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Capacitor Impedance and 

Resistance Measurements 

PART II 

By the Engineering Department, Aerovox Corporation 

AT AUDIO AND RADIO 
FREQUENCIES 

T HE impedance of electronic cir-
cuit components may readily be 

measured at power-line, audio, and 

radio frequencies. A variety of in-
struments and methods makes this pos-
sible. For any impedance measurement, 

there will generally be available in 
each laboratory or shop a sufficient 
number of instruments to allow choice 
of method. This article will describe 

the most important instruments and 
methods from a practical point of 
view. 

VOLTMETER-AMMETER 
METHOD 

The simplest method of measuring 
impedance is an application of Ohm's 

Law for ac. A known voltage is ap-
plied across the unknown impedance, 
which may be either capacitive, induc-
tive, or a combination of the two, and 
the resultant current through the im-
pedance measured. The impedance 

value may then be calculated from 
Ohm's Law: Z = E/I, where Z is 

expressed in ohms, E in volts, and 
I in amperes. Apparatus required in-

cludes a source of alternating voltage 
of desired frequency, ac voltmeter, and 
ac ammeter (see Figure 1). 

Impedances may be measured by 
this method over a wide range of fre-
quencies. However, it is not advisable 
to employ test frequencies higher than 
about 50 kc., since at radio frequencies 
appreciable error is introduced by 
stray capacitances and skin resistance 
effects. Between 10 and 50 kc., great-
est accuracy will be obtained with a 
vacuum-tube voltmeter and high-fre-
quency type thermocouple ammeter. 
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Figure 1 

If the test-signal source is arranged 

to supply a continuously variable volt-
age to the test circuit, a wide range of 
impedance values may be covered. 

This is true because the input voltage 
may then be adjusted to pass a read-

able amount of current through any 
impedance. The test voltage may be 
obtained from the power line, a trans-
former secondary, or an oscillator. 
Test voltage may be adjusted by 

means of a potentiometer, attenuator, 
or variable auto-transformer (Variac). 

The method of Figure 1 may be ap-
plied to yield direct indications of im-

pedance in the following manner: It 
the signal voltage is always set to give 
the same ammeter reading (e.g., cen-

ter scale), the voltmeter scale may be 
graduated directly in ohms impedance. 

In operation, the unknown impedance 
is connected into the circuit and the 
voltage raised from zero to the level 
required to deflect the ammeter to a 
reference point. The impedance is 
then indicated directly by the specially 
calibrated voltmeter dial. 
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Figure 2 

BRIDGE METHOD 

Impedance of an inductor or capaci-
tor may be calculated from reactive 
and resistive data obtained by bridge 
measurements. Reactance (X( or XL) 
is calculated from the inductance or 
capacitance indicated at balance, and 
resistance (as equivalent series resist-
ance) from the power factor or dissi-

pation factor indication: 

(1) Z = 'VR2 + X2 
XC (.9C 
XL= L 

Any capacitance or inductance bridge 
set up for separate resistive and re-
active balances will yield the figures 
needed for impedance determination 

by this method. Values of ( i) for com-
mon bridge frequencies are: 377 for 
60 c.p.s., 754 for 120 c.p.s., 2513 for 
400 c.p.s., 3141.6 for 500 c.p.s., and 

6283 for 1000 c.p.s. 

IMPEDANCE FROM R AND L 

If the inductance (L) of a coil is 
known very closely and its dc resist-
ance (R) is measured with a good dc 
bridge or ohmmeter, the approximate 
impedance it will offer at a frequency 
not higher than 10 kc. may be calcu-
lated from the L and R values so ob-
tained: 

(2) z= VR2 (urL)2 
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At low frequencies, the resistive 
component will not differ greatly from 
the dc value measured with a dc 
bridge or ohmmeter. At frequencies 
beyond 10 kilocycles, however, skin 
effect will increase directly with fre-
quency and the effective resistance will 

not be the same as the measured dc 
value. This method of impedance de-
termination is accordingly not recom-

mended for high frequencies. 
The impedance of capacitors cannot 

be determined by this method, since 

the equivalent resistance of these units 
is not so easily measured as that of 
coils. 

SERIES R-Z CIRCUIT 

Both inductor and capacitor imped-
ance may be measured at audio and 
power-line frequencies by means of 
the circuit shown in Figure 2. This is 
a well-known arrangement which is in 
use in numerous laboratories. 
The unknown impedance, Z\, is 

connected in series with a calibrated 
variable resistor, R, and a signal volt-

age of desired frequency forces a cur-
rent through this combination. The 
current produces voltage drops (IR 
and IZ) across R and ZN which may 
be read by switching the v.t. voltmeter 
first across the resistor and then the 
impedance by means of switch S. In 
order to obtain this action, the signal 
voltage must be high enough to force 

CI 0 

a current through the R-Z arm of the 
circuit. 

If R is adjusted while the voltage 
drops are being read successively, a 
point will be found at which the volt-
age IR and the voltage IZ are identi-
cal. The meter deflection consequently 
will not change value as S is thrown 
from one position to the other. At this 
point, the unknown impedance (ZN) 
is equal to the setting of R and may 
be read directly in ohms if the variable 
resistor is provided with a direct-read-
ing dial. 
This method allows rapid impedance 

measurements to be made, since the 
voltmeter reading will be the same for 
all impedance values within range of 
the variable resistor. The circuit is 
not practical at radio frequencies, how-
ever, since considerable error may be 
introduced by inductance in the resis-
tor, skin effect, stray capacitances, and 
stray coupling. Its use is restricted to 
those audio frequencies commonly em-
ployed as bridge signals. 

RADIO-FREQUENCY METHODS 

Q-Meter. Reactive and equivalent re-
sistive values may be obtained at radio 
frequencies by means of a standard 
Q-Meter, such as the Boonton 160-A 
instrument, and these values substi-
tuted in Equation ( 1) to determine r.f. 
impedance, when making capacitor 
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measurements, capacitances lower than 
500 mmfd. being connected in parallel 

with the Q-Meter test circuit; capaci-

tances higher than 500 mmfd. being 
connected in series with the test cir-
cuit. The preliminary Q-Meter read-
ings are designated C, (capacitor dial) 

and Q, ( Q-voltmeter scale). Subse-
quent readings with the sample capaci-
tance connected into the circuit are 

designated C, and Qz. 

With the parallel-connected sample 
capacitor: 

(3) 

(4) 

1.59 x108C1(QiQ2) hms 

Rx (C2 —C1)2Qt Q2 ° 
and 

X,- 1.59 x 108  ohms 
f (C2—C1) 

With the series-connected sample 

capacitor: 

(5) Rx — 

and 

(6) XX 

1.59 x108 (-S17 Q4>hms 
f CIQIC)2 

1.59 x 1" (C1— C2) ohms 
+CI C2 

In (3), (4), (5) and (6) C is in 
mmfds. and f in kilocycles. 

The values obtained by means of 
Equations ( 3) and (4) or (5) and (6) 

are substituted in Equation ( 1) to de-

termine impedance. 

When coils are checked on the 

Q-Meter: 

(7) Rx= 

(8) 

t.59x1081 C 
f C101 Ct-i-Ca—f2Ohms 

xx _ 15.9 x 104f CI (c -- c2) nms 
f2C,C2(c,-F2-4Ce 
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Equations (7) and (8) take into con-

sideration the distributed capacitance 
of the coil, which is equal to (C, — 

4C,)/3. The values obtained by means 
of Equations ( 7) and (8) may be sub-
stituted in Equation ( 1) to determine 
the coil impedance at the test fre-

quency. 

Twin-T Impedance-Measuring Cir-

cuit. Resistive and reactive compo-

nents for calculating inductor and ca-
pacitor impedance may be obtained at 
frequencies between 460 kc. and 30 
Mc. by means of the Twin-T Imped-
ance-Measuring Circuit manufactured 

by General Radio Co. 
With this instrument, the parallel 

admittance components susceptance 
(B) and conductance (G), are obtained 
by means of a parallel-substitution 
method. For impedance calculation, 
these parallel components may be con-

verted to series components, resistance 
(R) and reactance (X), as follows: 

(9) Rx — 

(l0) Xx 

B, G, R, and X are expressed in 

ohms. 
Basic circuit of the Twin-T instru-

ment is shown in Figure 3. The circuit 
embraces two T-networks ( 1-2-3 and 
1-4-3), the transfer impedances are 
equal and opposite at null. 

GL— cv-R 

c84-cic2R*1-Et+H-w-*]=0 

In operation, the circuit is first set 
to null by adjustment of variable ca-
pacitors Cn and Cc. The initial null 

settings of these two components are 
designated Ci:, and CG,. The unknown 

admittance is then connected to the 
terminals across Ci:, and the two ca-

pacitors again adjusted for null. The 
final settings are designated CB, and 
CG2. 

The unknown conductance and sus-

ceptance may then be calculated from 
the network values: 

Gx = (£121Yj;_2(Co2— 
C3 

and 02) CGi)ohms 

Bx= ar (C BI— CE2)OhMS 

A signal generator or spot-frequency 
r.f. oscillator supplies the T-network 

signal voltage and a radio receiver 

serves as the null detector. 

Simple T-Network for Substitution 
Measurements. Figure 4 shows a well-
known arrangement for impedance 
measurements by the substitution 

method. The circuit is a simple T-
network. 

The unknown impedance (Z\) or 
a comparison resistor (Rs) may be 
connected between terminals A and B. 

The isolating resistors R, and Rz are 
usually of the order of 1000 ohms 

each. The variable input voltage may 
conveniently be supplied by a signal 
generator with calibrated attenuator, 

and the detector may be a radio re-

ceiver with output voltage indicator. 

In operation, Rs is connected to ter-
minals A and B. The input voltage is 
then adjusted to give an arbitrary de-

tector response. This voltage level is 
designated E,. The unknown imped-

ance (ZN) is then connected between 

terminals A and B in place of Rs, and 

the input voltage readjusted to give 
the same detector response as before. 

This new voltage level is designated 
Ez. From the value of Rs and the 

ratio of the two test voltages the value 
of ZN may be calculated directly in 

ohms, thus: 

(13) z -Es Rs  ohms 
E 2 

This substitution method may be 
employed in the same manner at audio 

and power-line frequencies, provided 
the generator is an audio-frequency 

oscillator with calibrated attenuator 
(or v.t. voltmeter) and the detector is 

an audio amplifier with output-voltage 
indicator. 
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• Aerovox silvered-mica capacitors are de-
signed for the most critical applications 

requiring precise capacitance values and 

extreme stability. Although otherwise simi-

lar in external construction and dimensions 

to the smaller molded bakeliie units, they 

are encased in molded XM low-loss red bakelite for 

immediate silvered-mica identification. 

A silver coating is applied to the mica and fired at 

elevated temperatures. This insures not only a posi-

tive bond but permanent stability of the capacitance 

Average positive temperature 

coefficient of only .003% per 

degree C.—a remarkably low 

value. 

Excellent retrace characteris-

tics; practically no capaci-

tance drift with time, excep-

tionally high Q. 

tt,1 circti.ittt 

with respect to time, temperature and hu-

midity. Units are heat-treated and wax-

impregnated externally for ultimate protec-

tion against moisture penetration. 

Ideal for use in circuits where capaci-

tance must remain constant under all oper-

ating conditions. These capacitors are specifically de-

signed for use in push-button tuning, oscillator pad-

ding circuits, fixed tuned circuits, and as capacitance 

standards, etc., where accuracy and stability are prime 
considerations. 

• Write for literature... 

Available in three types, 1000 

v. D.C. test: Type 1469,.000005 

to .0005 mid.: Type 1479 ( il-

lustrated), .0001 to . 001 mid.: 

Type 1464, .00075 to .0025 

mid., and .001 mfd. in 600 v. 

D.C. test. 

Standard tolerance plus 

minus 5°.. Also available 

with tolerances of plus 'minus 

3°., 2°. and 100. 

Minimum tolerance for capac-

itances up to and including 

10 mmf. (.00001 mid.) plus/ 
minus 2 mmf. Minimum tol-

erance available for all other 

capacitances, plus minus 1°:, 

or plus/minus 1 mmt., which-

ever is greater. 

• • • 

Aerovox is prepared and ready 

to accept orders for Mica 

Capacitors which will meet 

American War Standards. 

INDIVIDUALLY TESTED 
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