
Vol. 14 APRIL, 1949

wu

.sal
 V WQF.QESrt4.F,`

No. 4
CORNELL-DUBILIER ELECTRIC CORP.
Hamilton Boulevard, South Plainfield, N. J.
POSTMASTER: If undeliverable for any reason,
notify stating reason, on Fore, 3547 postage for

which is guaranteed,

i1/1 tvI A el A L L 11 COLE
b Ux 7

FCI-4 l V ILLL I IJU

Sec. 562, P.L.&R.
U. S. POSTAGE

PAID



Here's the answer to your
D. C. conversion problems

1910

with Autostart
Remote Control

INPUT VOLTAGE: 110 V.D.G.
OUTPUT VOLTAGE: 110 V.A.C,,
WATTS: (CONT.) 150 W.
WATTS: (INT.) 250 W.

 eliminates wiring and installation costs

 instantaneous starting action  complete line for radio combinations, P.A. systems;

small motor driven equipment, etc.

DC areas no longer need stymie your servicing operations. Now you
can plug in a C -D power converter ... takes just 10 seconds to install

... and get the same efficiency from your TV and phono-receiver
combinations that you derive from standard AC lines. Newest engi-
neering design assures peak performance anywhere, at lowest cost. See

your local C -D jobber, listed in the Classified Telephone Directory,
or write direct.
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manufacturer
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VIBRATORS
MNTENNAS

CONVERTERS

CORNELL-DUBILIER ELECTRIC CORP.
SOUTH PLAINFIELD, NEW JERSEY

other plants in:
New Bedford, Worcester, and

Brookline, Mass.;
Indianapolis, Ind. and

Providence, R. I.
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SIMPLE METHODS OF MEASURING INDUCTANCE

OF AIR -CORE AND POWDERED -IRON -CORE COILS

Most servicemen and experimenters
own adequate equipment for the
measurement of current, voltage, re-
sistance, and capacitance but have no
instruments for checking coils of the
air -core and powdered -iron -core types.
Repair operations and experimental
work often are aided when the in-
ductance of these coils can be mea-
sured.

While the inductance of air -core
and slug -type coils can be determined
readily with an inductance bridge,
Q -meter, or some adaptation of the
grid dip oscillator, these instruments
seldom are found outside of labora-
tories. For the benefit of the practical
radio man who cannot afford such
instruments but nonetheless is con-
fronted with the problem of induc-
tance measurements, we are devoting
this article to an explanation of
several test methods which require
only common radio instruments. These
methods, which offer various degrees
of accuracy but are entirely satis-
factory in most practical applications,

have been chosen to cover most cases.
In short, they show the radio man
how he can use his oscillator, v. t.
voltmeter, and receiver to do the job
of coil testing.

The reader is advised to study the
entire article carefully and to select
the measurement method which uti-
lizes parts and instruments he already
possesses and which most nearly suits
his particular requirement. Seven
methods are described.

Q -Circuit Method
This method has so been called be-

cause the circuit it employs often is
used as a simple Q -meter for check-
ing coil or capacitor quality. The cir-
cuit is in

In this circuit, the unknown induc-
tance, L., is checked against an ac-
curately -known capacitance, C, which
may be an air or mica capacitor of
any value between 10 and 1,000 uufd.

The r. f. test oscillator may be a
service type instrument. For best re-

R.F.
OSCILLATOR

Twisted pair
or

coaxial line

A.C.
VACUUM-TUBE

VOLTMETER

-Turn ring-
approximately same diameter

a test coil Lx,
held close to Lx

Lx

(A)

1N34

CRYSTAL R.F. VOLTMETER

B)
Fig. 1.
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sults, the high -voltage output jack
of the oscillator should be used.
Most modern service test oscillators
have a 1 -volt output jack. The a.c.
vacuum tube voltmeter must have a
low -voltage scale and must be equipped
with an external r. f. probe having
low input capacitance. In the ab-
sence of a suitable v. t. voltmeter, a
simple r. f. voltmeter may be con-
structed with a Type 1N34 crystal
diode, 0-1 d.c. milliammeter, and
0.002-ufd. mica capacitor, as shown
in Figure 1 (B). The full-scale de-
flection of this instrument will be
approximately 0.6 volt r. m. s.

Fig. 2.

To make the inductance test: (1)
Connect the test coil, L., to the capac-
itor by the shortest possible leads.
(2) Hold or place the coupling ring
close to the coil. (3) Starting at
the lowest dial frequency, tune the
oscillator until a deflection of the
meter is obtained. (4) At the peak
upswing of the meter, read the oscil-
lator frequency. (5) Determine the
unknown inductance value from the
equation:

00
(1) L: = 2f24C

Where L. is the unknown induc-
tance (uh)

f is the oscillator frequency (Mc.)
C is the capacitance of the test

capacitor (uufds.)

Always employ the loosest possible
coupling (widest spacing) between
the coupling ring and the coil which
still will give a readable deflection
of the meter. When checking lattice -
wound or honeycomb coils, it may
be necessary to replace the ring with
a single turn of insulated wire wound
tightly around the outside of the
coil, in order to obtain sufficient
coupling.

Wave -Trap Method

This method is somewhat similar
to the preceding Q -circuit method in
that the unknown coil is checked
against a known capacitance (see
Figure 2). Its main difference, how-
ever, lies in its use of an all -wave
radio receiver in place of the v. t.
voltmeter, and its dependence upon
a minimum signal (null) rather than
maximum signal to indicate resonance.
This will be a preferred method when
a v. t. voltmeter of sufficient sensi-
tivity is not available.

In this circuit, the unknown in-
ductance, L., forms a wave -trap with
the capacitance C. For maximum
flexibility, C should be a 0.001-ufd.
variable capacitor with a dial reading
direct in micromicrofarads. However,
if such a variable unit is not avail-
able, any fixed air or mica capacitor
between 10 and 1,000 uufd. may be
used. The receiver should be provided
with an output meter, although some-
what less accurate results may be
obtained by listening to the modulated
signal in the loudspeaker or head-
phones.

The receiver and the modulated os-
cillator must be tuned simultaneously
(a two-handed job), starting at the
lowest frequency of both the receiver
and oscillator. The a. v. c. in the
receiver must be interrupted, other-
wise it will obscure the indication.
At some point along the tuning range,
the wave trap formed by L. and C
will resonate to the frequency to
which the receiver and oscillator are
tuned, and the receiver output will
fall sharply. At frequencies on each
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side of resonance, the output will
rise. At the lowest point in the out-
put dip, the oscillator frequency (f)
is read, and the unknown inductance
is determined in terms of f and C
by means of equation (1).

This method is somewhat less
accurate than the preceding Q -circuit
method for several reasons, one being
that the null point is rather broad.
By employing an output meter (a.c.
voltmeter connected across the loud-
speaker voice coil), instead of the ear,
the results will be satisfactory for
most practical purposes. All connec-
tions in the wave trap circuit must
be kept as short as possible.

Impedance Meter Method
This method takes its name from

its use of a popular impedance meas -

should be readable to a very low
value.

The a.c. vacuum tube voltmeter is
arranged with a switch, S, so that it
may be connected either across the
coil or the resistor. In position 1

of this switch, the voltage, drop across
the coil is read; in position 2, the
voltage across the resistor. When
the two voltages are equa, the im-
pedance of the coil is equal to the
resistance setting of the rheostat.

To check the inductance of La:
(1) Set switch S to position 1. (2)
Set the oscillator to 1,000 cycles and
advance its output until a good,
readable deflection is obtained on the
lowest meter range. (3) Throw
switch S to position 2 and adjust
rheostat R until the same voltage de -

Fig. 3.

uring circuit. This method (see
Figure 3) employs an audio -frequency
signal.

Here; the unknown inductance, Lx,
is connected in series with a calibrated
rheostat, R, whose dial reads directly
in ohms. If a direct -reading rheostat
is not available, the settings of an
ordinary one may be read with an
ohmmeter or bridge. A decade re-
sistance box is ideal for use in this
circuit. The rheostat resistance newl
not exceed 10,000 ohms for air -wound
and powdered -iron -core coils, but

flection is obtained. (4) Throw switch
S back to position 1 and readjust R.
(5) Work back and forth between
positions 1 and 2, continuing to ad-
just R, until the meter reading no
longer shifts as the switch is thrown
back and forth. At this point, the
resistance setting of rheostat R is
equal to the impedance (Z) of the
coil, L,. (6) Remove the coil from
the circuit, and measure its d.c. re-
sistance with a resistance bridge or
good ohmmeter. Record this value
as R.
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MOD. R.F.
OSCILLATOR

1000 loon
Ohms Ohms

R2
OS

10 Ohms

2
O

RADIO RECEIVERWITH
OUTPUT METER

\rV%

R R2 and R3 are
1 -watt carbon resistors.

Fig. 4.

Calculate the inductance of the coil
L. by means of the equation:

(2) L.-VZ'_Rs microhenries
0.00628

If the d.c. resistance (R) of the
coil is too small to measure, use the
equation:

(3) L. - microhenries
0.00628

If some frequency other than 1,000
cycles is used in the test (for example,
400 cycles from the audio terminals

of an r. f. test oscillator), change
the denominator in Equations (2)
and (3) to 0.00000628F, where F is
the frequency in cycles.

T -Network
In this system, a T -network, oper-

ated between a modulated r. f. oscil-
lator and a radio receiver, is formed
by the test coil (Li) and two resistors,
as shown in Figure 4. The network
is enclosed in a small shielding metal
can with two external binding post
terminals for connecting the coil. The
oscillator must have a calibrated out-
put attenuator reading in microvolts.

(;)

Lx ¡\5-0~

MOD. R.F.
OSCILLATOR

OR
AUDIO OSCILLATOR

(See Text)

'l ` lI
C., C2

1-Megohm
volume control -type

G = C2

o

o

4

A.C. VACUUM -TUBE VOLTMETER,
RADIO RECEIVER WITH OUTPUT
METER, AUDIO AMPLIFIER WITH
OUTPUT METER, OR AUDIO
AMPLIFIER WITH HEADPHONES

Fig. 5.
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The switch, S, must be an anti -capac-
ity unit.

To operate the device: (1) Tempo-
rarily interrupt the a. v. c. in the
receiver. (2) Throw switch S to
position 1. This connects the 10 -ohm
resistor into the circuit. (3) Set the
modulated oscillator to 1,000kc. and
tune -in the signal on the receiver.
(4) Advance the attenuator in the
oscillator until the output meter in
the receiver is deflected to the upper
portion of its scale. Note the value
of this deflection carefully. (5) At
this point, record the attenuator micro-
volts reading as E,. (6) Throw
switch S to position 2 and re -set the
attenuator to obtain the same output -
meter reading as in Step 4. Record
this new attenuator setting as Ea.
(7) Calculate the impedance (Z) of
the coil from the equation Z =
(10 E,)/E2. (8) Remove the coil from
the circuit and measure its d.c. re -

AUDIO
OSCILLATOR

10,000 Ohm
Wirewound

potentiometer

( STANDARD COIL)

Fig. 6(A).

sistance (R) with a resistance bridge
or good ohmmeter. (9) Using these
values of Z and R, calculate the in-
ductance of the coil L. from the
equation:

( 4) L. - V Z2-1{2 microhenries
6.28

Graduate dial of potentiometer R
from left to right as follows:

Resistance
(measured in
left half of

potentiometer)
Dial Reading

910 ohms 0.1

1667 0.2
2308 0.3

2858 0.4

3334 0.5

3750 0.6
4112 0.7

4445 0.8
4737 0.9

5000 1.0

6666 2.0

7500 3.0
8000 4.0
8334 5.0
8572 6.0
8750 7.0
8889 8.0
9000 9.0
9091 10.0

Figure 6(B)

If the d.c. resistance of the coil
is too small to measure, use the
equation:

(5) L. =
6.28

microhenries

If some test frequency other than
i,000kc. is used in the measurement,
change the denominator in Equations
(4) and (5) to 0.00628f, where f
is the frequency in kilocycles.

Bridged -T Network
This method (see Figure 5) is simi-

lar to the preceding one, except that
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the oscillator frequency and the setting
of rheostat R must be adjusted to
give a null reading of the meter; that
is, the lowest deflection or dip. C2
and C2 are identical air or mica
capacitors which may have any con-
venient value between 50 and 1,000
uufd. At null, the unknown induc-
tance may be determined by means of
the equation:

5X1010(6) L =
f2

microhenries

f is in kilocycles
C is in uufd.

Simple Inductance Bridge
When the reader has available a

coil whose inductance is known very
accurately, other coils may be checked
against it in the simple bridge circuit
shown in Figure 6(A). While it is
customary to operate this bridge with
a 1,000 -cycle signal from an audio
oscillator, the signal can be of some
other frequency, such as 60 cycles
obtained from the a.c. power line
through a step-down transformer.
The null detector may be an a.c.
vacuum tube voltmeter, oscilloscope,
electron -ray indicator tube, or simply
a pair of high -resistance headphones.

The bridge potentiometer, R, and
its dial are calibrated according to
the chart given in Figure 6(B). The
dial is seen to read from 0.1 to 10
times the inductance of the standard
coil. Thus, a 1 -millihenry standard
coil (Ls) would permit measurements
from 0.1 m. h. (100 uh.) to 10 m. h.
It is not advisable to extend the range
beyond this 0.1-1-10 region for any
one standard coil. If the unknown
inductance does not fall inside this
range, an inductance standard of
higher or lower value should be
placed in the circuit.

Use of the bridge is simple: Tune
for null. Then multiply the inductance
value of the standard coil L. by the

potentiometer dial reading. This gives
the value of the unknown inductance,
L..

Voltmeter -Ammeter Method
When no other instruments are

available, the voltmeter - ammeter
method (see Figure 7) may be em-
ployed. This method, which affords
the least accuracy of all the systems
described in this article, is based upon
the fact that the impedance of a coil
may be determined from the volt-
meter (E) and milliammeter (I)
readings (Z = E/I) and the induc-

L5

1111

1
AUDIO

OSCILLATOR

A.C.

VOLTMETER

RECTIFIER -TYPE A.C. MILLIAMMETER
OR THERMOMILLIAMMETER

Fig. 7.

tance may be calculated from this
impedance and the d.c. resistance of
the coil.

After finding the impedance (Z)
by means of the circuit shown in
Figure 7, remove the coil and measure
its d.c. resistance (R) with a resist-
ance bridge or good ohmmeter. Then
substitute the Z and R values in
Equation (2) if the measurement fre-
quency is 1,000 cycles or Equation
(4) if the frequency is 1,000kc. Al-
ways use the highest possible fre-
quency when employing the volt-
meter -ammeter method. However, it
is rather difficult to employ a high
radio frequency because of the by-
passing effect of stray capacitances
in the test circuit.
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