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1

This invention relates to hearing aids, and
more particularly to electronic-amplifier hear-
ing aids of the type which are small enough to
be worn on the body of the user.

Among the objects of the invention is an:im-
proved electronic-amplifier hearing aid arrange-~
ment provided with selectively operable means
for controiling the frequency response charac-
teristics of said hearing aid so as to make it
possible to selectively decrease the amplifica-
tion in frequency regions in which eXcessive am-
plification would be detrimental to the hearing
of the user, while securing the desired high am-
plification in the fréquency regions by the char-
acter of his hearing impairment.

The foregoing and other objécts of the in-
vention will be best understood from the follow-
ing description of exemplifications thereof, ref-
erence being had to the accompanying drawings;
wherein—

Fig. 1 is a simplified diagram of an electronic+

amplifier hearing aid having a- selective fre=
quency response control arrangement exemplify-
ing one form of the invention;

Figs. 2 and 3 are two curve diagrains each
showing a series of curves’ 111ustrat1ng the oper=
ation of two modified forims of a hearing'aid
amplifier arrangement exempllfymg the inven-
tion;

Fig.
form of a hearing aid amplifier arrangement ex-
emplifying the invention;

Fig. 4—A is a curve diagram showing a series
of frequency response curves of the hearing aid
of Fig. 4;

Higs. 4—3 40, 4-D and 4—E show four
diflerent counnections of the elements of the
rvesponse control network for securing different

responses by the operation of a single control

member;

Fig. 5 is a circuit diagram of another practical
form. of a hearing aid amplifier arrangement ex=
emplifying the invention; and

Fig. 5—A is a curve diagram showing & series
of frequency response curves of the hearing aid
of Fig. 5. )

It is well known that many individuals having
impairsd hearing have a hearing loss limited to
a restricted part of the frequency range and that
a hearing aid designed to amplify the audible
range with uniform frequency response charac-
teristics has t0 be provided with response con-
trol means for selectively attenuating the am-

plification of the hearing aid output in the: re~

stricted part of the audio-frequency range in
which the user’s hearing is not impaired and ex-

4 is g circuit diagram of one practical
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. 2
cessive amplification wouid disturb of éven cause:
injury.

In the case of some individuals, it is desirable-
to attenuate the amplificaticn of the hearing aid
in the low-frequeicy part, in others in the High=
frequency pait, and in still others ih an inter- -
mediate or mid-part of.its frequency range. Ac-
cordingly, an ideal electronic amplifier heéaring
aid should make it possiblée to provide for a-
controllable attenuation over ahy spécified part
of the audlo—frequency range which is 1mportant
for intelligibility -of speeeh; and this centrollable
attenuation- should be fairly selective—that 1s,‘
when Providing asttenuation in one pairt of the'
frequency range, the response in the other parts:
of the frequency range should not be excessively
reduced or cut. The provision of a satisfactdry
wearable hearing aid meeting these requirements
presents many problems, because the design of a
practical hearing aid amplifiet arrangement -
equipped with such selective. attenuation or toné
control network is subject to a number of con-
trolling limitations. Thé attenuation control
network should be simple and should reqguire
only a very small number of circuit elements:

ccupying only very little space i the hearing-
aid housing. The network should be formed of -
resistances and capacity eléments only and
should not require any inductance coils. The
circuit elements of the tone control network
should be compatible with the other elements of
the amplifier, required in order to Secure the
required amplifier gain gnd-the reghired ampli-
fled signal output, and a D. C. path to ground
must be provided in the load circuit of the net-
work. - Furthermore, the attenuation network
should be controllable by a simple control ele-
ment having preferably only- a single conirol
member, such as a $witch. The small resistors
and condensers available for such atienuation
control network place an upper limit on the
values of the résistances and on both upper and
lower limits of their capacity values. The hear=
ing aid amplifier must have means for effective-
ly rémoving the tone eontirol nstwork so as to
provide uniform amplification over the entire
frequency range as required in the case of many
individuals. .

Many efforts have been madeé in the nsst to
provide wearable electronic amplifier hearing
aids which aim to meéet at least part of the fore-
going requirements. However, the Best priop-
art hearing aid amplifiers did not provide for
selective attenuation of the amplifier in other
than either in the high frequency part or in the
low frequency part of the range, and in the latter
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case they used a volume control potentiometer
placed in the power output circuit between the
power amplifier tube and the receiver.

The present invention makes it possible to
provide an electronic amplifier hearing aid ca-
pable of delivering the required large output of
good quality over the important, relatively wide
part of the audible frequency range with two
amplifier-gain stages and one power amplifier
stage, while at the same time providing for selec-
tively attenuating the transmission response
characteristics of the hearing aid, not only in
the low-frequency part of its frequency range,
but also in the high-frequency and mid-frequency
parts thereof.

Before describing a specific form of. an elec-
tronic amplifier hearing aid exemplifying the
invention, some of the principles underlying the
invention will first be explained by reference to
the simplified diagram of an electronic amplifier
hearing aid shown in Fig. 1. I{_has a micro-
phone 1! which picks up the sound transmitted
through the air, and an amplifier circuit 19
through which is connected a receiver 12, The
amplifier circuit {0 has a low potential side {4,
which is usually formed by the common return
lead to which the cathodes of the several am-
plifier tubes are connected, the other side of the
amplifier being formed by the circuit sections
through which the microphone fi1 impresses its
output on the control grid of the first amplifier
stage and through which the output of each am-
plifier tube is successively impressed on the con-
trol grid of the next higher amplifier stage, and
through the output of the power output tube on
the receiver 12,

The microphone 1l may be of the conven-
tional piezo-electric crystal type. Such crystal
type imicrophone has a high impedance and may
be connected directly to the input or control
grid of the first high-gain amplifier tube, al-
though it is usually desirable to connect across
the terminals of such crystal type microphone,
a relatively high grid resistance such as of 5
megohms. The receiver 12 may be either of the
magnetic type, as indicated—in which case it
is coupled to the output side of the power ampli-
fler stage by a transformer; or it may be a crystal
type receiver,

In general, a hearing aid circuit of the type
shown in Fig. 1, and provided with two high-
gain amplifier stages and one power output am-
plifier stage, may be readily designed for oper-
ation with uniform transmission characteristics
over a frequency range important for a satisfac-
tory hearing aid, namely, between about 300 to
4,060 cycles per second, and for delivering to the
receiver the volume of sound required by indi-
viduals having severe hearing impairment.

According to one phase of the invention, the
operating circuit of such electronic amplifier
hearing aid is combined with a response control
or attenuation network selectively operable to
attenuate the response not only in the low-
frequency part of its operating range, but also
in the mid-part and high-frequency part of the
frequency range.

Fig. 1 shows one form of response control
network, generally indicated 28, connected in the
operating circuit extending between the micro-
phone I{ and receiver 12. The control network
20 constitutes a bridged T network, having at
its input side two input terminals 21, 22, con-
nected to the circuit section 25 of the amplifier
18, and at its output side’two output terminals
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23, 24, coninected to a circuit section 26 of the
amplifier 18.

The network 28 has a series capacitance sec-
tion formed by condenser Cu connected in the
generally high-potential side of the amplifier,
a resistance circuit portion formed of two re-
sistance elements Ri, Rz, connected parallel to
the series capacitance circuit portion Cu, and a
shunt capacitance Cs connected between the re-
sistance portion of the network.

It can be shown that when a bridged T at-
tenuation network, such as indicated at 20 in
Fig. 1, has its input terminals connected to an
electric energy source without any impedance,
the ratio of the input voltage E applied to its
input terminals to the voltage e delivered at ifs
output terminals, or the attenuation A of the
network, is given in db by the equation:

A=20 log €=

(@A (1N y—1)2+y (1+ar) 24
2°‘°g[ @ A—Ny—Dity ] W

where

Cs R
a=¢; )‘=RT-I—1—RZ; a=2nf (B1+R) Cuj y=1

It can also be shown that for an attenuation
network of the type described in connection with
Fig. 1, the frequency of greatest attenuation
fois given by the equation:

PR S

2wy RiR,CoC

To obtain good selectivity or discrimination,
that is to secure the greatest difference in the
level between points of maximum and minimum
attenuation, the shunting condenser Cs must be
considerably larger than the series condenser
Cu. To obtain good selectivity in a hearing aid
amplifier circuit, a bridged T network of the type
described in connection with Fig. 1 should have
a shunt capacity Cs of about ten times greater
than Cu or larger, if possible, although in some
cases it may be sufficient to make the shung
capacity only about five times greater than the
series capacity of the network.

If the values of the two condensers Cs and
Cu are chosen too small, the resistors Ri1, R2 must
be made unduly large in order to provide suffi-
cient attenuation for frequencies below 1,000
cycles. The effectiveness of the attenuation net-
work 20 in providing the desired attenuation, may
be selectively removed by disconnecting the
shunting condenser Cs from the resistances Ry,
Rz, as by a switch 27 connected in the lead from
the resistances Ri, Rz to the shunting condenser
Cs. The discrimination of the network may be
varied with a single control element—for in-

@)

“stance, by making the two resistances Ri, R in

the form of two rheostats provided with a com-
mon contact arm 23, so that by turning the arm
28, the value of the resistances Ri, Ra2 connected

_in the attenuation network may be varied to

vary the discrimination or difference in the level
between the points of maximum and minimum
attenuation.

- A practical form of such response network
suitable for use in a hearing aid amplifier circuit
of the type described above may be formed with
the following condenser and resistance values:

Series condenser Cu, 10 micro-microfarads,

Shunt condenser Cs, 250 micro-microfarads,

Resistances Ri, Re, variable in value between
5 megohms and % megohm,
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If 4 response control network with the :fore-
going parameters has its input side connected
to the voitage source through a capacitance series
impedance Zo of 500 micro-microfarads and has
its output terminals connected to an output lcad
of 10 megohms, it will attenuate the input in
the manner shown in Fig. 2, where the curves
5—M, 3—M, 2—M, i—M, and .5—M indicate
the attenuation in db for resistance values of
5 megohms, 3 megchms, 2 megohms, 1 megohm,
and .5 megohma, respectively, used as resistors
Ri1, Re, the atienuation being indicated with re-
spect to the upper horizontal zere line of at-
tenuation. In this circuit arrangement, the
series capacitance input impedance Zo forms

with the resistance Ri and shunt capacity Cs.the-

first section of a frequency selective attenuation
filter, the series capacitance forming with the
resistance Rz and the shunt capacity Cs the sec-
ond section of such filter.

A similar set of attenuation curves 3—MO,
2—MO, {—MO, .5—MO, and .2—MO of Fig. 3
shows the attenuation obtained with resistances
Ri1, Rz of 3 megohms, 2 megohms, 1 megohm, .5
megohm, and .2 megohm, respectively, if the net-
work parameters are modified by using a series
condenser Cu of 40 micro-microfarads and a
shunt condenser Cs of 700 micro-microfarads,
while a resistance Zn of 2 megohms is connected
in shunt between the input side of the capacify
Zy of 500 micro-microfarads and the ground
lead i4.

It can be seen from Equation 1 that the cor-
relation of the values of the attenuation to the
frequency of maximum attenuation can be ad-

justed by changing the product of the resistances:

R to the capacitances C of the network, since by
changing the resistances and the capacitances,
the attenuation curves are shifted only to higher
or lower frequencies corresponding to a decrease
or an increase of the product of RXC. The
shape of the curves and the depth of the maxi-
mum attenuation do not change with such shift-
ing of the curves.

For any vaiue of the ratio of the shunting ca-
pacity Cs to the series capacity Cu, the discrimi-
nation may be improved by making the ratio of
R: to the sum R: plus Ra2 as large as possible, the
maximum discrimination being obtained when
the two resistances Ri, Rz are equal. If the at-
tenuation is to be controlled only by a single
switch or, in general, by a single control ele-
ment, the maximum attenuation obtainable with
a given set of circuit elements is not variable.
However, by the addition of one more condenser
in series with circuit connection to the series
condenser Cu and a switching arrangement for
eliminating the additional condenser, the maxi~
mum attenuation may be varied.

By providing an additional control element, it
would be possible also to provide for variation
of the maximum attenuation, for instance, by
using the additional switch for connecting an
additional condenser in series with the input side
of the network 20 shown in Fig. 1.

As indicated by the curves of Figs. 2 and 3,
some insertion loss is introduced by ‘combining
the hearing aid amplifier with the response con-
trol network. Thus, the network operating as
shown in Fig. 2, with the setting of curve 0.5—M,
for attenuating the high-frequencies, will intro-
duce an insertion loss of 3 -db at the low-fre-
dquency end, With the setting of curve 5—M, for
cutting the low frequencies, it introduces an in-

10

15

20

25

30

35

40

45

50

55

60

65

70

5

6
sertion:loss :0f. 7.:db -in-the ‘high-frequency part:
of:the.range, . . . R

.In :general, the factors -of insertion loss, :se-
lectivity, and the frequency of maximum .atten-
uation all depend.on. the circuit. parameters in
such-a way:that the optimum:designs for various
performance- features are .mutually  exclusive..
For example; if the network is..designed to: de-
crease .insertion loss at ‘high..frequencies, "it ‘is
necessary to -increase all. capacitance values.
However, in order to secure the desired operating
characteristics of the amplifier circuit at the low
frequencies, the capacitances of the tone control
circuit must not be too high. Accordingly, since
it is desired to provide a tone control network
with a single set of capacitance values which.
are to remain fixed, it is not possible to simulta-
neously eliminate all loss at low and high fre-
quencies.

Notwithstanding the foregoing limitations, the:
response control network of the invention de-
signed ‘to meet these limitations lends itself for
use in combination with a three-stage electronic |
amplifier hearing aid to provide selective atten-
uation of the frequency response either in the
low part or mid-part or high part of the fre-
quency range, while permitting removal of the
network by a single control-element for enabling
the hearing aid to operate with a substantialily
level frequency response characteristic.

The control networks of the type described
above in connection with Figs. 1 to 3 may be read-
ily designed for use in connection with a three-
stage electronic amplifier hearing aid so as to
make it possible to attenuate the level by about
16 db either in the low-frequency part or the
mid-frequency part or in the high-frequency
part of the over-all frequency range. If the re-
sponse network of the invention is designed to
provide for attenuation greater than 16 db in a
selected part of the frequency range, this would
result in an undesirable increase of the insertion
loss.

The response network of the invention is con-
nected in the hearing aid amplifier circuit so
that the voltage of the energy source is im-
pressed on the input terminals of the network
through an input condenser, and the impedance
of the input condenser makes it necessary to
make the shunt condenser Cs as small as possible
in order to avoid undue loss at low frequency.
Since the series condenser Cu must be still smaller
than the shunt condenser Cs, it is necessary to
compromise by choosing the value of the shunt
condenser Cs so that it is not too large compared
to the series condenser Cu and yet keep it small
in relation to the value of the input condenser.

Good results are obtained if the network is used
with a series input capacitance of about 500 mi-
cro-microfarads. An appreciable increase in the
value of such input capacitance would give even
better results, because it would make possible a
better impedance match between the energy
source and the response control network.

The load impedance Zm should be fairly large,
such as a resistance of 10 megohms. However,
because of other limitations, it is impractical in
most cases to increase the load resistance above
about 5 megohms.

If a response tone control circuit operating
with high impedance elements is combined with
the input side of the first high-gain stage of a
hearing aid amplifier, a great deal of disturbing
noise appears in the output of the hearing aid.

On the other hand, difficulties are also encouns:
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tered if torie Gontrol networks and volume control
circuits are combined with circuit parts associated
with the power output stage of the hearing aid
amplifier,

In a practical electronic amplifier hearing aid
based on the principles of the invention, these
difficulties are avoided by placing all elements
of the response control network and of the vol-
ume control between the output side of the first-
gain amplifier tube and the input side of the
second-gain amplifier tube.

Fig. 4 shows diagrammatically one practical
form of an electronic amplifier hearing aid oper-
ating with three amplifier stages and equipped
with a response control arrangement in accord-
ance with the prineiples of the invention.

The ampilifier circuit which connects the micro-
phone If to the receiver 12 has three amplifier
sections—namely, g first high-gain amplifier sec-
tion using tube 31, a second high-gain amplifier
stage using tube 32, and a power output ampli-
fier stage using tube 33, the three tubes shown
‘all being pentodes. The amplifier circuit has a
common low-potential or grounded side formed

by the conductor {4 to which one terminal of

each of the cathodes of the three tubes 3i{, 32
and 33 is connected. The microphone {{, which,
as described, may be of the crystal type, is cou-
pled to the control grid of the first amplifier tube

31 across ah impedance limiting resistance 35.

The amplified microphone input is impressed by
tube 31 on its output circuit including & -load
resistor 36 and a coupling resistor 31 which is
by-passed by a by-pass condenser 37—I. The
output voltage developed across the load resist-
ance 36 is impressed through an attenuation con-
trol network, generally designated 58, on a vari-
able potentiometer resistance 33 which serves as
the volume control of the hearing aid.

A component of the voltage impressed on the
potentiometer resistance 33 is impressed by a
tap thereof on the control grid of the second
high-gain amplifier tube 32. The output of the
tube 32 is impressed on a load resistance 41, and

the voltage developed across it is supplied through 4

a coupling condenser 42 across the grid input
resistor 43 to the control grid of the power am-
plifier tube 33.

The elements of the amplifier unit are housed
in a small, flat, compact casing indicated by
the dash-dot line 10, the operating elements of
the hearing aid being operated by energy sup-
plied by a battery assembly 90. The battery as-
sembly 80 has mounted therein an A-battery

9i—A which supplies heating current to the fila- &

mentary cathodes of the several tubes 31, 32 and
33 through an energizing circuit including a
switch 92 which is closed whenever the hearing
aid has to be operated.

The relatively high direct-current voltage re-
quired for the plate or anode circuits of the am-
plifier tubes, is supplied by a B-battery 92—B
through lead 83—B to which the plate circuits
and the screen grid circuits of the several tubes
are suitably connected so as to impress on the
plates and screen grids the proper positive oper-
ating voltages. The low-pobential side of the
B-battery 92—B is connected in a conventional
way to the cathode return lead {4 through a
series resistance 94 so as to develop across it a
bias voltage which is impressed through a circuit
including a resistor 95 and the grid resistor 43
on the control grid of the power amplifier tube
33 so as to cause it to operate as a Class A am-~
plifier,
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The power amplifier output tube 33 delivets
the amplified output to the receiver 12 through
a conventional coupling circuit formed by a cou-
pling transformer 45 having a condenser 4¢ con-
nected to the primary side of the transformer.

As stated above, the response control network
56 is placed in the circuit section of the ampli-
fler through which the output side of the first
high-gain amplifier tube is connected to the inpub
side of the second high-gain amplifier tube 32.
The response control network comprises two se-
ries condensers 51, 52 connected in the high-
potential side 53 of the amplifier section ex-
tending between the two tubes 31, 32, and re--
sistors 54, 55 connected between two terminals of
the condenser 52 and one terminal of a multi-
positioned switch 56 which may be actuated to
any one of its six contact positions 1, 2, 3, 4, 5
and 6.

When the switch 56 is in either one of the po-
sitions 1 or 2, it connects either the condenser
61 or the condenser 62 to the circuit elements
51, 52, 54, 55, to form a network shown in the
simplified form of Fig. 4—B, which operates as
a response control network of the type explained
above in connection with Fig, 1.

When the switch 56 is in position 3, it connects
the two resistance elements 54, 55 directly to the
low-potential side {4 of the cireuit section so that
they form a network of the type shown in Fig.
4—C.

When the switch 56 is in either position 4 or 5,
it connects the common terminal of the two re-
sistance elements 54 and 5% to either one of the

5::shunt resistors 83, 64 so as to form with the other

circuit elements a network shown in s1mpl1ﬁed
form in Fig. 4—D.

‘When the switch 56 is in position 8, it opens
all shunt circuit connections and establishes the

) circuit connections shown in simplified form in

Pig. 4—F.

The elements of the frequency control network"
are so chosen and designed that when the switch
56 is either in position 1 or 2, in which it con-
nects them into the network shown in Fig. 4—B,
the condenser elements 51 and 52 of the net-
work, with the two resistances 54 and 55 and the
shunt condenser Cs connected thereto, form a
two-section filter, each section successively at- -
tenuating the input to the network to bring about
the required large attenuation in the desired part
of the frequency range. Thus, with the network
connections shown in Fig. 4—B, the series con-
denser element 5¢ forms with the resistance ele-~
ment 54 and shunting condenser Cs the first filter
section, which delivers the attenuated output to
the second filter section formed by the second
series condenser 54 in combination with the re-
sistance 55 and the shunting condenser Cs, so as
to secure with the two filter sections the required
high attenuation of the response in the desired
part of the frequency range.

In Fig. 4—A the response curves §[—B and
62—B show the attenuation obtained by the con-
trol network 50 when the control switch 58 is
either in position 1 or 2, thereby establishing a
network of the type shown in Fig. 4—B, the up-
per horizontal zero axis representing the response -
of the hearing aid when the switch 58 is in posi-
tion 6, in which the hearing aid amplifier is oper-
ated with practically flat frequency response
characteristics over the range between 300 and
3,500 cycles. In a satisfactory network 50 for
securing such response control with a hearing aid,
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the circuit elements of the network had. the fol-
Jowing condenser gnd resi_stance values:

‘Condenser 58 _.___ __.microfarads__ .0005
Condenser 52________micro-microfarads_- 50
Resistance 84 _____________ megohms__ 56

Resistance 55.___. 56
Shunting condenser 61
micro-microfarads 1,000

Shunting condenser 62_____________ do_.._._ 509

In order to enable those skilled in the art to
readily practice the invention, and without in any
way limiting its scope, there are given below the
other circuit constants of the circuit elements
between which the attenuation: network 50 was
connected:

T.0ad resistance 36 _ . ________ megohms 1.5
Coupling resistance 37 _ . __ do._ 5
By-pass condenser 37— _______ microfarads .03

Volume control resistance 38 _.____ megohms 5

According to the invention, the response con-
trol network of the type described above and
having only a single manually-operated control
element in the form of switch 56, is also utilized
to.provide in the switch positions 3, 4 and 5 addi-
tional network connections for assuring selected
degrees of more or less large attenuation in the
low-frequency part of the frequency range of the
itype required in a hearing aid. 'Thus, in cases
which require a high rate of attenuation of the
low frequencies. it is merely necessary to actuate
Tresponse control switch 56 to position 3, in which
it. establishes the network connections shown in
Fig. 4—C at which the two condensers §i, 52
operate in conjunction with.the two shunt re-
sistances 54. 55 as two sections of a filter which,
in the successive filter sections, is very effective
in cutting the low-frequency part of the response,
in the manner indicated in Fig. 4—A by curve
63—C. By moving the switch from position 3 to
either of vpositions 4 and 5, for establishing
the network connections shown in Fig. 4—D,
there is provided a choice of two further, different.
low-fregiiency response cutoff characteristics,
indicated in Fig. 4—A by the curves §4—D and
65—D. In one very satisfactory, practical tone
control system of a hearing aid of the feregoing
type, resistance 63 of .22 megohm and resistance
64 of 56 megohm were used. in order to provide
operation with the response control curves §4—D
and 85—D, respectively.

An amplifier hearing aid provided with 2 tone
control network of the type described above may
be combined with additional auxiliary response
control means for enabling the user of the hear-
ing aid to reduce the overall gain of the hearing
ald and also provide greater discrimination
against low pitched sounds when he is in a noisy
place, while retaining the desired frequency dis-
criminating attenuation established by a given
setting of the selective response control network
of the type explained above in connection with
the network 50.

Thus, in the case of the hearing aid of Fig. 4,
the desired reduction in gain and greater dls—
crimination in the low frequency part of its
operating range may be obtained by connecting
a resistance element 68 in shunt between the in-
put side of the series capacity element 52 and
the grounded side 14 of the amplifier circuit, a
switch 69 making it possible to connect or dis-
connect the additional resistance 68 from the
network circuit.
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In Fig. 4—A, curve 66—N represents the at-
tenuated response obtained by connecting re-
sistance 68 ‘to the network circuit while the
selector switch 56 is in position 6 in which the
hearing aid operated with g substantially flat
frequency response indicated by the horizontal
upper zero axis of Fig. 4—A. "If the response
selector control switch 56 is in any of its other
positions 1 to 5, the hearing aid will operate not
only with the attenuated response indicated in
PFig: 4-—A by curve 66—N, but with an additional
frequeney discriminating attenuation superposed
thereon, as indicated by the attenuation response
curves 6f—B to 65—D explained above.

It should be noted, the selectively settable re-
sponse-control . network -secures the desired
selective lowering .of the amplifier gain without
being part of a regenerating or degenerating cir-
cuit ‘portion of the two a*nphfier stages between
which it is connected.

In Fig. 5 is shown 'an electronic amplifier hear-
ing aid similar to that -of Fig. 4 which shows
another way in ‘which a response control net-
work may be combined with the circuit section
extending ‘between “the first and second gain
amplifier tubes. The hearing aid arrangement
of Pig. B has a microphone 1, a receiver 12 and
a three-stage amplifier operating with two gain
tubes 31, 32 and an output tube 33 connected
to operate in a manner generally similar to that
described in connection with Fig. 4.

The hearing aid arrangement of Fig. 5 is
modified, however, by .supplying the amplified
output of tube 31 which is. developed across the
load resistance 86 through a series condenser
element §{ directly to the volume control poten-
tiometer resistance 38 of the relatively high re-
sistance value of about 5 megohms. A tone con~
trol network 26—1 generally similar in configura-
tion to the network 20 of Fig. 4 is connected be-
tween the volume control resistance 38 and the
control grid of the second amplifier tube 32, the
elements of the control network 20—{ being so
chesen and proportioned as to assure that in all
positions of the network control switch 56, the
network elements will provide the requisite grid
resistance path between the control grid of tube
32 and the grounded return conductor (4.

The network 20—{ is shown formed with a
series capacitance 12 connected in series between
the tap of the potentiometer 38 and the control
grid: of tube 32, the network including the addi-
tional resistance elements T4, 75 arranged to be
selectively connected through the- single control
switch 16 either to one terminal of the shunt
capacity 81 or shunt capacity 82 in switch posi-
tions -1 and 2 or to ohe terminal of resistances
83, 84. inswitch positions 4 and 5 or directly to
the ground lead (4 in position 4, in a manner
analogous to the network control arrangement
of Fig. 4.

By placing the elements of the response control
network 28— I{.between the relatively large volume
control resistance 38 and the control grid of the
second gain tube 32, the elements of the network
may be:designed to exhibit a-much greater resist-
ance than-when used.in the manner shown in the
hearing aid of Fig. 4. As.a.result, the frequency
control network 20—I- introduces a smaller in-
sertion loss in the amplifier although it is able to
supply the same selective frequency. discriminat-
ing attenuation as that of Pig. 4.

The elements of the frequency control network
20—{-gre sochosen and designed in relation to the
series capacitance ¥l and potentiometer.resistance
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38 as to cooperate therewith as a two-section filter
network in a manner analogous to that described
for the corresponding elements of Fig. 4. Thus,
when the switch 16 is in position 1 in which it
established network connections analogous to
those shown in Fig. 4—B, the series condenser §f
will form in conjunction with the resistor 74 and
the shunt condenser 81 one section of an attenu-
ation filter network, the attenuated output of
which is further attenuated by the second section
of the filter network formed by the series con-
denser 12 in conjunction with the resistor 75 and
the shunt condenser 81.

The response control network of Fig. 5 may also
be combined with additional auxiliary gain and
frequency contrel means in the form of a resistor
68 selectively connected between the input side
of the network 28—I and the ground by a switch
69, in a manner analogous to that described in
connection with Fig. 4.

A very satisfactory network arrangement 26—I{
for securing with a hearing aid of the type de-
scribed in connection with Fig. 5 selective fre-
quency discriminating attenuation of the response
in the manner indicated by the curves of Fig.
5—A, may be obtained with the network elements
of the following values:

Condenser 8 _ . ________ microfarad_.. .0005
Condenser 12 ________ micro-microfarads. 25
Resistance T4 - megohms__ 3
Resistance 15 o do____ 3
Shunting condenser 81

micro-microfarads_. 200
Shunting condenser 82 ____________ do____ 100
Shunting resistance 83 ____.____ megohms.__ N
Shunting resistance 84 ___________ doe... 2.2
Volume control resistance 38 ______ do..__ 5

In Fig. 5—A, curves 8{—B and 82—B show the
frequency discriminating attenuation response
with a response control network having the fore-
going constants and the selector switch 1§ either
in positions | or 2 respectively, while the auxiliary
switch 69 is open, and curves 83—C, 84—D, 85—D
show the frequency selective attenuation response
obtained under such conditions when the switch
16 is in positions 3, 4 or 5 respectively, the sub-
stantially flat zero response of Fig. 5—A being ob-
tained when the selector switch 76 is in position
6, while the auxiliary switch 69 is open. In an
analogous manner, curve 86—N of Fig. 5—A
shows the attenuation response when the auxil-
iary switch 69 is closed and the response selector
switch 76 is in position 6.

By connecting the response control network
20— directly to the control grid of the second
amplifier stage, and connecting it to the output
side of the preceding high gain amplifier tube
through the high resistance of the volume-con-
trol potentiometer 38, the circuit of the elements
of the network may be designed so that they all
present to the load circuit of the first amplifier
stage such high impedance at frequencies which
are not attenuated by the network as to prevent
substantial attenuation of the response in the
parts of the frequency range in which full ampli-
fication is desired. This is illustrated by com-
paring the attenuation curves of Fig. 4—A, ob-
tained with the hearing aid amplification circuit
of Fig. 4 in which the volume control potentiom-
eter resistance 38 is connected between the at-
tenuation network 28—I1 and the grid of the
second amplification tube 32. Thus, as shown in
Pig. 5, when the hearing aid amplifier of Fig. b
operates with a setting which produces the at-

10

15

20

30

40

45

50

55

60

65

70

7%

12

tenuation indicated by curve 81—B, the response
at 3,000 cycles is reduced only about 2 db, and in
the low frequency end only about 4 db. Simi-
larly, when the hearing aid circuit of Fig. 5 oper-
ates with a setting which produces the attenuation
indicated by curve 83—C in Fig. 5—A, the re-
sponse at about 3,000 cycles is reduced only about
2 db. The improved performance obtained with
the hearing aid amplifier circuit of Fig. 5 is due
to the fact that by connecting the high resistance
volume control potentiometer 38—having, for in-
stance, a resistance value of 5 megohms——the first
amplifier stage operating with a sub-miniature
pentode gain tube 31 may be readily designed to
operate with a gain of at least 25 db when used
with a D. C. power supply battery supplying a rel-
atively low voltage, such as 20 to 30 volts only.

It is understood, of course, that the values of
the various constants of the circuit elements given
above are merely illustrative and they may have
other values depending on the type and arrange-
ment of the elements and the degree of discrimi-
native attenuation required.

The features and principles underlying the in-
vention described ahbove in connection with the
specific exemplifications, will suggest to those
skilled in the grt many other modifications there-
of. It is accordingly desired that the appended
claims be construed broadly and that they shall
not be limited to the specific details shown and
described in connection with exemplifications
thereof.

I claim:

1, In a hearing aid worn on the body of the
user in which the amplified cutput of a micro-
phone is supplied to a receiver: an amplifier cir-
cuit having at least two succeeding high-gain
amplifier stages for amplifying a voltage input
with a predetermined normal gain over a pre-
determined relatively wide audio-frequency
range; a network having an input side and an out=
put side arranged to be connected bhetwesn said
two stages for selectively lowering the gain over
a limited part of said frequency range; said net-
work being free of regenerating and degenerating
elements of said amplifier stages; said network
including a series circuit portion including g se-
ries capacitance connected in one circuit side of
said amplifier circuit; a resistance circuit portion
including g resistance connected across said series
capacitance; said net-work including a plurality
of shunting elements of different impedance
characteristics. arranged to be selectively econ-
nected between said resistance circuit portion and
the other opposite-polarity side of said amplifier
circuit; at least one of said shunting elements be-
ing formed of a shunting capacitance at least three
times greater than said series capacitance for low-
ering the response in a mid-frequency part of the
frequency range, and at least one of said shunting
elements being formed of a resistance for lowering
the low frequency gain; a volume control re-
sistance connected in shunt to the amplifier circuit
portion extending between said two stages; and
control means including a single control member
selectively movable to different positions in which
different of said shunting elements are connected
to said resistance circuit portion, said control
member being also movable to an additional posi-
tion in which said resistance circuit porticn is di-
rectly connected to said other circuit side and to
a further position in which said resistance circuit
portion is disconnected from said other circuit
side.
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2. In a hearing aid worn on the body of the
user in which the amplified output of a micro-
phone is supplied to a receiver: an amplifier cir-
cuit having at least two succeeding high-gain
amplifier stages for amplifying a voltage input
with a predetermined normal gain over a prede-
termined relatively wide audio-frequency range;
a network having an input side and an output
side arranged to be connected between said two
stages for selectively lowering the gain over a
limited part of said frequency range; said net-
work being free of regenerating and degenerating
elements of said amplifier stages; said network
including a series circuit portion including a first
series capacitance and a second series capaci-
tance connected in one circuit side of said ampli-
fier circuit; a resistance circuit portion inelud-
ing a resistance connected across said second
series capacitance; said network including a plu-
rality of shunting elements of different imped-
ance characteristics arranged to be selectively
connecied between said resistance circuit portion
and the other opposite-polarity side of said cir-
cuit for lowering the response in a mid-fre-
quency part of the frequency range, and at least
one of said shunting elements being formed of a
resistance for lowering the low frequency gain;
at least two of said shunting elements being
formed of two different shunting capacitances,
each of which is at least three times greater than
the series capacitance across which said resist-
ance circuit portion is connected, and one of said
shunting capacitances being at least twice
greater than the other of said shunting capaci-
tances for selectively lowering the gain in a mid-
frequency part of said frequency range; at least
one of said shunting elements being formed of
a resistance element for selectively lowering the
gain in the low frequency part of said frequency
range; a volume control resistance connected in
shunt to the amplifier circuit portion extending
between said two stages; and control means in-
cluding a single control member selectively mov-
able to different positions in which different of
said shunting elements are connected to said re-
sistance circuit portion; said control member be-
ing also movable to an additional position in
which said resistance circuit portion is directly
connected to said other circuit side and to a fur-
ther position in which said resistance circuit por-
tion is disconnected from said other circuit side.

3. In a hearing aid worn on the body of the
user in which the amplified output of a micro-
phone is supplied to a receiver: an amplifier cir-
cuit having at least two succeeding high-gain
amplifier stages for amplifying a voltage input
with a predetermined normal gain over a prede-
termined relatively wide audio-frequency range;
a network having an input side and an output
side arranged to be connected between said two
stages for selectively lowering the gain over a
limited part of said frequency range; said net-
work being free of regenerating or degenerating
elements of said amplifier stages; said network
including a series circuit portion including a
series capacitance connected in one circuit side
of said amplifier circuit; a resistance circuit por-
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tion including a resistance connected across said
series capacitance; said network including a plu-
rality of shunting elements of different imped-
ance characteristics arranged to bhe selectively
connected between said resistance circuit por-
tion and the opposite-polarity other circuit side
of said amplifier circuit; at least two of said
shunting elements being formed of two different
shunting capacitances, each of which is at least
three times greater than the series capacitance
across which said resistance cireuit portion is
connected, and one of said shunting capacitances
being at least twice greater than the other said
shunting capacitances for selectively iowering the
gain in a mid-frequency part of said frequency
range; at least two of said shunting elements be-
ing formed of resistance elements and one of said
resistance elements having a resistance of at least
twice as great as the other of said resistance ele-
ments for selectively lowering the gain in the low
freguency part of the frequency range; a volume
control resistance connected in shunt to the am-
plifier circuit portion extending between said
two stages; and control means including a single
control member selectively movable to different
positions in which different of said shunting ele-~
ments are connected to said resistance circuit
portion; said contrel member being aiso movable
to an additional pesition in which an intermedi-
ate part of said resistance ecircuit portion is di-
rectly connected to said cother circuit side and
to a further position in which said resistance
circuit portion is disconnected from said other
circuit side.

4, In an amplifier circuit as defined in claim
1, in which a volume control resistance is con-
nected in shunt to the input side of the net-
work, said volume control resistance having a
resistance which is at least of the order of the
shunting resistance presented by the elements of
said net-work connected by said control mem-
ber in shunt to said volume coutrol resistance.

5. In an amplifier circuit as defined in claim
2, in which a volume control resistance is con-
nected in shunt to the input side of the net-work,
said volume control resistance having a resist-
ance which is at least of the order of the shunt-
ing resistance presented by the elements of said
net-work connected by said control member in
shunt to said volume control resistance.

6. In an amplifier circuit as defined in claim
3, in which the resistance of said volume con-
trol resistance is at least of the order of the
shunting resistance presented by the elements of
said net-work connected by said control member
in shunt to said volume control resistance.

MORRIS E. ROSE.
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