A Two-Tap Bass and Treble Compensated
Volume Control

WILLIAM O. BROOKS®

A simplified analysis of the method of determining the
constants for a loudness control which will simulate the
Fletcher-Munson curves to a reasonable degree of accuracy.

compensited volunie comrol of an

amplifier when nwsic was being
played has noted that as the control was
rotated from its {ull volume position (o
its nunimum, less and less bass and
treble were heard as cowmpared o the
amount heard in the maxinmum or fall-
volume position. This is borne aut by the
Fletcher-Munson sound pressure curves
appearing in engineering texts. As the
curves show, it is necessary to hoost
the bass—and 0 a lesser degree, the
trehile—more and moere as the contraol
is lnwered to make up ior the hearing
curve of the ear.

By adding a tap on the volume control
and running the shding arm down to
this tap we have an 'L” type tone com-
pensating network as shown in fig, L
The netwark can be hgured so as to give
correct compensation for hearimg losses
it this one point. Now it hecomes ap-
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Fiz. 1. Basic arrang t of components for
L-pad compensation of Freguency response.
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Fig. 2. Simplified equivalent of uncompensated
volume contral.

parent that in order to have a 100 per
cent perfect control, we would have to
have an infinite numher of taps on the
control with an equal number of ner-
works. This is impractical from a
nechanical and economical standpoint.

The next choice would be iliree con-
trols back to hack on the same shaft—
one acting as a volume cantrol, one as
a continuously variable hass-compensa-
tion network, and the other a continu-
ously variahle treble-compensation net-
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work as deseribed by E. E. johnson!
For those in the radio manufacturing
industry where cost is a great factor, a
goodd but cheaper method might Le de-
sired.

It is possible to make two well Jocated
taps on a single controt approach the
desired boost requirement to a very ac-
ceptable degree. This has heen done in
commercial radio eguipment for many
vears it the fornt of ome or two tap
volume controls; however, only bass
compensation was ohtained. On recent
designs treble compensation has shown
up on a single-tapped contrel. The de-
velopment of a two-tap control with both
hass and treble compensation, as pro-
posedd Ly the author, is to he discussed
i this paper. Let us start with a single
tapped yolume control as shown at {A)
in Fig. 2. Ii the slider 15 set at the tap,
we have an L pad divider made up of
R, anil B, as shown at (BY. The voliage
ratio will be R, /{2, +Ry). If R,=
025 meg and K,=023 meg, then

B3 e : ¢
0254025 0.3, or &l attenuation o

voltage. If C, is now connected from tap
to ground as at (A} in Fig. 3, we would
have a refinite attenuation of voltage at
some desires] center frequency. Above
this frequency. the reactance of €, de-
creases at i constant rate, attenuating
the highs. Below this [requency, the
reaglance of €, increases at a constant
rate. thus effectively boosting the bass
{bv attenuating the high frequencics}.
Sinee this Lass-boost circuit should not
funection at the expeuse ol losing treble,

14A coulinpously variable lowlness con-
trol,” Avuno ExciNeErivG, Dec, 1950
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ig. 3. Volume cantrol with single tap, allow-
ing for one bass turnaver frequency.

Fig. 5. Dcvelopment of dual-tap contral.

it is necessary to insert /2, in series with
C,. At the frequency when the reactance
of C, =R, the curve will begin to Hatten
out. This frequency is known as the hass
turtover frequency. It is subject to
change with each design engineer irom
a minimum of 230 to a maximum of
1000 ¢ps. Since 800 cps has heen chosen
as the center frequency of the audio
spectrum, a bass turnover frequency of
1000 cps will tend to raise the midrange
oo much, while a 230-¢ps turnover will
not allow the hass to rise to a suffi-
ciently high amplitude. It is thus desir-
able to stay within 230 and 1000 eps. Tt

[Coutinied on page 47]
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COMPENSATED (ONTROL
[frone furge 15]

s been suggestod that all manutactur-
ers use M cps ne the Bass tienoser frie-
quency, The corves in Fig. 4 are plottod
armmel thiz point. The newt step s to
addil teebbe cwmpensation {8y 1),

Thore are two reasons foe adding this
COTAPCILSALINT &

10 T vmackee agpe Tur thee Loda o Tiigls aleee:
to adding Lhe lass camtpensation. (The
terirer of £ amd Ky calses a Aattening
out of Uk cucve, but ot U6 per cone.
There is always sunie atbeuuation of highs
ahive the furpeever poet.)

2. T nike gpe e Thee Tesbing loss i
highs ax e srleme §: loweesd, i oac-
natlanes with  the  Fleteher-31onson
Luree,

Selection of Bosst Fraguetsics

From the heaciug curves we can pick
qut the peccssary treble boost for this
tupr ol Aince the tap s alceady set.
the value of &) 15 fxed. IE capacitor €
is aleled across £, the highs above the
tutnnver point are binsted. This upper
turnavor feegqoeney 1z the point at which
X, =R, (Hefer w P 1) A sup-
geated troble turmover Troquency wonld
be 23MF eps to ake the  nrowover
frespuencies of bhess and relle syn-
wetrical on oack side of 1000 cpa. The
curve can new Be ealenlated ar oan
eecillator and  wnomne-tube vpllmeler
cite he uscd o nhtain the cueve experi-
mentally, This contral can ke desipgngd
a5 a soparate wnit from e amplifior, e
togrether with i s degiced, [T 9t s e
sigmed together with the ampliler, the
tone conteals on e amplifier duml be
aot to the MAat” position. Then with the
volume  comrol in o maxinnm yolumes
mesition, o fal celerence curve is ob-
wined. Let this dat curve be oqual
W e Wb Fletcher-Aunsen  curve
which is Hal and suld the beosts ac-
enrdingly as the midrenge level {s re-
el ak the ditferant tips. 1 moee hass
comensalion 15 necdad, [ower &, anil
inerense O thus keeping Lhe sinse tum-
uver Irequency, [ mote treble Tonst is
dewirz]l aned Ky 15 dxed by the tap, it 1=
allainel hy ereawsing ©,, which turns
over at i lower fcequency and albews the
cocye A starl risiog swner, 1 ess
trelsle huwost iz desired, decrease O
making the turnveer [reguensy higher
il the tooble tize will sinee later.

T aulchimg the networks for the seonml
Lape, dlie gacme procedure should W fol-
Irww el Boeepr the same bass tuenover fre-
ey ws Bekore Fer tlee network O, aid
Fyoas - Fig, 5 The treble bonst fwet-
work 1% C, aml &, Beferciop in the
soundl pressure curves agin, il ean e
seen that the treble increases s the Tass
incroises with cuch successively lower
tap bot Lo leseer depree, To la this
the treble turmover fceguencr abk tlas
second e st be increased, thog al-
Trwing the Areble Lo siacl cisoge Iater in
the suree, £, dids ot retune 0 the top
of e contral, hul emly 1o e by above
it. Tt onty continies the treble rise
started by elie first tap.

One thing might be pointed pat, T

not Tl the treble bonst capacitne from
the wp of the cnntrol to the aew fie coa-
cipwonsly wnrahle trelvde loost, becese
vwren Eiiagh this seon ks weell as 1he aom
15 Joweered Trotn (e tope down 1o the .,
tewlshe bnosting comimes Lelow the Tap
whibe the biss Dot stops al e L,
Thiz over-lomts itebbe Tesponse,

The taps can be bocaed as besited
Lt it s frond ihat g aice resdli i ke
tainmd by setting the top tap ot one-1ink
the total rtesistimee atwb the Toliomm
At nng-sixth total cesisiznce, Cnoao boteege
control, these world Tie (L33 aud K167
mcg. respectively. e ourves of Mg, 4
shew Dinws clasels dhe rozpoctive Tass
arrk wrelile honsdz folhees the Fletcher-
ATimson eurees el 1830 Dol

A choek af the heariog curvis will
imificata that the 10Hdb curve is ap-
prosamatety Hae Far g reforonce Towct,
i anest L assmned 1hat the masimen
coltwe pozitinw as al this Hal position.
The neacer 10 thid 1Al tevel the
maxiinung volmme of the mplilice 3=, the
clazer o peality 1he mnsie will somul

11 i% hopeil that this article w311 iwli-
cide o simphe log eomplote way of de-
signitey this type of contenl. The eom-
pckctit wahacs will change with diffoeent
tirnoear fimmencies, amd gre oot to he
Lken as fixed valioes (il ooest be vaed.
B ois pealizesl that when vsol with eer-
tain smplifier curves. omay hie de-
sitabbe o umder-cnmapenzate or over-
coampenizale the valume control,
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