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Patented Aug. 17, 1943 2,327,321 

UNITED STATES PATENT office 
2,327,321 

BEARNGA) AMPLFER 
Harry B. Shapiro, Willoughby, Ohio, assignor to 
Sonotone Corporation, Elmsford, N. Y., a cor 
poration of New York 

Application November 12, 1941, Serial No. 48,858 
(C. 179-107) 9 (Claims. 

his invention relates to hearing ald ampli 
fiers, 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 
G. 
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 a 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 positions 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 onitting, for 
the sake of better showing, the interconnections 
between the structural elements of the ampli 
fier; 

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

Fig. 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 Fig. 6; 

Fig. 8 is an elevational view of another Sub 
assembly of the amplifier shown in Fig. 2; 

Fig. 9 is a side view of the sub-assembly of 
Fig. 7; 

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. t 
The principles underlying the invention will 

be explained by their application to one form 
of an electronic amplifier hearing aid shown 55 lead 85 being indicated as the ground. 

O 

5 

diagrammatically in Fig. 1, Figs, 2 to 11 illus 
trating the novel mounting and assembly ar 
rangement of the elements of such amplifier 
exemplifying one form of the invention, features 
of which are disclosed 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 2 which drives a voltage amplifier stage . 
including the amplifier tube 28, the output of 
which is impressed across a magnetic-core coul 
pling inductance 22 on a power amplifier stage, 
including the power amplifier tube 23, the out 
put of Which is shown impressed through a mag 
netic-core transformer 28 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 2. Op 
erating energy for the amplifier is shov, 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 a filamentary cathode having 
two terminal leads 38, 32, an anode having a 
terminal lead 33, a control grid having a ter 
minal lead 34, a Screen grid having a terminal 
lead 35. The transformer 2é has a primary 
Winding 36, 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 3, grid bias cells 42 and a cath 
Ode heating cell 43 which is interconnected to 
the battery assembly through a flexible cord $4. 
The battery assembly has a set of socket termi 
inals, through which the leads --B, -A, --A, -C 
of the battery cord 23 are detachably intercon 
nected with the proper battery cells. 
The cathode leads 3, 32 of the two amplifier 

tubes 2, 23 are connected in parallel to leads 
45, 46 which are connected through cathode sup 
ply leads 37, 48 to the battery cord leads --A, -A 
from the cathode heating cell 43, the cathode 

A Switch 



3. 
59 in the supply lead 3 serves to close or open 
the cathode heating circuit. 

the grid leak resistance of the voltage ampi 
fication tube 2 is for Erned by 2, resistance ele. 
sent 5 connected in series With two additional 
resistance elements 52 between the grounded 
Cathode lead 45 and the control grid lead 34 of 
the 3A. The plate or anode lead 33 of tube 2 
is connected through the coupling inductance 
winding 22 to the plate supply lead 55 from the 
battery cord lead --B. The lead 53 exteriding 
from the positive Supply lead 55 impresses 
through a resistor element 66 the required pos 
itive potential on screen grid lead 33 of tube 28, 
a by-pass condenser 5 shunting the resistor ele 
inent 56. 
The output of the voltage amplification stage 

is impressed through a blocking condenser 58 
and a lead 59 on the input circuit to the power 
amplification stage of tube 23 which is formed 
of a rheostat unit 6 having an adustable tap 
with a lead 6 connected to the control grid 3. 
of the power tube 23, the resistance of the rheo 
stat element 6 forming with a series connected 
resistor element 62 a grid leak resistance con 
nected through a grid bias supply lead 63 to the 
battery cord supply lead -C. 
The plate supply lead 33 and the screen grid 

lead 35 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 63, 54, respectively. There is 
also shown provided a multi-position Switch unit 
55 having a movable contact member 66 which 
Connects in one position a condenser 6 in paral 
lel to the primary winding 36 of the output trans 
former for boosting the response in a selected 
part of the lower frequency range. In the other 
position, the sliding contact 63 of switch 65 coin 
nects a resistance 68 parallel to the microphone 
26 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 69 having two diametrical 
ly opposite terminals connected to the secondary 
transformer winding 38, the other two diagonally 
opposite terminals of the rectifier bridge 69 being 
connected through leads , to inpress 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 rectifier 
bridge 28 to the grid input circuit 88- serve to 
filter and smooth out 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 a minimum of parts that may get out of 
Order Or require replacement So as to free the 
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2,827,82. 
ses 3ron naental and physical strain as well as 

anaoyances to Which he is subjected when the 
instraineR has to be repaired or checked up, 

to Freet the foregoing requirements, it is im 
CiteX hat the election tube hearing aid ampli 

fler Lait, to which the present invention is di 
sected, be not only compact and Small, but that 
all the eleFinents of the araplifier unit, shall be 
steadily accessible for repair or exchange and re 
conditioning without loss of time and without 
introducing complications when one or another 
Circuit, element of the amplifier unit has to be 
renoved or replaced. 

In an effort to meet the foregoing requirements, 
prior hearing 8id amplifier units had the prin 
cipal circuit elements of the amplifier mounted 
On 8 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 
certain 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 
fier and making it necessary to use a larger 
annplifier casing than would be otherwise re 
quired. 
According to the principles of the present in 

Vention, the Structural elements of the amplifier 
are arranged in the form of sub-assemblies built 
around the relatively rigid structural elements of 
the amplifier 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 a very effec 
tive reduction in the overall bulk of the amplifier 
While 8SSuring ready replacement or dismantling 
of the emplifier elements without disturbing their 
general relationship. d 
The principles underlying the invention will 

nCW be explained in connection with a hearing aid 
amplifier unit exemplifying one form of the in 
Ventio. 

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 
28, only about 4 x 24 x % of an inch in volume, 
the casing being formed of a front wall or cover 
ES and a rear wall 4 molded of synthetic resin in 
sulating material, the two casing halves being 
held clamped together by Screws 75. The rear 
Wall 4 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 
3 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 is rein 

forced by a flange 76 extending along its edges 
So as to form a rigid structure and its central 
lower portion is provided with inwardly project 
ing short-post extensions 77 shaped so as to re 
tain in position the core 18 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 9 and a screw 79 engaging an internally 
threaded bushing molded and embedded in the 
central post . The shoulder portion of the 
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mounting wall extending 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 2 
and two bushings R, R for establishing detach 
able engagement with the leads of the receiver 
cord . . 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 
ects inwardly from the rear wall 4 in the middle 
region thereof and has mounted thereon two sets 
of terminal lug strips 8, 82, 83, 84, 85 of sheet 
neta. Each terminal lug strip is firmly anchored 
in the insulating strip 80, for instance, by twist 
ing the downwardly extending ear portion 86 
thereof relatively to the forked portion 8 ex 
tending upwardly on the upper side of the in 
sulating strip 8. The electrode leads of the volt 
age amplifier tube 2 are secured, as by solder 
ing, to the upwardly projecting forked ends 87 
of the set of terminal lugs a to 85 on the left 
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3 
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 
line 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 rigid base plate 66-0 
of insulating material having a portion 65- held 
Clamped against the mounting wall 3 by a screw 
engaging a bushing embedded in a reinforced 
portion of the wall 73. The switch base plate 
65-0 has secured thereto two pairs of contact 
strips 65-2, 65-3 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 23 are connected to the forked ends 
of the other set of terminal strips 8 to 35, the 
control grid lead 33 of the voltage amplifier tube 
2 being free So as to assure that it remains 
highly islated. 
The Strip 3 is detachably held in its position 

On the mounting Wall by an angular bracket 88 
having its inner end clamped by a screw 88 
to a bushing 89 embedded in a reinforced portion 
of the monting Wall i3. As shown in Figs. 3 and 
4, two additional similar brackets 88 are secured 
to similar peripherally displaced bushings em. 
bedded in the XCOLating Wa (), each of the 
brackets being provided with a, centraily project 
ing pin 9 holding. in position the microphone 
unit 25 so that its diaphragm 26 faces the por 
tion of the cover wall provided With the openings 
E3’ through which sound waves reach the dia 
phragan. The microphone shown is so held 
within the casing as to prevent propagation of . 
sound from the space between the microphone 
diapiragn and the facing acoustically pervious 
wall portion 23 to the space of the casing en 
closure extending behind the nicrophone, in the 
manner explaiied in my copending application 
Serial No. 394,527, fled May 21, 1941 as a 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 fange is of the mounting Wall is located the 
rheostat unit 6 forming a flat structure having 
a, bottom Wall provided With a mounting strip 9 
secured by two screws 92 to bushings, such as 
the bushings S9 embedded in the mounting 
wall. The mounting strip 99 serves also as a 
unitary support for a pivotally mounted blade 
of the switch unit 39 provided with two Switch 
terminals 3-, 39-2 which, together with the 
switch blade 49, are insulatingly held on the 
mounting strip S. The rheostat unit 6 is pro 
vided with three terminals 6-, 6-2, $8-3 
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. 48,- 
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 66-0, secured, as by riveting, to the 
end of a pin 66-f provided at the other end with 
a head 65-8 having a slit 66-2, so that the cone 
tact carrying disc 66-0 may be rotated on the 
base plate 65-0. Each pair of stationary con 
tact strips 65-2, 5-3 has rearwardly project 
ing overlapping portions extending on opposite 
sides of the rotary disc 66- which carries the 
transversely extending metallic switch pins S6 
arranged so that by selectively rotating the disc 
66-9 to different positions, a switch pin 66 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. to 1 being indicated by the same 
reference numerals. 

Figs. 10 and 11 show the sub-assembly formed 
of the terminal strip 8. With its two sets of ter 
minal strips 8 to 85 and the various other ele 
ments-including the tubes 24, 23 and all re 
sistor and condenser elements with their leads 
mechanically interconnected and joined by their 
wire leads into a self-supporting structure which 
may be detachably secured and removed fron its 
position against the in Ward face of the Rounting 
wall 3 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 88-, as shown in 
Fig. 3. 
The connecting leads through Which the dif 

ferent resistor elements, condenser elements and 
terminal members of the contact Strip 8 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. 30, thereby permitting easy 
mounting and removal Of the Sub-assembly fron 
its position on the mounting Wall 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 
joined and assembled into a sub-assembly having 
as its principal junction member the narrow rel 



4. 
atively rigid contact strip 8 extending trans 
versely between the facing walls 78, is of the 
casing confining the narrow sps.ce of the ampli 
fier unit. However, some of the resistor and 
condenser cle inents may be joined to the other 
relative?' rigid structural elements which form . 
s, part of the amplifier circuit, such as the resistor 
unit 66, the switch unit 50 or the switch unit 65. 
Thus, 3S shown in FigS. 6 and , the rheostat 

unit 66 which forms in conjunction with the 
switch 50 a substantially self-supporting unitary 
structure inay have Secured thereto the wire 
leads 42, 59, 6-, as Well as the resistor element 
62, the wiring elements and the connector ele 
rents of the resistor unit 62 being sufficiently 
stiff So that once Shaped they Will maintain their 
relation shown, enabling the completion of the 
sub-assembly and mounting the sub-assembly as 
a unit in its position on the Casing wall by fas 
tening the mounting plate 98 of the rheostat 
unit by screws 92 to the Wall 4 in the way shown 
in Fig. 4 and explained above. In a similar Inari 
Aner, the tone control Switch unit 65 may have 
connected thereto the condenser and resistor ele 
ments 6, 68 together with any other associated 
elements into a unitary self-Supporting Sub-8S 
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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 
a screw 65-, 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. 
he following procedure may be adopted in mak 

ing the Sub-assembly shown in FigS. 10 and l: 
The various leads shown in Fig. 10, except leads 
45, 45-4, 37, 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 (35-3, 4 are soldered 
to the upwardly facing ears of the two contact 
Strips 83, and the transverse interconnecting 
wire (35 is then soldered to the two wires $5-A, 
67, the several wires having been cut and bent 
to their required shape before soldiering. 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 ann 
plifier elements, the main area of the inwardly 
facing surface of the mounting Wail is coated with 
a layer 4-A of conducting material, for in 
stance, by Spraying, and a sheet of insulating 
material 76-2 is placed thereover so as to assure 
that no short occurs between elements of the 
amplifier circuits and the shielding layer 74-A. 

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 4 
has cemented to the side facing the wall a foil 
4- of a Suitable metallic conducting material, 

such shielding arrangement having been found 
highly satisfactory in practical use. In a similar 
manner, the metallic shielding layer 73- en 
closed by an in Wardly facing layer of insulating 
material 73-4 is interposed between the inwardly 
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facing surface of the cover 3 of the casing and 
the elements of the a ngiife enclosed thereby. 
The foilowing procedure is followed in mount 

tag the Su-assemblies in their 20sitions on the 
Yaounting rea: Wall 8 of the cesing: Eie shield 
foil s- with its overlying foil 4-2 are ce 
innexated in position and the lead 63 is soidered in 
position to the terraine gushing -C, the lead 63 
having been first cut and cent to shape. inere 
upon, the Sub-assembly shown in Eigs. 2.0 and 
1 is fastened toy its oracket 88 in position, the 

ground interconnecting lead 35 of the cathodes 
being Connected by soldering to a, Soil strip 3-f 
extending from the metallic foil shield extending 
over the inner face of the rear casing Wall 74. 
The combined rheostat GO and switch unit 49 is 
then affixed in position and he ends of its leads 
(3, 59, 6A are connected to the points of intercon 
nection in the manner shown in Fig. 2, iead 42 
of the terminal strip sub-assembly being joined 
by Soldering to the terminal tip (39-2 of the 
switch unit. The tone control SWitch unit 65 is 
then mounted in position on the casing wall 74 
whereupon the terminal ends of the resistor ele 
ment 68 and condenser Gi are soldered to the 
leads 63-d and 65-A of the previously affixed 
Sub-aSSembly held together by the terminal 
strip 36. 

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 required and 
it is desired that the disclosure of the aforesaid 
Shapiro application be considered as a part 
hereof. 

By providing the terminal strip 3 with an 
additional Set of terminal strips 3 to 35 located 
between the two sets of terminal strips shown 
in Figs. 2 and 4, a third tube and additional 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 
Said Shapiro application Serial. No. 418,857, may 
be housed, mounted and arranged in accordance 
with the principles of the present invention in a 
housing of the Same character as that required 
for housing the amplifier described above in con 
nection with Fig. 1. 
Various other modifications of the invention 

Will Suggest themselves to those skilled in the 
art. It is accordingly desired that in construing 
the breadth of the appended claims they shall 
not be limited to the specific details shown and 
described in connection. With the exemplifications 
thereof. 

cairn: 
1. In 82 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 fiat cas 
ing small enough for substantially hidden wear 
on the body of a user and having two walls de 
tachably joined along their edges so as to form 
a casing enclosure confining a 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 to and held in position by said mounting 
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member so as to expose terminal portions of said 
terminal members to said interior Space; inter 
connected 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 exposed terminal portions of Said 
mounting member so that said tubes are held 
thereby in predetermined positions in One of Said 
enclosure sections; a plurality of external con 
nector elements insulatingly secured to a Wall 
portion of said enclosure for completing the oper 
ative 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 ann 
plifier being interconnected to the terKninal 
Kaeme's secured to said mounting member so as 
to constitute with said tubes an interconnected 
structural unit forming part of at least two ann 
plifier stages one of which constitutes an input 
stage and the other of which constitutes an oat 
put stage; said set of circuit, elements including 
at least two self-supporting in pedance elements 
each having at least one terrinal wire intercon 
nected to terminal portions of said mounting 
Gerber. So as to be aed thereby in predeter 
inined positions in the other of said space sec 
tions; said structural unit forning said mount 
ing member, said tubes and said set of circuit 
elements constituting a self-supporting unitary 
structure, the interconnecting circuit portions of 
Wichi 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. 

2. In an electron tube amplifier member for n 
ing part of an inconspicuous Wearable hearing 
aid and designed to be energized fron a direct 
current energy Source for supplying airpified 
output of a microphone to a receiver; a fiat cas. 
ing signall enough for substantially hidden weals 
on the body of a user and having two Wails de 
tachably joined along their edges so as to form 
a casing enclosure confining a 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 nemieer extend. 
ing along said mounting surface between oppo. 
site narrow sides of said enclosure and dividing 
the enclosure into two enclosure sections; a piu 
rality of metallic terminal members insulatingly 
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 elements of an amplifier housed 
in Said casing including at least two nulti-elec 
trode amplifier tubes; each tube having a "piu 
rality of electrode leads extending from the tube 
and joined to exposed terminal portions of said 
noliating member so that said tubes are 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 
Inenbers Secured to said mounting member so 
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S 
as to constitute with said tub?is 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 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 mem 
ber, said tubes and said set of circuit elements 
constituting a self-supporting unitary structure, 
the interconnecting circuit portions of which are 
sufficiently stiff and so arranged that the rela 
tionship of its elements is not disturbed when it 
is nounted on or removed from its position on 
said nounting Surface; and a high-impedance 
microphone in said other enclosure section hav 
ing a 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 a microphone to a receiver: a flat casing small 
eio Ligh, foi Substantially hidden Wear on the 
body of a, 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 in Wardly facing mounting surface, and re 
inforcing elements forming part of said Wall and 
rendering it substantially rigid; a substantially 
isii. 30Urting 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 interior space; interconnected ele 
ments of an amplifier housed in said casing in 
cluding 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 enclosure section; a plui 
|ality of external connector elements insulatingly 
Secured to a 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 terrina 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 in 
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 air 
ranged that the relationship of its elements is 
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not disturbed when it is mounted on or removed 
from its position on said moating surface; a 
casing wall portion bordering the other enclosure 
section being acoustically pervious; the imped 
ance elements of said one unitary stricture ex 
tending within said other enclosure Section in the 
space between said microphone &nd said mount 
ing surface. 

4. In an electron tube amplifier reaper form 
ing part of an inconspicuous Wearable hearing aid 
and designed to be energized frozin s, direct-cur 
rent energy source for supply anplied output of 
a microphone to a receiver: E, flat Casing stall 
enough for substantially hidden Wear on the body 
of a 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 
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 
said 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; 
a 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; a predeter 
mined set of circuit elements of said anplifier 
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 said 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 a direct-cur 
rent energy source for supplying amplified output 
of a microphone to a receiver: a flat casing Small 
enough for substantially hidden wear on the body 
of a user and heving two walls detachably joined 
along their edges So as to form a casing enclo 
sure confining 8, relatively shallow interior Space 
having narrow sides; one of said Walls having a 
invardly facing mounting surface, and reinforc 
ing elements forming p3rt of said Wall and ren 
dering it substantially rigid; a substantially firm 
mounting member extending along said. Yaount 
ing surface between opposite narrow sides of said 
exclosure and dividing the enclosure into two 
enclosure sections; 3, plurality of metallic termi 
nal members insulating secured to and held in 
position by said Xiaouinting member so as to ex 
pose terminal portions of Said terminal members 

- to said interior space; interconnected elements 
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of an amplifier housed in said casing including at 
least two multi-electrode amplifier tubes; each 
tube having a plurality of electrode leads extend 
ing from the tube and joined to exposed terminal 
portions of said Emounting member so that said 
tubes are held thereby in predetermined positions 
in One enclosure section; a casing wall portion 
bordering the other enclosure section being 
acoustically pervious; a plurality of external con 
nector elements insulatingly secured to a wall por 
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 
plifier being interconnected to the terminal mem 
bers secured to said mounting member so as to 
Constitute With said tubes 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 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, 
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; and a high-impedance micro 
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 not disturbed when it is mounted on or re 

yed 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 



2,887,88. 
the body of a user and having two walls detach 
ably joined along their edges so as to form a cas 
ing enclosure confining a relatively shallow in 
terior space having narrow sides; one of said 
was having an inwardly facing mounting sur 
face, and reinforcing elements forning part of 
said Wall and rendering it substantially rigid; a 
sistantially firin mounting member extending 
along said Emounting surface between opposite 
narrow sides of said enclosure and dividing the 
enclosure into two enclosure sections; a plurality 
or retaic tecnis meanbers insulatingly Se 
cured to and held in position by said mounting 
Inern be so as to expose terminal portions of said 
termina Gnenbers to said interior space; inter 
connected eleets of an emplifier housed in Said 
casing inciding at least two multi-electrode 8m 
plifier tubes; each tube having 8, plurality of elec 
trode leads extending from the tube and joined 
to exposed terrainal portions of said mounting 
next be so that said toes are held thereby in 
redeteriained positions in One enclosure sector; 

a giraity of exterial connector elements in 
Statingly secured to a waii portion of said en 
closire fos' contieting the operative circuit, in 
gerconnections fron said amplifier to external 
fearing-aid circuit, portions and having inward 

facing eiposed terminal portions; a prede 
terzined set of circuit eleinents of said amplifier 

x intercoglected to the terminal (nenbers 
Se:Ei?ed to said R.E.g. Sting Yerber SO &S 3 con 
titlite with said tubes an interconnected struc 

iii, origing part of at least tWO anpifier 
Sege; Eie Withic constitutes an input stage 

S. 

gers; said set of circuit "elements including at 
teas, two self-supporting impedance elements 
sea-c, having at east, one terrinal Wire intercon 
rected to terriinal portions of said mounting 
reine so as to be held thereby it predeter 

di gositions in the other enclosure Section; 
saic structural urii; formed of said nounting 
Eneiner, said tuces and said set of circuit ele 
Yelts constituting a self-Supporting unitary 
structure, the interconnecting circuit portions of 
Wyhich are stificiently stiff and so arranged that 
she relationship of its elements is not disturbed 

willen it is incunted on or removed from its posi 
tion gin said inointing surface; a casing wall por 
tion bordering the other enclosure section being 
acoustically pervious; the impedance elements of 
said one unitary structure extending within said 
other enciosure Section in the space between Said 
inicrophone and said mounting surface; said an 
plifier including at least one additional Self 
supporting circuit control element and at least 
one additional self-supporting impedance ele 
en, having a terminal wire connected to Said 

corro eiene, aid constituting thereWith an 
additionai self-supporting unitary structure, the 
intercos Electing circuit portions of which are suf 
ficiently stiff and so arranged that the relation 
silip of its elements is not disturbed When it is 

out inted ox) or removed from its position on Said 
Touiting surface. 

... is an electron tube amplifier member for 
ing part of an inconspicuous Wearable hearing aid 
and designed to be energized from a direct-Cur 
re, energy source for supplying amplified out 
put of a microphone to a receiver: a fiat casing 
small enough for substantially hidden Wear On 
the body of a user and having two walls detach 
abiy joined along their edges so as to form a CaS 
ing enclosure confining a relatively shallow in 
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7 
terior 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 
extending along said mounting surface between 
Opposite narrow sides of Said enclosure and 
dividing the enclosure into two enclosure sec 
tions; a plurality of metallic terminal men 
bes issuetingly secured to and held in position 
by said routing member so as to expose ter 
minal portions of said terminal Renners to said 
interio space interconnected elements of an 
amplifier housed in said casing including at least, 
two nulti-electrode emplifier tubes; each tube. 
having a plurality of electrode leads extending 
fror the tube and joined to exposed terminal 
portions of said in Curting member so that said 
tubes are held thereby in predeteroined positions 
in One of said enclosure sections; a plurality of 
external connecto elements insulating secured 
to 3, W2 color of said enclosure for coinpieting 
the Operative circuit, interconnections from said 
amplifies to externai hearing-aid circuit; portions 
a di having RW2.Édly facing exposed tertaine 
Oriors; 3 Yecieties ined set of circuit, eierrents 

of Said 3.2A life being interconnected ic tie ter 
Riai E. TheEnder's Secured to Said no tig neigher 
So &S to costitute With said tutes an intereo 
rected Strzetti's. Eli, forming art of at least, 
two 8. Epifie" stages one of which constitutes a 
input S&age an e other of Winic constitutes 
aX GUELE S$2.Ée; Said set of circuit, eieinents in 
cluding at ie:s; two self-supporing is a pedance 
elemeits eagh ihaving at least, one termina wire 
integ'CC.E.2ected to terminal politics of Said 
IOUS tig Reine; SO &S to be held thereby it pre 
deter Eiked gositios in the other of said: space 
Secticis Seid structEra unit forming said riot 
ing File:28, said tiles and said se; c3 circuit, ee 
inners Constituti Ag a self-supporting initary 
St Citre, the is te: 'correcting circui: Oricits of 
whici S.re Suiciently stiff and so arranged that . 
the "elationsisi Cs its elements is not disturbed 
Viae; it is You.hted. Oza or removed from its gosi 
tion, O2, Saici Enoughting surface; said amplifier in 
cluding Sä east cre additional self-supporting 
circui: 303 airci eiei Yent and at least, one addi 
tional Self-Supgoring impedance element having 
a tea is 28i Wire connected to said control element 
82d COEstituéing therewith an additional self. 
Sup3oEiii.23 U.S. ii.2, structure, the interconnect 
ing circuié portions of which are sufficiently stiff 
and SC 22''823ed that the relationship of its ele 
nextS is Yao distured when it is routed on or 
renoved from its position on said incunting 
Surface; the Casing wall having said inwardly 
facing rout.htting Strace embodying at leas; two 
reinforcing elements of material stronger than 
the Sateriai of Said wall; said two reinforcing 
elements havirig an opening for detachably 
claripilg therein said two unitary structures in 
their operative positions on said Filot: inting Ur 
face. 

8. E. 812 electron Libe amplifier member form 
ing pait of an inconspicuous wearable hearing aid 
and designed to be energized from a direct-cur 
rent energy Source for supplying airplified out 
put of a microphone to a receiver; a fiat, 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 a cas 
ing enclosure confining a relatively shallow in 
terior Space having narrow sides; one of said 
Walls having an inwardly facing mounting sur. 
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face, and reinforcing elements forming 92t of 
said wall end readering it subst;&tially rigid; a 
subst:socially area nounting member esteading 
song gaid. Inounting surface between opposite 
tastroy sides of said enclosure and dividing the 
enclosure into two enclosure sections; a plurality 
og sneallic terminal members insulatingly se 
cased to Esad heid in position by Said mousating 
liness go as to expose terrillial portions of 
gait terzinine Yerinbers to said interior Space; in 
&ercoastaecked elements of a & Explifier housed in 
said casiyag including at least two nulti-electrode 
singlifies tulias; each tuce having S., plurality of 
elec{xodie leads extending froE, the tube aid 
joined to exposed terminai portions of Said 
Enoxaking senior so that said 28S are held 
&heracy in predetermined positions is one en 
closure section; a casing wall portion bordering 
the other enclosure section oeing acoustically 
pervious; e, plurality of exteraai connector ele 
inents 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 in 
Wardly facing exposed terminal portions: 2 pre 
determined set of circuit elements of Said an 
plifier being interconnected to the terminal men 
bars secured to said mounting member So as to 
constitute with said tubes an interconnected 
structural unit forming part of at least two an 
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 to terminal portions of Said mounting men 
ber so as to be held thereby in predetermined po 
sitions 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 sufficiently 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 Said 
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 circuit control element 
and at least one additional Self-Supporting in 
pedance element having a terminal wire con 
nected to said control element and constituting 
therewith an additional self-supporting unitary 
structure, the interconnecting circuit 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 Small 
enough for substantially hidden wear on the body 
of a user and having two Walls detachably 

2,82?,823. 
joined along their edges so as to form a casing 
enclosure confining a relatively shallow interior 
space having narrow sides; one of Said Walls 
having an inwardly facing mounting Surface, and 

6 reinforcing elements forning part of said wall and 
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rendering it, substantially rigid; a substantially 
firm, Ouiating member extending along said 
mounting surface between opposite narrow sides 
of said era close and dividing the enclosure into 
two enclosure sections; a plurality of metallic 
terminal neinbers insulatingly secured to 2nd 
held in position by said Yonting ne; aber 80 &S 
to expose terrinnai portioras of said terminal 
members to said interior space; interconnected 
eerinents of an amplifier housed in Said casing in 
cluding at least two nulti-electrode amplifier 
tubes; each tube having a plurality of electrode 
leads extending from the tuba 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 a, Wall portion of said enclosure for 
completing the operative circuit 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 inenbers Secured to said mount 
ixag ember So as to constitute with said tubes 
an interconnected structural unit forming part of 
at least two ainplifier 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 in 
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 
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 being 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 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; 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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