
when the discharge through the
voltmeter is a minimum. This dis-
charge can be held to a minimum
by the use of a large capacity and
a very high resistance voltmeter.
The amount by which the voltage
will fall during the discharge period
is equal to

IT

C
where I is essentially constant and
can be considered to be equal to
the voltmeter reading divided by
its resistance, T is the rime of
discharge and is almost a complete
cycle or 11120 of a second and C is
the capacity in farads. By making
I very small (i.e., using a very high
resistance voltmeter) and C, very
large the discharge can be held to
a matter of but a couple of volts,
which is negligible since we are
usually measuring peak voltages in
the order of 400 or 500 volts. If
necessary the voltage measured
might be corrected by the use of the
above equation. This type of peak
reading voltmeter has been checked
against measurements by the cath-
ode ray tube and by the slide
back voltmeter and has been found
quite accurate.

Complete Bound Volumes
and Binders for

The Research Worker
To those of our readers who are

interested in obtaining previous
issues of The Aerovox Research
Worker, we have available a special
loose-leaf binder containing all back
numbers which in this way can be
preserved for convenient reference
pin -poses.

We have at present a limited
quantity of complete issues con-
sisting of thirty-two numbers of
the Research Worker, from April
1928 to June 1931 contained in a
handsome two -toned gold stamped
morocco finished binder which are
available for $2.50 per copy.

In the event only certain issues
are required to complete a file, back
numbers can be procured for ten
cents per copy. Binders separately,
$1.00 each.

A number of measurements of
peak voltages under various con-
ditions have been made using a
voltmeter of this type. In this
instance the rectifier was a type
281 tube, the condenser C had a
capacity of 4 mfd. and a 1000 volt

rating and the voltmeter consisted
of a 2 meghom wire wound resist-
ance in series with a 500 micro-
ampere meter, giving an instrument
which would read peaks up to
1000 volts.

The curves of Fig. 4 gives the
results of these measurements and
indicate the peak and d.c. voltages
impressed across the first filter
condenser with various transformer
voltages and with condenser ca-
pacities of either 4 or 8 mfds. The
circuit of the filter used in making
these measurements is given in
diagram, Fig. 5.

Aerovox Pa tent Granted
on Electrolyte Used in
Hi -Farad Condensers

The Aerovox Wireless Cor-
poration takes pleasure in an-
nouncing that d has been
granted Patent No. 1,815,768,
dated July 21. 1931 covering the
special electrolyte employed in
the manufacture of Hi -Farad
Dm Electrolytic Condensers.

Hi -Farad Dm Electrolytic
Condensers are manufactured in
accordance with both this new
pate. and Pate. No. 1,789,949
ielch covers the mechanical and
electrical construction of these
unim, as well as other patents
which are pending.

The featurm of Aerovox Hi -
Farad Condensers are thorough-
ly protected by all claims
allowed in the forementioned
patents.

While actual measurement of
peak voltage is always desirable
the curves of Fig. 4 will enable the
engineer and experimenter to de-
termine quite accurately what peak
voltages will be encountered using
a particular size of filter condenser
and any particular transformer
voltage. While the curves only
indicate the values for transformer
voltages of 350 to 450 volts per
anode, peak voltages obtained with
transformer voltages between these
values given in the curves can be
obtained by simple proportion.

The number of requests to our
engineering department for in-
formation on the peak voltages
obtained under various conditions
make us feel that these curves and
the above suggestions on methods
of measuring peak voltages would
prove valuable to engineers. If the
condensers M a radio receiver are
to give satisfactory performance it
is absolutely essential that they be
subjected to peak voltages not in
excess of their rating and it is of
course desirable that the receiver
be designed so that the peak
voltages are normally somewhat
lower than the peak rating of the
condenser.

Aerovox Condensers for
The Stenode Receiver

Another indication of the ex-
tensive popularity and dependable
merit of Aerovox products is evi-
denced by the fact that Aerovox
condensers are recommended for
use in the Stenode receiver. Hi -
Farad DRY Electrolytic Con-
densers used in the filter circuit of
the power unit of this set provide
maximum filtering efficiency, safe
and stable operation at low cost.
Aerovox non inductive bypass and
filter condensers give effective and
dependable operation throughout
the various circuits of the tunerunit.

Complete data and directions for
building the stenode receiver is
given in two books and nine full
size working diagrams obtainable
at the reduced price of $5.00 from
the Stenode Corporation, Hemp-
stead Gardens, L. I., N. Y.

Complete Catalog of Aerovox Products May Be Had Free on Request to
Aerovox Wireless Corporation, 70 Washington Street, Brooklyn, N. Y.
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A Simple Method of Measuring
Condenser Capacity

By the Engineering Department, Aerovox Wireless Corporation

THE service man and radio ex-
perimenter frequently find it

necessary to measure the capacity
of a fused condenser. For such work
extreme accuracy is not necessary,
but what is required is a method
that is simple, of fair accuracy and
which does not necessitate the use
of many meters.

One of the commonest methods
used to check condenser capacities
is to connect the condenser in
series with an a.c. milliameter
across the 110 volt, 60 cycle line
as shown in Fig. 1. Since the cur-
rent is equal to the line voltage
divided by the reactance of the
condenser, it is possible, if we know
the line voltage and the current,
to calculate the capacity. The
formula usually given when this
method is used is

IX 1000
C

6.28 f E
where C is the capacity in micro -
farads

I is the current in milli-
amperes

f is the frequency of the sup-
ply current (25, 40 or 60
cycles)

E is the line voltage
Since the ordinary a.c. millia-

meter has an effective range over
which readings can accurately be
made of about 5 to 1, it follows
that to make it possible to measure
all sizes of paper condensers which
are ordinarily encountered, a nurn-

ber of meters are required. This is
of course a disadvantage, especially
as a.c. milliammeters do not form
a common part of the usual equip-
ment of the home laboratory or
service shop.

rig. I

Another method used for measur-
ing capacities consists as shown in
Fig. 2 of connecting and a.c.
volmeter in series with the con-
denser under tmt across the wc.
line. The usual procedure when
using this method is first to measure
the line voltage with the voltmeter
alone and then to connect the
voltmeter in series with the co
denser and again note the voltmeter
reading. If the resistance of the
voltmeter is known, its capacity
can then be calculated from the
following formula

C
106

6.28f 12,$) (t)r-.1

where C is the capacity in micro -
farads

f is the frequency
R is the voltmeter resistance
Er is the line voltage
Ev is the voltmeter reading

when it is connected in
series with the condenser.

If this voltmeter method is to be
used it will be found necessary to
use several voltmeters or a low
reading voltmeter with several
multiplying resistances. This is due
to the fact that accurate indications
will only be obtained when the
reactance of the condenser being
tested is reasonably large in com-
parison with the resistance of the
voltmeter. For this reason the
ordinary 150 volt a.c. voltmeter,
such as is commonly used to check
line voltages and which has a total
resistance of about 15,000 ohms,
cannot be used to measure large
fixed condensers since their re-
actance is so small that a negligible
change in voltage is produced when
the condenser is connected in series
with the voltmeter. For example
the Weston Model 476 150 volt
voltmeter when connected across
the a.c. line read 117 volts. This
same voltmeter when connected in
series with a 2 mfd. condenser
across the same line read 116 volts,
a change of only 1 volt. Obviously,
therefore, this voltmeter could not
be used to measure condenser
capacities in the order of 1 or 2
microfarads or larger.

However, by a somewhat differ-
ent method we can make use of
such a voltmeter to measure all
sizes of paper condensers commonly
used in radio receivers. A volt-
meter of this type is usually an
essential part of every service kit.

AEROVOX PRODUCTS ARE BUILT BETTER
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As indicated previously, this
voltmeter cannot be used directly
due to the fact that its high re-
sistance makes it impossible to
obtain accurate indications when
testing condenser capacities of 1

mfd. or more. We can get around
this difficulty by shunting the
meter so as to lower its effective
resistance. When we speak of
shunting the meter, the reader
probably thinks of a resistance
connected across the meter termi-
nals, but for certain reasons a
resistance shunt does not prove
the best type in this case. Since
capacity is being measured it is

0
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much better to shunt the meter
with a condenser. Not only does
this make the unit more or less
"direct reading" but it also sim-
plifies the calculation of the
capacity from the voltmeter read-
ings.

Fig. 3 gives the circuit arrange-
ment which makes it possible to use
the ordinary a.c. voltmeter to
measure condenser capacities from
about 0.1 mfd. up to about 8 mfd.
using just the single voltmeter in
conjunction with a couple of shunt-
ing condensers. Not only does this
unit indicate capacity but it also
gives direct indication of short
circuits and open circuits. The
following units are required for the
construction of this condenser test-
ing instrument.

CI-one type 307 0.5 mfd.
Aerovox condenser

C2-one type 307 2.0 mfd.
Aerovox condenser

Sw-single pole, single throw
switch

V-0-150 a.c. voltmeter
Necessary binding posts, wire,

etc.
It will be worth while to explain

how this unit makes it possible to
measure a wide range of capacity.
In the first place it will be noted
that the smallest capacity con-
nected across the voltmeter is 0.5.
mfd. obtained when the switch is
open. A condenser of this capacity
has a reactance at 60 cycles of
approximately 5000 ohms, whereas
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the voltmeter has a resistance of
approximately 16,000 ohms. Due
to the fact that the currents
through the condenser and the
voltmeter are 90 degrees out of
phase, the impedance of the circuit
differs by but a small value from
the impedance of the condenser
alone. On the other hand if a
resistance shunt were used in place
of a condenser shunt the effective
resistance of the 5000 ohm shunt
in parallel with the 15000 ohm
meter would be about 3700 ohms.
As will be indicated later the use
of a condenser shunt, which results
in a much smaller change in im-
pedance, simplifies the calculation
of condenser capacity.

If two condensers are connected
in series acrs the a.c. line the
voltage divides in direct proportion
to the reactances of the two con-
densers. Since condenser reactance
is inversely proportional to capacity
(the larger capacity the smaller the
reactance) we can also say that
the voltage divides in inverse pro-
portion to the condenser capacities.
For example if one 2 mfd. condenser
and one
nected in series across a 100 -volt
line, then there will be one third
of the total voltage or 33% volts
across the 2 mfd. condenser and
two thirds of the voltage or 66%
volts across the 1 mfd. condenser.
Therefore, the formula of the di-
vision of voltage is

C, Es

Cs 5,
and solving for C2 we have

C,E,
C,=

Es
It can be seen from this formula
that if we know the capacity of one
condenser and the voltages across
the two condensers that we can
calculate very simply the capacity
of the other condenser. We really
don't have to measure the voltage
across both condensers. If we
measure the line voltage and the
voltage across one of the condensers
and subtract these two values we
will obtain the voltage across the
other condenser. As an illustration
in the above example the line
voltage was 100 and the voltage
across the 2 mfd. condenser was
33%. By subtracting these two we
obtain 66% volts which was the
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voltage across the other condenser.
In the circuit of Fig. 3 we have
case of this met. The two con-

densers in series are the condenser
under test and the condenser shunt-
ing the voltmeter. The voltmeter
reads the voltage across the shunt-
ing condenser and by short circuit-
ing the two test terminals we can
read the line voltage. Therefore,
to measure capacity using this
circuit we simply have to connect
the two input terminals to the 110
volt line, short circuit the two test
terminals and read the line voltage,
then connect the condenser to be
measured across the test terminals
and again note the voltage. The
capacity of the unknown capacity
is then equal to

Es X Cs
Cx

EL -Es
where Cx is the capacity of the
condenser being tested

Cs is the capacity of the
condenser shunting the
voltmeter

Ex, is the line voltage
Es is the voltage with the

condenser under test connected to
the test terminals.

With the switch open Cs consists
only of C, and therefore has a
capacity of 0.5 mfd. With the
switch closed C, and Cs are in
parallel and therefore Cs has a
value of 2.5 mfd. With the switch
open the unit can be used to
measure condenser capacities from
0.1 up to about 2.0 mfd. With the
switch closed the range extends
from about 0.5 mfd. to ap-
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proximately 8 mfd. The range from
0.1 to 8 mfd. includes most of the
condenser sixes ordinarily used in
radio receive.. The unit shown
schematically in Fig. 3 and de-
scribed above gives, therefore, a
simple method of measuring con-
denser capacity and requires the
use of only a single meter of a type
commonly found in most labo-
ratories.
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Peak Voltages in Filter Circuits
Part 1

IN the design of filter circuits a
most important consideration is

the peak voltage across the con-
denser connected across the output
of the rectifier. It is this condenser
which is subjected to the highest
direct current voltage and the
highest ripple voltage. The d.c.

TIME

Fig.

voltage added to the peak value of
the ripple voltage gives, as in-
dicated in Fig. 1, the peak voltage
to which the first condenser is
subjec ed. Obviously the first con-
denser must have a voltage rating
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equal to and preferably somewhat
in excess of the peak voltage to
which it will be subjected in normal
operation.

The peak voltages across the first
condenser can be measured in a
number of ways. One of the
simplest is to connect a cathode ray
tube across the first condenser and
by measurement of the deflection
of the electronic stream determine
the peak voltage. While this
method is simple and accurate it
has the disadvantage that cathode
ray tubes are not always available.
A simpler method and one com-
monly used is to connect up a slide
back voltmeter as shown in Fig. 2.
By adjustment of the C bias by
means of a potentiometer the grid
voltage may be ad'usted to that
point which Lust cuts off plate

PEAK AND D.C. VOLTAGES ACROSS
FIRST CONDENSER OF FILTER CIRCUIT

SOLID CURVES ARE PEAK VOLTAGES.
DOTTED CURV S ARE DC. VOLTAGES
CAPACITY OF F RST CONDENSER
INDICATED ON CURVES._

0 40 60 80 400 coo
LOAD CURRENT IN V. A
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current. Then by multiplying the
grid voltage by the mu of the
tube the peak voltage in the plate
circuit can be determined. A pre-
caution in using this method is
that the mu of the tube at the cut-
off point should be determined
since it may somewhat different
than the normal mu of the tube as
measured on a tube bridge.

A third method (described in
detail in the April 1928 issue of the
Research Worker) makes use of a
direct reading peak voltmeter
which directly indicates the peak
voltage across the first condenser.
The circuit of the peak voltmeter
is given in Fig. 3. As will be noted
this direct reading voltmeter makes
use of a rectifier V in conjunction
with a large fixed condenser C and
a d.c. voltmeter E. If the plate of
the rectifier (terminal 1) is con-
nected to the high side of the filter
circuit and terminal 2 to the low
side of the fibre circuit, the voltage
across the filter circuit will cause
a current to flow through the
rectifier. Due, however, to the fact
that the circuit will conduct the
current in only one direction the
condenser finally becomes charged
to the peak value of the voltage
mnriected across the two terminals.
If no voltmeter were connected
across the condenser it would re-
main permanently charged to the
value of the peak voltage, but the
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voltmeter causes a slight discharge
during those portions of the cycle
when the voltage is less than the
peak value. Obviously the meter
will give most accurate indications


