@ Why not give that fine all-wave set a chance to operate at
maximum sensitivity? You'll be amazed at what it can do. Al
that's necessary is to minimize local inductive interference or
man-made static. And if you happen to be a radio ham or a
short-wave DXer, by all means be sure to suppress that noisy
background which \ﬁandicaps you in reaching out for those
distant signals.

AEROVOX engineers have spent years developing line-noise
filters that really do a job. Six different types have been found
necessary in meeting the wide variety of conditions. So here
they are—and likewise a means of se(ecﬁng the right one.

Which One?

For very best results, the AEROVOX Noise
Analyzer is used. Plugged in between noise-
producing source and line. Knob turned to
different positions and noise-reducing ef-
fect noted. When noise is at minimum,
dial indicates which AEROVOX noise-elimi-
nator will duplicate results. Also proper
connections. Type ANL-37. Dealer's Net
Price: $7.50.
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AEROVOX Type IN-27

Simple. noise

flter

and

ity interfe
troublesome  noise
s and pover line.  Size

List Price $0.50

; Intended for cascs
where ground is  con-

@f  ciderable distance from
= point  of application
Most  cfficient w h en
mounted directly on
terfering  device by bracket. Size

1% x 1%

TYPE

List Price $0.75

Provides additional filter.
ing action over IN-27 and
INCoRe Epeciall

razor and of
dovices. Plugs between de-
viee and - line.  Size 13"

TYPE IN-29 List Price $0.75

AEROVOX Type IN-30

Similar to IN-20 hut with
wdditional  inductance.
‘Handles more severe inter-
ference. Plugs between set
and outlet, or preferably
) between noisy appliance and
outlet. Size 1%” x 2%

TYPE IN-30

List Price §1.25

AEROVOX Type IN-31

Plugs in between at
wohment cord and eloe
trie outlet, either of

ot di
terfering :mnlmm‘e Size
%7 x 2N

TYPE IN-31 List Price $1.50

AEROVOX Type IN-24

D for use in the most serious
caves of radio interference from power
lings and appliances. Provided with
Inductance ay well ua capacitunce far
orough filterin,

clavirié outlet, Hadio set or interfer-
ence device plugs into receptacle of
the Riter. Especially desirable be-
Lyesn desico and line. Measures 4 x
2%” x

TYPE IN 2

List Price $4.75
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Vacuum - Tube Voltmeters

PART 2

By the Engineering Department, Aerovox Corporation

WHEN using the VTVM for radio
frequency measurement, extreme
care must be taken to keep the input
capacity of the measuring device and
its leads as small as possible. By that
is meant not more than 5 mmfd., and
if at all possible 1 mmfd. This can be
done by connecting the grid cap of
the VTVM tube directly to the point
to be investigated. The easiest way
of doing this is to make a probe uti-
lizing only the VTVM tube. The 954
acorn tube can be used for the pur-
pose as it is small and has a very low
input capacity. For peak voltmeter
measurements an 879 tubes is recom-
mended as its grid to plate capacity is
approximately 1 mmid. This type of
VTVM can be built easily; kits for its
construction are available. Shielding
of the complete unit is of great im-
portance and every possible care
should be taken to see that all shields
are solidly connected.
In checking a receiver for poor

operation or inoperation, a systematic
and intelligent msthod of investiga-
tion will save hours of fruitless test-
ing. Most servicemen have their own
method of attack but all start with the
power supply. As we are primarily
interested in i.f. and r.f. tests we will
assume that the power supply func-
tions properly and that all tubes have
their proper voltages at their proper
terminals, and have been tested and
found satisfactory.

The equipment required for these
tests is a signal generator and a
VTVM. A cathode ray oscillograph
may be used if available. If a signal
generator is unavailable the signal of
a local broadcast station may be used.
In addition a high resistance multi-
range voltmeter is required.

To check a radio frequency receiver
it is first necessary to provide a sig-
nal which is fed to the antenna input
terminals. The VTVM is connected

from the plate of the first r.f. tubz to
ground, with a small coupling con-
denser of .0005 mfd. in series with the
grid terminal of the VTVM. The grid
circuit of the r.f. tube is tuned to the
frequency of the signal by watching
the deflection of the VTVM which is
a maximum at resonance of the grid
circuit. The frequency of the input
signal is varied and the circuit is re-
turned to the new frequency. By not-
ing the variation in output voltage
for various frequencies with a con-
stant input voltage, the performance
of the r.i. stage is determined. This
test will give the characteristics of
the antenna transformer. The circuit
and the constants for the dummy an-
tenna are given in Figure 1. A circuit
diagram of a typical tuned radio fre-
quency receiver is shown in Figure 2.
The dummy antenna can be made up
of ordinary resistances and mica con-
densers. Constants for the coil are as
follows:
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28 turns of #28 enamelled copper
wire wound on a one-inch diameter
tube, the winding being spread to
cover one half inch of space. The
dummy antenna should be mounted
in a metal can for shielding. The coil
should be placed so that no part of
the winding is less than the diameter
of the coil from the can.

After the antenna stage has been
checked and is found to be satisfac-
tory, the following stages can be
checked individually by connecting the
signal generator to the grid of the
preceding tubes after the grid cap is
removed. For these checks the
dummy antenna is not required and
is removed from the circuit. When
each stage has been tested, the over-
all radio frequency characteristic can
be found by feeding a signal through
the dummy antenna into the antenna
terminals of the receiver and measur-
ing the output voitage across the out-
put windings of the diode transformer.
At the high frequency end of the spec-
trum the capacity of the VTVM may
seriously detune the circuit. The
trimmer condenser of the triode cir-
cuit can be adjusted to compensate
for the capacity of the VTVM while
it is connected to the circuit. The
output of the radio frequency portion
of the receiver can be determined also
by measuring the diode current but
since this current is of the order of
100 microamperes or less and the
smallest meter usually available in the
average service shop is 1 milliampere
full scale, this is not always feasible.
Connecting the VTVM across the di-
ode load resistance will give the d.c.

voltage drop produced by the rectified
r.f. signal voltage.

If the gain of any stage is found to
be low the cause can be traced by first
checking the r.f. voltage across the by-
pass condensers. The r.f. voltage
across an open bypass condenser will
be found to be equal to the total volt-
age of the circuit. Condensers that
have intermittent opens or partial
opens such as connection to only a
few turns instead of all turns will
show up as having an appreciable r.f.
voltage across them. Thus the con-
densers can bz checksd without v
moving these condensers from the cir-
cuit. The interstage coupling trans-
former can be checked for perform-
ance—good or poor—by connecting
the signal generator to the grid of the
preceding tube and connecting the
VTVM to the secondary of the trans-

-

former. As the signal generator is
very slowly tuned through the reson-
ant frequency of the transformer and
its condenser, the VTVM should rise
rapidly to a maximum value and sud-
denly drop. The readings of the
VTVM when plotted against fre-
quency will give a curve similar to @
in Figure 3. If the transformer has
high losses or a low Q the curve will
appear similar to b. Of course the
efficiency of the circuit depends upon
the characteristics of the variable con-
denser but poor variable conden-
sers are rarely found and when
found their faults are apparent physic-
ally, such as dust between plates or
corroded connections or contacts.

Regeneration in tuned radio fre-
quency circuits increases the sharp-
ness of the resonance curves and if
selectivity is wanted a small amount
of feedback is used. An excessive
amount of feedback will cause self-
sustained oscillations. This can be de-
tected by measuring the voltage drop
across the a.v.c. decoupling resistor as
this resistor is the only path for the
d.c. grid currént produced by the self-
sustained oscillations.

The stability of any amplifier can be
checked by connecting the VTVM to
the output of the amplifier. The input
voltage should be reduced to zero and
the output voltage noted. The am-
plifier should have all its proper volt-
ages applied. If the amplifier is stable
and non-oscillating, the voltage read
by the VTVM should be zero with no
input signal and should increase with
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the input voltage. When the amplifier
is unstable, the output voltage with
zero input voltage may be zero but
when a small input signal is applied
the output voltage will jump to its
maximum value.

The cause of excessive feedback or
regeneration is quite difficult to deter-
mine experimentally. Regeneration is
produced by coupling between the grid
and plate circuit of one tube or even
between the grid of any tube to the
plate of any other succeeding tube. A
common impedance in the plate sup-
ply is usually a reason for regenera-
tion. This can be determined by meas-
uring r.f. voltages between points sus-
pected of acting as common imped-
ances, such as plate supply units drop-
ping resistors or potentiometers.
These measurements must be made
while the voltages and signal are ap-
plied to the system under considera-
tion. The r.f. voltage between these
points indicates a high impedance
which is a source of feedback.

The second detector or demodulator
can be checked with the VTVM by
measuring the ratio of the rectified
voltage appearing across the diode
load to the r.f. voltage applied, as
measured from diodes to cathode. The
diode current should be directly pro-
portional to the r.f. carrier voltage
and any deviation from this propor-
tion as the r.f. input voltage is varied
both in magnitude and frequency indi-
cates improper operation. The capa-
cities and resistances can then be
checked for incorrect values. One
cause of distortion in receivers using
diode detectors is improper filtering
of the r.f. from the grid of the triode
or pentode amplifier following the di-
odes. This distortion is most apparent
when the volume control is set at low
values. The second detector circuits
can be checked for r.f. voltages by

using the VTVM with a small coup-
ling condenser of .0001 mfd. in series
with the grid lead of the VTVM. No
r.f. voltages should be present at the

" points x and y in the diagram of the

r.f. receiver shown in Figure 2. If r.f.
voltages are found, increased filtering
and shielding are necessary to elimi-
nate the rf. from the circuit. The
preceding tests should be carried out
with an unmodulated signal.

The tests described above apply to
superheterodyne receivers as well as
to tuned radio frequency. The VTVM
can be used in the if. section to check
gain of if. amplifier stages and the
efficacy of the if. filters. The oscilla-
tor of the superheterodyne receiver
can be checked for output voltage and
dead spots by connecting the VTVM
to the plate circuit of the oscillator
through a .0001 mfd. mica condenser.

The voltage output of the oscillator
is noted while the oscillator condenser
is tuned over operating range. A
slight variation of voltage will be ap-
parent but no great variation should
exist. The voltage will fall off at the
low frequency end of each band but
at no time should the voltage drop
to or nearly zero. If the voltage over
any one band is much lower than the
average over the other bands, the coils
used for that band should be in-
spected for insufficient coupling or
defective padder condensers.

The component parts of a receiver

can be checked by using the signal
generator and VTVM as a Q meter.
For this purpose a variable condenser
and several coils having a high Q.
The signal generator and VTVM are
connected as shown in Figure 4. The
quantity Q is a factor of merit for any
coil or condenser. It is defined as the
ratio of the coil or condenser voltage
in a tuned resonant circuit to the in-
duced voltage in the circuit.
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In the circuit of Figure 4 the ratio
of the voltage of the coil or condenser
to the voltage across the .5 ohm re-
sistance is equal to the Q of the unit
being tested, unless the resistance of
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the unit is very much larger than the
reactance of the coil or condenser. If
a thermo milliammeter is not avail-
able the VTVM can bs used by meas-
uring the voltage drop across a shunt
of 10 ohms which is in series with the
line. The .5 ohm resistance should be
non-inductive and can be made of a
straight piece of wire several inches
long, the length depending on the
diameter and material. This wire can
be wound on a thin bakelite or mica
card one-half inch wide and about two
inches long.
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When using this Q meter for the
checking of coils, the frequency of the
signal generator is adjusted so that
the coil to be tested will resonate with
the calibrated variable condenser C.
The output of the signal generator is
adjusted so that the VTVM has a
readable deflection. The input current
or voltage is read and the voltage
across the .5 ohm resistor is calcu-
lated. The ratio of the VTVM to the
voltage across the .5 ohm resistor is
Q of the coil. The inductance of the
coil can be found from the capacity
of the condenser C and the frequency
of the applied voltage. A more de-
tailed explanation of these measure-
ments and calculations will be found
in the July 1938 issue of the Aerovox
Research Worker.

Another use of the VTVM which is
a great convenience is its use with a
search coil for the determinations of
field strength and patterns. When
used with a loop antenna, tuned or
untuned, it can be used to locate the
origin of interference signals. If the
VTVM is connected to the high side
of an audio transformer the best loca-
tion for minimizing hum pickup can
be found quickly.




