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Harry B. Shapiro, Astoria, Long Xsland, N. Y., as-
signor to Sonotone Corporation, Elmsford, N. Y.,
a corporation of New York .

. Application July 18, 1940, Serial No. 346, 125
o 4 Claims. (CL 179—107)

~This application is a oontinuation-in-part of
'my copending appiication Serial No. 338,586, filed
June 3, 1940, :

This invention relates to amplifying hearing
aids, and it has among its objects an electron
tube amplifier hearing aid arrangement using a
voltage transforming and. rectifying vibratory
vontactor arrangement for transforming a low
voltage from a direct current source, such as &
single battery cell, into a relatively high voltage
requited for operating the electron tube ampli-
fler. .

Among the obiects of the invention is an im-
proved voltage-transforming and rectifying vi-
"bratory -contactor arrangement having its ele-
ments so designed, arranged and correlated that
they may be compressed into an extremely small
structure operating with a sufficiently high effi-
ciency so that it may be used in leu of dry cell
batteries for energizing the anode circuits of elec-
tron tube amplifiers, such as used in hearing
alds, which must be kept small enough to be
suitable for inoonspicuous wear on the body of
the user. g

“The foregoing and other objects of the inven-

tion will be bést understood from the following
description of exempnncations thereof, reference
being had to the accompanying drawings where-
ine—
. Fg. 1 Is a perspective view illustrating the ele-
ments of a wearable electron tube hearing aid
using a voltage" transforming arrangement of
the invention, i

‘Pig. 2 is a circuit diagram illustrating the co-
operative relationship of the elements of the
hearing aid of Fig. 1;
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- #1g. 3 15 & cross-sectional view through a power ’

Co supply unit, such as shown in Figs. 1 and 2;

TR 4 isa transverse cross-sectionai view along
line 4—4# of P1g. 3;
S ! A -3 is s detailed view along line §—8§ oi
' Fig 3;
"Hg.6isa verticai cross-sectional view through
a voltage transforming arrangement of the in-
vention; -

Flg. 7.1s & cross-sectional view along iine -1

of Mg. 6;
" Fg.8isan exploded view of the vibratory con-
tactor mechanism of Figs. 6 and 7;

Fig. 9 is a curve diagram indicating the rate of
rise of the periodic current impulses in the pri-
mary transformer winding;

Fig. 10 is a curve diagram indicating the voltage
induced by the primary current impulses in the

&5

secondary transformer winding and the effect of
the rectifying action; and :

Figs. 11, 12 and 13 are views similar to Figs.
6, 7 and 8 illustrating a modified form of such
vibratory contactor mechanism.

In my copending application Serial No. 294,649,
filed September 13, 1939, are described electron
tube amplifiers designed for use as a part of a
wearable hearing aid, all the elements of which
must be small enough so that they may be worn
hidden in operative condition on the body of the
user. The general arrangement of one such elec-
tron tube amplifier is shown in Figs. 1 and 2.

In a compact flat casing 20 small enough for
inconspicuous wear, for instance, in the vest
pocket of the user, is mounted a diaphragm-

driven Rochelle salt crystal microphone 21 which'

drives & voltage-amplifier electron tube 22, the
output of which is amplified by a power amplifier
tube 23 that supplies its output to a hearing aid
receiver 24 which is small enough for inconspicu-
ous wear on the head of the user. )

In the form shown, the two amplifier tubes are
of the pentode type and they have filamentary
cathodes 26 which are energized in parallel
through two leads 26, 21 extending from plug ter-
minals 28 in the wall of the casing. The voltage
amplifying stage is coupled to the power amplifier
stage by a coupling inductance 31 and is arranged
and designed in the way disclosed in my copending
application Serial No. 294,649, filed September 13,
1939, so that the voltage amplifier stage shall
operate with a gain of more than 100 over the
frequency range between 500 and 4000 cycles

5 sufficient to produce only with one additional

power amplifier stage ‘a power output that is sub-
stantially flat within plus and minus three deci-
bels over the principal speech frequency range,
and is sufficient to drive a standard bone conduc-
tion receiver.

If an electromagnetic receiver 24 having a high
impedance winding is used, its winding is con-
nected, in the way shown, directly in the output

- ‘eircuit of the power amplifier tube. A response
control arrangement 29 may be combined with

the other elements of the amplifier in the way
‘described in my application Serial No. 294,649, so
as to make possible selective control of the am-
plification in the different parts of the speech fre-
quency range in accordance with the needs of the
user.

The anode or plate circuits of the two tubes 22,
23 are supplied through an anode supply lead 30
connected to another terminal of the amplifier
unit, The screen grids of the two tubes are suit-
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ably connected to the anode lead 38 so as to main-
tain them at their required operating potential.
The cathode supply leads 2§, 27 and the anode
supply lead 30 are connected through leads of a
multi-conductor cord 33 and contacts of a switch
34 to an electric power supply unit, in the form
of a flat compact casing 35, which is small enough
for hidden, inconspicuous wear on the body of the
user, and houses & small dry cell battery 38 which
supplies the cathode leads 26, 2T and a source of
power which supplies direct current of proper
voltage and polarity to the anode supply lead 30
of the amplifier 20.

As d'sclosed in my copending application Seria]
No. 294,649, filed September 13, 1939, a hearing
ald amplifier of the foregoing type will deliver
the required output to a standard bone conduc-
tion receiver when operating with a very low
anode voltage. Most of the commercially sold
hearing aid amplifiers of the foregoing type oper-
ate with small compact dry cell B batteries sup-
plying an anode voltage of only 24 volts and
having a useful operating life of several hundred
hours. In less severe cases of deafness, a B bat-
tery delivering a voltage of only 12 volts is suf-
ficient.

Instead of employing a dry cell battery pack
for supplying the anode circuits of the amplifier,
the hearing aid amplifier of Figs. 1 and 2 uses &
voltage transforming and rectifying vibratory
contactor arrangement 38, small enough for
housing in the flat compact casing 3% of the
power unit and operated by a small dry cell 38
for supplying direct-current voltage required for
energizing the anode circuit of the amplifier,

As shown diagrammatically in Fig. 2, the volt-
age transforming and rectifying contactor ar-
rangement 38 is similar in its general arrange-
ment fo those used in radios. It comprises a
step-up transformer 41 having a center tapped
primary transformer winding 42 and a center
tapped secondary transformer winding 43 which
is combined with a vibratory contactor mecha-
nism 48 to periodically send, from the low voltage
leads 46, 47 which are connected to the battery
cell 39, oppositely directed current impulses
through the two halves of the primary trans-
former winding 42 and to rectify the alternating
voltage induced by the primary current impulses
in the secondary transformer winding 43 and im-
press the rectified voltage on two high voltage
leads 48, 48 to which the anode supply circuit
of the amplifier 20 is connected. -

The vibratory contactor mechanism 4% has a
vibratory spring reed 5! carrying on two reed
projections 52, 53 oppositely facing reed contacts
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54, 55 cooperating with two sets of contacts 88§, .

57 and 58, 59 which are connected to the ends
of the primary transformer winding 42 and sec-
ondary transformer winding-43, respectively.

To the free end of the reed 81 is secured a
magnetic armature 68 which is driven by an
electromagnet 6! having an actuating winding
83 connected between the reed 51 and one of the
ends of the primary transformer winding 42, so
that when the circuit from its operating cell 39
is completed by the closure of switch 34, the
magnet winding 82 is energized, operating the
reed to flex and short circuit at its contacts §4, 88
the magnet winding 63, thereby releasing the
reed to swing in opposite direction, whereupon
the magnet 81 s again energized. This sequence
of operations is continuously repeated, and the
reed 81 is vibrated as long as the switch 34 com-
pletes the circult from the battery cell 39,

AN

75

3,308,550

The reed contact 84 forms in association with
its contacts 86, 57 a set of primary impulse con-
tacts which close and open periodically during
each vibrating cycle of the reed, to send op-
positely directed intermittent current pulses from
cell 39 through the two halves of the primary
transformer winding 42, so as to induce in the
secondary transformer winding an alternating
voltage. The reed contact 88 forms in associa-
tion with its periodically closing and opening
contacts 88, §9 a set of secondary rectifying con-
tacts which rectify the alternating voltage in-
duced in the secondary transformer winding 43
and impress it in rectified form on the high
voltage leads 48, 48 and therethrough on the
anode circuits of the amplifier.

In order to suppress sparking when the vibra-
tory reed contacts break currents in the sasso-
clated circuits, each half of the secondary trans-
former winding 43 is bridged by a condenser ¢§
with or without a series resistance 68 designed to
operate In the way described in U. S. Patent
1,296,269. A filter formed of serles connected
iron-core inductances §1 and shunt condensers
68 is interposed in the high voltage output leads
41, 48 to smooth out the rectified current pulsa-
tions impressed on the high voltage leads 48, 49
and to deliver to amplifier terminals of the anode
supply lead 30 and the cathode lead 28 a smooth
direct-current voltage of the required polarity.

Vibratory contactor voltage transforming and
rectifying contactor arrangements of the fore-
going type have been used for many years in
battery-operated radio sets. In accordance with
the invention, the elements of such voltage trans-
forming and rectifying contactor arrangements
are designed and arranged to operate so that they
may be compressed within an extremely small
structure which is efficlent in operation and is
able to supply with a relatively small drain from
8 low voltage source, such as a single dry cell
battery of 1.5 volt, a relatively high voltage direct
current required for the anode circuits of wear-
able electron tube amplifiers, such as used in
hearing aids.

One form of such transforming and rectifying
contactor arrangement exemplifying the inven-
tion is shown in detail in Figs. 6 to 8. The elec-
tromagnet 81 is made in the form of an elongated
core member secured, as by threading or rivet-
ing, to a mounting plate 71 of magnetic material
on which the entire vibratory contactor mecha-
nism is mounted, and having two pole leg ex-
tensions 62 on the two sides of the core pole.
The reed §{ is stamped from a sheet of elec-
trically conducting spring metal and has at its
free end two arms 12 to which the armature ¢8
is suitably secured, as by soldering or welding.

On the intermediate freely vibrating portion
of the reed 8( extending between the two arma-
ture arms 12 are formed two contact-operating
reed arm projections 13 which have bent inter-
mediate sections T4 extending perpendicularly
away from the plane of the reed terminating in
reversely bent overhanging reed portions extend-
ing paralle], but in opposite direction to the ar-
mature arms 12 of the reed. On the overhang-
ing end portions 15 of the two contact arms 18
of the reed are mounted the oppositely facing
vibratory reed contacts 54, 35, respectively. Al-
though the contacts 54, 55 may be made doubl-
faced, it is easier to mount them slightly offset
on overhanging reed arm portions 15, as shown.

The oppositely facing reed contacts 54 are
arranged to cooperate with the contacts 58, §1
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treeends of supporting:

showty fixedly héld oothe
arms 11,18 aligned-on-the ‘opposite’ sides-of the
reed contacts: 54, .so:-a8:te’
contacts during-the

of the reed contacts: 88

“The reed :§i-and the two. sets: of supporting:
:sets of -stationary con~:
tacts are -assembled in :alignment. with the reed’
between ‘insulating:
spacers 19 and clamped to-one end.of the mounts:

arms-11,.18 for ‘the: two:
and its. contact -arms- 13.

ing plate Tt-by two bolts g1..which:are insulated:

from the metallic: condueting: portions of the reed
1, 18 by insulating-

51-and the contact supports 1
sleeves 82.. ¢ v Iy sl

[

~By arrangingg,the?:.;'lb‘l%éory}éonﬁacbbr mechs-*

_nism with a vibratory recd:which drives two reed:
proje’ctions,-:carryin’g"&h&*vibratory reed contacts
in a plane offset, but substantially parallel to
the plane of the reed and its armature, it is
possible to compress its overall volume into a
fraction of the volume heretofore considered
necessary for such vibratory contactor mecha-
nism. By msking each reed contact arm. 13 with.
an intermediate section 14 extending in the di-
rection of the motion of the reed, substantially
perpendicularly to the surface of the reed por-
~ tions on which the vibratory forces are exerted by
" the driving magnet 61, the overhanging reed arm
portions 15, which exténd parallel to the arma-
ture arms 12 of the reed, are forced to follow ac-
curately the motion of the armature and to vi-

brate in unison with it, except for the intervals’

during which the reed contacts are held closed
while the inertia or momentum of the armature
carries it to the end of its full vibratory ampli-
tude. :

By giving the intermediate perpendicularly
bent portion 13- of the reed contact arm 14 a
4ransverse £oncavo-convex cross section, ‘in the
way shown in Figs. b and 6, it is stiffened to re-
sist bending out of the position of perpendicular
alignment to the main portion of the reed §1 and
to its free end portion 15 carrying the vibratory
reed contacts. )

Figs. 6 and T cf the original drawings show in
an enlarged 3:1 scale the actual dimensions of &

practical contactor mechanism of the invention. .

The reed 51 is 1 of an inch long, its armature
portion is % and its ¢lamping portion is % of an
“inch wide. The mounting plate 1t is {3 of an
 inch long and 3 of an inch wide. The entire
. vibratory contactor mechanism has overall di-
mensions of about i} x 3 x % of an inch.

The width and the free length of the armature
arms 12 of the reed and the height and width of
the opening 84 and depression 88 formed in the
reed are so proportioned as to assure that its stiff-
ness, or resiliency, and its vibratory masses are 5o
distributed that it vibrates in a stable operating
condition. Operation of such vibrator with a
vibrating frequency. in the range between about
100 and 200 cycles gave good results.

The armsature 60 of the vibratory reed forms

with the E-shaped poles 8§, 63 of the driving
* electromagnet an efficient magnetic system in-
cluding a magnetic gap across which the arma-
ture vibrates with a variable gap of the order of
0.030 of an inch, requiring only a fraction of the
power that would be needed in operation with &
variable area magnet system generally used in
such arrangements. Operation with a variable
length gap Is made possible by making the vi-

close and break their:
operationof the reed. “The:
other set of contacts 58; 58 cooperating with the:
other reed contacts:55.aresheld hy & similar. ‘set:
of supporting. arms-¥% ‘aligned-on.opposite sides.
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brutogconttcti carrisd by the reed contact army
T3 Ught,. o o T R oy
“The gap distance between the armature: and’
the. pole faces of the driving magnet structure
may: be. ddjusted either- by threadedly mounting
the magnet pole piece §1:on the mounting plate
14 or by interposing thin shims under its-clamped:
end or by slightly bending thereed. -~ i i
+In adjusting the gap spacing, the driving mag-
net 81 is: energized from the D. C. source, such’.
as the dry cell 39, having the required driving:
voltage, and the armature is brought: just enough: -
towards.the pole face of the driving magnet as to’
cause it to swing towards the pole face and bring:

. about -its - periodic. vibratory motion in the ‘way!

described ‘hereinabove.. = ..~ - . e

-

“'The two sets-of statiohary contacts 56,87 and'’
58, 5§9-have threaded. shanks held in threaded:
holes of: the substantially rigid supporting :arms’
11, 18, so as to make it possible to adjust them:
in balanced positions in relation
sociated vibratory reed contacts. Threads of &
fine pitch are used to facilitate fine adjustment
of the contact positions. As the armature swings’
from its neutral position to the one or the other
end point of its vibratory path, it is essential .
that its vibratory contact comes into good posi-
tive contact engagement with the stationary con-
tact towards which it moves, and that this posi-
tive contact engagement is maintained during a
large part-of its motion in the region towards the
end point of its path and back therefrom until it
reaches the position in which it breaks the previ-
ously made contact as it approaches its neutral
position on its opposite half of its swing from the
neutral position. : )

The overhanging reed arm portions 78§ which
carry the vibratory reed contacts and the por-
tion of the reed arm 13 which is parallel thereto
are proportioned to serve as buffers which are

" bent by the momentum of the ‘armature until it

45

‘operating

is gradually stopped and then gradually accel-
erated In opposite direction by the energy stored
in the bent buffer portions of the contact arm 13
as well as in the flexed armature arm 12 of the
reed §i. The momentum of the armature is thus
utilized to maintain, in conjunction with ‘the
buffer action of the contact arm 13—18, positive
contact engagement of its two pairs of vibratory
contacts during a large part of each hsalf vibra-
tory cycle. ' .

In addition, the flexing portions of the contact
arms 13 with the contacts carried on their over-
hanging end portions 15 are designed to have a
sufficiently higher resonant frequency than that
of the vibrating system formed by the armature,
and its vibratory reed support, as to assure that
they follow the motion of the reed and maintain
good chatter-free positive contact with the co-
stationary contacts from the moment
the contact is made until it is broken. The ad-

_ -justable mounting of the sets of stationary con-

75

tacts 56, 87 and 858, §9 makes it easy to secure
their proper positioning in relation to the vibra-
tory reed contacts without regard to the critical

-adjustment of the armature in.a position of most

efficient operation at a variable gap length from
the pole faces of the driving magnet.
. This adjustable mounting of the stationary
contacts §6, 81 and B8, 58 makes-it also easier .
to secure efficient voltage transforming and rec-
tifying action. S )

In order to be suitable for use as & direct cur-
rent supply for the anode circuits of a wearable
electron tube amplifier, operating with a gain

to their as- =
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of about 80 decibels, such as used in hearing
aids, & voltage transforming and rectifying con-
tactor mechanism of the type described above
must meet the following requirements:

It should be able to supply from a D. C. source,
such as a battery cell of about 1.5 volts an output
of about 15 milliwatts direct current at a voltage
of about 60 volts with an efficiency of at least
50%, and its noise output should be not more

than 20 decibels above the threshold of normal ;g

hearing.

In the voltage transforming and rectifying
contactor arrangement of the invention, such
efficiency is secured by so adjusting the station-

ary vibrator contacts 86, §7, 58, 59 in relation to 15

the vibratory contacts 54, 55 and so designing
and correlating the circuit elements intercon-
nected with its output transformer and the ele-
ments of the vibratory reed contactor that upon

the closure of the primary contacts, a direct 20

current which rises substantially linearly with

time is sent through its primary transformer..

winding; that the primary contacts open as soon
as the substantially linear rise of the primary
current ceases; that the secondary contacts close
sufficiently soon after the closure of the primary
contacts to assure that the rectified energy flow
from the secondary winding of the load circuit
shall take place substantially during the entire

period the primary contacts are closed; and that 30

the secondary contacts are opened sufficiently
soon, at the time, or immediately before the
opening of the primary contacts, to substantially
prevent back flow of energy from the filter circuit

or the load, toward the secondary transformer 35

winding.

Neglecting the transients, the curves of Pig. 8
show the general form of the successive current
impulses which are produced by the adjusted

vibratory reed contacts in the two halves of the 40

primary transformer winding, and the full line
curves of Fig. 10 show the alternating voltage
induced by the primary current pulses in the
secondary transformer winding. By adjusting
the secondary windings of the rectifier contacts
of the vibratory contactor mechanism, substan-
tially full rectification of the alternating current
may be secured in the way indicated by the suc-
cession of full line and rectified dotted line half
waves of the voltage impressed on the high volt-
age leads 48, 48, With such efficient operation
of the voltage transforming and rectifying con-
tactor mechanism, a relatively small filter occu-
pying not more space than the contactor mech-

anism is able to supply about 15 milliwatts or 55

even more smooth direct current at a voltage of
about 60 volts.

In order to secure such operating conditions,

the load circuit including the filter must be de-
signed so that during the period when the pri-
mary contacts are closed the inductance and
resistance of the load circuit, as are reflected in
the primary side of the step-up transformer 41,
shall cause the current flowing into the primary
transformer winding to rise substantially lin-

early with time throughout the period during 08

which the primary contacts remain closed, and
the contacts must be adjusted to cpen at the
point when the current ceases to rise.

As seen from Figs. 6 to 8, the opening 84 pro-
vided in the vibratory reed ¥{ not only serves
to give the reed the desired stiffness character-
istics, but also provides access to the slotted rear
ends of the threaded shanks of the contacts §§

to 59 for enabling adjustment of their contact 5

positions. Similarly, the mounting plate 71 has
formed therein cutouts 81 through which the
slots in the rear ends of the shanks of the con-
tacts 56 to 58 may be reached for adjusting their
contact positions.

In order to prevent transmission of vibrations
from the vibrating mechanism to the exterior,
the vibrating mechanism is suspended freely on
a leaf spring member 91 extending from a mount-
Ing block 92 suithbly secured within the top of
8 sound-proof casing 83. In the form shown,
the mounting block 82 is formed of two rectan-
gular members of resilient vibration absorbing
material, such as rubber, Neoprene or Vinylite,
having embedded therein, as by molding, two
anchor heads 94 of a pin 95 on which the inner
end .of the leaf spring 81 is held. This arrange-
ment assures that the vibrating forces exerted
by the vibratory mechanism on its yielding sup-
porting block 82 subjects the latter to shear, thus
assuring efficient absorption and suppression of
the vibratory forces. :

“The leaf spring 91 is held clamped hetween the
insulating spacers 19 at a position in which the
vibratory forces of the vibrating system balance
each other so as to reduce to a minimum and
render substantially negligible the vibratory
forces transmitted to the support 982.

In two sides of the vibration absorbing block
92 facing the casing 93 are embedded inwardly
threaded bushings 88 for receiving the threaded
shanks of flat head screws 87 which clamp the
edges of the casing 93 to the mounting block $2.

In addition, the interior or the exterior of the
casing walls 83 are lined with a layer or layers
of sound absorbing materlal, not shown. The
unsupported end of the vibrating mechanism 48
with its magnetic driving structure may hang
freely supported within the casing 83. In order
to assure that the armature cannot be disturbed
in the event the freely suspended end of the vi-
bratory mechanism hits against a casing wall, a
U-shaped protecting clip 181 is clamped over the
armature end of the mechanism 45. The clip

45 101 has two arms with centra) inwardly bent

latch projections 182 fitting and interlockingly
engaging the recesses 183 formed at the junction
of the mounting plate 14 with its legs 82, the
center of the clip 18/ being held spaced from the

80 armature by inwardly bent stop members 104 en-

gaging the facing surface portions 105 of the
mounting plate 71 on both sides of its pole legs
86. If desired, a collar (0§ of highly yleldable
material, such as sponge rubber, may be placed
around the clip I8} and the rear portion of the
mounting plate against which it is held =0 as to
Sérve as a stop in the event the suspended con-
tactor mechanism 48 is thrown against a wall of
the casing.

The contactor leads from the circuit elements
of the contactor mechanism may be suitably led
through the body of its supporting block 92 and
interconnected on the exterior with the trans-
formed winding 41, the filter choke coil 67, filter
condenser §8 and the other elements intercon-
nected with the high voltage leads 48 and 48.

As shown in Plgs. 6 and 7, the step-up trans-
former 41, the filter inductances 67, and the other
elements of the filter cireuit are mounted on g
bracket (19 of metal, for instance, having bot-
tom legs 111, {12 which are secured, as by screws
113, to bushing inserts 114 embedded in the re-
silient vibration absorbing body of the support-
ing block 92 of the vibrator mechanism 48, The
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nass of the vibration absorbing body 92 inter-
posed between the vibrating mechanism housed
in the casing 93 and the elements of the filter
mechanism carried on the bracket §10 is suf-
Aciently large and so arranged as to prevent
propagation of the vibrations to'the elements
mounted on the bracket. By using magnetic
core inductances of the type described in my co-

pending application Serial No. 294,649, filed Sep-
tember 13, 1939, having & core Cross section of -

only ¢s of one square inch and having oversall
core dimensions of about % x %
a very effective filtering action will be secured
with a filter unit using only two such magnetic
core inductances and occupying together with
all other elements associated with the voltage
transforming, rectifying and filtering arrange-
ment a space of only about 132 x 11, x %, inches.

As shown, the several elements associated with
the filter and the output leads 48, 48 are suitably
secured, as by bands 115, to the upstanding
bracket wall 110. After mounting in place, the
elements mounted on the bracket may be en-
closed in a shield 116 of magnetic madterial,
formed, for instance, of two parts which are
clamped in position by flat head screws 111 to
fianged edge portions of the bracket legs i1,
{12. The leads extending from the flat contactor
mechanism into the space above its mounting
block 92 may be suitably interconnected with
the elements of the filter mounted on the bracket
in the way shown in Fig. 2.

As shown in Figs. 3 to 5, the contactor mecha-
nism and the filter assembly may be suitably se-
cured to the underside of a mounting block 20

forming a cover of the flat compact casing 35 in,

which the entire arrangement is mounted, for in-
stance, by screws 118 clamping a bracket arm (18
to the cover 120. The leads to the transforming
and rectifying arrangement may be suitably con-
nected, as by soldering, to the inwardly project-
ing tips of socket members 123 mounted in suit-
able holes of the cover block 120 for recelver
plug pins of a plug 124 through which the circuit
connections to the amplifier unit 20 are com-
pleted. '

10

x V3 of an inch, -
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moval or replacement by providing the casing
with a removable end wall section 138 which is
held in its position by two catch springs 137 en-
gaging the adjacent wall portion near the bottom

of the casing and two snap springs 138 which en- -

gage projecting ends of interlocking members 139
embedded in the molded body of the casing cover
120 so that by a pull on the end wall 136, it may
be removed to expose the battery celis and by
swinging it back on its bottom’ catch springs 137
its snap spring 138 will lock it back in closed
position. '
- The switch unit 34 may be of the slider type,
and may be mounted on the amplifier casing in
the way shown in my copending application Se-.
rial No. 294,649, filed September 13, 1939, or it
may be mounted either on the cover wall 128
of the power unit 35, or, as shown in Figs. 1 and
2, it may be combined with the cord at & point
where it can be readily reached by the hand of
the user, for instance, by providing it with a clip.
for holding it in the desired place. :
In Figs. 11, 12 and 13 is shown an alternative
form of a vibratory contactor mechanism of the -
invention. Its elements are similar to those
shown in Figs. 6 to 8. Its vibratory reed 51A car-
ries its armature 60 on a central arm {41 which
is offset relatively to the portion from which its
two vibratory contact arms 524, 53A extend. Al-
ternatively, its central armature bearing portion
{41 may be formed into contact arms, such as
52A, and its outer two contact arms may be bent
to support the armature 60 in the offset position .
shown, the intermediate perpendicularly bent
f:gtions 142 being stiffened as at 14 in Figs. 6
The contactor mechanism of Figs. 11 to 13 oc-
cuples somewhat more space than that of Figs.

6 to 8. By mounting the armature on portions
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The terminal sockets 123 may be of the type

described in Figs. 6 to 9 of my copending appli-
cation Serial No, 294,649, filed September 13, 1939,
and may be arranged in the form of a separate
socket secured to the upper bracket arm 118, all
mounted together with it as a unit in its position
on the cover 120. In the form shown, the upper
bracket arm |19 has a hole into which the tips
of the socket terminals (28 project for. solder-
ing the leads from the interconnected elements
of the transforming, rectifying and filtering ar-
rangement supported by the bracket 110, before
its shield is secured in place thereon. The shield
118 is designed so that it may be formed as an
integral unit and slipped down over the vibrator
casing 93,

The two battery cells 36, 39 are likewise ar-
ranged to be held on a bracket 13{ of metal, for
instance, having &n upper arm secured, as by
screws 132, to the threaded bushing 133 em-
bedded in the cover block 120 of the casing. On
the downwardly extending bracket 181 are in-
sulatingly mounted spring contact members 134,
135 arranged so that a standard dry battery cell
may be quickly inserted into its operating posi-
tion or removed therefrom, the contact mem-
bers being suitably interconnected with the
other circult elements in the way shown in Fig.
2. The batteries may be quickly reached for re-
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of the vibratory reed which are offset relatively
to the contact arms 52A, 63A of the reed, such
vibratory contact mechanism may be compressed
into & very small size, only slightly larger than
that described in connection with Figs. 6 to 8.

In order to prevent oxidation of the vibratory
contacts, the contactor mechanism may be sus-
pended in & hermetically closed vessel which is
filled with an inert gas, such as nitrogen. Metal
vessels, such as those used for metal vacuum
tubes, or glass vessels, may be used as such en-
closures. . : :

When using a glass for such enclosure, two or
three strong supporting wires may be sealed in
a glass press and the innner ends of the sup-
porting wires may be held clamped by the bolts
81 of the vibrating mechanism, so as.to support
it in a freely vibrating condition within the gas
enclosing vessel.

The leads for completing the electrical circuit
connections to the elements of the contactor

-mechanism are likewise sealed in the press, the
‘inner ends of the leads being provided with loose

end portions so that they are not subjected to
any strain. To prevent the suspended portion
of the contactor mechanism from breaking the
glass walls, a metal clip which is placed around
its vibrating armature may be provided with hel-
ical buffer springs extending toward the wall
so as to prevent direct contact of the vibrating
mechanism with the wall of the casing.
‘Instead of making the reed with offset por-
tions as shown, all the elements may be made and
aligned in the same plane, in which case the
contactor mechanism is slightly increased in
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depth without sacrificing its operating advan-
tages.

The features and principles underiying the in-
vention described above in connection with spe-
cific exemplifications, will suggest to those
skilled in the art many modifications thereof.
It is accordingly desired that the appended claims
be construed broadly and that they shall not be
limited to the specific details shown and de-
scribed in connection with the exemplifications
thereof,

I claim:

1. In a wearable hearing aid, in combination:
a flat amplifier unit having a case small enough
for inconspicuous wear on the body of the user;
an electron tube amplifier structure all the ele-
ments of which are small enough so that they
are mounted within said case and include at least
one voltage amplifier stage and one power ampli-
fler stage each having a cathode heating element
and anode ¢ircuit elements; a microphone small
enough so that it is mounted within said case
while exposed to sound propagated through the
air surrounding the case; a set of amplifier ter-
minal elements mounted on a wall portion of
said case and circuit interconnections within said
case for interconnecting said microphone unit
and said terminal elements with the elements of
said amplifier structure so as to impress the am-
plified output of sald microphone on certain am-
plifier terminal elements; some of sald amplifier
terminal elements constituting cathode supply
terminals for supplying heating current to said
cathode heating elements and some of sald am-
plifier terminal elementg constituting anode sup-
ply terminals for supplying operating energy to
said anode circuit elements; a receiver small
enough for inconspicuous wear by the user and
cord leads from said certain amplifier terminal
elements to said receiver for supplying thereto
the amplified output of said microphone ; & struc-
turally flat power unit small enough for incon-
spicuous hidden wear on the body of the user
having two compartments and a power supply
cord lead unit having cord leads extending from
the power unit to the cathode and anode supply
terminals of said amplifier unit; a cathode sup-
ply cell unit and anode supply cell unit within
one compartment of said power supply unit; said
cathode supply cell unit being connected through
some of said power supply leads to the cathode
supply terminals of sald amplifler case; a voltage
changing arrangement within the other compart-
ment of said power supply unit and connected to
said anode supply cell unit; said voltage changing
arrangement including a vibratory contactor ag-
gregate and a transformer so designed and cor-
relatéd and so interconnected between sald anode
supply cell unit and some of said bower supply
leads as to cause sald contactor to periodically
send substantially linearly rising current im-
pulses from said anode supply cell unit through
the primary windings of said transformer for
inducing a relatively high alternating voltage of
substantially rectangular wave shape in the sec-
ondary windings of the transformer, and to cause
the contactor to rectify the induced alternating
voltage and to impress the so rectifled voltage
on the power supply leads connected to anode
supply terminals of said amplifier; and switch
means forming part-of one of said units and in-
cluding a single movable grip member actuable
between & position in which the circuit connec-
tion to said anode supply cell unit and the circuit
connection to said cathode supply cell unit are
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broken and a position in which both of said cir-
cult connections are established.
2. In a wearable hearing aid, in combination:

a flat amplifier unit having a case small enough
for inconspicuous wear on the body of the user:
an electron tube amplifier structure all the ele-
ments of which are small enough so that they are
mounted within sald case and include at least one
voltage amplifier stage and one power amplifier
stage each having a cathode heating element and
anode circuit elements: a microphone small
enough so that it is mounted within said case
while exposed to sound propagated through the
air surrounding the case: a set of amplifier ter-
minal elements mounted on a wall portion of said
case and circuit interconnections within sald case
for interconnecting said microphone unit and said
terminal elements with the elements of said
amplifier structure so as to impress the am-
plified output of sald microphone on certain am-
plifler terminal elements: some of said amplifier
terminal elements constituting cathode supply
terminals for supplying heating current to said
cathode heating elements and some of said am-
plifier terminal elements constituting anode sup-
ply terminals for supplying operating energy to
sald anode circuit elements; a receiver small
enough for inconspicuous wear by the user and-
cord leads from said certain amplifier terminal
elements to said receiver for supplying thereto
the amplified output of said microphone; a struc-
turally flat power unit small enough for incon-
spicuous hidden wear on the body of the user
having two compartments and a power supply
cord lead unit having cord leads extending from
the power unit to the cathode and anode supply
terminals of sald amplifier unit; a cathode sup-
ply cell unit and anode supply cell unit within
one compartment of sald power supply unit;
said cathode supply cell unit being connected
through some of said power supply leads to the
cathode supply terminals of said amplifier case:
a voltage changing arrangement within the other
compartment of said power supply unit and con-
nected to said anode supply cell unit: said volt-
age changing arrangement including a vibratory
contactor aggregate and a transformer so de-
signed and correlated and so interconnected be-
tween said anode supply cell unit and some of
said power supply leads as to cause said contactor
to periodically send substantially linearly rising
current impulses from said anode supply cell

“unit through the primary windings of said trans-

former for inducing a relatively high alternating
voltage of substantially rectangular wave shape
in the secondary windings of the transformer,
and to cause the contactor to rectify the in-
duced alternating voltage and to impress the
S0 rectified voltage on the power supply leads
connected to anode supply terminals of said am-
plifier; and switch means forming part of said
amplifier case and including a single movable
grip member actuable between a position in which
the circuit connection to said anode supply cell
unit and the circuit connection to said cathode
supply cell unit are broken and a position In
which both of said circuit connections are estab-
lished.

3. In a wearable hearing aid, in combination:
& flat amplifier unit having a case small enough
for inconspicuous wear on the body of the user;
an electron tube amplifier structure all the ele-
ments of which are smal] enough so that they
are mounted within said case and include at least
one voltage amplifier stage and one power am-
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plifier stage each having a cathode heating ele-
ment and anode circuit elements; a microphone
small enough so that it is mounted within said
case while exposed to sound propagated through
the air surrounding the case; a set of amplifier
terminal elements mounted on a wall portion of
said case and circuit interconnections within said
case for interconnecting said microphone unit
and said terminal elements with the elements
of said amplifier structure so as to impress the
amplified output of said microphone on certain
amplifier terminal elements; some of said am-
plifier terminal elements constituting cathode
supply terminals for supplying heating current
to said cathode heating elements and some of
said amplifier terminal elements constituting
anode supply terminals for supplying operating
energy to said anode circuit elements; a receiver
small enough for inconspicucus wear by the
user and cord leads from said certain amplifier
terminal elements to said receiver for supplying
thereto the amplified output of said microphone;
a structurally flat power unit small enough for
inconspicuous hidden wear on the body of the
user having a power suprly cord lead unit hav-
ing cord leads extending from the power unit
to the cathode and anode supply terminals of
sald amplifier unit; a cathode supply cell unit
and anode supply cell unit within said power
supply unit; said cathode supply cell unit being
connected through some of said power supply
leads to the cathode supply terminals of said
amplifier case; & voltage changing arrangement
within sald power supply unit and connected
to said anode supply cell unit; said voltage
changing arrangement including a vibratory con-
tactor aggregate and a transformer so designed
and correlated and so interconnected between
said anode supply cell unit and some of said
power supply leads as to cause said contactor to
periodically send substantially linearly rising
current impulses from said anode supply cell unit
through the primary windings of said trans-
former for inducing a relatively high alternating
voltage of substantially rectangular wave shape
in the secondary windings of the transformer,
and to cause the contactor to rectify the induced
alternating voltage and to impress the so recti-
fled voltage on the power supply leads connected
to anode supply terminals of sald amplifier; and
switch means forming part of one of said units
and including a single movable grip member
actuable between a position in which the circuit
connection to said anode supply cell unit and the
circuit connection to sald cathode supply cell

_unit are broken and a position in which both of
said circuit connections are established.

4. In a wearable hearing aid, in combination:
a flat amplifier unit having a case small enough
for inconspiciious wear on the body of the user;
an electron tube amplifier structure all the ele-
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ments of which are small enough so that they
are mounted within said case and include at
least one voltage amplifier stage and one power
amplifier stage each having a cathode heating
element and anode circuit elements; a micro-
phone small enough so that it is mounted within
said case while exposed to sound propagated
through the air surrounding the case; a set of
amplifier terminal elements mounted on a wall
portion of said case and circuit interconnections
within said case for interconnecting said micro-
phone unit and said terminal elements with the
elements of said amplifier structure so as to im-
press the amplified output of said microphone on
certain amplifier terminal elements; some of said
amplifier terminal elements constituting cathode
supply terminals for supplying heating current
to said cathode heating elements and some of
said amplifier terminal elements constituting
anode supply terminals for supplying operating
energy to said anode circuit elements; a receiver
small enough for inconspicuous wear by the user
and cord leads from said certain amplifier ter-
minal elements to said receiver for supplying
thereto the amplified output of said microphone;
a structurally flat power unit small enough for °
inconspicuous hidden wear on the body of the
user having a power supply cord lead unit having
cord leads extending from the power unit to the
cathode and anode supply terminals of said am-
plifier unit; a cathode supply cell unit and anode
supply cell unit within said power supply unit;
said cathode supply cell unit being connected
through some of said power supply leads to the
cathode supply terminals of said amplifier case;
a voltage changing arrangement within said
power supply unit and connected to said anode
supply cell unit; said voltage changing arrange-
ment including a vibratory contactor aggregate
and a transformer so designed and correlated
and so interconnected between said anode supply
cell unit and some of said power supply leads as
to cause said contactor to periodically send sub-~
stantially linearly rising current impulses from
said anode supply cell unit through the primary
windings of said transformer for inducing a rel-
atively high alternating voltage of substantially
rectangular wave shape in the secondary wind-
ings of the transformer, and to cause the con-
tactor to rectify the induced alternating voltage
and to impress the so rectified voltage on the
power supply leads connected to anode supply
terminals of said amplifier; and switch means
forming part of said amplifier case and includ-
ing a single movable grip member actuable be-
tween a position in which the circuit connection
to said anode supply cell unit and the circuit
connection to said cathode supply cell unit are
broken and a position in which both of said cir-
cuit connections are established. .
’ HARRY B. SHAPIRO,




