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*For emergency or general repairs, par-
ticularly in crowded assemblies, there
are the NEW GLS metal -can electro-
lyfics. Note this 8 rnfd. 450 v. unit
compared with package of chewing
gum! 250 and 450 v. D.C. working
ratings. 4 0 16 mfd. And inexpensive)

*Also for emergency or general repairs:
the PBS ultra -compact cardboard case
electrolytics. Single, double and triple
sections. 200 and 450 v. D.C. working,
ratings. Wide range of capacities.
Note 450 v. 8 mfd. unit compared with
slide rule. And so very In

NOTHING equals an AEROVOX Exact Duplicate Re-
placement Condenser when it comes to profitable

servicing. For such a unit is precisely matched mechani-
cally and electrically with original equipment. It fits right,
looks right, works right.

So you make money when you use AEROVOX Exact Dupli-
cate Replacements, because (I) no time wasted trying to
make things fit; (2) job is satisfactory to customer; (3) no
danger of breakdowns, return calls and kicks; and (4) the
unit costs less than would a make -shift assortment of stand-
ard condensers. Note:

*Precise matching of mechanical and
electrical characteristics. as well as

mounting and wiring.

* Units identified by set manufac-
turer's own part number, so you are
assured of the correct unit.

*All units incorpOlate well-known
AEROVOX safety factor for com.
plate freedom against breakdown.

*And best of all, these replacement
units usually cost less than a batch
of standard units taped together.

New supplement No. 5625 offers the most
Write for Data complete listing of exact duplicate conden-
sers yet issued. Copy sent on request, together with general catalog
covering other units. Meanwhile, ask your jobber to show you this
I ne.
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VAcuurn-Tute Methods of Measuring
Insulation Resistance of Condensers

By the Engineering Department, Aerovox Corporation

1litif'r :iff c c'edu7rw:yf"cro'f d(le=
ng the Insulation resistance or

leakage off a paper condenser. The
leakage of ' a good condenser is so
small that ordinary milliammeters will
not give a reliable indication. The
methods usually employed by service -

and experimenters are rather in-
definite and move the still in
doubt regarding the true condition of
the condenser under test. In response
to many requests this number of the
Research Worker is devoted to the
accurate measurement of insulation re-
sistance of paper condensers by means
of a vacuum -tube -voltmeter.

Fundamentally the measurement is
very simple. Figure 1 illustrates the
test circuit; the condenser under test,
C across a direct current
source of a convenient high voltage in
series with a resistance, R. After the
condenser is charged, a small current
will still flow which E the leakage
current. The equivalent circuit of Fig-
ure 2 shows the condenser as a con-
denser with a resistance Rf, across it.
It is now required to find the magni-
tude of Re.. This can best be done by

Re
the voltage, drop, e. across

12 the value of R can then be calcu-
lated A the voltage of the battery is
known. How this is done is perhaps
best shown by a numerical example.

Suppose the battery delivers 400
volts and the value of the resistor R
is 1 megohm. After connecting the
condenser in series with R and wait-

ing for the condenser to be charged,
the voltage drop across R is found to
be 1 volt. Since 1 volt out of the 400
is across R the other 399 must be

T
rig. 2

across Rh. In a series circuit the volt-
age drops across two resistors are
proportional to the resistance so RI,
must be 399 megohms. Similarly, A
the voltage across R had been 2 volts,
the insulation resistance would have
been 393/2 f. 199 megohms. A volt-
age drop of .1 volt across R would
mean that the insulation resistance Rs
would be 3999 megohms.

Generalizing the above statements
we cn express the relations in an
equatsaon, as follows:

(E-e) R
RL

In this equation the results will be in
megohms when R is in megohms. E
is the voltage of the battery and e is
the voltage drop across R.

Let us postpone for a while the
problems of getting a satisfactory sen-
sitivity, the discussions of the limts

for the values of R, etc. and concen-
trate on the circuit itself.

Figure 3 shows the simplest circuit
of a vacuum tube voltmeter connected
across R. In this case the vacum
tube voltmeter is used for measuring
a steady voltage and therefore can
work on the straight part of its char-
acteristic and not on a bend. How-
ever, in order to have a larger range
and to save on battery drain the bias
of the tube can be larger than the
regular amplifier bias so long as the
operating point is still on the lower
end of the straight portion.

In Figure 3 the switch SW1 has
been introduced in order to charge the
condenser first. The method of opera-
tion is now to heat the tube and con-
nect the condenser, than to set .the
switch at a. The condenser will now
be charged through the resistor R2.
This resistor has been placed there for
protection of the battery in case the
condenser w shorted. In fact, it
would be bestere to place a meter in
series with 122 making the combina-
tion voltmeter. The value of R2
should be such that together with the
meter it makes a voltmeter with a
maximum range equal to the voltage
of the battery. It is also possible to
use a neon light instead of a meter
and R2. The neon light will first light
up when the condenser is being
charged, thereafter it should go out
altogether. If the lamp remains glow-
ing, the condenser is shorted; if it
flashes intermittently the condenser is
leaky.
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