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ELECTRiCAL COMMUNiCATIONS TEC~NIQUE

AND ITS APPLICATIONS IN ALLIED FIELDS

RECENT DEVELOPMENTS IN MICA CONDENSERS

SIGNIFICANT improvements
in tbe design and manufac
turing metbods have resulted
in a new mica condenser bav
ing low losses, stability of cal
ibration, temperature com
pensation, and several otber
featnres common in conden
sers of tbe precision-standard
type. Yet tbe cost of tbe new
unit is only a little more tban
tbat of tbe commercial types
used as grid- and by-pass
condensers in experimental
equipment.

OJ
precise electrical circuits

I mica condensers have, for
many years, played a very

~ important part. Due to
their low losses, they have been partic
ularly succe sful in
high-frequency com·
munica tion circui ts.
The two general types
available heretofore
have been the very ac
curately adjusted pri
mary standard of
capacitance and the
inexpensive moulded
types which are usu
ally adjusted only ap
proximately to capac
itance and are not
particularly intended
for use where their ad
justment or constancy
of capacitance is important. The pre
cision kind is necessarily quite expen
sive and the cheaper ones have not
been entirely satisfactory in many elec
trical circuits because of their drift due
to atmospheric conditions and aging.
This is particularly true in stable

tuned circuits, as for instance beat
frequency oscillators, where the sta
hility of adjustment depends upon the
condensers remaining constant.

The General Radio Company has
felt for some time the
need for a well-de
signed mica condenser
falling between these
two clas es. These
condensers must not
have appreciable drif1:
with time, must not
vary with atmospheric
conditions, must have
low losses, and must
be adjusted to, and
hold, a good accuracy.

With these require
ments in mind, Mr.
Greenleaf W. Pickard
developed for the Gen·

eral Radio Company a completely dif·
ferent line of mica condensers.

Mica has established itself as one of
the most efficient dielectric materials
known. It is, however, a fair adsorbent
for water. A thin film of moisture, per
haps a molecule thick, will collect on
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FIGURE 1. Photograph of a TYPE 505 Condenser

the faces of mica and will increase its
dielectric loss tremendously. In fact,
the presence of such moisture can be
detected most easily by the measure
ment of power factor 0 Therefore, the
dielectric for the new condensers is kept
at a temperature of 3000 F. for a con
siderable time before the material is
used. It is kept hot from the time that
it is received until it is built into the
condenser. In production, the mica and
the conducting material are kept on a
hot plate during assembly so that the
elements are between 2500 F. and
3000 F., thus insuring dryness until
they are finally sealed in their con
tainers.

The next problem after the condenser
is thoroughly dried is to keep it in that
condition. This has been solved by
placing the assembly in its case, to
gether with a mixture of silica gel and
ground cork, and enclosing it with a
seal of rosin and beeswax. Silica gel is a
very active desiccatin.g agent. It will
adsorb about 30% of its own weight in
water and will maintain, in a closed
space, a relative humidity of less than
0.5%.
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Cork d Silica Gel

FIGURE 2. Cross section of a TYPE 505 Con
denser showing the method of construction

The cases have less than a cubic inch
of free air space. Enough silica gel is
sealed in to adsorb all of the moisture
that can be present in completely sat
moated air to a volume of 2000 times
the free air in the containers before it
will saturate. That is, there can be 2000
complete changes of air due to leakage
before this desiccant will be used up;
and this is for air having 100% rela
tive humidity at room temperatures. It
is estimated that it will take perhaps
fifty years before this much breathing
can occur.

Another most important cause for an
increase in power factor is physical
damage to the mica. Mechanical in
juries, such as tiny scratches or any
other accident that disturbs the crys
talline structure, will cause large di
electric losses. Because ofthis, each piece
of mica that is used in these condensers
is very carefully inspected for physical
damage. Thus, the two important
causes for high dielectric loss have been
taken care of, and, as a result, the con
densers possess a remarkably low phase
angle.
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FIGURE 3. Variation of the capacitance of a

mica condenser with pressure
FIGURE 4. Equivalent resistance vs. frequency
characteristic ofa 400 !J.!Jf TYPE 505 Condenser.

ote that the effect of the metal is important
only at high radio frequencies

Figure 2 shows in cross section how
the TYPE 505 Condensers are as
sembled.

The only other place where some
electrical loss can be expected is in the
po sible absorption of power in the
mounting case or the desiccating com
pound. The latter is eliminated because
the field in it is essentially zero. The in.
ternal wiring and terminal arrange
ments are such that the electrostatic
field through the case is very weak.

For this reason, ordinary moulded
bakelite could be used. However, the
added loss due to using a standard bake
lite case can actually be measured be
cause of the low power factor achieved
in the condenser itself. Therefore, a
low-loss bakelite composition is used,
the electrical loss in which is a fraction
of that in bakelite. It is especially com
pounded for low-loss operation and is
designated "X -262 Natural" by the
Bakelite Corporation.

It is well known that changes in pres
ure in a mica condenser will cause very

appreciable changes in capacitance.
Figure 3 indicates how this change in

capacitance looks when plotted against
pounds per square inch pressure as ap
plied to the condenser stack. The curve
i asymptotic and has a pronounced
knee at approximately 2000 pounds
per square inch. Since it is evident that
changes in temperature will vary the
pressure and, hence, the capacitance,
the pressure on these condensers is ad·
justed well beyond the knee of the
curve where the change in capacity
with pressure is small.

As the temperature changes, a part
of the contraction or expansion of the
material with the resultant change in
pressure is compensated for in the con
struction of the units. The amount that
remains will vary the pressure some
what, but, due to the fact that the
change occurs over the flat portion of
the curve, the total change in capaci
tance from this cause amounts to an
exceedingly small increment. The tem·
perature coefficient of capacitance is
less than 0.006% per degree Centi
grade from 0 to 50° Centigrade.

As has been mentioned previously,
the electrical loss in the condenser is
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slight. Any condenser can be repre-
ented as a pure capacitance in serie

with a resistance which represents the
electrical losses in it, the combination
of the resistance and capacitance being
an indication of the power factor. The
series resistance representing the loss is
called the equivalent series resistance.
Figure 4 indica tes the variation of this
resistance wi th frequency.

The curves show how the losses di
vide between the metal parts of a typi
cal TYPE 505 Condenser and the mica.
Because of the fact that in olid dielec
tric condensers RwC is approximately a
constant, the equivalent series re
sistance due to the mica alone drops of{
nearly inversely as the frequency for a
given capacitance. This straight-line
relationship holds as long as the losses
in the metal or conducting parts of the
condenser are negligible. However, at
the very high frequencies (above 3
megacycles), the metal losses, which
are due to the eddy currents in the con
ducting and supporting material, and
to skin effect, become appreciable as
compared with the dielectric loss and
the curve of the total equivalent series
resistance begin to curve up' ard again
above 10 megacycles. These curves
were taken on a stock condenser having
a capacitance of 400 J.LJ.L! and a power
factor at 1000 cycles of 0.04%.

Data taken on a large number of
conden ers have proven the TYPE 505
Condensers to be remarkably uniform
in characteristics. The power factors
are well under 0.05 Q. The power factor
of all condensers is checked at the fac
tory at 1000 cycles and, as will be noted
from the curve in Figure 4, will not de
part appreciably from this value for
any frequency under 2 megacycles. At
30 megacycles, the power factor is only
0.7 Q. The power factor is mea ured at
room temperature. It changes with
temperatures so that for an increase of
170 C. the power factor doubles; for a
decrease of 170 C., it halves.

The strict specification for freedom
from drift has been met adequately by
the sturdy mechanical construction
and a design that essentially eliminates
changes due to temperature and hu
midity.

Tests in our laboratory for a period
of over SLX months have indicated that
the drift with time of both capacity
and power factor is entirely negligible.

-A. E. THIESSEN

TYPE 505 Condensers are made in 9
size and each is mounted in a bakelite
case 231 inches long by 1U inche wide
and 1 inch high.

Adjusted Maximum
Type Capacitance to Within Peak Voltage Code Word Price

505·A 100 Ililf 10% 1200 volts CONDENALLY 3.50
505-B 200 Ililf 5% 1200 volts co DENBELL 3.50
505·E 500 Ililf 2% 1200 volts CONDE COAT 3.50
505-F 0.001 Ilf 1% 700 volts CONDE DRAM 3.50
505·G 0.002 Ilf 1% 700 volts CONDE'EYRE 3.50
505-K 0.005 Ilf 1% 500 volts co DENFACT 4.00
505.L 0.01 Ilf 1% 350 volts CONDENGIRL 4.00
505-M 0.02 Ilf 1% 350 volts CONDENHEAD 4.00
505-Q 0.05 Ilf 1% 350 volts co DENJACK 4.50




