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The Use of Condensers in Radio Receivers
Part 2

By the Engineering Department, Aerorox Corporation

CONTINUING with the discussion
of condensers and their applica-

tions, the next group of applications
includes those where a condenser is
used in order to obtain frequency dis-
crimination. A typical example is the
conventional tone control.

The most common type of tone con-
trol consists simply of a fixed con-
denser and a variable resistor. A de-
vice of this nature hardly deserves the
name of tone control for its control-
ling action is very much limited. It
can reduce some of the high notes but
cannot do anything about either the
low or the middle notes. Further-
more, the cut-off of high notes is not
sharp but very gradual as we shall
see. This type of tone control, how-
ever, has been found useful for the
reduction of harsh noises as well as
balancing the deficiency of low notes
in midget receivers so that the total
becomes acceptable.

Fig. 8 illustrates a tone control, used
in the plate circuit of an output tube.
For the sake of numerical examples
it is necessary to give values to all
circuit elements and we shall consider
that the output tube is a pentode like
the 2A5, 42 or 18 all of which have
the same characteristics as an ampli-
fier. The results obtained from these
examples, however, are equally applic-

able to other tubes and other tone
control circuits.

If the voice coil of the speaker is
correctly matched to the tube, it is
reflected as 7000 ohms into
circuit. For the purposes of this
article, it will be assumed that this
load is resistive. We can then draw
the equivalent circuit as shown in Fig.
9. The tube can be replaced by a gen-
erator delivering a voltage equal to
mu times the signal voltage applied to the
grid, and having a series resistance

Fig. 8

equal to the plate resistance. The
manufacturers give this plate resis-
tance as 79000 ohms.

It is now required to find the varia-
tion in current or voltage delivered
to the 7000 ohm load. The voltage
across the 7000 ohm load will be pro-
portional to the current flowing
through it. But this current is out
of phase with the current flowing
through the tone control circuit, the
phase difference being less than 90
degrees. The vector sum of the two
currents is of course in phase with the

current through the tube but the l,c1t-
ages across the tube and the load are
again out of phase by a different odd
angle. Therefore it is necessary to de-
termine the voltage across the coat-
bination load and tone control by cal-
culating the equivalent impedance of
the parallel branches adding it vec-
torially to the impedance of the tube
and finding the total impedance. The
voltage divides across the tube and
the load in proportion to their imped-
ance, so we can find the voltage across
the load. When this is done for dif-
ferent values of C and R and at differ-
ent frequencies, it is possible to get an
idea what happens to the frequency
characteristic when this type of tone
control is used.

Supposing it is required to attenuate
the 5000 cycle notes at least 20 db
(reducing the voltage to 10% of its
normal value) with the tone control
fully advanced. The required value of
the condenser to accomplish this pur-
pose can be found from the law of
impedances in parallel. The nearest
commercial value is .05 mfd. This will
reduce the voltage across the load to
8.1% of its normal value at 5000
cycles.

The table below, Table I shows
what percentage remains at several se-
lected frequencies and also what hap-
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pens at these frequencies when the
resistor R has different values.

TABLE I
Voltage across load in percent at

Adding this vectorially to the plate
resistance, gives us a total of 85,700
ohms. The voltage across the load
is then

R (ohms) 100c. 500c. 1000c 2500c. 5000c. 86 85'7 x 100 98%x
6.84

0 98 70.5 44.5 19 8.1

1,000 97.5 65 41 19.3 16
Now figuring the same when 10,000

5,000 94.5 62.4 48.5 42 44 ohms has been added to the tone con-
10,000 93.3 65 63 61 60 trol, the calculation becomes more

The table shows how gradual the
attenuation is at fully advanced tone
control setting, when R equals zero.
The 500 cycle and 1000 cycle notes are
also reduced appreciably. When the
tone control is retarded, resistance is
added in series with the condensers,
the higher notes gradually increase
and the lower notes decrease slightly
thereby straightening out the re-
sponse curve. It is not yet straight-
ened out when R is 10,000 ohms, but
when it becomes 100,000 ohms the
tone control has practically no effect.

That the low notes decrease slightly
when resistance is added in series
with C is unbelievable. Consequently,

rp. 79,000 OHMS

c

15 X (TURNS RATIO)2. 7000 OHMS

Fig. 9

the method of calculating the figures
given in the foregoing table is as
follows:

When the resistance R equals zero,
the impedance of the condenser and
the load in parallel is found by the
equation

X R
Z

X2 ± R2

At 100 cycles, the impedance of the
condenser is 1/6.28 x 100 x .05 x 10-6
= 32,000 ohms. Inserting the values
for R and X we find

7 X 32 X 1000Z - *322 + 72

224 X 1000

1073

224 X 1000

if 1024 + 49

6840 ohms

Fig. 10

complicated. The example will there-
fore not be worked out, but for those
interested, the impedance for the
parallel branches is found from the
equation

Z1 - Z + Z
Z1 Z2

the notation of complex algebra must
be used in this equation. Similarly,
the total impedance of the whole cir-
cuit is found from

_Z1 -I- Z2Z = R,
Z1 Z2

When the correct values are substi-
tuted, the answer for the first equa-
tion is 6,480 ohms and for the second
8,540 ohms. This gives us the 93.3%
shown in the table; note that it is
less than the voltage across the load
with just the condenser C across it.

Of course, it is not necessary that
the tone control be placed in the plate
circuit of the output tube. Many pre-
fer to place it in the grid circuit as

ii

TONE CONTROL

Fig. 11
6+

shown in Fig. 10. It can equally well
be placed in the plate circuit of a pre-
vious tube or a detector as in Fig. 11.
The action of the control in this posi-
tion is the same as discussed pre -
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viously but the value of the condenser
will have to be smaller when it is
connected across a higher resistance
load and larger across a lower resist-
ance load. The variation is in the
same proportion as the load resistance
in order to get the same effect. The
series plate resistance also affects this
action somewhat. When it is very
high, say ten times the load resist-
ance, the tone control acts as in Table
I, but when the tube is a triode with
a relatively low plate resistance, the
effect is slightly less pronounced, due
to the variation in impedance match-
ing.

Another system of tone control,
which many consider superior, em-
ploys no series resistor but varies the
value of the condenser either continu-
ously or in steps. Fig. 12 shows such
a system, employing fixed mica con-
densers in the plate circuit of a pen-
tode amplifier tube, such as the 6B7
or the 6C6. Table II below shows
the percentage of voltage remaining at

4/4 MEG.ti

6+
Fig. 12

4/2 MEG.

different frequencies for several sizes
of condensers. The conventional 1/4

megohm plate resistor and a 1/4 meg-
ohm grid leak have been assumed and
the influence of the coupling con-
denser has been neglected because it
is really negligible.

TABLE II
Voltage across load in percent at

C mmfd. 100c. 500c. 1000c. 2500c. 5000c.

50 100 99.7 99.6 99 97

100 100 99.6 99.3 97 91

500 99.5 97 91 64.5 39

1,000 99.3 91 73 39 21.6

2,500 97 64.5 39 17 8.4

When a circuit such as this is em-
ployed, there should be an off position
on the switch, otherwise the tone con-
trol could never be cut out entirely.



APPLICATIONS OF GROUP 3

The use of condensers in the usual
tuned circuits and filters has been dis-
cussed so often that it need not be
repeated here. Condensers in power
supply filters have been described in
the October and November 1934 is-
sues of the Research Worker. At this
time some special applications will be
pointed out.

Fig. 13

Quite often it is desired to step up
certain low frequencies. It may be
done by the use of either a series
tuned or parallel tuned circuit, illus-
trated in Figs. 13 and 14. In Fig. 13,
a parallel tuned circuit is connected
across the load, making the impedance
of the combination highest at the
resonant frequency of the tuned cir-
cuit and lower at all others. The re-
sponse curve can be broadened by the
use of series and parallel variable re-
sistors, R1 and R2.

Fig. 14 illustrates a series tuned
circuit, sometimes used in resistance
coupled circuits. At the resonant fre-
quency, the voltage across the choke
builds up very high-higher than the
impressed voltage and this is the volt-
age delivered to the grid of the next
tube. The correct size for condensers
and chokes in these circuits is found
from the usual equation:

f =
LC

where f is the frequency in cycles per
second, L the inductance in henries,
and C the capacity in microfarads.

159.2

In one successful design of an audio
amplifier, two such tuned stages were
used. The two stages were tuned to
slightly different frequencies, 70 and
80 cycles, which results in raising the
level of the low notes.
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MISCELLANEOUS

APPLICATIONS
When a condenser is being charged

or discharged through a resistor, the
voltage varies nearly linearly for a
part of the time and the speed of the
action can be controlled by choosing
the right size of condenser and re-
sistor. This phenomenon finds many
applications, outside of radio receivers
for timing industrial processes, but
also in radio sets, for instance in a.v.c.
circuits.

The time constant, RC, of a con-
denser resistor combination, shows
the time in seconds which the con-
denser would take to discharge if it
kept going at the initial rate. How-
ever, it tapers off and it discharges
only partly in that time.

The time constant is of importance
in a.v.c. circuits where the time to dis-
charge has to be made so long that
there is no appreciable discharge dur-
ing one cycle of the modulation fre-
quency. A time constant of 1/10th of
a second is often used in this circuit.

C

8+
Fig. 14

When finding the time constant of
an a.v.c. circuit, the values of all re-
sistances should be added and the re-
sult multiplied with the sum of all the
filter capacities. When the resistors
are measured in megohms and the
condensers in microfarads, the time
constant will be in seconds.

Other applications which utilize the
principle of charging or discharging
a condenser through a resistor are
found in relaxation oscillators, such
as the neon lamp oscillator and the
grid -leak and condenser in a modu-
lated oscillator.

The neon lamp oscillator may have
a condenser across the lamp and a
resistance in series with it. When the
current is turned on, the condenser
first has to be charged through the
resistor to the ignition voltage of the
lamp, then the lamp flashes and the
condenser discharges. This process is
then repeated.

In the self -modulated oscillator, the
grid current charges the grid conden-
ser making the grid so negative that
the oscillation stops. The charge must
then leak off through the grid leak
before the tube will oscillate again and
the cycle is repeated. In both cases,
the frequency is inversely propor-
tional to the product RC, the time
constant.
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RADIO DESIGN
PRACTICE

DESIGNS, dimensions and char-
acteristics of components and as-

semblies-the essential data required
by those who design and build radio
and associated equipment-have been
brought together in an idea book as
daring in conception as it is useful
in practice.

Under the title of "Radio Design
Practice," James Millen, well-known
General Manager and mainspring of
The National Company, has edited
and published an enormous mass of
vital data for the busy radio worker.
The book has a large spiral binding,
so that its loose-leaf pages lie per-
fectly flat at all times. It comprises
various sections devoted to assembly
practice, component data, radio re-
ceiver practice, tube characteristics,
etc. With this handy reference work
within reach, the designer or builder
can immediately select the compon-
ents and ideas needed for any given
assembly. The dimensional drawings
and constants are invaluable in plan-
ning assemblies that can really be
built as laid out on the drafting board.
The editor has selected representative
components from among the offerings
of all manufacturers. It is significant
that Aerovox condensers are featured.

This reference book is available at
$1.00, either through the publisher dir-
ect, James Millen, Inc Malden, Mass.,
or through us as an accommodation
and billed at publisher's price.
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WHEN exact resistance required is unknown but must be arrived at by

experimental adjustment . . . and perhaps changed occasionally for

altered operating conditions . . . but all the while must "stay put", be

noiseless, be dependable . . . use AEROVOX Slide Resistors.

Built precisely like fixed Pyrohm Resistors . . . same selected resistance wire,

accurate winding, porcelain vitreous enamel coating, positive conduction

throughout for noiseless operation. Narrow track cleared through enamel

coating for contacting the wire turns. One or more contact bands. Horizon-

tal mounting brackets.

Note this detail: In AERO-

VOX Pyrohm Resistors, a

few turns of the end of re-

sistance wire are wound

around a lip raised from

the terminal, as shown.

While others merely coat

this junction with cement:

protecting joint from entry

of enamel when unit is

fired, AEROVOX goes one

important step forward by

using a special silver sol-

process that joins

resistance wire and termi-

nal electrically, and effec-

tively prevents entry of

enamel or formation of any

oxide films.

Thus positive conduction from terminal to terminal . . . at all times . . .

under all operating conditions. Resistance values "stay put". No resistance

fluctuations. No troublesome ''noises", no matter how sensitive the circuit.

Pyrohm Slide Resistors are available in 10, 25, 50, 75 and 200 watt ratings.

Resistance values of I to 100,000 ohms. Furnished with one contact band

and horizontal mounting brackets. Extra contact bands available.

1935 Edition just off press . . . sent on request.

New Catalog. See your jobber or local supply house regarding

AEROVOX products ... in yellow and black cartons ... with guarantee slip

that really guarantees. Or write us direct.
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