An Improved Loudness Control

J. P. WENTWORTH

While many music lovers and hi-fi enthusiasts would not be caught dead with
a loudness control, there are at least as many more who wouldn’t do without
one. For them as likes 'em, here is a new arrangement with several advantages.

HERE HAS BEEN MUCH discussion of

the relative merits of the loudness

control, in which the signal level is
varied in accordance with the Flefcher-
Munson subjective loudness curves, as
compared with the simple gain control,
which raises or lowers the signal level
an equal amount at all frequencies, It is
not the author’s intention to reopen the
controversy at this time. The purpose of
this paper is to present, for those who
favor the use of a loudness confrol, an
improved ecircuit that gives a good ap-
proximation to the Tletcher-Munson
curves, while using less expensive ov
complicated components than any other
such ecirenit the author has seen.

Continuously-variable loudness control
cirenits published to date usnally depend
on the use of either a tapped potentiom-
eter or a special control made up of
several potenfiometer elements on a
single shaft.* 2% As a result, such con-
trols tend to be expensive and of limited
flexibility, and to present other serious
-disadvantages, such as an appreciable
insertion logs, a variation in the imped-
ance presented to the previous stage, a
dack of mechanical strength, or the like,
Furthermore, because they include
several moving parts, or, in the case of
the multitapped control, a rather com-
plicated mechanical arrangement, main-
tenance troubles are multiplied.

The cirvenit shown in Fig. 1 includes
only one moving pzut—.m ordinary
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The cireuit shown in Fig. 1 inecludes
only one moving part—an ordinary
single-section potentiometer, with no
taps. All of the other components are
standard low-cost resistors and capaci-
tors. The frequency-response eurves of
this eireuit ave shown in Fig. 2 (solid
<nrves). As may he seen by comparison
with the dashed Fleteher-Mnnson curves,
the output is very well matehed to the
response of the average human ear over
‘4 40-db variation in sound level.

Other features of this type of cireuit

* American Consulate, Medellin, Colombia

1 E. E. Johuson, “A continuously varia-
ble loudness control.” Auplo ENGINEERING,
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2 Ray C. Williams, “A feedback loudness
-control.” Radio 4 T'elevision News, March,
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Fig. 1. Schematic diagram of the author’s
improved loudness confrol.

whieh compare favorably with conven-
tional eireuits are: (1) it introduces no
insertion loss, and (2) the impedance it
presents to the previous stage does not
vary with the setting of the eoutm].
Because the variable element in the
eontrol is a simple potentiometer, this
confignration lends itself to a flexibility
of operation that is not possible to other
cirenits. For example, the potentiometer
can be replaced by the combination of a
fixed vesistor and a vaenum-tube resist-
ance element. Then, since the setting of
the econtrol can be varied by adjusting a
ilile(,t voltage, the loudness-control effect

pn be olftamed with remote control,
e control can be varied by adjusting a

dno(.t voltage, the loudness-control effect
can be obtained with remote control,
sutomatic volmne control, or compres-

sor/expander operation. Various other
applications might be devised by using
fixed resistors in conjunction with other
fvpes of variable resistance elements,
such as varistors or thermistors. Care
should be taken in such applications,
Lowever, not to introduce large amounts
of phase shift or distortion in the con-
trol circuit, as the shape of the over-all
response eurves depends greatly on the
phase relationships within the eirvenit.
Principle of Operation

The principles of operation of the
control can be more easily understood
if the eircuit is considered in three parts.
The frequency response of the two-
stage integrating (low-pass) network
made up of R,, R, Ry R,, and the two
capacitors is shown in Fig. 3. The ont-
put of this cirenit is added to the ountput
of the potentiometer via the summing
network consisting of B, and R,. IHow-
ever, sinee the two summed outputs are
not in phase with each other, the volt-
ages do not add dirvectly, but in such
manner as to produce the response
curves given in Fig. 2.

Another feature of the cirenit is that
it can easily be converted to a conven-
tional gain control, merely by breaking
the eireuit at point “A” (Fig. 1). It
might well be avgued that such a feature
is of doubtful utility, sinee this ecireuit,
like all loudness controls should he op-
erated with an auxiliary level control,

which is used to set the over-all 31,-.>:nal
like all loudness controls should be op-

erated with an auxiliary level control,
which is used to set the over-all signal
(Continued on puge 71)
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IMPROVED LOUDNESS CONTROL !

(from page 50) |

amplmnlr: The superiority of the pro-
eirenit is that the change to gain-
control operation ean bo made in this
manner ol any loudness level without
changing the midfrequency level (e,
the apparent londuess) by wore than
ono db,
1t is noted that the response of this
eireuit elosely approximates the Fletchor-
Munson contours only over o loudness
range of 40 db. No apology will be
wade for this limitation, s Lhn mare
eircuits p ibed

enits, Tn general, it is good practice to
place near the output those eireuits that
cmphasizo low frequencies (or reduce
highs), while high-frequency boost (or
buss eut) should be lozated near the in-
put. The resson for this rule is s fol-
lows. By fur the greatest part of the
distortion eomponents developed in an
nmplifier ure at higher Crequency than
the signnl. Aecordingly, a treble-cub
(bnss-boost) vetwork at the output will
rveduce  the dmrllon-h-amul ratio,
bl

while a t) eivouit

Fig. 3. Frequency
response of a twe-

stage infegrating
network
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do no bettor, More serious, perhaps, is
the fact that the Lotal range of variation
is limited to some 60 db at high and
middle frequencies, and to 20 db at low
frequencies, However, since (his runge
rupresonts the differcoee in londness be-
tween o lion's vear and the background
noise of a quiet residence,! the limitation
is probably of miner significance. If a
further range of variation is desired, the
control enn be supplenwnted with the
slepped attonuator shown in Fig. 4,
whieh will provide a 0-20-40 db varia-
tion in louduess level. The attennator
should be separated frow the moster
loudness control by an solating smpli-

e,

No treble compensation is incuded, as
the Floteher-Munson curves have all very
nearly the same shape at the high-fre-
queney end, and the author prefers to
effeet this covvection by means of a
sepurate tone control, However, if it is
dosived to cxplore the possibilitics of
adding high-frequency sompensation, &,
and/or R, ean be shunted by copacitors.

Cireuit Location

As o matter of gemeral note, the
amonut of distortion genernted v an
amplifier ean depend materially cn the
location of the frequency-selective eir-

4 “Keference Data For Radio Engineers”
Becond Edition, Page 177,
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will aceentuate all distortion fed into it.
However, extreme bass eot should not be
incorporated so warly in the cireuit that
hom becowes apprecialile.

The loudness control, whicl: is essenti-
ally a bass-boost cireuit, should there-
fore be placed o5 near the smplifier
output a8 other cirenil considerations
will permit. Unfortunately, the eontrol
must usually be located near the inpat,
to aveid overloading the succeeding
stages. The answer, of course, is to seek
the best compromise. It goes without
saying that no froquency-selective civeuit
should be expected to function properly
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Fig. 4. Lovdness conirel converted fo o
stopped ahenuator cireuit, the type mare
commaonly known as @ "tontour contrel.” |
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if it is placed within o food-hack loop.

It should be remembered that the
published Fletcher-Muanson eontours rop-
resent the response of the “average” ear,
and enn be expeeted to deviste widely
from the response of any individual ear,
Therefore, any poinstaking attempt to
mabeh the curves with mathematical ox-
actisess would be a bit ridienlons. For
this reason, it is suggested that compo-
nents of plns or mines 5 per eent toler-
ance would be quite satisfactory.

I it i= desived, the impedanes level of
the eircuit ean be raised or lowered,

‘without affecting the response af the

eontrol, by multiplying all resistors by a
common factor, and dividing all enpaci-
tar values by the same factor. The Hmits
of varistion are set, of course, by cir-
enit enngiderations—the amount of Jond-
ing of the previous stage that can be
tolerated, the impedance to be presented
o the sneceeding stage, the suscoptibility
to hum pickup and 5o on, ¥4






