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Midget Mica Condensers Fill

Requirements for Compactness
The three new midget mica condensers

illustrated herewith find many applications
for use in apparatue where imits of lower
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Types 1462 and 1463 condensers will
stand a retest volmge of 600 volts d.c.
in capacities up to .003 mid. In ities]
above .003 mfd. and up to .006 mfd.capac they
are ratad at 500 d.c. retest voltage and
250 de. working voltege.

Tree M65 extra small uniu are vil-
able in capacities up to M005 old.. and
are rated at 500 d.c. retest voltage and
250 d.c. working voltage.

ul...m2) Hi -Fa
Aerovox Hi -Farad Condensers

are the very latest development in
the field of electrolytic condensers.
The

sand
eh aDnRYin p mhe nsgm em mannt--

ner as paper condensers. Any of
these units can be mounted in any
position. The accompanying il-
lustrations show both ring and

Complete Bound Volumes of
Research Worker Now

Available
To those of our readers who

are imerested in obtaining back
numbers of The Aerovox Re-
search Worker we have arranged
to furnish a special loose-leaf
binder conmining copies which
in this war can be preserved for
convenient reference purposes.

We have at premiss a limited
number of complete issues con-
sistmg of thirty-one back num-
bers of the Research Worker.
from April 1928 to May 1931.

hich will be furnished in
handsome two -toned gold
stamped morocco finished binder
at the nominal price of $2.50
per u.PY

In the event only certain
issues are required to complete
a film back numbers can be pro -

red at ten cents per me,
Binders mmerately $I.00 each.

Metal Case Condensers
For General Bypass Use

The conderuers illustrated here are ideal
for all by-passing requiremenm in rf. and
a f. circuits. They are hermetically sealed
in stamPed metal containers and adapted
for efficient. and convenient assembly into
any chassis layout.

Type 161

Condensers of this type are available
in a variety of single capacities, and combh
nations with additional terminal lugs
either on the side or top of the containers.

Complete details of capacities. working
voltages. physical dimensions. etc. of the
various condensers of this type are Pieen
in the 1931 Condenser and Resistor
Manual and Catalogue Sent free en re-
quest.

rad DRY Electrolytic Condensers
screw mounting types. The
per microfarad is very low permit-
ting the use of high capacity with
consequentlyimproved filtering and
improved tone quality at lower cost.

They are extremely compact and
light in weight. permitting most
efficient utilization of the limited
space of receiver chassis. Their high

This Book Gives the Latest and Most Complete
Information on Electrolytic Condensers

FREE! pA...ecozookt
contain

ing a wealth. of inn Mo.

=;741' tYP7 d7r otZ:"1",
Jest mad the coupon belo*w

Acne,. Wire.. Co...
70 Washing. Sueet.
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voltage characteristic (500 volts
peak) makes them adaptable for
use in circuits where ordinary
electrolytic condensers cannot be
employed. Their self -healing, surge -

proof features provide high safety
factor and freedom from servicing
troubles. They will withstand high
temperatures without harm and
will not freeze at low temperatures.
The leakage current is very low.

New 40-Pode 1931 Condenser and Resistor Manual and Catalog of Aerovox Products
Free of Charge on Request to

Aerovox Wireless Corporation, 70 Washington Street, Brooklyn, N. Y.
Manufacturers of

The Most Complete Line of Condensers and Resistors in the Radio and Electrical Industries

Radio Editors of nada
Wm and newsmen
are hereby lino per-
mission to reprint in
whole or in partmilh
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Measuring the Power Factor
of Electrolytic Condensers

By the Engineering Department, Aerovox Wireless Corporation

TN the measurement of the power
1 factor and capacity of electrolytic
condensers certain precautions are
necessary. The measurement of the
capacity and power factor of a
paper condenser is readily accom-
plished using an ordinary capacity
bridge. On the bridge we actual-
ly determine the capacity and
equivalent series resistances and
from these values the power factor
can be calculated.

In the case of electrolytic con-
densers we find that the power
factor changes with frequency due
to variations with frequency of the
capacity and equivalent series re-
sistance. Alm the electrolytic con-
denser is designed for use only with
pulsating d.c. and a polarizing vol-
tage is therefore required to main-
tain the proper polarity of voltage
across the condenser. This necessi-
tates that the ordinary capacity
bridge circuit be slightly altered
for the testing of electrolytic con-
densers.

In the first place, since capacity
and power factor vary with fre-
quency, it is necessary that the
condenser be measured at the
frequency at which it is to be
operated; in the case of filter
circuits using full -wave rectification
the sour. of tone for the bridge
must be 120 cycles (assuming the
condenser is to be used in
ceiver designed for operation from
60 cycle supply). This immediately
raises some difficulty. When a

bridge is balanced at 1000 cycles, a
frequency to which the ear is very
sensitive, it is possible to balance
quite accurately though the source
of tone contains a comparatively
large amount of harmonic voltage.
At 120 cycles, however, even a
small amount of harmonic voltage
may have a disastrous effect on the
accuracy of the balance. Experi.
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merits carried on in our laboratory
have indicated that the presence of
harmonics may cause an apparent
balance to be obtained at settings
which give a power factor differing
by as much as 50 per cent from the
true value; this applies, of course,
when balancing is done by means
of telephones. By the use of some
type of indicating instrument in
place of the telephones a more ac-
curate balance can be obtained, but
the presence of harmonics still pre-
vents one from obtaining a really
accurate null indication. The solu-
tion is obvious --a low pass filter
circuit must be used between the
oscillator and the bridge. The filter

can be designed to pass 120 cycles
and suppress all higher frequencies.

To permit the application of a
polarizing voltage to the condenser
while it is being tested in the bridge
various circuit arrangements are
possible. Two of the more generally
used circuits are shown in Figs. 1
and 2. Of the two, the arrangement
of Fig. 1 is probably preferable since
the choke, through which the d.c.
voltage is supplied, is directly
across the bridge and therefore has
no effect on the balance. In the case
of the circuit of Fig. 2 the choke
does not affect the bridge balance
only if the choke has a reactance
very much greater than the con-
denser reactance. In the ease of
Fig. 1 a 30 henry choke is sufficient;
when placed directly across the
condenser as in Fig. 2 an inductance
of 500 to 1000 henries is desirable.

The low pass filter should be de-
signed to have a characteristic
impedance approximately equal to
the impedance of the bridge; in
most cases the bridge impedance
will be in the range from 100 to
500 ohms and the filter can there-
fore be designed to work into about
200 ohms. The proper values of
inductance and capacity for use in
the filter can be found as follows:

Of.1z59

L - 9,3182

where Z is the impedance into and
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out of which the filter must work
(for this work about 200 ohms is
a good value.

f is the cut-off frequency in
cycles per second

C is the capacity in farads at
each end of the filter

L is the inductance of the
choke in henries

When the bridge has been bal-
anced the capacity and equivalent
series resistance of the condenser
under test can be determined from
the usual Wheatstone bridge for-
mulas. A formula for power factor
can be determined by considering
the phase relations as shown in

D C LEAKAGE CDDRECCT-

Fig. 2

Fig. 3. The power factor is the in -
phase component of the voltage
divided by the total voltage.

Er = IR

- Et - I R'+ CL)
therefore

fzIa's7cs
IR

R

(Rufc)' +1
N (cc)'

Rae

',./(Rne)' +1
This formula is true under all

conditions. Where the power factor
is very low this formula can be
simplified by remembering that, for
small angles, the sines of 0 are
practically the same as the tan-
gents of 0. Therefore for low power
factors we can say:

Power factor -12E0c
This formula is satisfactory for de-
termining power factors up to
about 10 per cent; for larger power

factors the accurate 'formula, equa-
tion (5), should be used. In all
these formulas R is the equivalent
series resistance, C is the capacity
in farads and to is 6.28 times the
frequency.

EQUIVALENT

Fig 3

A number of circuits have also
been suggested for the rapid check-
ing of the capacity of an electrolytic
condenser. One of the commonest
is shown in Fig. 4. The condenser
under test is connected in series
with a fixed paper condenser across
the secondary of a step down trans-

former; po arising voltage is ap-
plied as shown. The fixed paper
condenser serves to prevent short
circuiting the d.c. voltage through
the secondary of the transformer.
The readings of the a.c. milli -
ammeter can be plotted in terms
of the capacity of the condenser
under test (provided the a.c. vol-
tage is kept constant) and the d.c.
leakage current can be read on the
d.c. milliammeter. The impedance
of the circuit in terms of the two
capacities and the power factor of
the electrolytic condenser is

s e
N cs c, )

so that the meter readings are really
a function of both the capacity and
resistance of the condenser under
test. But since the total impedance
varies but slightly with power
factor this circuit does afford a
reasonably accurate check on ca-
pacity and an accurate check on
d.c. leakage. It is of course intended
primarily for production testing of
many condensers.

A Simple Dynatron
Oscillator

Whether one has a small or large
radio laboratory, there is always
need of a radio frequency oscillator
for use in making various tests on
radio circuits and receivers. Such
oscillators are of course an essential
part of a service man's equipment.
Most nf. oscillators use an ordinary
three element tube in connection
with some type of feedback circuit
to make the tube oscillate. While
such oscillators are quite satis-
factory the frequency generated is
somewhat critical with respect to
plate voltage which sometimes
makes it difficult to calibrate the
oscillator and have it hold its
calibration. An r.f. oscillator some-
what simpler in general construc-
tion and which will maintain its
calibration quite accurately can be
built using the dynatron circuit.
The dynatron oscillator uses
screen grid tube operated at such
voltages that oscillations are pro-
duced if a timed circuit is con-
nected in series with the plate.
Whereas, oscillators using three
element tubes require coils in both
the plate and grid circuits to make
them oscillate, the dynatron re-
quires only a single coil, which, of

course, simplifies the circuit and
also makes it easier to use a plug-in
coil arrangement.

The circuit of Fig. 1 shows a
dynatron oscillator arranged to
operate directly from the 110 volt
line; the voltage may be either nc.
or d.c. In the case of d.c. voltages
the polarity must be as indicated
on the diagram. The necessary
potentials for the filament, screen
grid and plate (it will be noted in
this circuit that the control grid
is tied directly to the filament) are
obtained by means of four resistors
connected in series across the 110
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volt line. Resistance R4 serves to
reduce the voltage to about 60 volts
for application to the screen grid.
R3 further reduces the voltage for
the plate circuit. The remaining
two resistors function to apply to
about 3.3 volts to the filament of
the tube. It is of course necessary
that the screen and plate circuits
be bypassed to the filament and
this is done by condensers C2 and
C3. The following parts can be
used in the construction of the
oscillator.

R1-Aerovox type 992
1000 -ohm resistor

R2-Aerovox type 992
150 -ohm resistor

R3--Aerovox type 992
300 -ohm resistor

R4-Aerovox type 992
50 -ohm resistor

C2 8s C3-Aerovox type 207
1-mfd. bypass condenser

If the oscillator is to cover the
broadcast band then L and Cl can
be any ordinary coil and condenser
designed for use in a broadcast
receiver. An old radio frequency
transformer can be used with the
primary removed.

When the oscillator is to be used
for working on superheterodyne
receivers, L can be replaced by a
honeycomb coil that will tune to
the desired frequency with the con-
denser Cl. The oscillator can even
be used to generate audio fre-
quencies by connecting the primary
of an audio transformer in the plate
circuit of the tube.

By arranging the oscillator to
use plug-in coils it will therefore
be possible to cover any desired
frequency range simply and quick-
ly. If good coils are used the
frequency generated by the os-
cillator will be found to be unusually
stable.

The experimenter may find it
necessary to try several tubes in
the circuit in order to obtain one
that will oscillate properly. Wheth-
er or not the tube oscillates will
depend upon the value of the
negative resistance and some screen
grid tubes will be found to have
a higher negative resistance than
others and therefore prove to be
poorer oscillators in the dynatron
circuit.

Further Data on the
Pentode and a Correction
Last month we gave some in-

formation on the problems of ob-
taining bias from pentode tubes,
showing that due to the high sen-
sitivity of the tube it is usually
desirable that the bias be obtained
from a drop across a resistor or
choke in the filter circuit rather
than from a resistor connected in
the center tap to the filament. We
also indicated that it is usually
desirable that the loud speaker
coupling transformer have an im-
pedance ratio (impedance ratio is
equal to the square of the turns
ratio) such that the loud speaker
looks like about 6000 or 8000 ohms
at a frequency slightly above that
at which the loud speaker resonates.

In determining the resonant
period, the loud speaker should be
mounted in the baffle or cabinet
with which it will finally be used.
If the loud speaker is then supplied
with constant voltage at various
frequencies and the voltage across
the moving coil is measured, a curve
similar in shape to that shown in
Fig. 1 will be obtained. The rise at
the low frequency end is the

resonant point to which we have
reference, and the x on the curve
indicates the frequency at which
the impedance should be de-
termined and this value of im-
pedance should be used in calculat-
ing the ratio of the coupling
transformer. The curve will vary
depending upon the size and shape
of the baffle and it is for this
reason that these measurements
must be made with the speaker
mounted in its baffle. The voltage
across the moving coil can of course
be measured by means of a vacuum
tube voltmeter. Actual voltage
measurements are not essential
however, since the same results will
be obtained by plotting frequency

against the readings of the meter
in the vacuum tube voltmeter
circuit; due to the square law
characteristic of the voltmeter, the
resonant peak will be unduly em-
phasized, but since it is only
necessary to determine the point
"x" this is no disadvantage.

In the use of the pentode there
is another point which should be
given attention, i.e., the actual

potentials on the plate and high
voltage screen under operating
conditions. If both elements are
supplied from the same point on
the B supply system the plate
potential will be somewhat lower
than the screen potential due to
the IR drop in the primary of the
loud speaker coupling transformer.
However, in a well designed trans-
former, the voltage drop in the
primary circuit is not large enough
to have an appreciable effect on
the power output, and therefore it
will not be necessary to make any
compensations in order to main-
taffi the same voltage on the screen
as on the plate.

Where the impedance is high in
circuits employing a B supply from
other than a battery source, a high
capacity condenser of the proper
value should be connected between
the screen grid and filament, as it
is desirable to keep the impedance
as low as possible.

In Fig. 2 we give a diagram of
the elements within the pentode,
since the diagram shown in last
month's (May) issue was incorrect.
The high voltage screen is actually
between the control grid and the
suppressor grid instead of between
the filament and the control grid.
The element referred to as the
"cathode grid" is more popularly
termed the "suppressor grid."
The change in the arrangement of
the elements, however, does not
invalidate the technical data given
in the text of last month's article.
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