addition, 
the inductively oupl "ra io arms" of 
this type of bridge provide a ratio ac
curacy unattainable by other type of 
components. As a r sult, the accuracy of 
capacitance rneasur ments depends al
most entirely on the accuracy of the 
standard capacitor. The range is ex
tended by changing the turns ratio of 
the transformer. The transformer is in 
the detector circuit which makes possible 
a constant vol age on the unknown ca
pacitor a the range is changed, with no 
reduction in sensitivity. The transformer 
is potted inside of two, high-permeability 

'"Double Ratio A-C Bridges with Inductively Coupled 
Ratio Arms," A. A. Clark and P. B. Vandeclyn. Proceed
ings of IEE. 92. Part III, 1949, pp. 189-19 . 
5"Direct Capacitance and Its Measurement.," R. F. Field, 
General Radio Experimenter, November, 1933. 

shield cans to prevent stray fields from 
affecting the balance. 

The important feature of this bridge 
is the T-network u d in the " tandard" 
side of the bridge. The direct impedance 
of this n twork balances out he direct 
impedance of the unknown at balance. 
The balance equations are: 

Cx=CA(M) 
whc>re Mis a multiplier of 1 or 1/10 (as se

lect d) and C x i the s ries capacitance of the unknown. 
Dx= wR (CA +Cn) 

The um (CA +Cs) is kept constant, so 
that R i proportional to Dx and, there
£ore, is directly calibrated in di sipation 
factor. 0th r transform r-type capaci
tance bridges require a computation to 
obtain thi quantity. 

The standard capacitor, which forms 
the differential unit con i tincr of CA and 
Cn, is actually a 50-to-1100 µµf variable 
air unit and a 1000-to-10,000 µµf decade 
of silvered-mi a apacitors. The sum 
(CA+ CB) is kept constant by the ad
dition of an extra set of stator plates 
to a TYPE 722 Capacitor, and by dif
ferential witching of the mica units. 
On the Xl /10 rang the .lower limit 
is extended down by a factor of 1/10, 
so that the over-all range becomes 
5µµf to 11 000 µµf. The accuracy of 
the variable unit (with dial corr ction) 
is ± 0.4 µµf or ± 0.1 o/c , whichever i 
larger. In the Xl/ 10 posi ion, this means 
a bridge accuracy of ± .04 µµfor ± 0.1 % 
over the range of 5 to 110 µµf. The range 
from 110 to 1100 µµf can be covered in 
either of two ways: (1) with the variable 
air capacitor anda multi.plier of Xl ;or (2) 

by use of the mica decad and a multi
plier of X 1/ 10. When only the air ca
pacitor is us d, the accuracy of measure
ment is 0.4 µµf or 0.1 % ; with the mica 
decade, which has a 0.1 % accuracy, the 
over-all accuracy is close to 0.1 %, just 
as on the 1000-to-11,000 µµf range. 
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The percentage accuracy for capaci

tance measurement (with dial correc

tion) is plotted against capacitance in 
Figure 3, which also shows the original 

specifications. The small jogs in the 

·urve are the effect of the± 0.4µµf peci

:fi.cation of the variable capacitor and are 
of small consequence. The original speci

fication called for a 1000 µµf variable ca-· 
pacitor with an accuracy of± 0.2 µµfor 
± 0.1 %, which is unobtainable in pres
ent capacitor \Yi hout a much more de

tailed correction chart than that called 
for by the specifications. 

The dissipation-factor accuracy 1s 

± 2% of reading ± 0.0002. The mall 
losses of the mica decade are balanc d 
out by resistiv networks on the un

known ide of the bridge which are 
�witched as the decade is adju ted. 

The 400-cycl oscillator i thermi tor 
Rtabilized and uses a Wien bridge selec

tive R-C network in a three-stage feed

back circuit, which has such a high loop 
gain that the frequency is practically in
dependent of tube parameter changes. 

he fr quency-determining components 

are GR precision resistors and capacitors. 
A buffer cathode-follower amplifier is 
added to prevent external loading from 
affecting the frequency. 

The detector circuit has several fea
tures that facilitate rapid and accurate 

balances. Two cascaded, selective, twin
T, feedback amplifiers provide high 

FE BRUARY, 1958 

selectivity, and the sensitivity is more 

than adequate for a pr cise balance. The 

null indicator ha a compre s d response 
and uses a ruggedized meter. Two panel 

lights indicate the direction of capacitive 
unbalance when th meter is upscale. 
Thus it i not necessary to use a trial
and-error method of deciding which 

way to vary the standard capacitor 

when the unknown is first connected. 

This feature greatly reduces the time 
required to balance the bridge and 
usually mak gain-control adjustments 
unneces ary. 

It should b noted that, although this 
bridge was de igned for a par icular pur

pose it i al o uitable for general ca
pacitance measurements at 400 cycles. 
Its accuracy, range, portability, and self

con ained nature make it a most useful 
in trument for precise, three-terminal 
mea ur ments. 

The author would like to acknowledge 
the contributions of the many people at 
General Radio whose ideas were incor
porated in the instrument. The guiding 
hand behind the development was that 
of P. K. McElroy, whose aid in the de

sign also assured compliance with the 
requirements of environmental tests. 
The idea of I. G. Easton and R. A. Sod

erman were u ed in the circuitry, and 
the layout was largely the work of H. G. 

Stirling. 

- HENRY P. HALL 

Figure 3. Plot of percentage accuracy versus capacitance measured. 
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SPECIFICATIO NS 

Range: Capacitance: 5 µµf to .011 µf. 
Di sipation Factor: 0 to .IL 

Accuracy: Capacitance: Figure 3. Variable 
Capacitor: on XI Range,± 0.4 µµf or± O. I %, 
whichever is greater; on X I/10 Range, ± 0.04 
µ.µf or ± O.I %, whichever is great r. Decade 
Capacitor : ± 0.1 % on both rang . 
Dissipation Factor: ± 2% of r ading ± .0002. 

Oscillator: Frequency : 400 cp ± 0.25%. 

Detector: 

Output: 25 volt nominal. 
Distortion: less than 0.5%. 

Sensitivity of amplifier alocne: IO% scale 
deflection for IO µvolts input. 

Sen itivi ;y of ystem: x I MULTIPLIER po
sition - I0 3 d fl ion fo1· .05 µµf L'.:1.C. 

xl/IO MULTIPLIER position-IO% deflec
tion for .005 µµf 6C. 

Selectivity of amplifier alone: down 56 db 
at 800 cps, down 64 db at 60 cp . 

Selectivity of amplifi r and bridge trans
former: down 50 db n.t 00 cps, dov.m 80 db at 
60 cps. 

Effect of Impedance to Third Terminal (Chassis); 
Impedance from the unshield d lead to chassis 
shrmts th o. cillator and, therefore, causes no 
bridge error. The output voltage is rPduced 
approximat ly 50% by shunt impedanc of 
5 kn or O.I µf. 

Impedan c from the coaxial lco.d to cha sis 
shunt th bridg transformer. On the XI MUL
TIPLIER position, thcr is negligible effect 
from a shunt of I kn or O.I µf_ On the Xl/IO 

Type 

figure 4. View of Type P-582 Capacitance Bridge 
with cover in place. 

MULTIPLIER position, there is negligible 
effect from IO kn or O.OI µf. 
Accessories Supplied: One p wer cord. 
Tube Comple-ment: 5-5751; I-I2AT7WA; 1-
6X4WA. 
Power Supply: I05 to I25 volts, 50-60 cycles. 

30 watts input at 115-volt line. 
Dim-.sions� (Length) 22Y2 in. x (height) 14 in. x 
(depth) I2;!.i inch s over-all, including cover. 
Net Weight: 55 lb 

Code Word Price 
P-582 Capacitance Bridge . . . . . . . . . . . . . . . . . . . . . . . . . . •  j SUPER Price on request 

CAPACITANCE TEST BRIDGE 
60/120-CYCLE MODEL NO W STANDARD ITEM 

The special 60/120-cycle model1 of 
the popular TYPE 1611-A Capacitance 
Test Bridge2 has enjoyed such wide-
pr ad ace ptance that it now becomes 

the standard model and will be known 
as TYPE 1611-B. This bridge will meas
ure capacitance and dissipation factor 
over wid ranges; a,t a frequency of 60 
cps from the pow r l ine and a 120 cps 
from an external generator. Filters are 
provided in the null-detector circuit for 
both frequencies. Operation at other 
frequencies, up to 1000 cps, is also pos
sible, if suitable external generators and 
filters are used. 

120-Cycle Measurements 

Capacitance measurements at 120 cps 
are used primarily for the measurem nt 
of polarized electrolytic apacitors. In 
the majority of applications of these 
capacitors, a 120-cycle ripple current is 
superimposed on the applied unidirec
tional voltag and, hence, it has become 
standard pra tice to t st such capacitors 
at that frequency. The capacitance 

1 .. Ele<'trolytic Ca.pa itor Testing at 120 Cycles, .. General 
Radio ExperWrienter, 28, 6, November, 1953, page . 
L G. Easton, ''A 120-cycle Source for Electrolytic Capaei
tor � ting �-ith the Capacitance Tcs_t Bridge," General 
Ra.dw Expert.menter. 3'.l, 3, .A..ugu t, 1 9::> 6, pp. 9-12. 
Zivan G. Easton, "A Wide-Range Capacitance Test 
Bridge," General Radio Experimenter. 2�, 2. July, 1948, 
pp. 1- . 
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range of the bridge is 1 µ.f to 11,000 µf 
and the dis ipation-factor range is 0 to 

120% wh n the frequency of the tes 
voltage is 120 cycles. The D dial is cali

brat d for 60-cycle m asurern nts; at 

120 cycles the correc value of dissipa

tion factor is obtained by multiplying 
the dial readings by a factor of 2. 

Mea ur ments at 60 cps have m.any 

uses: In th laboratory and hop, for the 
t ting of paper, mica, and other capaci

tor ; in the elect1i -power industry, for 
the shop testing of insulators, particu

larly for the measurement of the dis
sipation factor of bushings and insu

lator , ran former , rotating machine , 
and cable; in th el tronic indu try it 

is us d not only for measuring com

ponen capacitors, but al o for measur

ing capacitan to round of trans

£ rm r windings, shi Id and circuit 

elements. 

The capacitance range for 60-cycle 

mea urement is 0 to 11 000 µ.f; the dis
sipation-£ actor rang i 0 to 60%. The 
extension of th apacitanc rang to 

zero is made possible by a unique com

pensating circuit
2 

which eliminates the 

effect of tray capacitance at the bridge 

terminal . If, for practical purpo e , we 
consider the lower limit of mea ur m nt 

to b one micromi rofarad, the bridge 
covers a capacitance range of 11 billion 

to one. 

Other Frequencies 
Measurements at other frequencie up 

to 1000 cycles can be made with his 

bridge, over a range of 1 µ.f to 11,000 µ.f. 
Both external generator and external 

filters must be used. The dissipation

factor range is 0 to !%, where f i op r
ating fr quency in cycle per cond. 

Di sipation-factor dial r adings are mul-

Figure 1. Panel view of Type 1611-B Ca·pacitance 
Test Bridge. 

FEBRUARY .. 1958 

tiplied by :o to obtain the true dissipa

tion factor, expressed in p r cent. 

Accessory Equipment 
For 120-cycle measurements, the rec

ommended external generator is the 

TYPE 1214-A 2 nit 0 cillator. For 

higher fr quenci th TYPE 1 210-B Unit 
R- 0 illator i ati fact ry, or for 

fixed-frequency mea urements at 1000 
cycles, the TYPE 1214-A Unit Oscillator. 

Polarizing voltage can be furnished by 
any convenient d-c power supply. For 

vol.tages up to 300 volt � th 'I YPE 1204-
B Unit Variable Power Supply is rec

ommended. 

SPECIFICATIONS 
Capacitance Range: 0 to l l,000 µf at 60 cycles. 
1 µ.f to 11,000 µfat 120 cy ·le or oth r external 
frequ ncy. 
Diuipation-Factor Range: 0 to 60 % at 60 cycle . 
Range proportional t frcqucn. y. (O to 120 at 
120 cycles.) Dial reading must be multiplied 

by the ratio 6� for frequencies ther than 60 

cycl . 
Accuracy: Capacitanc , ±1 o/c. Dissipation fo.c-

tor, ± (2% of dial reading +0.05% x /0 di ipa

tion factor). 
Detector filter: Tun d to 60 or 120 cycl , e

lc ·t d hy switch. Jack provid d for u of an 
external filter for oth"r frequencies. 
External Generator: Required for frequencies 
other than 60 cycles. TYPE 1214-AS2 Oscilla-
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r li:· cl below is r comm nd d f r 20- ycle 
measur mcnt . 
Polari:z:ing Voltage: T rmina.1 ar(' pr vid d fo.r 
co1111C'ding an C'xternal d-c polarizing oltag . 
Th maxim um voltage thut should be im

i 50 vlt. 
of th, t rmin 1 is gr und d s that an. 

a- oper• ·d p W<'l" suppl \ i h ro nd d ou -
pu can b u.."Wd. The terminal capa.cita.n e� of 
t.h, wer upply do r o affect th bridge 

Power Supply Voltc;rge: l 5 to 25 (or 210 250) 
volt:>, 6 cy ·les. 

IPowe'" Input; 5 wa ts. 
Accesso .. les Supplied: TYP:a C P-35 Pow r 

rd and par fu.::; • 

lube Compl·e1me.nt: 
and 6 5. 

I 

Ner Weight: 3 ·31 undJ . 
Dimensions: (Wid h) H>-2 X (d pth) I X 
(h i h ) 10 inchc , o r- 11, in luding c er and 
handl . 

Typ ord Price 
���-=-=---�������������������������������� -��-

1611 -B Capaciitance Test B idge . . . . . . . . . . . . . • • . • . • • • • .  ·I $570.00 
12114-AS2 Unit Osdllator (lndud,ing power supply)......... 100.00 
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