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Linear pot and op amp provide
tapered audio volume control

by Robert C. Moore
Applied Physics Laboratory, Johns Hopkins University, Silver Spring, Md.

Tapered potentiometers are used in audio amplifiers to
compensate for the nonlinear response of the human
ear. However, at a lower cost, a linear potentiometer
and an operational amplifier can approximate the re-
sponse of the tapered pot.

The audio taper for potentiometers is described by
the gain function

Vou/Vin = fla) = 1021

where the potentiometer displacement « can range from
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1. Audio taper. Volume-level potentiometer for sound systems has
tapered resistivity to compensate for exponential response of human
ear. Expensive tapered pot (which should be followed by a buffer
stage to prevent loading effects) can be replaced by a linear pot,
fixed resistor, and op amp.
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3. Comparison. Approximation 1o audic taper is excellent for poten-
tiometer-displacement values a« below 0.5 and good everywhere
else. The approximation is exact ata = 0.5,

a = 0 (in the full counter-clockwise position) to & = 1
(in the full clockwise position). Signal attenuatior
through the potentiometer can be expressed in decibel
as

Attenuation = 20 log(Vin/Vour) = 40(1 - o) dB

This expression shows that the attenuation in decibelg
is proportional to the potentiometer displacement from
the full clockwise position. To obtain this reverse-loga-
rithmic-gain function, special nonlinear potentiometers
are usually used.

Because these potentiometers cannot be loaded heav
ily without distorting the gain function, in practical
audio applications they are usually followed by a gain
stage or a high-input-impedance voltage follower. How-
ever, the reverse-logarithmic-gain function can be
closely approximated by using a linear potentiometer, a
single operational amplifier, and one fixed resistor, as
shown in Fig. 2. The operational amplifier adds the ca-
pability of voltage gain; in this circuit the maximum
voltage gain is 8, or 18 dB. The voltage-transfer function
for the circuit of Fig. 2 is

Vout/ Vin. = (-8a)/(9 - 8a)
which closely approximates the attenuation function
Attenuation = 40(1-a) - 18 dB

over most of the range of a. As a desirable advantage,
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2. Replacement. Linear potentiometer, fixed resistor, and oper-
ational amplifier, connected as an inverting amplifier, provide trans-
fer function that approximates performance of audio-taper pot plus
18 dB of gain. The minimum input impedance is R.
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the attenuation goes to infinity ata = 0.
The transfer function of the circuit in Fig. 2 is norma-
lized to

ﬁa) = a/(9-8a)

and compared to the true audio taper in Fig. 3. The ap-
proximation, which is good everywhere, is especially
close at the low values of a, where compensation for the
reduced hearing sensitivity at low sound levels is most
important. The two functions agree exactly ata = 0.5.

Because it uses a linear poténtiometer, this circuit is
less expensive than the normal audio-taper level-con-
trol, and it is much more convenient to use in new de-
signs.

The value of R can easily be chosen to suit the op-
amp and the circuit impedance; for example, a IOQ-kQ
pot and a 12.4-k fixed resistor can be combined with a
741 op amp. O

Designer's casebook is a regular feature in Electronics. We invite readers to submit original
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oughly the circuit's operating principle and purpose. We'll pay $50 for each item published.




