Aug. 17, 1943. H. B. SHAPIRO 2,327,321
HEARING AID AMPLIFIER ‘

Filed Nov. 12, 1941 © 4 Sheets—Sheet 1

-4

w

INVENTOR
HARRY B. SHAPRo

" Pl ot

ATTORNEYS




Aug. 17, 1943. H. B. SHAPIRO . 2,327,321

HEARING AID AMPLIFIER

Filed Nov. 12, 1941 4 Sheets—Sheet 2

, _45-2
I 56 |
Ji =208 Nes| /N 1 1445
89- g 45 2%71 454 I By
; 20-2 21 ‘ —~&7-1
| . 82
80O = e NN
87// 2 A I:HI |> —80
U/}“ — ;%
2671 &3(51/85] KN 22-1 ® 87| 1]\ J&y/85
i Er 7\(33% Pl }r/~,/\]\( 361
1 2 1 - 9| | 131(83) | 34
35PH 13y | 22 ko
AT T~ | VAT T
\K | )
1 1
0 ! -3
e [s il L
| |
| ! | N5l [ H
Vi) =] IRal
S el
anes 3
L2y i L
BT
18, (P 361
(@) (OT
‘ NI = 69
U / MVENTOR
| A HARRY B. SHAPIRO

BY Pl « C(mo/uz

ATTORNEYS




Aug. 17, 1943. H. B. SHAPIRO 2,327,321
. HEARING AID AMPLIFIER.

Filed Nov. 12, 1941 4 Sheets—Sheet 3

R . i i 3 > ——
0! P : - - X0\ H cEL2. L,
1 d { \ R 7 A

85

NN ]
3

| ‘
Naxw |
i

liTH H

i

§|§I Wk
ylELLi

EAY !3 fiie

79 [N
i
g‘ﬂ !

i

| W

INVENTOR
HARRY B. SHAPIRO

By Pontles « ?U@wL

ATTORNEYS




Aug. 17, 1943. H. B. SHAPIRO : 2,327,321

HEARING AID AMPLIFIER

Filed Nov. 12, 1941 4 Sheets-Sheet 4

471

47 52 77
. 51 452
e H 57 45 45
57 (S ik &1-1
e 80
% T
SNy g
--36-1
2
» B L—173
L - =)
@//w,j()

INVENTOR

HARRY B. SHAPRe
BY P

Lwdzf.: V- (%uu/n&
ATTORNEYS




Patented Aug. 17, 1943

2,321,321

UNITED STATES PATENT OFFICE

2,327,321 ‘
HEARING AID AMPLIFIER
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9 Claims.

This invention relates to hearing ald smpli-
flers, and particularly to electron tube hearing
aid amplifiers.

Among the objects of the invention are ar-
ragements and methods for mounting and as-
sembling the structural elements of a compact
electron tube hearing aid amplifier that must
be small and light enough for inconspicuous and
comfortable wear on the body of the user and
must house all the elements of the amplifier so
that they are readily accessible for replacement
or for reconditioning, while assuring that when
in use, the amplifier operates in a foolproof man-
ncr.

The foregoing and other objects of the in-
vention will be best understood from the.fol-
lowing description of exemplifications thereof,
reference being had to the accompanying draw-
Ings wherein

Fig. 1 is a circuit diagram of an electron am-
pliﬁer ‘hearing aid in connection with which one
exemplification of the invention will be de-
scribed;

Fig. 2 is g view of the amplifier unit of the
hearing aid with the front casing and the mi-
crophone removed illustrating the various struc-
tural elements of the amplifier unit mounted in
their positigns on the rear wall of the casing to-
gether with their interconnections, representing
one exemplification of the invention;

Fig. 3 is a vertical sectional view through the
amplifier casing illustrating the mounting of the
principal structural elements of the amplifier;

Fig. 4 is a view similar to Fig. 2 omitting, for
the sake of better showing; the interconnections
between the structural elements of the ampli-
fer;

Fig, 5 is a horizontal sectional view along line
8-—5 of Fig. 4;

Pig, 6 is an elevational view of one element

.of the sub-assembly of the amplifier shown in
Fig. 2;

Fig. 7 is a side view of the sub -assembly shown
in Pig. 6;

Fig. 8 is an elevational view of ancther sub-
assembly of the amplifier shown in Fig. 2;

Fig. 9 is a side view of the sub-assembly of
Fig. T;

Fig. 10 is an elevational view of another sub-
assembly of the amplifier shown in Fig. 2; and

Fig. 11 is a side elevational view of the sub-
assembly of Fig. 10.

The principles underlying the invention will
be explained by their application to one form
of an electronic amplifier hearing aid shown
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diagrammatically in Fig. 1, PFigs. 2 to 11 illus- .
trating the novel mounting and assembly ar-
rangement of the elements of such amplifler
exemplifying one form of the invention, features
of which are disciosed in the copending appli-
cation of Harry B. Shapiro, Serial No, 418,857,
filed Nov. 12, 1941, as a continuation-in-part.
of his application Serial No. 294,649, filed Sep-
tember 13, 1939.

As shown in Figs. 1 to 5, the electronic ampli-
fier hearing aid has a high-impedance micro-
phone 28 which drives a voltage amplifier stage .
including the ‘amplifier fube 24, the output of
which is impressed across & magnetic-core cou-
pling inductance 22 on & power amplifier stage,
including the power amplifier tube 23, the out-
put of which is shown impressed through a mag-
netic-core transformer 24 on a receiver. The

" microphone with all the elements of the amplifier
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are housed in a flat small compact casing 26

and the receiver is connected to the amplifier

unit through a detachable flexible cord 27. Op-
erating energy for the amplifier is showi sup-
plied from a compact electrical battery cell as-
sembly 28 which is connected to the circuits of
a tube through a detachable flexible multi-lead
cord 29.

Pentodes are shown used as the voltage am-
plifier tube 2¢ and the power amplifier tube 23,
each comprising g filamentary cathode having
two terminal leads 3{, 32, an anode having g
terminal lead 33, a control grid having a ter-
minal lead 34, a screen grid having a terminal
lead 35. The transformer 24 has a primary
winding 86, a secondary winding 37 through
which the output is impressed on the receiver
25, an additional secondary winding 38 connect-
ed to an automatic limiting circuit referred to
later. ‘

The battery assembly 28 which supplies the
operating energy to the amplifier has a plate
supply battery 41, grid bias cells 42 and a cath-
ode heating cell 63 which is interconnected to
the battery assémbly through a flexible cord 4.
The battery assembly has a set of socket termi-
nals, through which the leads +B, —A, “+A, —C
of the battery cord 29 are detachably intercon-
nected with the proper battery cells.

The cathode leads 2{, 32 of the two amplifier
tubes 21, 23 are connected in parallel to leads
48, 46 which are connected through cathode sup-
ply leads 47, 48 to the battery cord leads A, —A
from the cathode heating cell 43, the cathode
lead 45 being indicated as the ground. A switch




2
B8 in the supply lead 87 serves to close or open
the cathode heating circutt.

The grid leak resistance of the voltage ampii-
fication tube 21 is formed by 2 resistance ele-
ment §f connected in seriés with two additional
resistance elements 52 between the grounded
cathode lead 4% and the control grid lead 34 of
tube 2[. The plate or anode lead 83 of tube 21
is comnected through the coupling inductence
winding 22 to the plate supply lead 55 from the
battery cord lead +4B. The lead 52 extending
from the positive supply lead 5% impresses
through a resistor element 56 the required pos-
itive potential on screen grid lead 35 of tube 21,
@ by-pass condenser 57 shunting the resistor ele-
ment 58,

The output of the voltage amplification stage
is Impressed through 2 blocking condenser 58
and a lead 59 on the inpuf circuit to the power
amplification stage of tube 28 which is formed
of a rheostat unit 68 having an adustable tap
with a lead 6{ connected to the control grid 36
of the power tube 23, the resistance of the rheo-
stat element 68 forming with a series connected
resistor element 82 a grid leak resistance con-
nected through a grid blas supply lead $3 to the
battery cord supply lead —C. .

The plate supply lead 33 and the screen grid
lead 3% of the power tube 23 are connected to
the positive plate supply lead 55 through the
transformer winding 26 and through the serially
connected leads 84, 54, respectively. There is
also shown provided a- multi-position switch unit
88 having a movable contact member §6 which
connects in one position a condenser §7 in paral-
lel to the primary winding 26 of the output trans-
former for boosting the response in g selected
part of the lower frequency range. In the other
position, the sliding contact 66 of switch 65 con-
nects a resistance 68 parallel to the microphone
28 for cutting off a selected part of the low fre-
quency response.

The amplifier is further shown provided with
an automatic peak cutoff circuit provided with
four copper oxide rectifier elements arranged to
form a rectifier bridge 89 having two diametrical-
ly opposite terminals connected to the secondary
transformer winding 88, the other two diagonally
opposite terminals of the rectifier bridge §9 being
connected through leads T8, 7! to impress a
rectified component of the output voltage de-
rived from the output transformer 24 on the con-
trol grid 34 of the voltage amplification stage.
The two resistance elements 52 connected in se-
ries, and the two condenser elements 72 con-
nected in shunt with the leads from the rectifler
bridge 21 to the grid input circuit $8—1 serve to
filter and smooth ouf the rectified voltage.

The novel operating features and the various
advantages of the amplifier arrangement de-
scribed above are fully explained in the copend-
ing application of .Harry B. Shapiro, Serial No.
418,857, filed Nov. 12, 1941, as a continuation-in-
part of the application Serial No. 294,649, filed
September 13, 1939, and are claimed therein.

Most of the hard of hearing or deafened per-
sons are very sensitive and seek to conceal their
hearing impairment. Accordingly, to be practi-
cally useful, a hearing aid must be light, small
and compact so that it may be worn comfort-
ably and inconspicuously on the body of the user.
In addition, it must be simple and foolproof in
operation, and it should require little attention
and & minimum of parts that may get out of
order or require replacement so as to free the
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user from menial and physical strain as well as
ennoyences to which he is subjected when the
Instrument heg to be repaired or checked up.

To meet the foregoing requirements, it is im-
portant that the electron tube hearing aid ampli-
fler unit, to which the present invention is di-
rected, be not only compact and small, but that
all the elements of the amplifier unit shall be
readily accessible for repair or exchange and re-
conditioning without loss of time and without
Intreducing complications when one or another
circuit element of the amplifier unit has to be
removed or replaced.

In an effort to meet the foregoing requirements,
prior hearing aid emplifier units had the prin-
cipal circuit elements of the amplifier mounted
on & mounting plate which was placed in the
flat compact casing of the amplifier unit and
was readily removable therefrom so as to enable
checking or replacement of a defective element.
Such mounting plate had, of course, to have a
certein rigidity, and in order to keep the circuit
elements held in position by the mounting plate
insulated from each other, the mounting plate
had to be of resistance material, thus taking up
a part of the space in the interior of the ampli-
fler and meaking .it necessary to use a larger

‘amplifier casing than would be otherwise re-

quired. :

According to the principles of the present in-
ventlon, the structural elements of the amplifier
are grranged in the form of sub-assemblies built
arcund the relatively rigid structural elements of
the amplifler so that each sub-assembly is self-
supporting in its required relationship. This
arrangement eliminates the need for a bulky
mounting plate and makes possible & very effec-
tive reduction in the overall bulk of the amplifier
while assuring ready replacement or dismantling
of the amplifier elements without disturbing their
genergl relationship. o

The principles underlying the invention will
Nnow be explained in connection with a hearing aid
amplifier unit exemplifying one form of the in-
vention.

Referring to Figs. 2 to 5, all the elements of
the amplifier unit are housed in a small flat com-~
pact casing, indicated in Fig. 1 by the dash lines
26, only about 4 x 2% x 34 of an inch in volume,
the casing being formed of a front wall or cover
78 and a rear wall 74 molded of synthetic resin in-
sulating material, the two casing halves heing
held clamped together by screws 75. The rear
wall 74 of the amplifier unit is designed so as to
form the mounting wall which supports all the
elements of the amplifier unit in their opera-
tive position so that upon removing the cover
78 they are available not only for ready inspec-
tion, but also for ready replacement. This elim~
inates the necessity for mounting the structural
elements which have to be connected into the
amplifier circuit on a mounting plate extending
through the entire length of the casing space.

As shown in Figs. 3 to 5, the rear wall ig rein-
forced by a flange 16 extending along its edges
s0 as to form a rigid structure and its central
lower portion is provided with inwardly project-
ing short-post extensions 1T shaped so as to re-
tain in position the core 78 of the coupling in-
ductance 22 and transformer 24 of the amplifier,
the two core structures with the windings mount-
ed thereon being held in position by a clamping
plate 79 and a screw 19" engaging an internally
threaded bushing molded and embedded in the
central. post 717. The shoulder portion of the
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mounting wall exiending along the lower edge
thereof is provided with holes in -which are
mounted four terminal bushings, marked +B,
—A, +A, —C, arranged for detachable engage-
ment with the cord plugs of the battery cord 29
and two bushings R, R for establishing detach-
able engagement with the leads of the receiver
cord. 44. The bushing and plug connectors,
shown, are of the type described in the pending
application of Carlisle et al, Serial No.. 346,112,
filed July 18, 1940, ,

A narrow insulating strip 80, of fibrous insulat-
ing synthetic resin material, for instance, pro-
Jects inwardly from the rear wall 74 in the middle
region thereof and has mounted thereon two sets
of terminal lug strips 81, 82, 83, 84, 85 of sheet
metal. Each terminal lug strip is firmiy anchored
in the ingulating strip 80, for instance, by twist-
ing the downwardly extending ear portion 86
thereof relatively to the forked portion 87 ex-
tending upwardly on the upper side of the in-
sulating strip 88. The electrode leads of the volt-
sge amplifier tube 21 are secured, s by solder-
ing, to the upwardly projecting forked ends 87
of the set of terminsl lugs 8{ o 85 on the left
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ber 9, 1939, and is provided with a circular grip
wall, a portion of which is exposed through the
slit in the flange wall of the casing enabling the
user to adjust the rheostat and the volume by a
slight turn of the circular grip member. The
nose 60—4 of the rheostat is arranged to cooper-
ate with portions of the switch blade 49 so as to

_abruptly actuate it to the closed position when

the rheostat is moved initially from its low vol-
ume position and to abruptly snap the switch
blade 49 to its open position shown in Fig. 4
when the rheostat. grip disc is returned to its -
low volume position. .

The other switch unit 65 has its contacts sup-
ported on a substantially rigld base plate 65—8
of insulating material having a portion 65—1 held
clamped against the mounting wall 13 by a screw
engaging a bushing embedded In a, reinforced
portion of the wall 13. The switch base plate
65—0 has secured thereto two pairs of contact
strips 66—2, §6— 3 held in place by insulating
strips 65—4 which are secured to the base plate
by rivets 65—5. One or more movable contact

" members 66 are formed by pins embedded in a

25

end of the terminal strip, and the leads of the .

power tube 28 are connecied to the forked ends

of the other set of terminal sirips 8{ to 85, the
gontrol grid lead 33 of the voltage amplifier tube
2{ belng free so as to-assure that it remains
highly insulated. )

The strip 80 is detachably held in {ts position
on the mounting wall by an angular bracket 88
having its inner end clamped by g screw 88—I
to a bushing 382 embedded in a reinforced portion
of the mounting wall 74. As shown in Pigs. 3 and
4, two additional similar brackets 88 are secured
to similar peripherally displaced bushings em-
bedded in the mounting wall 74, each of the
brackets being provided with s centrally project-
ing pin 81 holding. in position the microphone
unit 28 so that its diaphragm 2%’ faces the por-
tion of the cover wall provided with the openings
78’ through which sound waves reach the dia-
phragm. The microphone shown .is so held

within the casing as to prevent vropagation of.

sound from the space beftween the microphone
diapiiragm and the facing acoustically pervious
wall portion 73’ to the space of the casing en-
closure extending hehind the microphone, in the
manner explgined n my copending gpplication
Serial No. 394,527, filed May 21, 1941 as & con-
tinuation-in-part of my application Serial No.
350,595, filed August 3, 1940, In the region of an
opening slit provided in the upper portion of
the flange 76 of the mounting wall is located the
vheostat unit 88 forming a flat structure having
a bottom wall provided with a mounting strip 31
secured by two screws 92 to bushings, such as
the bushings 88 embedded in the mounting

" wall. The mounting strip 9! serves also a3 a
unitary support for a pivoially mounted blade
of the switch unit 49 provided with two switch
terminals 45-—1{, §8—2 which, together with the
switch blade 49, are insulatingly held on the
mounting strip 84. The rheostat unit 89 is pro-
vided with three terminals 68—1{, 50—2, $6—3
through which it is interconnected to the other
elements of the amplifier circuit in the way
shown in Fig. 1.

The combination rheostat and switch unit
shown is of the type disclosed in.the copending
application of Harry B. Shapiro, Serial No, 418,~
856, filed Nov, 12, 1941, as a continuation-in-par:
of his application Serial No. 303,563, filed Novem-
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circular disc 66—8, secured, as by riveting, to the
end of a pin 66— provided at the other end with
a head 65—8 having a slit §6—2, so that the con~
tact carrying disc 66—08 may be rotated on the
base plate 65—08. Each pair of stationary con-
tact strips 65—2, 65—3 has rearwardly project-
ing overlapping portions extending on opposite
sides of the rotary disc 66—8 which carries the
transversely extending metallic switch pins 66

arranged so that by selectively rotating the disc

66—0 to different positions, a switch pin 6 es-
tablishes connections between one of the pairs
of contacts 65—2, 65—3 or keeps both pairs of
contacts open.

Fig. 2 shows how the various elements of the
amplifier are interconnected by.the various con-
nector leads into the amplifier circuit shown dia-
grammatically in Fig. 1, corresponding leads and
parts in Figs. 1 to 11 being indicated by the same
reference numerals.

Figs. 10 and 11 show the sub-assembly formed
of the terminal strip 80 with its two sets of ter-
minal strips 8¢ to 85 and the various other ele-
ments—including the tubes 2{, 23 and all re-
sistor and condenser elements with their leads—
mechanically interconnected and joined by their
wire leads into g self-supporting structure which
may be detachably secured and removed from its
position against the inward face of the mounting
wall 18 of the casing. The sub-assembly is held
in its position by clamping its central mounting
bracket 88 to the central bushing 89 of the
mounting wall with a screw 28—I{, as shown in
Fig. 3.

The connecting leads through which the dif-

' ferent resistor elements, condenser clements and

terminal members of the contact strip 85 are
joined, are made from insulated and non-insu-
lated wire elements, which are chosen to be suf- |
ficiently stiff so that all the elements retain their
proper relationship with regard to the relatively
rigid mounting strip. 80, thereby permitting easy
mounting and removal of the sub-assembly from
its position on the mounting wall 74 of the cas-
ing, without disturbing the elements of the sub-
assembly. . )

All the principal resistor and condenser ele-
ments required for completing the amplifier cir-
cuit of the type indicated in Fig. 1 may be thus
Jjoined and assembled into a sub-assembly having
as its principal junction member the narrow rel-
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atively rigid contact strip 80 extending frang-

versely between the facing walls 18, 78 of the )

casing conflning the narrow space of the ampli-
fler unit. However, some of the resistor and
condenser clements may be joined to the other

B

relativelr rigid structural elements which form .

a part of the amplifier circuif, such es the resistor
unit 68, the switch unit 58 or the switch unit 66.

Thus, as shown in Figs. 6 and 7, the rheostat
unit 66 which forms in conjunction Wwith the
switch 80 o substantielly self-supporting unitary
structure mey have secured thereto the wire
leads 47, 89, 6i—1, as well as the resictor eleinent
62, the wiring elements and the connector ele-
ments of the resistor unit 62 being suficiently
stiff so that once shaped they will maintain their
relation shown, enabling the completion of the
sub-assembly and mounting the sub-assembly as
& unit in its position on the casing wall by fas-
tening the mounting plate 94 of the rheostat
unit by screws 82 to the wall 74 in the way shown
in Fig. 4 and explained above. In g similar man-
ner, the tone control switch unit 85 may have
connected thereto the condenser and resistor ele-
ments 67, §3 together with any other associated
elements into a unitary self-supporting sub-ss-
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Sembly, with interconnecting wiring portions suf-

ficiently stiff so as to maintain all the elements
of the sub-assembly in their proper relationship
after they have been once joined in the sub-as-
sembly, permitting mounting of the sub-assem-
bly in its position on the wall by fastening it with
& screw 65—I, in the way shown in Fig. 4 and
explained above.

In making the sub-assemblies it is convenient
to use colored leads so as to facilitate the inter-
connection of the elements of the sub-assembly.
The following procedure may be adopted in mak-
ing the sub-assembly shown in Figs. 10 and 11:
The various leads shown in Fig. 10, except leads
45, 45—1, 47, after having been first cut to the
required length and bent, are soldered to the ter-
minal strips 8¢ to 85 of the mounting strip 89.
Thereupon, the wire leads 45—, 47 are soldered
to the upwardly facing ears of the two contact
strips 83, and the transverse interconnecting
wire 45 is then soldered to the two wires 45—1,
4%, the several wires having been cut and bent
tc their required shape before soldering. 'The
various condensers and resistors have their ter-
minal leads then trimmed to size and soldered
in their proper positions, whereupon the wire
elements forming their interconnections are sol-
dered in place after having first been cut and
bent to shape. ’

In a similar manner, the sub-assembly of Figs.
6 and 7 and the sub-assembly of Figs. 8 and 9
are separately made. In order to shield the am-
plifier elements, the main area of the inwardly
facing surface of the mounting wall is coated with
a layer 74—! of conducting material, for in-
stance, by spraying, and a sheet of insulating
material T4—2 is placed thereover so as to assure
that no short occurs between elements of the
amplifier circuits and the shielding layer 74—1.

Alternatively, a sheet of insulating material
74—2 cut to shape so as’to fit against the in-
wardly facing surface of the mounting wall 14
has cemented to the side facing the wall a foil
18— of g suitable metallic conducting material,
such shielding arrangement having been found
highly satisfactory in practical use. In a similar
manner, the metallic shielding layer 73—1{ en-
closed by an inwardly facing layer of insulating
material 73—4 is interposed between the inwardly
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facing surface of the cover 73 of the casing and
the elements of the amplifier enclosed thereby.

The following procedure is followed in mount-
ing the sub-agscmblies in their positions on the
mounting reer wall 18 of the ceeing: The shield
foil 76— with its overlying foil 76—2 arae ce-

,mented in position and the lead 6% is soidered in

Position to the terminal bushing —C, the lend 63
having been first cut and bent to shepe. There-
upon, the sub-assembly shown in Figs. 10 and
11 is fastened by its bracket 86 in position, the
ground interconnecting lead 45 of $he cathodes
being connected by soldering to & foil strip T4—1
extending from the metsllic foil shield extending
over the inner face of the rear casing wall 78.
The combined rheostat 60 and switch unit 49 is
then affized in position and the ends of iis leads
41, 88, 61 are connected to the poinis of intercon-
nection in-the manner shown in Fig. 2, lead §2
of the terminel strip sub-assembly being joined
by soldering to the terminel tip 48—2 of the
switch unit, The tone control switch unit 65 is
then mounted in position on the casing wall T4
whereupon the terminal ends of the resistor ele-
ment 68 and condenser 67 are soldered to the
leads 68—[ and 67— of the previously affized
sub-assembly held together by the terminal
strip 8.

Since the operating features of the amplifier
are fully disclosed in the copending application
of Harry B. Shapiro, Serial No. 418,857, referred
to above, no further explanation is reguired and
it is desired that the disclosure of the aforesaid
Shapiro application be considered as g part
hereof. .

By providing the terminal strip 86 with an
additional set of terminal strips &{ to 85 located
between the two sets of terminal strips shown
in Figs. 2 and 4, 2 third tube and additiona] ele-
ments for completing a three-tube hearing aid
amplifier circuit, for instance, of the type de-
scribed in connection with Fig. 22 of the afore-
sald Shepiro application Serial No. 418,857, may
be housed, mounted snd arranged in accordance
with the principles of the present invention in g
housing of the same chearacter as that required
for housing the amplifier described above in con-
nection with g, 1.

Various other modifications of the invention
will suggest themselves to those skilled in the
art.. I{ is accordingly desired that in construing
the breadth of the appended claimg they shall
not be limited to the specific details shown and
described in connection with the exemplifications
thereof.

I claim:

1. In an electron tube amplifier member form-
ing part of an inconspicuous wearazble hearing
aid and designed to be energized from g direct-
current energy source for supplying amplified
output of a microphone to & receiver: a fiat ces-
ing small enough for substantially hidden wear
on the body of a user and having twe walls de-
tachably joined along:their edges so as to form
2 casing enclosure confining g relatively shallow
interior space having narrow sides; one of said
walls having an inwardly facing mounting sur-
face, and reinforcing elements forming part of
said wall and rendering it substantially rigid;
a substantially firm mounting member extend-
ing along said mounting surface between oppo-
site narrow sides of said enclosure and dividing
the enclosure into two enclosure sections; a plu-
rality of metallic terminal members insulatingly
secured {0 and held in position by sald mounting
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member so as to expose terminal portions of said
terminal members to sald interior space; inter-

connected elements of an amplifier housed in’

sald casing including at least two multi-electrode
smplifier tubes; each tube having a plurality of
electrode leads extending from the. tube and
joined to exposed terminal portions of said
mounting member so that said tubes are held
thereby In predetermined positions in one of said
enclosure sections; e plurality of external con-
nector elements insulatingly secured to a wall
portion of said enclosure for completing the oper-
ative circuit interconnections from said smplifier
to external hearing-sid circult portions and hav-
Ing inwardly facing exposed terminal portions; a
predetermined set of circuit elements of said am-
plifler being interconnected to the terminal
members secured to said mounting member so 83
to constitute with said tubes an interconnected
structural unit forming part of at least two am-
plifier stages one of which constitutes an inpug
stege and the other of which constitutes an oub-
put stage; said set of circuit elements including
al least two self-supporting impedance elements
each having at least one terminsal wire intercon-
nected to terminal portions of said mounting
member so as to be held thereby in predeter-
mined positions in the other of sald space sec-
tions; sald structural unit forming ssid¢ mount-
ing member, said tubes and sald set of circuit
elements constituting o self-supporting unitary
structure, the interconnecting circuit portions of
which are sufficiently stiffi and so arrangsd that
the relationship of its elements is net disturbed
when it is mounted on or remoasved from its posi-
tion on said mounting surface.

2. In an electron tube amplifier member form-
ing part of an inconspicucus wearable hearing
aid and designed to be energized from s direct-
current energy source for supplying smplified
output of a microphone to a receiver: 2 fial cas-
ing small enough for substantiaily hidden weayr
on the body of a user and having two walls de-
tachably joined along their edges so as to form
& casing enclosure confining g relatively shallow
interior space having narrow sides: one of sald
walls having an inwardly facing mounting sur-
face, and reinforcing elemenis forming part of
sald wall and rendering it substantially rigid:
8 substantially firm mounting member extend.
ing along sald mounting surface between opPo-
site narrow sides of said enclosure and dividing
the enclosure into two enclosure sections: a plu-
‘rality of metallic terminal miembers insulaiingly
secured to and held in position by said mount-
ing member so as to expose terminai portions
of said terminal members to said interior space:
interconnected element$ of an amplifier housed
in said casing including at least two multi-elec-
trode amplifier tubes; each tube having a piu-
rality of electrode leads extending from the {ube
and joined to exposed terminal portions of said
mounting member so that said tubes sre held
thereby in predetermined positions in one en-
closure section; a casing wall portion bordering
the other enclosure section being acoustically
pervious; a plurality of external connector ele-
ments insulatingly secured to a wall portion of
said enclosure for completing the operative cir-
cuit interconnections from said amplifier to ex-
ternal hearing-aid circuit portions and having
inwardly facing exposed terminal portions; a
predetermined set of circuit elements of said
amplifier being interconnected to the terminal
members secured to said mounting member so
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as to constitute with said tubns an interconnected
structural unit forming part of at least two am-
plifier stages one of which constitutes an input
stage and the other of which constitutes an out- .
put stage; said set of circuit elements including
at least two self-supporting impedance elements
each having at least one terminal wire intercon-
nected fo terminal portions of sald mounting
member s0 as to be held thereby in predeter-
mined positions in said cther space section; said
structural unit formed of sald mounting mem-
ber, sald tubes and said set of circuit elements
constituting a self-supporting unitary structure,
the Interconnecting circuit portions of which are
sufiiciently stiff and so arranged that the rela-
tionship of its elements is not disturbed when i3
is mounted on or removed from its position on
sald mounting surface; and a high-impedance
microphone in said other enclosure section hav-
ing @ diaphragm exposed to the acoustically per-
vious wall portion and being connected to the in-
put stage of said amplifier. .

3. In an electron tube amplifier member form-
ing part of an inconspicuous wearable hearing aid
and designed to be energized from a direct-cur-
rent energy source for supplying amplified output
of & microphone to a receiver: a fiat casing smajl
encugh for substantially hidden wear on the
body of 2 user and having two walls detachably
joined along their edges so as to form a casing
enclosure confining a relatively shallow interior
space having narrow sides; one of said walls hav-
ing an inwardly facing mounting surface, and re-
infercing elements forming part of said wall and
rendering it substantially rigid; a substantially
frm mounting member extending along said
mounting surface between opposite narrow sides
of said enclosure and dividing the enclosure into
two enclosure sections; a plurality of metallic
terminal members insulatingly secured to and
held in position by said mounting member so as
to expose terminal portions of said terminal mem-
bers to said inferior space; interconnected ele-
ments of an amplifier housed in said casing in-
cluding at least iwo multi-elcetrode amplifier
tubes; each tube having a plurality of electrode
leads extending from the tube and joined to ex-
posed terminal portions of said mounting member
so that said tubes are held thereby in predeter-
mined positions in one enclosure section: a plu-
rality of external connector elements insulatingly
secured to 2 wall portion of said enclosure for
completing the operative circuit interconnections
from said amplifier to external hearing-aid cir-

-cuit portions and having inwardly facing exposed

terminal portions; a predetermined set of circuit
elements of said amplifier being interconnected
to the terminal members secured to said mount-
ing member 50 as to constitute with said tubes
an interconnected structural unit forming part of
at least two amplifier stages one of which con-
stitutes an input stage and the other of which
constitutes an output stage connected to said ex-
ternal connector elements; said set of circuit ele-
ments including at least two self-supporting im-
pedance elements each having at least one ter-
minal wire interconnected to terminal portions of
said mounting member so as to be held thereby in
predetermined positions in the other enclosure
section; said structural unit formed of said
mounting member, said tubes and said set of cir«
cuit elements constituting a self-supporting uni-
tary structure, the interconnecting circuit por-
tions of which are ;sufﬁciently stiff and so ar-
ranged that the relationship of its elements is




€

nof disturped when it is mountcd on or removed
from its position on said mounting surface; s
casing weall portion bordering the other enclosure
section being acoustically pervious; the imped-
ance elements of said one unitery structure ex-
tending within said other enclosure section in the
space between said microphone and sald mount-
ing surface, . .

4, In an electron tube amplifier member form-
ing part of an inconspicuous wearable hearing aid
and designed to be energized from g direct-cur-
rent energy source for supply amplified output of
& microphone to & receiver: & flat casing small
enough for substantially hidden wear on the body
of & user and having two walls detachably
joined slong their edges so as to form a casing
enclosure confining & relatively shallow interior
space heving narrow sides; one of said walls
having an inwardly facing mounting surface, and
reinforcing elements forming part of said wall
and rendering it substantially rigid; a substan-
tially firm mounting member extending along
sald mounting surface between opposite narrow
sides of said enclosure and dividing the enclosure
Into two enclosure sections; a plurality of me-
tallic terminal members Insulatingly secured to
and held in position by said mounting member so
‘as to expose terminal portions of said terminal
members to said interior space; interconnected
elements of an amplifier housed in said casing
including at least two multi-electrode amplifier
tubes; each tube having a plurality of electrode
leads extending from the tube and joined to ex-
posed terminal portions of said mounting member
so that said tubes are held thereby in predeter-
mined positions in one of said enclosure sections;
& plurality of external connector elements in-
sulatingly secured to a wall portion of said en-
closure for completing the operative circuit in-
terconnections from said amplifier to external
hearing-aid circuit portions and having inwardly
facing exposed terminal portions; & predeter-
mined set of circuit elements of said amplifier
being - interconnected to the terminal members
secured to said mounting member so as to con-
stitute with said tubes an interconnected struc-
tural unit forming part of at least two amplifier
stages one of which constitutes an input stage
and the other of which constitutes an output
stage; said set of circuit elements including at
least two self-supporting impedance elements
each having at least one terminal wire intercon-
nected to terminal portions of sald mounting
member so as to be held thereby in predetermined
positions in the other of said space sections; said
structural unit forming said mounting member,
said tubes and said set of circuit elements con-
stituting a self-supporting unitary structure, the
interconnecting circuit portions of which are suf-
ficiently stiff and so arranged that the relation-
ship of its elements is not disturbed when it is
mounted on or removed from its position on said
mounting surface; said amplifier including at
least one additional self-supporting circuit con-
trol element and at least one additional self-sup-
porting impedance element having a terminal
wire connected to said control element and con-
stituting therewith an additional self-supporting
unitary structure, the interconnecting circuit
portions of which are sufficiently stiff and so ar-
ranged that the relationship of its elements is not
disturbed when it is mounted on or removed from
its position on said mounting surface.

5. In an electron tube amplifier member form-
ing part of an inconspicuous wearable hearing aid
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and designed to be energized from = direct-cur-
rent energy source for supplying smplified cutput
of & microphone {0 a receiver: & flat casing small
enough for substantislly hidden wear on the body

5 of a user and heving two walls detachably joined
glong their edges so as to form & casing enclo-
sure confining a relatively shallow interior space
having nerrow sides; one of said walls having an
inwardly facing mounting surfece, and reinforc-
Ing elements forming part of sald wall end ren-
dering it substantlally rigld; & subsiantially irm
mounting member extending along said rmount-
ing surface between opposite narrow sides of said
enclosure end dividing the enclosure into two
enclosure sections; g plurality of metallic term:-
nal members insulating secured to and held in
position by said mounting member so as to ex-’
pose terminal portions of sald terminal members
-to said interior space; interconnected elements
2¢ of an amplifier housed in sald casing including at
least two mulii-electrode amplifier tubes: each
tube having a plurality of electrode leads extend-
Ing from the tube and joined to exposed terminal
portions of said mounting member so that said
25 tubes are held thereby in predetermined positions
in one enclosure section; a casing wall portion
bordering the other enclosure section being
acoustically pervious; e plurslity of external con-
nector elements insulatingly secured to a wall por-

30 tion of said enclosure for completing the opera-
tive circuit interconnections from said amplifier

to external hearing-aid circuit portions and hav-
ing inwardly facing exposed terminal portions; a
predetermined set of circuit elements of said am-

35 plifier being interconnected to the terminal mem-
bers secured to said mounting member so as to
constitute with sald tubes an interconnected
structural unit forming part of at least two am-
plifier stages one of which constitutes en input
stage and the other of which constitutes an out-
put stage; said set of circult elements including
at least two self-supporting impedance elements
each having at least one terminal wire intercon-
nected to terminal portions of said mounting
member so as to be held thereby in predeter-
mined positions in said other space section: said
structural unit formed of said mounting member,
sald tubes and said set of circuit elements con-
stituting a self-supporting unitary structure, the
interconnecting circuit portions of which are suf-
ficiently stiff and so arranged that the relation-
ship of its elements is not disturbed when it is
mounted on or removed from its position on said
mounting surface; and a high-impedance micro-
55 Phone in said other enclosure section having a
diaphragm exposed to the acoustically pervious
wall portion and being connected to the input
stage of said amplifier; said amplifier including
a least one additional self-supporting circuit
control element and at least one additional self-
supporting impedance element having a termi-
nal wire connected to said control element and
constituting therewith an additional self-sup-
porting unitary structure, the interconnecting
circuit portions of which are sufficiently stiff and
so arranged that the relationship of its elements
is npt disturbed when it is mounted on or re-
;noved from its position on said mounting sur-

ace. .

6. In an electron tube amplifier member form-
ing part of an inconspicuous wearable hearing
aid and designed to be energized from a direct-
current energy source for supplying amplified
output of a microphone to a receiver: a flat casing
small enough for substantially hidden wear on

10

15

40

45

60

70

5



2,827,821

the body of a‘user and having two walls detach-~

ably joined along thelr edges so a3 to form a cas-- '

ing enclosure confining a relatively shaliow in-
terior space having narrow sides; one of sald
wells having en inwardly facing mounting sur-
face, and reinforcing elements forming part of
said wall and rendering it substantially rigid; a
substantially firm mounting member extending

along sald mounting surface between opposite -

nerrow sides of sald enclosure and dividing the
enclosure into two enclosure sections; a plurality
of metallic .terminal members insulatingly se-
cured to and held in position by said mounting
member so &s t0 expose terminal portions of said
termingl members to said interior space; inter-
connected elements of an smplifier housed in said
casing including at least two multi-electraode am-
plifier fubes; each tubs having & plurality of elec-
trode leads extending from the tube and joined
to exposed terminal porfions of said mounting
member so that said tubes are held thereby in
predetermined positions in one enclosure section;
a plurality of external connector clements in-
sulatingly secured to a wall portion of said en-
clesure for completing the operative circult in-
terconnections from said amplifier to external
hegring-2id circuit portions and having inward-
Iy facing ezposed terminal portions; & prede-
termined set of circuit elements of said amplifier
bemg mb reonnected to the terminal members
red o said mounting member so as t0 con-
v Izh Sle iL.b"S &n m‘cerconnected struc-

Yeac Oﬁe cf Wmcn constitutes an input stage
ond the other of which constitutes an output
age connected to said external connector ele-
wents; said set of circuit elements including at
two self-supporting Impedance elements
0 having ot least one terminal wive intercon-
ecue& to terminal portions of said mounting
member so 88 to be held thereby in predeter-
¥ ¢ positions in the other enclosure section;
said strwwra! unit formed of said mounting
memaber, salg tukes and said set of circuit ele-
ments constituting & self-supporting unitary
structure, the interconnecting circuit portions of
which are sufiiciently stiff and so arranged that
the relationship of its elements is not disturbed
when it is mounted on or removed from its posi-
tion.on said mounting surface; a casing wall por-
tion bordering the other enclosure section being
acoustically pervious; the impedance elements of
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said one unitary structure extending within said

other enclosure section in the space between said
microphone and szid mounting surface; said am-
pliffier including at least one additional self-
supporting cireuit control element and at least
one additionsl self-supporting impedance ele-
ment having & terminal wire connected to said
contrel element and constituting therewith an
additional self-supporting unitary structure, the
interconnecting circuit portions of which are suf-
ficiently stiff and so arranged that the relation-
ship of its clements is not disturbed when it is
mounted on or removed from its position on said
mounting surface.

7. In: an electron tube amplifier member form-
ing part of an inconspicuous wearakle hearing aid
and designed to be energized from a direct-cur-
rent energy source for supplying amplified out-
pub of & microphone to a receiver: a flal casing
smeall enough for substantially hidden wear on
the hody of 2 user and having two walls detach-
ably joined along their edges so as to form & cas-
ing enclosure confining & relatively shallow in-
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terior space having narrow sides; one of sald
walls having an Inwardly facing mounting sur-
face, and reinforcing elements forming part
of said wall snd rendering it substantially
rigid; & substantially firm mounting member
extending along said mounting surface between
opposite narrow sides of said enclosure and
dividing the enclosure into two enclosure sec-
tions; & plurality of metallic terminal mem-
bers insuletingly secured te and held in position
by said mounting member so &s to expose ter-
mingl portions of s2id terminal members to said
interior space: inferconnected elemenis of an
amplifier housed in said casing including at least
two multi-electrode amplifier tubes; each fube.
having a plurality of electrode leads extending
from the tube and joined to exposed termingl
portiong of seld mouniing member so that said
tubes are held thereby in predetermined positions
in cne of said enclosure sections; z plurality of
external connector elements insulating secured
to o wall portion of seid enclosure for completing
the operative clreuit interconneciions from sald
amplifier to external hesring-ald clrcuit portions
gnd bhaving inwardly facing exposed terminel
portions; o predeiermined set of cireuis elements
of gald smplifier belng interconnected to the fer-
mingl members secured o said mounting member
g0 a8 to constitute with said tubes an intercon-
nected structural unlt forming part of of least
twe smplifier staeges one of whick constitutes an .
Input stage and the other of which constitutes
an cutput stage; sald set of civeuit clements in-
cluding ab leash two self-supporiing impedance
elements each having ab least one terminal wire
interconnectsd o lerminal poriions of said
mounting member 0 88 to be held thereby in pre-
determined positions in the other of said space
sections; said structursl unit forming said mount-
ing member, said tuhes and said set of cireuit ele-
ments constibut g seli-supperting unitary
structurs, the interconnecting circuit portions of
which sre sufficlently stiff and so srranged that .
the relationship of ils elements is not disturbed
when it is mounted on or removed from its posi-
tlon on seid mountmg surface; said amplifier in-
cluding st least one additional self-supporting
clroult conirol clement end at least one addi-
tionsl self-supporting impedance element having
8 terminal wire conneected to said control element
and constituting therewith an additions] self-
supporting unitery structure, the interconnect-
ing circuif portions of which are suficiently stiff
and so arrenged that the relationship of its ele-
ments Is not disturbed when it is mounied on or
removed from its position on said mounting
surface; the casing wall having said inwardly
facing mounting surface embodying at least two
reinforcing clements of material stronger than
the maberial of said wall; said two reinforcing
elements heving sn opening for detachably
clamping therein gsid two unitary structures in
their- operative positions on said mouniing gur-
face,

8. In an electron tube amplifier member form-
ing part of en Inconspicucus wearable hearing aid
and designed {o be energized from & direct-cur-
rent energy source for supplying amplified out-
put of a microphone to a receiver; a flat casing
small enough for substantially hidden wear on
the body of a user and having two walls detach-
ably joined along their edges so as to form 2 cas-
ing enclosure confining 2 relatively shallow in-
terior space having narrow sides; one of said
walls having an inwardly facing mounting sur-

4
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face, and relnforcing clements forming vert of
a3id wall and rendering it substentially rigid;
substentially fro: mounting member extending
slong said mounting surface between opposite
narrow sides of seid enclosure end dividing the
enclozure Into $wo enclosure sections; a plurality
of metallic terminal members insulatingly se-
cured to and held in position by said mounting
member go 23 to expose terminal portions of
sald terminel members to said Interior space: in-
tercomnecied elements of an smplifier housed in
sold caging including ab least two multi-electrode
emplifier tubss; each tube having o plurslity of
clectrode leads extending - from the tube and
" joimed ¢o exposed termimel portions of _ sald
mounting member so that said tubes are held
thereby in predetermined positions in one en-
closure section; o casing wall portion bordering
the other enclosure section being scoustically
pervious; & plurality of external connector ele-
ments insulatingly secured to & well portion of

said enclosure for completing the operative cir-

cuis interconnections from said amplifier to ex-
ternal heering-aid circuit portions and having in-
wardly facing exposed terminal portions; a pre-
determined set of circuif elements of said am-
plifier being interconnected to the terminal mem-
bers secured to sald mounting member 5o as to
constitute with said tubes an interconnected
structural unit forming part of at least two am-
plifler stages one of which constitutes an input
stage and the other of which constitutes an out-
put stage; said set of circuit elements including
al least two self-supporting impedance elements
each having at least one terminal wire intercon-
nected to terminal portions of said mounting mem-
ber so as.to be held thereby in predetermined po-
sltions in said other space section; said structural
unit formed of said mounting member, said tubes
and said set of circuit elements constituting a self-
supporting unitary structure, the Interconnecting
circuit portions of which are sufiiciently stiff
and so arranged that the relationship of its ele-
ments is not disturbed when it is mounted on or
removed from its position on said mounting sur-
face; and a high-impedance microphone in sald
other enclosure section having a diaphragm ex-
posed to the acoustically pervious wall portion
and being connected to the input stage of said
amplifier; said amplifier including at least one
additional self-supporting ecircuit control element
and at least one additional self-supporting im-
pedance element having a terminal wire con-
nected to said control element and constituting
therewith an additional self-supporting unitary
structure, the interconnecting ¢ircuit portions of
which are- sufficiently stiff and so arranged that
the relationship of its elements is not disturbed
when it is mounted on or removed from its posi-
tion on said mounting surface; the casing wall
having said inwardly facing mounting surface

embodying at least two reinforcing elements of -

material stronger than the material of said wall;
said two reinforcing elements having an opening
for detachably clamping therein said two unitary
structures in their operative positions on said
mounting surface. -

9. In an electron tube amplifier member form-
ing part of an inconspicuous wearable hearing aid
and designed to be energized from a direct-cur-
rent energy source for supplying amplified output
of a microphone to a receiver: a fiat casing smalil
enough for substantially hidden wear on the body
of a user and having itwo walls detachably
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Joined along their edges so as to form a casing
enclosure confining & relatively shallow interlor
space having narrow sides; one of said walls
having an inwerdly facing mounting surface, and
reinforcing elements forming pert of said wall and
rendering it substentielly rigid; o substantially
firmm mounting member extending along sald
mounting surface between opposite narrow sideg
of sald enclosure and dividing the enclosure into
two enclosure sections; & plurality of metallic
terminal members Insuletingly secured to and
held in position by said mounting member 50 28
t0 expose terminal porfionms of said terminal
memberg to said interior space: interconnected
elements of an amplifier housed in said casing in-
cluding at least two mulii-electrode amplifier
tubes; each tube having & plurality of electrode
leads extending from the tube and joined to ex-
posed terminal portions of said mounting member
so that saild tubes are held thereby in Dbredeter-
mined positions in one enclosure section; a plu-

. rality of external connector elements insulatingly
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secured to & wall portion of said enclosure for
completing the operative circult interconnections
from said amplifier to external hearing-aid circuit
portions and having inwardly facing exposed ter-
minal portions; a predetermined set of circuit
elements of said amplifier being interconnected
to the terminal members secured to said mount-
ing member so as to constitute with said tubes
an interconnected structural unit forming part of
at least two amplifier stages one of which con-

-stitutes an input stage and the other of which

constitutes an output stage connected to said ex-
ternal connector elements; said set of circuit ele-
ments including at least two self-supporting im-
pedance elements each having at least one ter-
minal wire interconnected to terminal portions of
sald mounting member so as to be held thereby in
predetermined positions in the other enclosure
section; said structural unit formed of said
mounting member, said tubes and said set of cir-
cuit elements constituting o self-supporting uni-
tary structure, the interconnecting circuit por-
tions of which are sufficiently stiff and so ar-
ranged that the relationship of its elements is
not disturbed when it is mounted on or removed
from its position on said mounting surface; a
casing wall portion bordering the other en-
closure section belng acoustically pervious; the
impedance elements of said one unitary struc-
ture extending within said other enclosure sec-
tion in the space between said microphone and
said mounting surface; said amplifier including
at least one additional self-supporting circuit
control element and at least one additional self-
supporting impedance element having a terminal
wire connected to said control element and con-
stituting therewith an additional self-supporting
unitary structure, the interconnecting circuit
portions of which are sufficiently stiff and 50 ar-
ranged that the relationship of its elements is not .
disturbed when it is mounted on or removed
from its position on said mounting surface; the
casing wall having said Inwardly facing mount-
ing surface embodying at least two reinforcing
elements of material stronger than the material
of said wall; said two reinforcing elements hav-
ing an opening for detachably clamping therein
said two unitary structures in their operative
positions on said mounting surface.
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