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Design Data

for Tuned R-C Circuits

By the Engineering Department, Aerovox Corporation

EVERAL purpose resistance-ca-

. pacitance networks, of which the
Wien bridge and parallel-T network
are well-known examples, are useful
as null circuits. These circuits find
practical application as audio fre-
quency meters, simple band-suppres-
sion filters, and as frequency-selective
feedback networks in oscillators, am-

plifiers, and wave analyzers. In many
instances, such R-C combinations are
preferable to L-C circuits because of
the relative simplicity of the former,
their comparative freedom from the
effects of magnetic fields, their com-
pactness, ease of adjustment, and
small size.

Either network may be set, by
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means of adjustment of the values of
resistance or capacitance, to atten-
uate sharply one frequency (or very
narrow band of frequencies), while
transmitting all other frequencies
more or less freely. The operation is
simplified by simultaneously varying
all of the adjustable arms of the cir-
cuit, and the null point may be shifted
throughout a desired frequency band
by properly proportioning the vari-
able components.

The Wien bridge and the parallel-
T network give the same result in a
slightly different manner. Circuit dif-
ferences, however, recommend each
arrangement to a particular applica-
tion. This is in spite of some over-
lapping. The Wien bridge circuit is
shown in Figure 1; the parallel-T
network in Figure 2.

CIRCUIT COMPARISON

Wien Bridge. The Wien bridge is a
four-arm circuit with ratio arms of
pure resistance (R, R.) and having
resistance and capacitance in series

AEROVOX PRODUCTS ARE BUILT BETTER

Printed in U. S. A.

Copyright 1945 by Aerovox Corporation




AEROYOX

&

in one arm (C:-R;) and resistance and
capacitance in parallel in the adja-
cent arm (C;-R,). The equations for
balance are:

(1) a4
W= C,C,R; R,

and
(2) G _Re Ry
C, Ry Re

The null frequency is determined
from the resistive and reactive com-
ponent values according to the equa-
tion:

(3)

108

6.28'\/ C,C, Ry R,

By making R, equal to twice R,
and C. equal to C;, R: and R, will be
equal at all settings and Equation (3)
may be simplified:

(4)

fr=

108

f = —
" 6.28 C R,

In both Equations (3) and (4), f
is in cycles per second, R in ohms,
and C in microfarads.

In order to obtain single-dial con-
trol of the bridge, R. and R, may be
ganged and tracked for simultaneots
adjustment; or alternatively, C, and
C. might so be ganged.

Parallel-T Network. As its name im-
plies, this arrangement is a parallel
connection of two T networks. A re-
sistor in a given leg of one T is
matched by a capacitor in the corres-
ponding leg of the other T. If the
two T’s are kept symmetrical, R, is
kept equal to R: and to twice R;, and
C. is made equal to C. and to one-
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half C., the equations for balance be-
come:

(5) 2

wGC,

RZwC,

and
(6) 1
—_—=2R
Ry (wC)? !
Under the conditions of symmetry

_stated gbove, the resistance balance
is continuously satisfied, and at null:

(7) . 108
" 6.28 R, C,

Where f, is in cycles per second,

R, in ohms,.and

C, in microfarads.

Note that Equation (7) for the
parallel-T network is identical with
the null Equation (4) for the Wien
bridge.

Single-dial control of null may be
achieved in this circuit by ganging
and tracking either all three resistors
or all three capacitors. In both the
Wien bridge and the parallel-T net-
work, the resistors will generally be
varied, since at audio frequencies the
capacitors will be so large in value
as to preclude tuning.

Comparison. Each circuit employs six
components. From a standpoint of
manipulation, the Wien bridge is per-
haps the simplest of the two circuits
in that a dual ganged resistor, R:-R,,
takes care of all tuning. The parallel-
T network, on the other hand, re-
quires simultaneous variation of
three components (R, R., and R;) and
well-tracked triple rheostats and po-
tentiometers are not so readily ob-
tained as dual types. But this slight
disadvantage is outweighed by the
fact that the parallel-T network af-
fords a common connection (which
may be grounded) between generator,
network, and detector, while the
Wien bridge does not. The Wien
bridge has the disadvantage that it
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requires a well-shielded input trans-
former, and in some cases a similar
output transformer, and accordingly
cannot be used directly in some ap-
plications because of phase shifting
by these transformers.

SELECTION OF COMPONENT
VALUES

Resistance and capacitance
for both types of tuned R-C
may be determined by means of the
equations given earlier in this article
or, conveniently, from the Compon-
ents Chart published on these pages.

The chart lists all resistance values
for 22 common capacitances. These
values are given directly for 19 fre-
quencies between 100 and 1000 cycles
per second, but values corresponding
to other frequencies may be deter-
mined readily by simple multiplica-
tion or division of the chart values,
as will be shown presently. Values
are stated to the nearest tenth ohm:,
since standard laboratory decade re-
sistors may be set to that closeness.
Chart capacitance values are in mi-
crofarads.
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circuit

Ganged

Cy

QT

DETECTOR

SIGNAL INPUT

L—-—0




Gy EROVOY o
A BUILT BETTER MW
u CONDENSERS AND RESISTORS

FREQ. c.p.s. c.p.s. c.p.s. c.p.s. c.p.s.

C,C,| C; R, R, R, R, R, R, R,R, R, R, R, R, R, R, R,
0.001 0.002]1,591,545.0| 795,770.0]1,061,797.2| 530,460.3| 795,770.0| 897,885.0| 636,616.0| 318,308.0 530,460.3 | 265,230.1
0.002| 0.004| 795,577.2| 397,886.0| 520,541.2| 260,270.6| 397,886.0( 198,943.0{ 318,308.8| 159,154.4 265,230.8| 132,615.4
0.003| 0.006] 530,462.9| 265,231.5| 353,659.7| 176,829.8| 2065,231.5| 132,615.7] 212,185.2| 106,092.6 176,803.3 88,401.6
0.004| 0.008| 397,886.2| 198,943.0| 265,270.6] 132,635.3] 198,943.0 99,471.5| 159,154.4 79,677.2] 132,615.4 66,307.7
0.005| 0.01 318,309.0| 159,154.5] 212,216.6( 106,108.3] 159,154.5 79,577.2] 127,323.6 63,661.8| 1006,092.4 53,046.2
0.006| 0.012| 265,247.9| 132,624.0] 176,840.8 88,420.4| 132,624.0 66,312.0] 106,099.2 53,049.6 88,407.1 44,203.5
0.007| 0.014]| 227,352.2| 113,676.0] 151,575.6 70,787.8] 113,676.0 56,838.0 90,940.8 45,470.4 75,776.4 37,888.2
0.008| 0.016] 98,943.1 99,471.5| 132,635.3 66,317.6] 99,471.5 49,735.7 79,677.2 39,788.6 66,307.7 33,153.8
0.009| 0.018] 176,836.6 88,418.0| 117,896.6 58,948.3 88,418.0 44,209.0 70,731.4 35,367.2 58,939.4 29,469.7
0.01 0.02 159,154.5 79,577.0] 106,108.0 53,054.0 79,677.0 39,788.5 63,661.6 31,830.8 53,046.0 26,5623.0
0.02 0.04 79,677.2 20,788.6 42,054.2 21,027.1 29,788.6 14,804.3 21,830.9 10,915.4 16,523.1 8,261.5
0.03 0.06 | * 53,046.2 26,523.1 35,365.9 17,682.9 26,523.1 13,261.5 21,218.5 10,609.2 17,680.3 8§8,810.1
0.04 0.08 39,788.G 19,804.3 26,527.0 13,263.5 19,894.3 9,047.1 15,915.4 7,957.7 13,261.5 6,630.7
0.05 0.1 31,830.9 15,915.4 21,221.7 10,610.8 15,915.4 T.997.7 12,732.4 6,366.2 10,609.2 5,304.6
0.06 0.12 26,5615.1 13,257.6 17,677.7 8,838.8 13,257.6 6,628.8 10,606.1 5,303.0 8,837.5 4,418.7
0.07 0.14 22,727.3 11,363.6 15,152.3 7,576.1 11,363.6 5,681.8 9,090.9 4,545.4 7,575.0 3,787.5
0.08 0.16 19,8904.3 9,947.1 13,263.5 6,631.7 9,047.1 4,973.5 79572 3,978.6 6,630.8 3,315.4
0.09 0.18 17,682.1 8,841.0 11,788.6 5,894.3 8,841.0 4,420.5 7,072.8 3,636.4 5,803.4 2,946.7
0.1 0.2 15,915.4 7,957.7 10,610.8 5,305.4 7,957.7 3,978.8 6,366.2 3,183.1 5,304.6 2,652.3
0.25 0.5 6,366.2 3,183.1 4,244.3 21221 3,183.1 1,591.5 2546.5 1,273.2 2,121.8 1,060.9
0.5 1.0 3,183.1 1,591.5 21222 1,061.1 1,591.5 795.7 1,273.2 636.6 1,060.9 530.5
1.0 2.0 1,591.5 795.8 1,061.1 530.5 795.8 397.9 636.6 318.3 530.5 262.2

AT ALL 350 400 450 500 550
FREOQ. c.p.s c.p.s. c.p.s. C.p.s. c.p.s.

Cv C2 C3 R, R, R3 Ru Rz R3 Rv Rz Rs Rv Rz R3 Ru Rz R3
0.001| 0.002| 454,703.0| 227,351.5 397,885.0| 198,942.5| 353,640.2| 176,820.1 318,308.0( 159,154.0 289,342.0| 142,671.0
0.002| 0.004] 227,352.1| 113,676.0] 198943.0 99,471.5] 176,820.5 88,410.2| 159,154.4 79,677.21 144,671.3 72,335.6
0.003 | 0.006] 151,553.3 75,776.6] 132,615.7 66,307.8] 117,868.9 58,034.4| 106,092.6 53,046.3 06,438.1 48,219.0
0.004| 0.008] 113,676.0 56,838.0 99,471.5 49,735.7 88,410.3 44,205.1 79,577.2 39,788.6 72,335.7 36,167.8
0.005{ 0.01 90,940.9 45,470.4 T9,577.2 39,788.6 70,728.2 35,364.1 63,661.8 31,830.9 57,868.6 28,0314.3
0.006| 0.012 75,781.3 37,890.6 66,312.0 33,156.0 58,938.1 29,469.0 53,049.6 26,524.8 48,2221 24,111.0
0.007| 0.014| 649545 32,477.2 56,838.0 28,419.0 50,517.6 25,258.8 45,470.4 22,735.2 41,332.6 20,666.3
0.008| 0.016 56,838.0 28,419.0 49,735.7 24,867.8 44,205.1 22,102.5 39,788.6 19,804.3 36,167.8 18,083.9
0.009| 0.018 50,522.0 25,261.0 44,209.0 22104.5 39,292.9 19,646.4 35,367.2 17,683.6 32,148.8 16,074.4
0.01 0.02 45,470.3 22,735.1 39,788.5 19,894.2 35,364.0 17,682.0 31,830.8 15,915.4 28,034.2 14,267.1
0.02 0.04 22/435.3 11,217.6 19,894.3 9,947.1 17,682.1 8,814.0 15,915.4 7,957.7 14,46%.1 7,233.5
0.03 0.06 15,155.3 THT7.6 13,261.5 6,630.7 11,786.9 5,893.9 10,609.2 5,304.6 9,643.8 4,821.9
0.04 0.08 11,367.6 5,683.8 9,947.1 4,973.5 §8,841.0 4,420.5 7,957.7 3,978.8 7,233.6 3,616.8
0.05 0.1 9,094.1 4,547.0 T.957.7 3,978.9 7,072.8 3,536.4 6,366.2 3,183.1 5,786.9 2,898.4
0.06 0.12 7,575.4 3,787.7 6,628.8 3,314.4 5,891.7 2,945.8 5,303.0 2,651.5 4,820.5 2,410.2
0.07 0.14 6,493.2 3,246.6 5,681.8 2,840.9 5,050.0 2,525.0 4,545.5 22727 4,131.8 2,066.9
0.08 0.16 5,683.8 2,841.9 4,973.6 2,486.8 4,420.5 2,210.2 3,978.9 1,989.4 3,616.8 1,808.4
0.09 0.18 5,051.8 2,525.9 4,420.5 2,210.2 3,028.9 1,964.4 3,636.4 1,768.2 3,214.6 1,607.3
01 0.2 4,547.0 2,273.5 3,978.8 1,989.4 3,036.4 1,768.2 3,183.1 1,591.5 2,803.4 1,446.7
0.25 0.5 1,818.8 909.4 1,591.5 795.7 1,414.6 T07.3 1,273.2 636.6 1,157.4 578.7
0.5 1.0 909.4 454.7 795.8 397.9 707.3 353.6 636.6 318.3 578.7 289.3
1.0 2.0 454.7 227.3 397.9 198.8 353.6 176.8 318.3 159.1 289.3 144.6
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AT ALL 600 650 700 750 800
FREQ. c.p.s. c.p.s. c.p.s. c.p.s. c.p.s.
C,C| C | RLR, R, R, R, R, R, R, R, R, R, R, R, R, R,
0.001| 0.002| 265,309.7| 132,652.8| 244,778.8 | 122,380.4| 227,271.9] 113,635.9| 212,152.3| 106,076.1| 1989425| 99,471.7
0.002| 0.004| 132655.2| 66,327.6| 122,389.7| 61,194.8] 113,636.2| 56,818.1| 106,076.4| 53,0382 99471.5| 49,735.7
0.003| 0006| 884282 44214.1| 81585.2| 40,7926 757501 37,87.0| 70,719.7| 35359.8| 66,307.9| 33,1539
0.004| 0.008] 66327.6| 331638 61,1949| 30597.4| 56,8181 | 28,400.0| 53,038.2| 265191 49735.7| 24,867.8
0.005| 001 | 53017.1] 265085 48955.9| 24,4779 454545 22727.2| 424306 21,2153] 30,788.6| 19,8943
0.006| 0012] 44216.8| 22,108.4| 40,795.1| 203975| 37,877.4| 189387 35,3575| 17,6787| 33,156.0| 16,578.0
0.007| 0.014| 37,8006 18949.8| 349667 17,483.3| 32465.9| 16,2329| 30,3060 15153.0| 28419.0| 14,2095
0.008| 0016 33163.8| 16581.9| 30597.4| 15208.7| 28,400.1| 14,2045| 265191 132595| 24,8679 12433.9
0.009| 0018| 204786] 14,7303 27197.4| 135087 252522 12,6261 23572.2| 11,7861 22,1045| 11,0522
001 | 002 | 265310 132655| 244717.9| 122389 22727.2| 11,3636| 21,2152| 10607.6| 19,8942| 99471
002 | 004 | 132655| 66327 12,2389] 61194 11,3636| 56818 106076 53038 99472 44736
0.03 | 0.06 8.842.8| 4421.4| 81585| 40792 75749| 37874 70710| 35355| 66308 33154
004 | 0.08 6,632.7| 33163| 61195] 30507 56818 28409 53038| 265L9| 49736 24868
0.05 | 0.1 53062 | 26531 4895.6| 1,247.8| 45454 22127 42430 21215 39226| 19613
0.06 | 012 44201| 22100| 40780 20390 37864 1,803.2| 35345| 1,767.2] 33144 16572
007 | 014 3788.6| 18943 3495.4| 1,747.7| 32454 1,627.7| 3,0205] 15147 28109| 14204
008 | 0.16 3316.4| 16582 3059.7| 15208 28409| 14204 26519| 13259 24868| 14434
0.09 | 0.18 2047.6| 1,4738| 27195 1,359.7| 25250 1,2625| 2357.0| 1,1785| 22103| 1,105.1
0.1 0.2 26531 1,3265| 2447.8| 12239 22727 1,1363| 21211 1,0605| 1980.4 994.7
0.25 05 1,061.2 530.6 979.1 489.5 909.1 4545 848.6 424.3 795.8 397.9
0.5 1.0 530.6 265.3 4895 244.7 454.5 227.2 424.3 212.1 397.9 198.9
1.0 2.0 265.1 1325 244.8 122.4 227.3 113.6 212.1 106.0 198.9 99.45
AT ALL 850 900 950 1000

FREQ. c.p.s. c.p.s. c.p.s. c.p.-s.
Cl’ C2 C3 Rl’ R2 R3 Rl’ RZ R3 Rl’ RZ R3 R19 R2 R3

0.001| 0002| 187,165.1] 93,582.5| 176,820.1| 88,410.0| 167,525.5| 83,762,7| 159,1545| 79,577.2

0002| 0.004| 935828 46,791.4| 884103| 44,205.1| 83,7629| 41,8814 79577.2| 39,788.6

0003| 0006| 623824| 31,0912| 58934.4| 20.4672| 558364 27,9182| 53,046.3| 26523.1

0.004| 0.008| 46,791.4| 23,3957 44205.1| 22,1025 41,881.5| 20940.7| 39,788.6| 19,894.3

0005| 001 | 374331| 187165| 35,3641| 17,682.0| 33476.8| 16,738.4| 31,830.9| 15915.4

0006 0.012] 31,1932| 15596.6| 29,460.0| 14,7345| 279200 139600 26524.8| 13,262.4

0007| 0014| 26736.6| 13,368.3| 252588 12,620.4| 23931.1| 11,9655 227352 11,367.6

0.008| 0.016| 233057 11,697.8| 22,026 11,051.3| 20940.7| 10,4703 19,894.3| 9947.1

0000| 0018 207959| 103979 196465| 9,8232| 186137 9,306.8 17,683.6| 88418

001 | 002 | 187165| 93382 176820 88410 167526| 8376.3| 159154 79577

0.02 | 0.04 03583| 46791 88410| 44205| 83763 4,188.1| 7957.7| 3,9788

0.03 | 0.06 6201.3| 31456 58034 29467| 55836| 2,918 53046| 26523

004 | 0.08 4670.1| 23395 44205 22102 41881 20940 39789| 1989.4

0.05 | 01 37433| 1,8716| 35364| 1,7682| 33505 1675.2| 3,183.1| 15915

0.06 | 012 31182 1559.1] 29458 14729| 2,7909| 1,395.4| 26515 1,325.7

007 | 014 26727 1,3363| 25250 1,2625| 23923 1,196.6| 2,272.7| 1,136.3

008 | 0.16 23306| 1169.8] 22102 1,051 20941 1,0475( 1,980.4 994.7

009 | 018 2079.4| 1,030.7| 19645 082.2| 1,862 930.6] 11,7682 884.1

0.1 0.2 1,871.6 935.8] 1,768.2 8841}  1,675.2 837.6| 1,5015 795.7

0.25 0.5 748.7 374.3 707.3 353.6 660.1 330.0 636.6 318.3

05 1.0 374.3 187.1 353.6 176.8 335.0 1675 318.3 159.1

1.0 2.0 187.2 93.6 176.8 88.4 167.5 83.7 159.1 795
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PARALLEL~T NETWORK

C, C; C; R, R, and R, values are
given directly for the parallel-T net-
work. Thus, it is discovered that R,
and R. for a 400-cycle null will be
39,788.5 ohms when C, and C. each
are 0.01 mfd. and C. is 0.02 mfd. R.
will be 19,894.2 ohms.

For the Wien bridge, both capaci-
tance values will be the same and are
selected in the C, C. column of the
chart. The two resistor values like-
wise are identical, and will be found
in the R,, R. column for the desired
null frequency. Thus, a Wien bridge
with a null frequency of 900 cycles
per second wiil require resistors of
29,469 ohms each when both capaci-
tances are 0.006 mfd.

When desigring a Wien bridge or
a parallel-T network for a frequency
(Fx) other than those given by the
chart, first locate the 100-cycle resis-
tor values corresponding to the chos-
en capacitances. Then multiply the
resistor values thus obtained by 100
Fx. In some instances (as when
Fx is in kilocycles), it is more de-
sirable first to locate the 1000-cycle
resistor valvres and to multiply these
by 1000/Fx.

APPLICATIONS

Audio Frequency Meters. 1In the
Wien bridge version (Figure 3) satis-
factory constants for 20-15,000 cycle
coverage are: R, 2000 ohms, R. 100
ohms, R, 1000 ohms, and C, and C.
each 0.0166 mid. R, and R: are sec-
tions of a dual, ganged 500,000-ohm
rheostat.

Constants for the parallel-T a. f.
meter (Figure 4) for 20-15,000-cycle
coverage are: C, and C. each 0.0166
mifd., C. 0.0332 mfd. R, R, and R.
are sections of a triple, ganged rheo-
stat—R, and R. each are 14, megohm;

FIG.5
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R. ¥4 megohm. Transformer T may
be provided with an internal shield,
but this is not imperative.

A. F. Oscillators. The Scott oscillator
circuit employing a parallel-T net-
work for degenerative feedback is
shown in Figure 5. This circuit is a
direct-coupled amplifier with regen-
erative and degenerative feedback.
Degeneration through the parallel-T
network occurs on all frequencies ex-
cept the resonant frequency of the
network. Gain of the amplifier ac-
cordingly is cancelled on all but that
frequency, and regenerative feedback
can establish oscillation only upon
the network null frequency.

Single-frequency oscillation is ob-
tained in a somewhat comparable
manner by employing a Wien bridge
feedback circuit, as shown in Figure
6. This circuit has the disadvantage
that transformer coupling is required
in the feedback circuit.

Ip either of the oscillator circuits,

varlqble-frequency operation may be
obt?med by simultaneous variation of
resistance or capacitance elements, as
described earlier in this article.
R-C-Tuned Wave Analyzer. By elim-
inating the regenerative feedback in
the Scott oscillator (Figure 5), a
sclective amplifier is obtained. If the
“tunable” components of the parallel-
T network are then made variable,
the amplifier may be tuned success-
ively to a fundamental frequency and
its various harmonics. An output v.t.
voltmeter will indicate the amplitude
of each harmonic with respect to the
fundamental and thus give a measure
of distortion.
Selective Amplifier. If the circuit de-
scribed in the previous section is set
by means of the parallel-T network,
to a single-frequency, a sharply-tuned
single-frequency amplifier is obtain-
ed. Such a unit is invaluable in bridge
detectors, selective signal systems,
distortion meters, etc.
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@® The electrolytic capacitor has iis
own special field of application in elec-
tronic, radio and electrical equipment.
This type provides the equipment de-
signer with an unusually lightweight
unit of high capacitance in a compact
container. Also, it effects considerable
savings. BuT...

Electrolytic capacitors must be prop-
erly applied for long life and siable

_—— ”m

characteristics. There are essential dif-
ferences between electrolytics and
other types that restrict their use, such
as over-voltage, allowable ripple cur-
rent, capacitance, lolerance, tempera-
ture. WHICH MEANS...

The proper type and rating must be
used for the given application, along
with meeting mechanical considera-
lions, if the basic advantages of electro-

.AERO¥OX CORPORATION, NEW BEDFORD, MASS., U.S.A.

lytics are to be gained. THAT 1S WHY..,

Aerovox, pioneer of the dry electro-
lytic, continues to offer the outstanding
selection of electrolytic capacifors.
There is the PRECISE capacitor for the
PRECISE application, which guarantees
satisfactory service and long life. Don't
improvise!

@ Write for literature . . .

el

INDIVIDUALLY TESTED

SALES OFFICES IN ALL PRINCIPAL CITIES

"13- €. 40 S1., New York 16, N. Y. - Cable: ‘ARLAB’ - In Canada: AEROVOX CANADA LTD., HamiLTol, OQT.



