Nov. 5, 1957 C. T. HALL 2,812,498

_ AURAL ATTENUATORS
Filed Sept. 23, 1953 2 Shests—Sheet 1

T/A/G‘cgmycj'd Contacts.

Z3 | _ 3B
N E B2
. ¥l Y 6’2 o
Segnal Inpul 2 Oulput Terminals
Termenals. 2 ‘0; > 70 load.
CI II C5
o BF 9
/ _
s T q
24 'l‘ Common Bus. 43
Fig 1
+5
V7 N 100 PHon:
S N
),B _10 :\‘ —
"20 X -~
N \
. .y
§ -30 ™~
' N s __/
S -40 1 T 2
N N L
N N Y
N - -
\\\~. » ‘//n
%% w00 V774 WK 30K
Frequency in cygcles per second.
INVENTOR.

Fy 2 - Cecel T Hall.

] BY ig Z

HIs AT OBNEY



Nov. 5, 1957 C. T. HALL 2,812,498
AURAL ATTENUATORS )
Filed Sept. 23, 1953 2 Sheets-Sheet 2

7
7 r b 0’”[“;;9

QL

- —

/
AARAAAA -

Stgnal Input §§ 7 : ’ 770 (222
7% ; . 2 2 ermnals
erminals 1 .7.“.( 24 Toad,

24 4
cs
_ ‘ : g |
24 Common Bus. 4B
Ganged C’on(acé;.
14, Z 4 15 3B
Bl '

YYYYvyv
5

—

/s

Y
/
ol

AAAAAAAAAA AR AR AR
w0

(Y
N

wy V'";-‘ vy
3

Stgnal Inpud Outpd Terminals

o—AAAAAAAA AAAAAAAA
Yyv ¥

"_'l"'l"'
N
W\ N

Terminals. “ —1;_ [ 72 Load.
23
9
. —Q
4B

Cormmon Bus.
2. 4.

INVENTOR.

C’ecz,l 7 Hall.

BY
@MM

HIS - ATTOBNEY



United States Patent O

2,812,498
Patented Nov. 5, 1957

fice

2,812,498
AURAL ATTENUATORS
Cecil T. Hall, Mount Lebanon, Pa,
Application September 23, 1953, Serial.No. 381,921
7 Claims. (Cl 333—28)" :

My invention relates to an aural - attenuator, and more
particularly to an electric loudness control having. fre-
quency compensating characteristics in the audio fre-
quency range that closely. parallel- the characterlshcs of
the average human ear.

The sound pressure -frequency characteristics. of , the
human ear have been effectively derived by Fletcher and
Munson, and their curves for this action .are a standard
referencé for those skilled in the art. An exammatlon
of . such curves reveals the need for a bass boost action
of_the order of 12 decibels (db) an octave and a treble
boost action of the order of 6. decibels (dby an octave
for low listening levels. Objective and -subjective. tests
indicate that the mid- frequency attenuation of such a
control device should be-in excess of .50 decibels’ (db).
1t is apparent that the prcblem of dev1s1ng a control to
fulfill these needs is a difficult one and it is increasin
difficult to prov1de such a device that can be readlly man
ufactured and is inexpensive. The" problem is ' further
complicated by the desirability. of maintaining conven-
tional input and output impedances and also by the
tolerance required by conventional signal energy sources
and load devices. Again, it is necessary that the control
-actions occur simultaneously for changes in the setting
«of the control means and that they agree or track with
:accuracy the characteristics of the average human ear. .

The Fletcher-Munson curves are loudness contours
‘which reflect the related values of sound pressure level

10

15

20

30

2

A st111 further obJect of my invention is the provision
of a tone control having reduced insertion 1oss :

Again, an object .of rny,mventlon is ic. provide a re-
sistor-capacitor network which is econumical in construc-
tion, simple to operate and has the ability to. satlsfy most
aural control needs.

*‘Also, an object of my invention is to prov1de a w1de
range continuously variable loudness control.

Another object of my invention is the .provision of
means for low level music reproduction related to the
characterlstlcs of the human ear. . .

A further object of ‘my invention is t« provide means
'whlch permits full range low Tlevel music reproductlon. .

Other objects, features and advantages of my invention
w111 be apparent. from the followmg spe(‘lﬁcatlon taken
in connection with the accompanying drowings, i
) Bneﬂy, the foregoing objects, features and advantages
of ‘my invention, I obtain by the provicion. of a novel
‘arrangement of several interconnected networks which
mclude potentiometers, resistors and capacitors. A first
one of ‘the potentlometers in series with a resistor and a
capacitor serves.as a first circuit network, a second one of
‘the potentiometers in series with a second resistor and a
second capamtor serves as. a second network, and a third
‘network includes another capacitor and portions of each of
the first'and second potentiometers. The outside terminat
‘of the first potentiometer of the first network serves as an
‘inpuf terminal for signal energy. The other outside termi-

“nal of this first network is connected to a common bus con-

‘nection which serves as the other input terminal for the
'signal energy as well as one of the output terminals. A
movable contact arm of said first network potentiometer

" s electrically connected to a movable contact arm of
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-the potentiometer of the second network. A terminal of

this-second nétwork intermediate its potentiometer and
resistor is'connected directly to a second cufput. termmal
:and the outside terminal of the second nztwork ad]acent
its capacitor is- connected to the common buis connection.
The other outsrde termmal of said second network is

'»ﬁrst mentloned termmal of the first network potenti-

:and frequency required to produce a given loudness sen- :

sation for the typical listener. The unit of loudness is
the Phon which is directly related to the sound pressure
«characteristics of the ear. For convenience the loudness
level in Phons has been made numerically equal to the
«electrical measuring unit, the decibel (db), at a pure tone
frequency of 1000 cycles per second ‘and relative to the

:same zero reference level which is generally ‘the average 5

‘threshold of hearing, that is, .0002 dyne per square centi-
meter.

For the purpose of the present application, it is ‘more
«convenient to use the decibel as a unit of measurement,
in that it directly relates sound pressure level,-electric
ppower and the amplitude of voltages. Necessarily, -t
-expresses sound pressure levels-in electric power ratios
which are equivalent to voltage ratios needed to-determine
:the characteristics of an electrical loudness -control.

In view of the foreooing problems, one-object ‘of my
present invention is to provide a-loudness control afford-
dng very accurate aural compensatlon

Another object of my invention is to provide a loud-
mess control of the type described which is: simple ‘in
‘construction and economical-to manufacture,

Another object of my invention is to provide-a loud-
mess control of the type here involved having ‘safety
features which prevent boosting any - frequency above
‘the others at maximum setting.

A further object of my invention is’to provide a lond-
‘mess control which compensates in some:-measure for the
Jow frequency inefficiency-of loud :speakers.
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It'is to ‘b understood that the control means embody-

.ing the 1nvent10n is not limited in its form to that out-
lined above and ‘this form is a preferred one of several
fthat may be used.

S ishall descrlbe certain forms of an aural attenuator or

loudness control means embodying my invention and

“shall ‘then point out the novel features thereof in claims,

-In.the accompanying drawings, Fig. 1 is a diagram-

:matic view showing one form of circuit networks for.a
~control means embodymg my invention.

~Fig..2 is a view showing the idealized -curves of the
-amplitide frequency characteristics of the average human

.ear.

:Fig.-3 is a diagrammatic view showing another form

cof. ¢ircuit-networks for a «control mean, embodymg the
-invention.

. Fig. 4 is a diagrammatic view showmg another form
,of control means that I may use and also embodymg the

‘invention.

. In-each of the different views like reference characters

.are used. to designate similar parts.

-Referring to F1g 1, the loudness control .means of my

:invention -comprises- a :group of . three “interconnected re-
‘sistanice-capacitance networks which includes two potenti-
.ometers identified as a whole by the reference characters
iR1.and.'R2, respectively; three capacxtors C1, C2 and

"..€C3; and two.resistors R3 and R4.
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:The potentiometers R1 and R2 may be of any ‘one 'of

:several known constructions for such devices, these de-
'vxces bemg well known to the art.

For example, each
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of these potentiometers may be of the carbon resistance
type selected to have a preselected maximum resistance
and: made .with a:taper; which preferably is linear so
that operation” of 'the movable contact member of the
potentiometer will: produce a preselected change in the
results effected by the network in which the potentiometer
is included. v

The ‘potentiometer R1 has two terminals. designated
by the reference characters 1 and 2, the terminal 1 being
connected directly to a -signal input-terminal 1A of the
control-means. - The potentiometer R2 is provided with
two terminals 3 and 4, the terminal 3 being connected
directly to an-output terminal 3B of the control means.
The potentiometers. R1 and R2 are provided with mov-
able -contact arms 5 and 6, respectively.. Preferably
these contact arms 5.and 6 are electrically connected
by a conductor 7 and are mechanically connected by a
suitable linkage indicated by dotted lines 8 for simul-
tanecus movement between the terminals 1—3 and ter-
minals. 2-—4 . of the potentiometers. This mechanical
linkage is indicated conventionally by the dotted lines
8 because mechanical connection for gang operation of
two or more electrical contacts is known and the spe-
cific connection forms no. part of ‘my present invention.
In Fig. 1-the maximum loudness positions of the con-
tact arms 5 and .6 are toward the terminals 1 and 3 and
their minimum loudness positions are toward the ter-
minals 2 and 4. Furthermore, it has been found that
potentiometers with a linear taper; i. e., those that are
arranged .so that a given fraction of movement of the
adjustable contact arm from one end results in a similar
fraction of the resistance being included between the
contact arm and that end; when thus connected, yield a
substantially. uniform rate of aural attenuation when
employed in my invention. This is the result of the two
simultaneous attenuation actions of the ganged potenti-
ometers causing the fractional attenuation of each to be
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effectively multiplied, as when they are each adjusted to -

the mid-point. of the resistance element, and = the
effective mid-frequency transmission is one-half times one-
half or one quarter.

The second terminal 2 of the potentiometer R1 is .

connected to a common bus connection 9 through a c¢a-
pacitor C1 and a resistor R3 in series. This common
Jbus 9 is connected to a second input terminal 2A and
also - to -one -output terminal 4B of-the control means.
-The first terminal 1 of the potentiometer R1 is connected
through a capacitor C2 to the second terminal 4 of the
potentiometer R2. The first terminal 3 of the potenti-

ometer- R2 is connected to a second output terminal 3B .

.of the control means and to the common bus 9 through
.a resistor R4 and a capacitor C3 in series. ' Thus the
potentiometer R1 in series with capacitor C1 and resistor
R3 forms a first circuit network; the potentiometer. R2
in series with resistor R4 and capacitor C3 forms a sec-
ond network; and the capacitor C2 together -with por-
tions of potentiometers R1 and R2 as determined by the
setting of contact arms 5 and 6 forms a third network.

To analyze the action of the control means of Fig. 1
it is preferable to first consider the action of each net-
work - separately. The network comprising potentiom-
eter R1, capacitor C1 and resistor R3, which I have
referred to as a first network, serves to attenuate all
audio frequencies applied to input terminals 1A and 2A
with reduced attenuation as the :frequency falls below a
given frequency during- movement of the contact arm 5
from its maximum position terminal 1 to its minimum
-position terminal 2. It can be said that the action of
this network for a given degree of attenuation is to im-
part a low frequency or bass boost to the applied signal
energy. This bass boost action for maximum attenua-
tion is of the order of the conventional 6 db an octave.
The maximum. attenuation is readily determined by the
relation of the resistance of potentiometer- R1 to resis-
tor R3, and the frequency at which the desired degree
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of bass boost action occurs at any degree of attenuation
is determined by the preselected relation of the imped-
ance of capacitor C1 at this frequency to the impedance
of potentiometer R1. Resistor R3 is selected to provide
a desired treble boost action when contacts 5 and 6 are
at positions 2 and 4 when there is minimum loudness
action.

The output signal energy for this first network is taken
from contact-arm 5 and applied through a conductor 7
to contact arm 6 of the potentiometer R2. As stated
above, the potentiometer R2 in series with resistor R4
and capacitor C3 forms a second network. This second
network also serves to attenuate the signal energy with
a reduced attenuation of low frequencies as the contact
arm 6 is moved from its maximum position terminal 3
to its' minimum position terminal 4. As the attenuation
is increased, the bass boost action of this network . in-
creases until at maximum attenuation it approaches the
conventional 6 db an octave.

However, as the contact arm 6 moves from its maxi-
mum setting to its minimum setting it serves to increase
the resistance in the second network due to the increase
in' the resistance between the point of contact arm 6 and
the terminal 3. Thus this second network differs in its
action from the first network because the total resist-
ance of the first network remains fixed as the position
of the contact arm 5 of potentiometer R1 is varied.
It can be said that the first network affords a fixed turn-
over point for the low frequency boost, and the second
network "affords a variable turnover point for low fre-
quency boost. This effect of the second network might
be. undesirable. if it were predominant. However, it is
preferable for the parts to be so proportioned as to have
the mid-frequency attenuation of the first network greater
than the mid-frequency attenuation of the second network,
thus reducing the effect of any undesirable characteristic
as to the low frequency boost of the second network.

The third circuit network, formed by the portion of
potentiometer R1 :between the contact arm 5 and the
terminal 1 and the portion of potentiometer R2 between
the position of contact arm 6 and terminal 4 together
with capacitor C2, is a path of decreasing impedance for
increasing frequency when the contact arms 5 and 6 are
moved from their maximum positions 1—3 toward their
minimum positions 2—4. For example, for equal values
and tapers of potentiometers R1 and R2 it is apparent
that the sum. of the resistances shunting the capacitor C2
is equal to the resistance of the potentiometer R1 or that
of potentiometer R2, and this resistance is essentially a
fixed value for any setting of the ganged contact arms 5
and 6 when potentiometers R1 and R2 are equal as here
assumed -for -illustration. - This novel use of the two
opposed variable elements permits the potentiometers to
be selected so that the turnover point of the low fre-
quency boost remains essentially fixed as well as permit-
ting a- gradually. increased high frequency boost, to be
described shortly, .as mid-frequency attenuation is in-
creased.. It is apparent that for any positions of the con-
tact arms § and 6 other than maximum positions the
effect of the impedance of capacitor C2 is to afford a shunt
path of decreasing impedance from terminal % to {erminal
4 as frequency increases.: Thus its effect as the contact
arms-5 and 6 are moved from terminals 1 and'3 to ter-
minals 2 and 4 is to offer a path of lower impedance to

. high frequencies than that of the path through the portions

of the potentiometers., Hence, it can be said that for any
degree of attenuation effected by the control means, this
third network provides a high frequency or treble boost
action. :

To sum up, the composite three networks of my control
means disclosed in Fig. 1 achieve five (5) interlocked and
simultaneous effects on signal energy applied to input
terminals 1A and 2A and which effects are interrelated as
the contact members 5 and 6 are moved from their maxi-
mum positions. Namely, (1) the signal energy is atten-






