
TYPE PMS-8 MI..
US Volts Surge eel.

THEIR FEATURES

 Most corn,ct units yet offered.
Sturdily constructed - embodying
specialized condenser engineering
sill, not skimping. accounts for min-
imum bulk.

 Section enclosed in two wax -impreg-
nated cardboard boxes. Positively
dry, free from leakage or seepage or
corrosisom

 Will operate efficiently over wide
ranges in temperature.

 LONG and ECONOMICAL service
life. You install them and forget
them.

Smallest in Sizu
Yet

Largest in UTILITY

EROS
ULTRA CC6APACT

H1 -FARAD ELECTROLYTIC
CONDENSERS

DESIGNED to take care of widest range of servicing and experimental
requirements at lowest cost consistent with genuine quality.

Hi -Farad Ultra -Compact Electrolytic Condensers are available in five
standard capacities. Used singly or together to meet usual needs in all
small sire sets where space is limited to a minimum.
Months have been spent in research and development. Minimum bulk
has been obtained through engineering skill alone. Thousands of experi-
mental units have been built and tested. The final design is now in
production.
Order an assortment today from your local Aerovox jobber. Be prepared
for that rising tide of radio repairs or your experimental needs.

Type P45425 ;As Surge450,tNkn9
Type Pv6v100 Volts Surge P e a k-

Cap.

Mfds.

B-8

Size -Ins. List Prices

D.W.L. PM5 PBS

r,:gir; 1.65
1Na.15N 0/s s,1/4 .75 1.15

.90 1.30

.95 1.35

1.16111..2% 1,0
1 1 1.30x1/20

1.50

Sold by All Leading Radio Jobbers and
Dealers Everywhere.

Send for Catalog of Aerovox products. And ask your jobber
no show you the new Aerovox Type EMS Ultra -Compact units.

BEWARE OF SUBSTITUTES FOR
AEROVOX PRODUCTS!

Look for the

ispeLoz.
Guarantee Slip

All genuine, guaranteed
Aerovox products bear the
standard Aerovox golden-
rod yellow and black label
and are packed in boxes of
the same color scheme.
Each unit is packed with an
Aerovox guarantee slip

ruing

the purchaser of re-
cei a perfect factory
inspecMd product.

NV. AEROVOX CORPORATION

WE 000. PAYE

70 WASHINGTON STREET, BROOKLYN, N. Y.

Soles Offices in All Principal Cities

Radio Editors of
magazines and news-
papers are hereby
given permission to
reprint in whole or
in part, with proper
credit to the Aerovox
Cot poration,thecon-
tents of this issue of
the Aerovox Research

Worker.

The Aerovox Re-
search Worker is a

monthly house organ
of the Aerovox Cor-
poration. It is pub-
lished to bring to

the Radio Experi-
menter and Engineer
authoritative, first
hand information on
condensers and resis-
tances for radio work,
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Electrolytic Condensers for
Condenser -Start Type Motors

By the Engineering Department, Aerovox Corporation

DURING the past three years,
there has come into general
a type of electrolytic con -

denser designed for intermittent
use on alternating current. Many
thousands of these condensers
have been used by motor manu-
facturers to improve the starting
characteristics of small A.C.
motors. The use of these con-
densers has become so popular
that it has appeared to be worth
while devoting this issue of the
Research Worker to the discus-
sion of them. Before specific-
ally describing these condensers
designed for intermittent alternat-
ing current duty it will be worth
while first to review briefly the
ordinary type of electrolytic con-
denser designed for direct current,
so that the difference between
such condensers and alternating
types of electrolytic condensers
will be clear.

The ordinary electrolytic con-
denser generally used in radio re-
ceivers for filtering and by-pass
purposes is designed for use on
pulsating d.c. currents. These
types of electrolytic condensers
are made using two aluminum
foils only one of which has a very
thin oxide film formed electro-
chemically on its surface.. To
properly use such a condenser it
is necessary that the positive volt-

age from the circuit be connected
to the formed plate or foil, in
order to maintain this formation.
If the positive side of the circuit is
connected to the unformed or
negative foil a relatively large
current flows through the con-
denser in the verse direction
and rapidly deforms
foil.

FIG. I

In certain types of radio re-
ceivers, for example those de-
signed for use on 110 volts d.c.
precautions must he taken to pre-
vent damage to the condenser in
the event that the power lead
from the receiver is connected
wrongly into the light socket. To
prevent damage to the condenser
under such conditions it is cus-
tomary to use not one formed
plate but to form both of the
plates. When the power lead is
properly plugged into the light
socket and positive voltage is ap-
plied to the positive terminal of
the condenser, the condenser
functions like an ordinary unit.

However, if the voltage is re-
versed, then the film on what
would normally be the unformed
negative foil acts to limit the leak-
age current. By limiting the leak-
age current excess heating of the
condenser which would irrepair-
ably damage it is prevented.

Condensers which are made us-
ing two formed foils are fre-
quently referred to as double
formed condensers since both
plates instead of ' one plate are
formed. Condensers for inter-
mittent a.c. use are also this type,
and the purpose of the double
formation is to permit either plate
to become positive and yet hold
the leakage current to a low value
at all times.

Condensers in which both plates
are formed may be subjected to
alternating current for short
periods of time without damage
to the condenser. If, on the other
hand, the condenser is allowed to
remain across, say 110 volts a.c.
for a period of hours then the
heating, due to the current, finally
causes the condenser to become
so hot as to ruin it.

The most general use of electro-
lytic condensers designed for in-
termittent a.c. duty is in connec-
tion with the starting of "split -
phase" or "condenser -start" type
of motors. For this reason this
type of electrolytic condenser is
called a "starting condenser." The
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condenser -start type motor is not
a new development but its gen-
eral commercial adoption was eco-
nomically not practical up to
about three years ago, due to the
lack of suitable low cost starting
condensers. The development of
electrolytic starting condensers
pioneered in 1932 by Aerovox
Corporation made the condenser
start motor an economically prac-
tical one to build. Today, such
motors are very generally used
with household refrigerators, oil
burners, washing machines, and
other devices requiring fractional
horse power motors where the
starting service requirements are
such as to permit the use of elec-
trolytic starting condensers.

The circuit of the motor gen-
erally used with electrolytic start-
ing condensers is shown in Fig.
1. The motor contains two wind-
ings, one the main winding M, and
the other the starting winding S.
Connected in series with the
starter winding across the line is
the starting condenser C and a
switch SW. The switch is of an
automatic type which automatic-
ally opens and disconnects the
condenser after the motor reaches
nearly running speed. In some
cases the switch is of the electro-
magnetic type, and in other cases
it is of the centrifugal type, but
in either case it is the function
of the switch to maintain the
starting circuit closed until the
motor reaches a sufficiently high
speed to continue to run and carry
the load as an ordinary single
phase motor.

The effect of the condenser in
the starting circuit is to shift the
phase of the current in the start-
ing circuit so that for all practical
purposes the motor starts as a
two phase motor with the starting
torque and power factor charac-
teristics of such motors. When
the motor reaches full or nearly
full speed the starting circuit is
automatically disconnected and
the motor continues to operate as
a single phase motor.

As mentioned above condenser -
start type motors are frequently
referred to as split -phase motors,
since the effect of the condenser
is to take the single phase current
and to split it into two currents
90 degrees apart. If the current

in the running main phase is I,
and the current in the starting
phase is IQ then the phase relation
of these two currents and the line
voltage at the moment power is
thrown on the motor is as shown
in Fig. 2. The phase angles of the
two currents are of course merely
representative of the general re-
lation existing between these two
currents and the voltage.

PIG 2

The importan point to be noted
is that in the case of the condenser
start type motor as shown in Fig.
2 the two currents are essentially
90 degrees out of phase with each
other and this
the motor the starting character-
istics of a two phase motor.

Since the condenser is in the
circuit only during the starting
period which is usually a couple
of seconds it is customary to rate
electrolytic starting condensers
in terms of the number of starts
per hour. Accordingly starting
condensers are normally rated for
service where the number of

excestarts per hour does not ed
twenty and each start has a dura-
tion of not more than three
seconds. Under such conditions
of service electrolytic starting
condensers have been found to
perform extremely satisfactorily
on tests equivalent to many mil-
lions of start -stops of a motor.

Electrolytic starting conden-
sers can be tested by connecting
them directly across an a.c. line
and measuring the current; this
will determine the capacity of the
condenser. If the frequency of
the supply is sixty cycles the cur-
rent will be equal to

.377 CE
1000

where C is the capacity in micro -
farads and E is the voltage.

By transposition, the capacity
Page 2

in microfarads is therefore equal
to

C

1307070 CI

If the power factor of the con-
denser is also to be measured it is
necessary to connect to the cir-
cuit a watt meter to read the
wattage loss. Since the currents
involved are usually in the order
of 6 amperes and the power factor
is in the order of five percent,
the watt meter must be able to
read in the order of 25 or 50 watts.
Of course, the watt meter must
also be able to handle without
excess heating about 6 amperes
of current.

Some users of these condensers
rate them in terms of a current
they pass, and the accompanying
chart shows the relation between
the current and the capacity of
the condenser. Therefore, if a con-
denser is required which will pass
say 5 amperes at 110 volts, the
capacity can be determined from
this chart and will be found to be
121 microfarads for this particu-
lar case.

The chart given on Page 3
shows graphically the relation be-
tween the capacity, the wattage
loss corresponding to 10% power
factor, and the current in am-
peres. The several curves indicate
these various values at 100 volts,
110 volts, 150 volts and 220 volts
60 cycles. The curves are plotted
on a basis of 10% power factor
since this is the minimum guar-
anteed power factor, although, in
general, a starting condenser will
have a power factor in the order
of 5%. Obviously if a testing cir-
cuit is set up and the wattage of
the condenser is say 25, and the
wattage for 10% power factor is
50 then the condenser has
power factor of of 10% of 5%.
In other words, it is simply neces-
sary to determine the 10% watt-
age from the curve, and the actual
wattage, and then the actual
power factor bears the same rela-
tion to 10% as does the actual
wattage to the wattage read from
the curve.

This chart also indicates the
essential circuit diagram for such
a test set up. As indicated, the
required units are a tapped trans-
former, ammeter, wattmeter and
voltmeter.
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