
 THERE'S lots of loom talk about universal re.
placement condensers. Some manufacturers offer
metal -can and cardboard case electrolytics which, be-
cause of compactness, are claimed to do away with
exact -duplicate replacements.

Now AEROVOX, making universal condensers (above)
and exact -duplicate replacements (right) alike, has no

saxe to grind. If can afford to give you this absolute
ow -down.

Yes, carry universal replacement condensers in stock
-and in your bag, for emergency repairs. But-

If you want to cater to the better class trade, use
exact -duplicate replacements for jobs that must fit
right, look right, work right, and gay right. Nothing
else will do ,just that.

Ask for CATALOG
 Your jobber has the latest AEROVOX listings of

exact -duplicate replacements. Ask for your copy.
Meanwhile. ask to me exaci-duplica, replacementan

for that se} you must repair.

AEROVOX offers the of miscellaneous units
largest selection of es- together. AEROVOX re-
act -duplicate replz,-
men..

Best of all, AEROVOX
AEROVOX exact -duet. exact -duplicates usually

cafes restore any se} to cost no more, and fre-
original e w cont.- guently cost less, than

dence-inspiring status. corresponding collection
of universal units. And

don't forge} the labor,
No makeshift. No patch- fuss and kicks you elirni-
wort. No taping a batch note.

AEROVOX CORPORATION
70 WASHINGTON STREET, BROOKLYN, N. Y.
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Vacuum - Tube Voltmeters
PART 1

By the Engineering Department, Aerovox Corporation

VTVM CIRCUITS

THE vacuum -tube voltmeter is a

meter which has not been used
heretofore to the fullest extent of Its
capabilities. As the meter can be used
so that it done not draw an appreci-
able current or power from the circuit
being measured, the connection of the
VTVM does not disturb the current
and voltage relationship in the circuit.
The VTVM is practically independent
of frequency up to frequencies of the
order of 10 megacycles per second.

Moreover the VTVM can be designed
to read peak, trough or average volt-
age so that the form factor of the
voltage can be readily determined.
The VTVM can be used, with a known
condenser as a shunt, to measure cur-
rent. This feature is especially valu-
able in the low -current high -frequency
circuits where the power taken by a
therms -couple meter will seriously
disturb the circuit.

There are several types of VTVM
circuits available. The choice of circuit
is determined by the parScular meas-
urements to be made. The simplest
VTVM is the type which depends on
plate rectification for its operation.
The circuit of this type of meter is
given in Figure 1. The meter can be
used as an Indicator without calibra-
tion but if the meter is to be used as a
voltmeter it must be calibrated against
another meter. The calibration can be
done using d.c. (Figure OA) whine
gives the average value for a sine
wave. The average value multiplied by
1.5708 gives the effective or R.M.S. of
the voltage measured. This is the
value read on the usual type of Sc
voltmeter. The VTVM can be cali-
brated directly in R.M.S. values by the
use of a.c. A circuit that can be used
for this purpose is given in Figure 2B.
The voltage the terminals of the
VTVM is the ak, voltmeter reading
multiplied by

Fte

This circuit is used because accurate
low -range a.c. voltmeters are usually
not available. The circuits shown in
Figures 2A and 2B can be used for
the calibration of RI VTVMs.

The VTVM shown M Figure 1 is
first adjusted to its zero point which
is some low value of current on the
milliammetcr, such as 0.1 ma., by
variation of the 50,000 ohm resistance
ni the cathode circuit. The VTVM
must always be adjusted to this zero

reading before taking any readings.
The disadvantage of this circuit is that
at the zero adjustment of the VTVM
the current through the milliammeter
M not zero. By means of a bucking
circuit the zero current can be bucked
out of the milliamrneter. Such e circuit
is used in the VTVM circuit of Figure
3. This VTVM has a range of 1.5 volts
R.M.S. for the constants given and
she smallest reading is about 0.2 volts.
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Figure 2

Another form of VTVM which is
similar to the one described above is
a battery -operated meter whose ad-
vantage is that it is not grounded' and
its capacity to ground can be made
very small. The fundamental circuit
is shown in Figure 4. With this cir-
cuit it is necessary to check and ad-
just all voltages to some fixed calm"
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before using the VTVM. The filament
voltage is set to its proper value, after
which the grid bias is adjusted to its
correct value. The plate milliammeter
is set to zero by the adjustment of the
200 ohm potentiometer which is con-
nected across the filament circuit. The
range of this meter depends on plate
voltage and the tube used. High
ranges can be obtained by using
higher plate and grid voltages. The
switches S, and S, which are shown M
the diagram of Figure 4 are ganged
together and can be a double -pole

switch. The switch S,
opens the grid bias battery circuit to
prevent the flow of current through

e grid bias potentiometer when the
meter is not M use.

A VTVM which does not require the
separate adjustments of the one de-
scribed above, is shown in Figure 5.
An advantage of this circuit is that it
can be used with either a d.c. or an

c. power supply. After the initial
adjustment of the resistors, the only
adjustment necessary to compensate
for battery voltage variation, is setting
the milliammeter to zero by the ad-
justment of rheostat R. When an an.
power supply is used the rheostat can
be replaced by a fixed resistance and

a vold, regulator tubs such as a VR
90 or a two -watt neon lamp with the
resistance in the base reved. This
circuit can he adapted for

mo
use with a

6 or 9 volt battery so that a small self -

contained VTVM isvailable. This
form of meter is especaially useful in
radio frequency measurements when it
is not desirable or possible to ground
one side of the line.

All these VTVMs described above,
read the arage value of the applied
a.c. voltage.ve If the voltage wave is
sinusoidal the meter can be calibrated
in E.M.S. values. For the measure-
ment of peak voltages such as occur
across filter condensers or when the
form factor of the voltage wave is
desired, a different type VTVM must
be used. The circuit of Figure 4 can
be adapted for peak voltage measme-
rnents. The meter is used as a slide -
back voltmeter by first adjusting the
plate current to some convenient value
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when the meter is disconnected from
the voltage to be measured. The read -
Mg of the grid bias meter is noted.
The voltage is then applied to termi-
nals of the VTVM and the potentio-
meter is adjusted so that the plate
current is the same as with the VTVM
disconnected from the voltage. The
difference between the readings of two
grid bias voltages is the peak voltage.

A dire readingpeak voltmeter
which is very useful for reading high
voltages is shown in Figure 6. In this
circuit the rectifier patent only the
positive peaks of the applied voltage
to charge the condenser C. After the
first cycle the current through the rec-
tifier is only enough to replace the
charge which has !caked off through
the resistance R. This is the current
which is read by the meter. The de-
flections of the milliammeter arc dir-
ectly proportional to the applied volt.
age and are practically independent o'
frequency over a wide range when

RC Z 100

For reading the peak voltages on filter
condensers used in receiver power
supplies, the constants C = 2 mid. and
R = 1 megohrn, give a satisfactory ar-
rangement. For reading peak voltages
of small magnitudes a d.c. amplifier is
used to increase the sensitivity of the
meter. The circuits of Figure 7 show
two such peak voltmeters. The value
of the capacity C depends on the fre-
quency at which the meter is to he
used. For ,power frequencies a capa-
city of .10 nAd. D usually satisfactory
while at radio frequencies a .001 mfd.
condenser is desirable. A VTVM of
this type with the amplifier preceding
the rectifier is used in the Aerovox
Capacity. and Resistance Bridge. This
VTVM, see Figure 0 has a range of 2
volts and this can be reduced to .5
volt if the 3 rnegohm resistor is
shorted. This VTVM can be used at
power and audio frequencies only be-
cause of the choice of constants.

USES IN SERVICING RADIO
RECEIVERS

Because of its high input impedance
the VTVM gives the exact voltage of
the points measured, and does not af-
fect the RF or IF circuits when con -
fleeted to them. Thus the VTVM

allows measurements of currents and
voltages to be made directly.

The VTVM can be used to measure
the ripple and the peak voltage at
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Note: The numbered circuit components
Allmon in the above diagram refer
only to part numbers of the Aero
vosCaparif y and Resistance Bridge
Model 75.

various poiMa of power supplies and
audio amplifiers. If a VTVM such as
is shown in Figure 1 or Figure 3, with
a .1 mid. condenser in series with the
grid lead, is connected across the filter
condensers of a power supply such as
shown in Figure 9, the meter will read

condenser.
a.c. voltage across each

A d.c. voltmeter connected
to the same points will give the Ac.
voltage. As the wave shape is not
sinusoidal the average value of the an.
voltage across the condensers is not as
important as the R.M.S. values and the

peak
values. The peak voltage can be

shown
by Fans of VTVM such

as Misure 6. The R.M.S.
value cannot be measured by the
VTVM but id value can be closely
approximated by finding the ratio of
the peak to the average value of the
voltage. With the VTVM connected

from the point b to ground, the effect
of the filter capacity on the ripple of
th p suower ply as the capacity is
vare ied can be-de termined. The dyna-

mic regulation of power supply can be
determined by measuring the voltage
appearing across the second filter con-
densr rwuen a constant amplitude sig-
nal is applied to the amplifier hiput.
The magnitude of the voltage meas-
ured is directly proportional to the im-
pedance of the power supply at the
trequency used.

A phase inverter can be checked for
balance of the signal on the grids of
the push-pull stage by connecting the
VTVM from the points A to B and
from the points B to C as shown M
Figure g The voltages read should
be equal and the voltage across the
points A to C should be twice the
voltage A to b or B C. The volt-
age. can be made equal by adjustment
of the slider or potentiometer P. If
the voltage across AC is not twice the
voltage AB or BC, the voltages are
not in phase. The phase shift is usu-
ally very small at low frequencies but
at higher frequencies it may become
quite large. Unequal capacities to
ground will cause both unbalance of
voltage and different phase positions
for the grid voltage, thus introducing
distortion which varies with frequency.
Any unbalance that occurs in the push-
pull stage can be determined by ton-
necting the VTVM across the cathode
bias resistor with its by-pass conden-
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pear from the point B to ground. This
unbalance may be caused by mis-
matched tubes or an unbalanced trans-
former.

The over-all gain, or better, the sig-
nal voltage required to deliver mi-
mum output can be measured by first
determining the power output limit.
The simplest way of doing this is sta
follows: The amplifier is connected as
in Figure 10 with an oscillator and a
calibrated potentiometer. The input to
the amplifier D varied from zffo UP.
The power output of the amplifier is
calculated output

RZ

and plotted against the input voltage.
The rated load of an audio amplifier
can be found by drawing a straight
line from the origin tangent to the
voltage curve. At the point from
which the voltage curve drops away
from the straight line the distortion
begins, the amount being proportional
to the displacement of the curves. The
allowable distortion depends on the
particular use of the amplifier and the
corresponding allowable displacement
of the curve from a straight line and
can be determined Iron these condi-
tions. Figure 11 shows such a curve
for an amplifier whose constants are
given in the diagram. This is a simple
method a approximating the pews -
output of amplifier without the use

CALIBRATED POTENTIOnanTER

Figure

of an expensive distortion meter or

harmonic analyzer. The ratio+ at the

load limit D the sensitivity of the am-
plifier. Pis the power output in watts
and e is the input voltage required to
produce this output. The hunt level in
db below maximum power output is
given by

-10 Ion ,0.±:c.)

Pe is the rated power output of the
amplifier and P, is the power output
with zero power input. Actually the
curve in Figure 11 does not go to zero
input, but the noise level at an input
of .001 volts is much greater than the
outputfor the input voltage. This is
shown by the flattening of the curve
at that point.

If the range of the VTVM is less
than the voltages to be measured a
voltage divider may be used to extend
the range of the voltmeter.
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The next issue of the Research
Worker will discuss the measurement
of IF and RF circuits with the VTVM.
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