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Use of the L-C Checker for R.F. Measurements

By the Engineering Department, Aerovox Corporation

great many measurements can be

made with the L-C Checker using
simple accessories available to any
radio experimenter. These include
measurement of capacity of conden-
sers, inductance of coils, and charac-
teristics of antennae, transmission
lines and tuned circuits in general.

Fundamentally the L-C Checker is
a calibrated, compensated oscillator
with an indicator to show the strength
of oscillation. The oscillator is com-
pensated for variation in line voltage
and for constant strength of oscilla-
tion as the frequency of the oscillator
is varied. It is these characteristics
which make the instrument an invalu-
able aid in r.f. measurements. The
L-C Checker is not a precision instru-
ment, but its accuracy is sufficient for
all practical purposes.

The circuit diagram of the L-C
Checker is shown in Figure 1. It is
well known that the grid current of
an oscillator is an excellent indicator
of the strength of oscillation of any
self-excited oscillator. This method
is extremely sensitive and slight
variations in operating conditions of
the circuit can be readily detected.
Another fact that is well known is that
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the grid current of an oscillator de-
creases with load on the oscillator, no
matter whether the load is inductively
or capacitively coupled to the tank
circuit.

To draw any load from an oscillator
without coupling the load circuit too
tightly, the load should be tuned to
the oscillator frequency. Under such
conditions considerable power may be
transferred from the oscillator tank
circuit to the load circuit. The effect
of the load on the tank circuit is to
decrease the grid current of the os-
cillator and_ thus change the opening
of the eye. Thus the checker is a
r.f. power supply of constant voltage
output and an indicator (the 6ES)
which shows when the circuit coupled
to the checker is in resonance and the
relative amount of power taken by the
external circuit from the checker.

MEASUREMENT OF
RESONANT CIRCUITS

The L-C Checker can be used to
measure the resonant frequency of
any tuned circuit. This is done by
coupling to the tuned circuit by
means of the loop and varying the
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frequency of the oscillator. At the
resonant frequency the eye will open
sharply. The amount of opening is
determined by the resistance in the
tuned circuit and the degree of coup-
ling. Low resistance circuits tightly
coupled will cause a large opening,
while high resistance circuits will not
cause as large an opening. For more
accurate determination of the fre-
quency the coupling is decreased until
a barely noticeable flicker is noted as
the checker is tuned.

Wherever the coil is enclosed in a
metallic case which may prevent mag-
netic coupling, capacity coupling can
be used. The two binding posts at
the lower left hand corner of the
panel are for this purpose. The black
post is grounded to the case, the red
binding post is coupled to the oscilla-
tor through a 5 mmfd. capacitor. The
grounded terminal of the circuit to be
measured is connected to the black
binding post, and the high potential
terminal to the red binding post. The
L-C Checker is then tuned as before
for the opening of the eye.

Capacity coupling may produce
some shift in frequency calibration at
the high frequency end of the scale.
At the low-frequency end the fre-
quency shift is negligible. The maxi-
mum shift will be less than 5%.

The method used to determine the
frequency of IF transformers is as
follows:

The black lead is connected to the
ground or chassis of the receiver. The
red lead is then connected to the grid
cap or plate lead of the transformer
to be tested and the Checker tuned as
before. It may be necessary to short
the unused winding to eliminate dead-
end effects.

RESONANT FREQUENCIES OF
R.F. CHOKE COILS

Since the impedance of a radio-fre-
quency choke coil depends on the fre-
quency. the maximum frequency at
which a choke coil can be operated is
of great importance. The fundamen-
tal frequency of any radio frequency
choke can be found by coupling to the
choke coil by means of the loop.
Many resonance points may be found,
so that the entire frequency range
must be covered to determine the low-
est resonant frequency of the choke
coil. By checking the resonant fre-
quency of choke coils as connected in
a circuit, causes for weak reception or
oscillations can be found. Similarly
other resonant circuits or absorption
loops in circuits can be found.
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MEAEUREMENT OF CAPACITY

The capacity of a capacitor is meas-
ured by the L-C Checker by connect-
ing the capacitor across a small fixed
inductance and finding the resonant
frequency of combination. Since the
inductance is fixed it is possible to
calibrate the scale in terms of capacity
as well as in frequency. The induct-
ance, across which the unknown capa-
citor is coupled, is made small so that
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its inductance is very low, It is also
made of large cross-section so that
the resistance is low. Therefore ohmic
resistance of the tuned circuit, formed
when the unknown condenser is con-
nected across the coil, will be mostly
in the capacitor, The “Q” of this cir-
cuit will depend on the capacitor and
any increase of series resistance will
show up on the indicator tube as a
smaller opening as the checker is
tuned through the resonant frequency
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of the system. Because of the ex-
tremely low inductance of the coil it
is possible to measure capacitors con-
nected into a circuit. The error will
depend on the inductance of the cir-
cuit to which the capacitor is con-
nected. Since the inductance of the
fixed coil is very small. about .75
microhenries, the error is normally
negligible.

It is important that the leads of the
coil be connected as close to the sec-
tion of the capacitor as possible. In-
clusion of one inch of lead of a tubu-
lar capacitor may cause an error as
great as 10 percent. Similarly, the ca-
pacitors may appear to be inductive
at this frequency and the resonant fre-
quency will shift down, giving an ap-
parent increase in capacity. Induc-
tively-wound capacitors will show up
as having low “Q” and a capacity that
is quite different from its rated value.
Such capacitors, however, will read
their rated capacity when measured at
audio frequencies.

To measure capacitors below .0004
microfarads, a calibrated variable air
condenser is of great help. This con-
denser should have a maximum capa-
city of 500 or 1000 micromicrofarads.
A satisfactory capacitor can be made
by mounting a two-gang broadcast re-
ceiver variable in a suitable case and
paralleling the stators.

The variable may be _calibrated by
connecting it across a coil of approxi-
mately 200 microhenries and.cou_plmg
the checker to this tuned circuit, as
shown in Figure 2. The resonant fre-
quency of the circuit is found for ten
or more points on the dial of the
variable. The capacity of the coil is
found as described below. For each
position of the variable the capaci-
tance is found by use of the formula

25,400
— f£L
when “f” is in megacycles and “L” is
in microhenries. The capacities C,
which are found in this manner, are
plotted against the dial setting. This
variable condenser and calibration will
be of use for other measurements.
To measure small capacitors ac-
curately, it is necessary merely to con-
nect the calibrated capacitor across
the same coil described above, or anv
other coil of approximately the same
size, and couple the circuit to the
checker. The variable is set to maxi-
mum capacity and the checker tuned
to resonance. The reading of the vari-
able is noted and then the condenser
to be measured is connected across
the terminals of the variable and the
variable condenser decreased until

mmifds.

resonance, as indicated by the eye on
the checker, is reached. The capacity
of the variable is noted and subtracted
from the first reading. The difference
between the two readings is the ca-
pacity of the unknown. It is import-
ant to keep all leads as short and
straight as possible.

MEASUREMENT OF
INDUCTANCE

It is possible to measure the induc-
tance of a coil by means of the
checker if a known capacitor is avail-
able. This capacitor should be known
to be within * 29, in order to give
inductance to the same accuracy. A
.001 mica standard capacitor is avail-
able as an accessory to the L-C
Checker. Using the standard conden-
ser across the coil of which the in-
ductance is desired, the resonant fre-
quency of the combination is found.
The inductance “L” can be found
from the equation

25,400 | )
= FC_ microhenries

“f” is in megacycles, “C” is in micro-
microfarads.

If the .001 mica standard capacitor
is used, the inductance can be found
from the chart of Figure 3. For other
capacities the inductance can be foand
by using the chart, but the values
found on the chart must be multiplied
by the ratio of 1,000 to the capacit+
in micromicrofarads of the condenser
actually used. For example:

If a 250 micromicrofarad condenser
is used in the measurement of the in-
ductance and resonant frequency of
the coil, and the condenser is found
to be 3 megacycles, the inductance of
the cell is obtained by finding the in-
ductance from the chart, 2.8 micro-
henries, and multiplying this value by

1,000 R .
250 - The result is 11.2 micrchen-

ries as the inductance of the coil. This
inductance is not the true inductance
of the coil since there is a certain
amount of distributed capacity caused
by the spacing of the wire, the insula-
tion of the wire, and the form on
which it is wound. To find the true
inductance and the distributed capa-
city, it is necessary to make two read-
ings with two different sizes of capa-
citors across the coil. The true induc-
tance is then given by the following
equation:

1 i 1 .
= =" —5 — =5} henries
L 4172((:‘—(:2) £,2 fzz)

When C is in farads and f in cycles persec.

The distributed capacity of the coilis

given by — 2 a

Com Cifs-Cyfa
o~ _Fzz _f12

These values are of importance when
it is necessary or desirable to make
coils that are exactly alike, as is the
case in tuned radio frequency stages,
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where exact tracking of a number of
circuits is desired. The values of in-
ductance of the coils must be alike
in order to give correct tracking at
the lower frequency end of the band,
while the distributed capacitance is
the factor which determines the exact
tracking at the high frequency end of
the band. Any difference in these two
values between two coils will prevent
true tracking unless it is possible to
parallel the coil, having the lower dis-
tributed capacity with a trimmer con-
denser so that its minimum capacity
will be equal to the minimum capacity
of the other coil. The inductances of
the two coils must be alike if tracking
is to be obtained at the lower fre-
quency end of the tuning range.

MEASUREMENT OF TRANS-
MISSION LINES

It is possible to measure the natural
period or wave length of a pair of
par_allql wires and also to determine
their input impedance by means of
the L-C Checker calibrated variable
condenser and a non-inductive resis-
tance. This can be done by connect-
ing a coil and condenser to the input
terminals of the transmission line ag
shown in Figure 4. To determine
whether the input capacitance is in-
ductive or capacitive for any given
frequency, the checker is tuned to
that frequency and then coupled to the
coil and condenser with the transmis-
sion line disconnected from the ter-
minals T, and T. The variable con-
denser C is then tuned to resonance.
The coupling between the output loop
of the checker and the coil should be
decreased until no locking-in of the
two circuits occurs. The reading of
the variable condenser is noted and
the transmission line is then con-
nected to terminals T, and T. The
condenser C should then be retuned
to resonance and the reading noted.
The difference between the two read-
ings of the variable condenser will be
the equivalent input capacity of the
transmission line at that frequency.
To measure the equivalent shunt input
resistance of a transmission line it is
necessary to connect a non-inductive
resistance in parallel with C, from ter-
minal T, to T,, with the transmission
line disconnected, as in Figure 5. This
resistor should be of such size to give
the same opening of the eye as is ob-
tained without the resistors when the
transmission line is connected across
terminals T: and T. The actual input
impedance of the line then can be said
to consist of an equivalent parallel cir-
cuit having a capacity equal to the dif-
ference of the two variable condenser

(continued on next page)
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readings, and a shunt resistance equal
to the resistance found necessary to
give the same opening of the eye as
the transmission line.

_— RX 2 . R%X,
° TR 4 xZ R4+ X2
_ R —j__2mfcR®

4 F2CE R+ 42 £2C2R% 41
™= 3.1416
f = frequency in cycles per second.
C = capacity in farads.
R = resistance in ohms.

Transmission lines which operate in
or near Y4 wave length may have very
high input capacitance or inductance.
Under some conditions it may be nec-
essary to connect the variable conden-
ser C in series with the coil in order
to obtain resonance. When this occurs
the line has a very high input capacity.
This is an indication that it is operat-
ing very near 14 wave length. To
find the actual length of the line, it is
necessary to find two resonant fre-
quencies of the line. This is done by
connecting a small coil of 3 or 4 turns
about two inches in diameter to the
terminals of the line and coupling the
output lead of the L-C Checker to this
coil. The frequency of the checker is
varied and the two successive resonant
frequencies noted. The length of the
line is then given by the equation:
v When V is velocity of

b= (f2- 1) Miles propagation - 186,000
miles per sec. for copper
1082 : ¥
=——""_ Feet wires in free space.
2(f2- %)

fy and f, are two
for £, and f, ore successive resonant
in megacycles. frequencies.

It is possible to obtain a natural
period of an antenna by the same
method. Sometimes it is possible to
connect the antenna directly to the
red output binding post on the front
of the panel and measure the resonant
frequency of the antenna by tuning the
checker through the tuning range. A
sharp opening of the eye will be noted
at the natural period of the antenna.

NEW THORDARSON
TRANSMITTER GUIDE

Just issued, the Thordarson Trans-
mitter Guide maintains the high en-
gineering standards set by this annual
publication. It offers the widest
choice of wunits from the smallest
transmitter for the beginner, to the
larger and more elaborate “rigs” for
the advanced amateur. The “rigs” are
conservatively rated. They utilize the
latest technical developments for effi-
cient and economical operation. Cabi-
nets and panels are beautifully de-
signed.

As has been the case for years past,
AEROVOX CONDENSERS are
again specified for most of the assem-
blies. Thordarson engineers have
standardized on Aerovox, based on
long experience with components.

The Guide may be obtained from
your local Thordarson jobber or direct
from Thordarson Electric Mfg. Co.,
500 W. Huron St.,, Chicago, Ill, at
15¢ per copy.
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- PRONG-BASE ELECTROLYTICS
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© Square can shoulder instead of usual
30° sloped shoulder. Result, cap or
plug rests solidly in place. No danger
of shearing cathode tab.

® |n place of usual two bakelite discs
separated by sheet of flat rubber F
consruction utilizes cup-shaped molded
soft-rubber disc in which fits bakelite
disc. Lugs solidly eyeleited to bakeiite
disc, and will not wobble or loocsen as
is otherwise the case.

© Cup-shaped rubber disc has slotted
protrusions or sleeves through which
pass the anode or positive tabs which
beyond bend inside of sleeves, join
with soldering lug. No leakage of elec
trolyte. A positive, soft-rubber seal.

® No danger of bakelite corrosive ef
fects since rubber sleeves prevent tabs
contacting slot walls in bakelite disc.

® Positive pin-hole vent instantly re
sponds to excessive gas pressures, yet
normally self-sealing.

Cap. D.C. List Net
Type Mfds. W.V. Price Price
F2J 10x450 $0.75 $0.45
F4J 20x 450 1.10 Aif
F8J } 1.60 Y6
[FZZJ 1.20 72
F14J 63 499
1222) 1.55 93
F16H 2,45  1.47
F22F 1.04 B
F44F 1.1 b
F6D 30150 70 A2
F44D 20-20x 154 10 ]
1661 30-30x150 1.10 .66
F64D4A  30-20x150
+4-20x25 1 x2 1,15 .69
F33F1A 15-15x250
+20x25 1 x2  1.10 .66
F22J1A ]U:#Uxélf)(] g 0 o
20x25 1 X 1.30 ¥
Metal or bhakelite washer 5c¢ each. . AEROVOX ’fakes parhcu"ar P”de n

— presenting its new Series F electrolytic
condensers. Similar in appearance and purpose to the conventional prong-
base electrolytics in such general use, BUT incorporating several vital im-
provements that must make this type still more popular with designers,
manufacturers, servicemen and equipment owners.

Note technical details above. Compare with the usual standard prong-base
electrolytics. And also note that this improved prong-base electrolytic costs
no more than competing brands.

® Ask Your Jobber. ..

The next time you need or can use these handy prong-base
electrolytics, be sure to insist on Aerovox. Ask for latest cata-
log. Or write us direct.

A_EROVO)( CORPORATION

New Bedjord, Mass.

Sales Offices in All Principal Cities
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