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Frequency -Selective Audio RC Networks :

Simplified Design

By the Engineering Department, Aerovox Corporation

Frequency - selective resistance - capaci-
tance networks have the obvious advantage
of simplicity and compactness. But they
also permit the tuning of amplifiers, os-
cillators, and filters at frequencies where
variable inductors are unavailable for LC
circuits, and would be exceedingly bulky
if they were obtainable. An attendant ad-
vantage, of course, is freedom from hum
and other extraneous pickup which re-
sult from use of inductors.

Two widely used networks are shown
in Figure 1. These are the Wien bridge
(A) and parallel -T circuit (B) . Both
are essentially null circuits; i. e., at some
frequency governed by the R and C values,
transmission from INPUT to OUTPUT

ideally is zero. The performance often is
inverted simply by including the RC net-
work in the negative feedback loop of an
amplifier. The gain of the amplifier ac-
cordingly is cancelled at all frequencies
except the null frequency (which is re-
moved by the network) , the amplifier
transmits this frequency, and the result
is a sharply tuned active bandpass system.

SIMPLIFICATION
As is well known, the network is sim-

plified by maintaining a suitable re-
lationship between its R and C elements.
Thus in Figure 1 (A) , the two "tuning"
resistances .(R) are equal and so are the

values of 1000 and 2000 ohms, shown here,
are convenient for most applications, but
any desired total resistance may be used
as long as the 2:1 ratio is preserved. In
Figure 1 (B) , the two ungrounded resis-
tances are equal, whereas the grounded
one is half their value. Similarly, the two
ungrounded capacitances are equal, where-
as the grounded one is twice their value.
When these conditions are satisfied, both
circuits have the same balance equation;
i. e., the null frequency
(1) f=1/2 RC Where f is in cycles per

second, R in ohms, and C
in farads

Therefore:
two capacitances (C) . Furthermore, the (2) R=1/2
ratio arms have a 2:1 relationship (the (3) C=1/2

fC, and
fR
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TYPICAL FREQUENCY -SELECTIVE RC NETWORKS

Figure 1.

TUNING METHODS
A particular attraction of the selective

RC circuit is the comparative ease with
which it may be tuned at audio frequen-
cies. This often is accomplished by means
of rheostats substituted for the fixed re-
sistors in Figure I. To tune the Wien
bridge, either the two resistors (R) or the
two capacitors (C) must be varied simul-
taneously and must have equal values
at all settings. To tune the parallel -
T, either all three resistances or all
three capacitances must be varied si-
multaneously and must have equal
values at all settings. In practical ampli-
fiers and oscillators in which the RC net-
work is in a feedback loop, a ganged rheo-
stat is used for tuning, and switched capa-
citors for range selection, or vice versa.
Because the Wien bridge is tuned by
means of a 2 -gang variable unit, it is

somewhat simpler and less expensive than

the parallel -T which requires a 3 -gang

unit. But the Wien bridge does not pro-
vide the common input-output ground af-
forded by the parallel -T and thus re-
quires a shielded input transformer, out-
put transformer, or both, in most appli-
cations.

When the R and C values are closely
maintained, as when close -tolerance capa-
citors and precision potentiometers are
used, a -f frequency -selective networks may
be sharply tuned. Frequency rejection, for
example, may be 60 db with the parallel -
T, and a bandpass amplifier tuned with
either of the networks will provide re-
jection of 40 dc at one octave above and
below the pass frequency. Obvious ap-
plications are in bandpass and band re-
jection filters, tuned amplifiers, distortion
meters, wave analyzers, noise meters, fre-
quency meters, and telemetering systems.

LA BOR-SAI'ING COMPUTATION
Network calculations will be simplified
through use of the nomograph, Figure 3.
This alignment chart is based on Equation
(1) and has been constructed for fre-
quencies from 1 cps to 20 kc. Capacitance
is given from 20 pf to 5 Arid: It has been
our observation that lower capacitances
than 20 pf often become masked by cir-
cuit strays and that higher capacitances
than 5 pfd often are difficult to obtain
in precision units except at considerable
expense. Resistance is given from 5 ohms
to 1 megoln. Here again, we have limited
the presentation to practical values: These
arc the limits between which the majority
of commercial ganged potentiometers ope-
rate.

Figure 2 illustrates use of the nomo-
graph. In this example, the question is
answered, "What value of resistance is
needed to tune to the null frequency of
500 cps with a capacitance of 0.01 pfd?"
For the answer, a line is drawn (real, or
simply a straight -edge alignment) from
500 cps on the FREQUENCY scale
through 0.01 /rid on the CAPACITANCE
scale, and 32,000 ohms in read on the RE-
SISTANCE scale as the required value.
The calculated R value, using Equation
(2) is 31,847 ohms, indicating a nomo-
graph error of only +0.48% in this in-
stance. This operation would also give the
required C if f and R were stated, and
the null frequency if R and C were stated.
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TECHNICAL LEADERSHIP -MANUFACTURING EXCELLENCE

AEROVOX COMPUTER GRADE CAPACITORS
SELECTED BY SORENSEN FOR NEW
COMPACT QB SERIES POWER SUPPLIES

AROV °
TYPE QE

4.RovoX
TYPE QE

The new QB Series of DC power supplies designed by the
Sorensen division of the Raytheon Company offers a unique
combination of "custom" specifications, compact size and
low price. Engineered for installation in computers and com-
munications equipment, test and instrument applications, and
for general laboratory use, the units are fully transistorized.
 During the early stages of design, Aerovox application engi-
neers were called in to discuss the concept in regard to select.
ing the most reliable capacitors available to satisfy all criteria.
Aerovox Computer Grade Type QE capacitors of low ESR
design were selected by Sorensen engineers to meet the ex-
acting circuit requirements. QE capacitors are high -reliability
aluminum electrolytics with a life expectancy of better than
ten years! They are available in a wide capacitance range at
voltages ranging from 5 to 450 VDCW. Once again, this close
teamwork provided exactly the right answer in time to meet
the delivery deadline!  Your local Aerovox sales representative
can provide you with full information about the qualified
Aerovox application engineering service available for the dis-
cussion and analysis of your specific capacitor requirements.
Your inquiry may provide a new solution to your present or
future designs. Why not call him today?

AEROVOX CORPORATION
NEW BEDFORD DIVISION/NEW BEDFORD, MASS.

Other Divisions:

DISTRIBUTOR DIVISION/ HI -C1 DIVISION/AEROVOX CANADA, LTD.

Type QE capacitors are also available from Aerovox Industrial
Distributors in prototype and small production quantities.


