
Sturdy units (Types 1456.56.57.1 especially
designed for transmitting circuits and
heavy-duty work.

Flat fop and bottom permit perfect stack-
ing for compact assemblies or condenser
banks. Insulated mounting holes and ter-
minals. For any combination or individual
wiring: series or parallel connections

Special terminals permit soldered connec-
tions without harmful heat transfer toe n.
cased sections. Genuine bakellta, neatly
molded. Voltages plainly stamped. Law-
less characteristics. 1000, 2500 and 5000
volts O. C. Widest range of capacities.

MICA
CONDENSERS

N0 matter what your requirements ... whether for
receiving or transmitting circuit . . . there is an

AEROVOX Mica Condenser especially designed fo rthe par-
ticular job. Because, with a dozen or more types to choose
from ... with the widest ranges of capacities and voltages
... with many styles of mountings ... you can enjoy pre-
cisely whet you need most.

to.

In mica as well as other types of condensers, AEROVOX
has led the way. Indeed, while other manufacturers were
still turning out uncased clamped units with mice end tinfoil
sections barely covered by a wax dip, AEROVOX was al-
ready producing bakelite molded units thoroughly protected
against moisture, mechanical damage and changing char-
acteristics. Today AEROVOX mica condensers reflect a
dozen years or more of research, development and prac-
tical field experience for their quality, and a mass -produc-
tion schedule second to none for their low price.

NEW CATALOG: 1435 Edition lust Issued. Covers complete AERO.
VOX Line of Condense, and Resisters. Meanwhile, me your local
supply house about AEROVOX products . . . in the familiar yel-
low and black cartons . . . with the guarantee slip for your
protection. They cost less for more value.
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Condenser Leakage and Its Effects
By the Engineering Department, Aerovox Corporation

SERVICEMEN, engineers and ex-
perlmenters are generally sup-

plied with instruments which will tell
them whether a condenser is shorted
or open and what the capacity is. Yet
this tells not enough and there is a
trend towards more complicated con-
denser testers which will give an in-
dication of insulation resistance or
leakage. Assuming that such an M-
artini -tent were available, where shall
we set our minimum of insulation re-
sistance - in other words, how much
shall we let it /eels?

Some people have set a limit with
the result that servicemen have found
that certain condensers which should
be unsatisfactory according to this
rule, are still performing their duty

- perfectly. --Also,- there are condensers
which test o.k. and yet do not give
satisfactory service. As a matter of
fact, a single practical limit cannot
be given, since it will vary with the
service the condenser has to perform.
There are condensers which have to
satisfy very rigid requirements in re-
gard to leakage and there are others
which may have some leakage with-
out causing any harm. It all depends
on where these condensers are to be
used. It is the purpose of this article
to point out the reason for this
strange fact and to calculate the ef-

fect of a given insulation resistance
on the performance of condensers
used in various circuits of a radio re -

First it is necessary to remember
that a "perfect" condenser of the
tubular (paper dielectric) type may
have an insulation resistance of 15000
megohms. When the outside carton is
damp, this may doormen to 1000

F

megohms. If the leagage of a con-
denser is very bad, the insulation
resistance may fall to 100 megohms.
It will be shown that so low a resist -

will be fatal for certain uses of a
condenser, but for others it is quite
unimportant

That the leakage has very little to
do with bypassing efficiency has al-
ready been shown in the Research
Worker for October 1934 but we shall

return to this later. First this dis-
cussion shall be restricted to d.c.
phenomena caused by leakage.

CRITICAL LOCATIONS OF
A CONDENSER

Blocking condensers are used in re-
sistance coupled amplifier circuits in
order to prevent the high voltage
from reaching the grid of the next
amplifier tube. This is illustrated in
Fig. 1, where a voltage amplifier tube
is resistance coupled to a power pen,
ode. C, is the condenser in question.
Suppose that the current drawn by the
voltage amplifier tube is .2 ma, then
the voltage drop in the load resistance
and the filter resistance will be

300,000 a .0002 = 60 volts

The voltage at the point A is then
300 -60 = 240 volts with respect to
the chassis. When C, has some leak-
age, it can be considered as another
resistor for purposes of d.c. calcula-
tions. The remaining 240 volts will
now divide across the condenser and
the gridleak in direct proportion to
their resistance. In general, the leak-
age current will be small in compari-
on to the current drawn by the vol-

tage amplifier tube. It shall be con-
sidered that the voltage at the point
A does not vary appreciably. In that
case, the voltage drop across the grid-
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leak will be

_= x 240 volts

where L is the leakage resistance.
Substituting for L values of 15000

megohms, 10,000 megohms, 1000 meg-
ohms, 500 megohms, 100 megohms
and 50 megohms, the corresponding
values of E are:

L
15000 meg ....004 volts
10000 meg ..... .006 volts
1000 meg __ . A6 volts
500 meg - .12 volts
100 meg .6 volts
50 meg ..I.2 volts

The voltage E is applied to the grid
in opposition to the bias and causes
an increase in plate current as well
as easier overload of the tube, accom-
panied with distortion. The example
just quoted is one of the most favor.
able (for the condenser) because the
gridleak had so low a value. But sup-
pose the next tube had been a voltage
amplifier tube, with a gridleak of
or 2 megohms and a bias of but 3
volts.. If the gridleak is 1 megohm,
the values of E become four times as
high as in the previous example, in
the case of a 2 megohm gridleak they
become eight times as high. An in-
sulation resistance of 100 megohm
would then place a Positive voltage
of 4.5 volts on the grid in opposite
sense to the grid bias. If the bias
were 3 volts, this would leave the
grid 1.8 volt positive. Even 500 meg-
ohm insulation resistance will cm.
trouble M this case. It is clear that
the higher the voltage at A and the
higher the value of the gridleak, the
higher will be the positive voltage ap-
plied to the grid.

E

An even more critical service for a
blocking condenser is in the pre -amp-
lifier for a condenser microphone.
This circuit is illustrated in Fig. 2.

- 3
These are very high resistance cir-
cuits and the B voltage might be very
high - up to 500. volts. Assuming
that the voltage of the B supply is
again 300 volts and that the condenser
C2 does not have any leakage, the
drop across a 5 megohm gridleak
would be

E 44,5
tS

x 300 volts

Substituting again several values for
L, we have:

15000 mega .1 volt

1000 wees 1.5 volts

The tube used in this circuit, prob-
ably has a bias of but 1.5 volts which
makes a condenser of 1000 megohm
insulation resistance useless. Yet this
same condenser could still be em-
ployed with the power tube circuit of
Fig. I. This also illustrates why the
blocking condensers in such preamp-
lifiers must be protected against mois-
ture.

Another critical location fora con.
denser is in a.v.c. circuits because re-
sistances are high. A typical circuit
is illustrated in Figure 3; it shows a
circuit where the second diode plate
takes care of the a.v,c. cuit and is
independent of the diode detector.
The resistor values of R1 and R2 are
generally in the neighborhood of
to 1 megohm. In order not to lose any
of the previous a.v.c. voltage the total
leakage of C,, C,, C, and C, should be
small, the total resistance should be
large compared to R,, say 100 times
as much. This would set a lower
limit of 400 megohms for each con-
denser. Perhaps a greater loss than
I% is permissible, but this service re-
quires good condensers.

NON -CRITICAL LOCATIONS
OF CONDENSERS

Condensers used for bypassing
plate, screen, and cathode circuits do
not have to satisfy such rigid require-
ments and sometimes the insulation
resistance can be quite low without
any trouble turning up. The conden-
ser C, in Fig. 1 for instance, when
passing any current will pass this cur-
es through the bias resistor of the

voltage amplifier tube, thereby raising
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the bias. The value of this resistor
might be as high as 5000 ohms. The
increase in bias due to this cause
would then be

ioot x 300 ohms

where L is again the insulation re-
sistance. In this equation the drop
across the 50,000 ohms has been neg-
lected for convenience sake. This does
not cause any serious error. Substi-
tuting values for L, we find

L E
15000 megs .0001 volt

10 megs .15 volt
1 meg . 1.5 volt

If the bias resistor had half the re-
sistance of 5000 ohms, these figures
for E will be half as much. It is seen
that although the magnitude of E is
much smaller for a given leakage, the
practical limit is somewhere near 100
megohms. If C, had been connected
from the B supply to the chassis, in-
stead of to the cathode this effect of
raising the bias would not take place
no matter how much leakage there
was. In such a case the amount of
current should be considered, this is
generally very low and would not up-
set the operation of the receiver as

F1G.3

long as the current itself is not suf-
ficient to raise the temperature of the
condenser thereby hastening its de-
struction. If the plate supply voltage
is 300 volts, the following table shows
the current drawn by condensers of
different insulation resistance and the
third column shows the amount of
power dissipated.

L I P
15000 .02 micro amp 6 microwatte

1000 .3 micro amp 90 microwatts
100 3. micro amp .9 milliwatts
10 30. micro amp. 9 milliwatts

I .3 ma. .09 watts

'A ta<%v.?X

This table is for a 300 volt potential
difference .ross the condenser. The
current is of course proportional to
this voltage and the power is propor-
tional to the square of the voltage.

The case of C, and C, is again a
bit different. These condensers are
connected across low voltages and
their leakage is not important even
when the insulation resistance is as
low as 1 megohm. In fact, electroly-
tic condensers are quite customary for
the service of C..

There remains the use of conden-
sers in the screen supply circuit, il-
lustrated in Fig. 4. They are cus-
tomarily used in two ways as at A
and at B.

At A the condenser C, is connected
across the lower half of a voltage di-
vider. If this voltage divider does not
supply any other circuit but that
screen, its resistance may be quite

high, sometimes as much as 50,000
ohms. Placing a leaky condenser
across it amounts to lowering the ef-
fective value of R. and lowering the
screen voltage. It becomes rather
tedious to compute the exact amount
of this variation, but it can be seen,
that a 1 megohm resistor across R.
would lower the total resistance only
5% and the screen voltage by less than
that.

The circuit of B requires somewhat
better condensers for the value of R,
may be as high as one megohm. A
conden with an insulation resist-
ance of 100100 megohms (a bad one) will
not cause any appreciable drop in
screen voltage, but one of 10 megohmwould.

CONDENSERS IN R.F. AND A.F.
CIRCUITS

So far, the standpoint of direct cur.
rent only was considered However,
condensers C, C, and C, of Fig. I

pass a.f. currents while the condensers
in Fig. 3 pass r.f. currents. It
might be thought that an amount of
leakage which was found to be harm-
less in our previous discussion may

cause trouble due to less efficient fil-
tering or losses in the r.f. circuit. To
be sure, there is such a loss but it
is so small that it is negligible com-
pared to the reactance in the circuit
and compared to the d.c. resistance of
i.f. coils.

The equivalent series resistance for
a given shunt resistance is found from
the equation

Taking the case of Fig. 3, when the
condensers have a capacity of .1 mfd.
and the frequency might be 450 kc.,
the reactance of the condenser is

Y "

z`

13,

it

F1G.4 .B -

10,00000 1000000
fC - 6,28 x 450000 x .1

= 3.5 ohms approx.
Substituting this value in the above
equation and taking various values for
the shunt resistance (insulation resist-
ance), the following equivalents are
found

R (shunt)
15000 megs
1000 megs

100 megs
10 mega

R (series)
_MOO 000 000 81 ohms
-ON 000 012 ohms
....000 000 12 ohms
-000 0012 ohms

ohms

These resistance values are negligible
compared to the resistance of the coil.

In a.f. circuits, the reactance of the
condenser is larger and consequently
the effect is soewhat more pro-
nounced, but then series resistance is
still very small compared to the re-
actance of the condenser. For in-
stance, la the bypass condenser have
a capacity of 1 microfarad and let the
frequency be 100 cycles, then the re-
actance is 1600 ohms. Substituting
this value in the equation again and
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finding the equivalent series resis
ance;

R shunt R series
15000 megs .000 17 ohms

100 mega_...__.._.__..026 ohms
10 megs .26 ohms

When expressed in power factor,
the last and worst shunt resistance
comes to .16 percent.

It is believed that the above ex-
amples are sufficient to prove our
point as well as to enable the reader
to calculate the result of leakage in
other circuits he might encounter.

SUMMARY

1. Insulation resistance has a very
small bearinneg on power factor,
practically gligible even when
the insulation resistance has come
down to very low values. When a
bad power factor is present, it is

due to other causes, not to leakage.

2. Al difficulties due to leakage are
d.c. phenomena, mostly because the
leakage current is added or sub-
tracted from the current through
some resistor which controls the
voltage at a tube element.

3. Due to the varied uses of conden-
sers, it is impossible to set up fixed
limits for the insulation resistance.
They would have to be determined
for each service individually.

4. The highest requirements for con -
dens are encountered in circuits
whereser they are connected in series
with relatively high resistances.

5. It was shown how the effect of
leakage can be calculated in various
circuits which will enable the user
to establish his own lower limits
of insulation resistance in each in-
dividual case.


