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The present invention relates to electron tube 
hearing aid and similar miniature audio fre 
quency ampli?ers for use where space and bulk 
is at a premium. ‘ 
Hearing aid ampli?ers of known type usually 

embody one or more electron tubes which require 
for their operation at least two sources of elec 
tric current, one of low voltage (about 1.5 volts) 

'‘ known as "A-battery for heating the cathodes or 
?laments-of the tubes to electron emitting tem 
perature, and one of relatively high‘ voltage 
(about 45 volts) for supplying the electron space 
current ?owing from the cathode or ?lament to 
the plate of the tubes. 
While the size and weight of the heating or 

A-batteries can be kept within small limits suf 
?cient to supply ?lament heating power over a 
reasonable operating period, say about two 
months, the B or plate voltage battery, although 
the plate current consumption amounts to a 
small fraction only of the ?lament current, suf 
fers from the disadvantage of assuming large 
proportions and bulk if designed for the same 
period of operation. In practice the size and bulk 
of the B-battery for the same operating period 
will be about ?ve or six times the size and bulk 
of the A-battery thus making the ampli?er too 
heavy and bulky to beconveniently carried in a 
person’s pocket as is desirable in the case'of 
hearing aid apparatus. \ 

According, an object of the present invention 
is to substantially overcome the above draw 
backs by completely eliminating the necessity of 
providing a separate B-battery with a minimum 
of additional elements andv parts required in 
such a manner as to result in an amplifying ap 
paratus of considerably reducedweight and bulk. 

With this object in view, the invention contem 
plates the provision of simple and efficient means 
to supply the necessary plate current from a por 
tion of the v.A-battery power without substantially 
decreasing the life of the latter and making 
necessary frequent replacements. Due to the 
comparatively low current consumption of the 
anode circuit of an electron tube as compared 
with the current consumption of the ?lament 
heating circuit, the aforementioned requirement 
can be easily ful?lled in practice; that is, an 
eventual slight reduction of the life of the A-bat 
tery will be amply offset by a considerable de 
crease in size and weight of the amplifying ap 
paratus. Moreover, the invention makes it pos 
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able anywhere on the market at low costs where 
.by more frequent replacements if necessary, say 
about each month, would not be feltobjection 
able both from a point of view of convenience 
and cost. In this respect the invention presents 
an added advantage compared with the known 
hearing aid ampli?ers requiring special and com 
paratively heavy B-batteries usually available 
from speci?ed manufacturers only and frequent 
ly resulting in lack of supply possibilities to the 
great discom?ture and inconvenience of persons 
a?licted with bad hearing. _ 

v Accordingly the invention involves in general 
the provision of a converting device in the form 
of an electromagnetic vibrator or‘ interrupter 
.serving to open and‘ close a current drawn from 
the A-battery serving to supply the plate poten 
tial for the tubes, whereby this vibrator‘ is de 
signed and adjusted to have a vibrating or inter 
rupting frequency which is‘ high compared with 
the highest audible frequency or limit of hear 
ing at least as far as the person is concerned for 
whose use the ampli?ed is destined. A safe aver 
age limit for a majority of persons su?ering a 
comparatively slight hearing loss is about 5000 
cycles. This value may, however, be substantial- 
1y less in more serious cases of hearing loss where 
the limit frequency has a’ substantially lower 
value: ' 

The interrupted current of low voltage (1.5 
volts) according to one embodiment of the inven 
tion is applied to a small transformer and stepped 
up to the required high voltages (about 45 volts) 
for supplying the plate or space current of the 
amplifying tubes. The outer current oil.’ the 
transformer which is an alternating current ac 

, cording to a further feature of-the invention is 
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sible to more frequently renew the batteries by ' 
enabling the use of simple batteries of the stand 

‘ ard type as used in flash-lights or the like avail 

1 

directly used for supplying the plate potential for 
the tubes, 1. e. only the‘positive half waves of 
the current will be utilized and cause successive 
intermittent operating or conducting cycles for 
the tubes. Due to the fact that the interrupting 
or vibrating frequency is chosen to be above 
audibility the intermittent operation of the tubes 
will not resultvin any audible interference or im 
pairment of the ?delity of the sound currents 
supplied by the output of the ampli?er and serv 
ing to energize the ear-phones of the hearing 
aid device. " 
An interrupter or electromagnetic vibrator 

operating at super-audible frequency and associ 
ate transformer can be easily made with very 
small dimemions and weight compared with the 
space or weight required if a separate B-battery 
were used. 



2 
Further details and advantages of the inven 

tion will become more apparent from the follow-' 
ing detailed description taken with reference to 
the accompanying drawing forming part of this 
speci?cation and wherein: 

Figure 1 is a circuit diagram showing schemat 
ically a vibrating converter for producing a high 
voltage from a low voltage in accordance with the 
invention, 

Figure 2 is a cross-sectional view showing on 
an enlarged scale a practical construction of a 
vibrator suited for the purpose of the invention, 
Figure 3 is a complete circuit diagram of a 

hearing aid ampli?er embodying the invention, 
Figures 4 and 5 are schematic views illustrat 

ing in top plan and side view, respectively. one 
15 

form of a practical lay-out of a hearing aid ' 
ampli?er constructed in accordance with the in 
vention. . 

Figure 6 is a schematic view illustrating a 
modi?ed vibrating system according to the inven 
tion. and 
Figure "I shows a curve illustrative of the func 

tion of Figure 6. 
Like reference characters identify like parts in 

the di?erent views of the drawing. 
Referring to Figure 1, there is shown a vibrat 

ing converter for changing low voltage direct 
current into high voltage alternating current 
for use as a plate supply in hearing aid or simi 
lar miniature ampli?ers and comprising a source 
of low voltage direct potential shown at It such 
as a dry battery exciting an electromagnetic vi- ' 
brator, the latter comprising an iron-core mag 
net coil ii, a vibratory contact l2 resiliently 
mounted upon a ?at spring I!’ or the like co 
operating with a ?xed contact ll. In the closed 
condition of the contacts I! and ii the current 
of the battery ID will flow through the coil ii, 
contact l2. contact ii. the primary winding of 
a transformer i5, and back to the-battery by 
wayof switch i1. As a result of the current 
?ow upon closing the switch H, the iron core 
of coil ii will attract contact I! thereby open 
ing the circuit. This in turn will cause the con 
tact l2 to engage again contact I: due to the 
resiliency of the spring i2’, thereby repeating 
the cycle and resulting in a periodic opening 
and closing of ‘the circuit at a frequency whichv 
is mainly determined by the resiliency of the 
spring I!’ and its initial bias adjusted by the 
aid of a set screw or the like adapted to change 
the position bf contact i 3 as shown in greater 
detail in Figure- 2 to be described presently. 
In order to reduce sparking and arcing between 
the contacts i2 and it, there is provided a con 
denser IS in shunt relation to'the contact and 
connected in the example shown between the 
lower end of spring I!’ and the lower end of 
the primary winding of the transformer IS. 
The design and adjustment of the contacts is 
such that the vibrating or interrupting fre 
quency is above audibility as pointed out here 
inabove. This can be easily accomplished by 
using the proper materials and thickness for the 
contact spring [2’ and by suitably initially bias 
ing the spring i2’. Due to the relatively high 
vibrating frequency required, the dimensions of 
the vibrating parts as well as the magnet coil 
can be kept within very small limits whereby _ 
the entire device can be reduced to a very small 
size and weight- compared with a B-battery re 
quired in ampli?ers heretofore known in the 
art. 

Referring to Figure 2, there is schematically 
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shown one form of aconstructionai embodiment 
of a vibrating device on an enlarged scale. Ex-' 
periments have shown that the actual size of 
the vibrator may be as small as about one-third 
or less than the dimensions shown in the draw 
ing. The entire vibrating structure is suitably 
mounted in an evacuated receptacle such as a 
glass tube or bulb '2. The latter is formed at 
its lower end with a re-entrant portion termi 
nating in a press 33. The tube is suitably 
mounted in a base 34 in a manner similar to 
vacuum tubes of known construction. Item 35 
represents a U-shaped iron core for the vibrat_ 
ing magnet, being preferably of laminated con 
struction and having a magnet winding 38 
wound about the yoke of the core. The vibrating 
contact 31 opposite one leg of the magnet core 
35 is suitably affixed to one end of a leaf spring 
38 which has its opposite end secured to the 
other leg of the magnet core. Item 39 is a 
U-shaped bracket formed by bending a flat 
metal strip encircling the contact 31 and having 
its legs ?xedly secured to the opposite faces of 
the magnet core 3!. ‘The bracket 38 carries the 
cooperating contact 40 which can be adjusted 
relative to the contact 81 by the aid of a set 
screw 40' for initially biasing the spring II’. 
The entire magnet structure is suitably mount 
ed upon a base plate I! such as by means of 
supporting brackets 42 and II’. In assembling 
the device, the magnet structure is ?rst mount 
ed upon the plate or mounting disc 43 and in 
serted into the tube 12 with the disc resting 
against the lower bead or shoulder'of the tube. 
Electrical connectors passing from the prongs 
a, d. c at the base It through the press a are 
then connected to the elements of the vibrator 
in the manner shown in Figure 1 by soldering, 
welding or in any other manner. A further 
mounting disc ll resting against the upper bead 
or shoulder of the tube 32 may be provided to 
provide added mechanical rigidity. Thereupon, 
the tube is exhausted to expel air and moisture, 
and sealed. Thus, the vibrator will operate in 
a vacuum and deterioration of the‘ contacts by 
oxidation will be substantially avoided. In this 
manner the vibrator will function permanently 
without substantially requiring readjustment or 
resetting of the contacts. Alternatively, the tube 
may be ?lled with an inert gas to maintain the 
operating stability and prevent an early deteri 
oration of the contacts. In order to suppress 
any residual arcing or sparking between the con 
tacts, condenser i6 may be suitably mounted 
within the base 34 and electrically connected to 
the circuit in the manner shown in Figure 1. 
Referring to Figure 3, there is shown a com 

plete three-stage hearing aid ampli?er com‘ 
prising a microphone, preferably a crystal mi 
crophone, shunted by a resistance 2| coupled to 
the grid and cathode of an input tube 22 of any 
desired type and design known in the art. The 
second and third amplifying stages comprise sim 
ilar tubes 23 and 25 with resistance coupling 
networks 25 and 28 connecting the output of 
one stage to the input of the succeeding stage 
in a manner well understood by those skilled 
in the art. The output of the last tube 2| is 
applied to an ear-phone 28 by way of audio fre 
quency transformer 21. A battery l0 serves to 
supply the heating current for the ?laments of 
all three tubes connected in series while the 
plate current is supplied from the secondary of 
a transformer I! connected to the output of 
the converter ll of substantially the same type 
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and energized from the battery I! as described 
in Figures 1 and 2. The remaining parts such 
as screen grid resistors, by-pass condensers, etc., 
are of standard design and need not be dis 
cussed as they form no part ofthe present in 
vention. ‘ , . ’ 

Referring to Figures 4 and 5. the former show 
ing a side view and the latter showing a top 
view in schematic form of a hearing aid ampli 
?er in approximately natural size, item ll rep 
resents a casing of insulating material such as 
a molded casing of arti?cial resin being divided 
into compartments by partition walls It and 82. 
One of the compartments serves to house three 
batteries 52 of standard size as used in flash 
lights and the like, each having about a" diam 
eter and 2" length. If a circuit according to 
Figure 3 is used the batteries are connected in 
series whereby each of the ?laments of tubes 
22 to 25 is heated to the proper emitting tem 
perature. The wall 52 serves as a support or 
chassis for the amplifying tubes 22, 23 and 24 
while a further mounting plate or chassis ll 
is provided to support the vibrator ‘I, a pair 

‘ of transformers 51, ll corresponding to trans 
formers l4 and 21, ‘Figure 3, respectively, as 
well as the remaining parts of the circuit such 
as resistors and condensers suitably arranged 
within the space available and connected in the 
manner shown in Figure 1. 
Referring to Figure 6 there is shown a sim-, 

pli?ed vibrating system according to the inven 
tion designed to dispense with a special output 
transformer. According to this embodiment, the 
circuit elements, in particular the magnet coil 
H, are designed in such a manner that the 
inductive voltage peak at the instant of inter 
ruption of the contacts I2 and is known as an 
inductive kickback supplies sui?cient high volt 
age power to. enaple ‘ proper function of the 
ampli?er. As is understood in this case itis 
advantageous’ to design the device in such a 
manner that the vibrating frequency or sequence 
of the plate voltage peaks is as high as possible, 
which may be substantially above the limit of 
audibility to insure suf?cient power supply to 
the plate circuit to afford e?icient operation of 
the amplifier. 
The operation of Figure 6 will be further un 

derstood by reference to Figure 7 wherein the 
current through the vibrating circuit is plotted 
as a function of time. At the instant A, the 
contacts i2 and i3 are closed whereby the cur 
rent starts to increase from zero according to 
an exponential relationship determined by the 
circuit constants to a value B at the instant of 
separation or interruption of the contacts. Due 
to the magnetic energy stored in the coil II, a 
high inductive peak voltage 13 is induced in the 
winding H whose value may be many times the‘ 
value of the input voltage of the battery and 
may serve to energize the plate "circuit of the 
ampli?er. Due to the sharply peaked character 
of this voltage, a high pitched hiss may occur in 
the ear-phone connected to the output of the 
amplifier. Such a hiss, as experience has shown, 
does not constitute a drawback but has been 
found to be bene?cial in sharpening or increas 
ing the sensitivity of hearing. 

It will be evident from the foregoing that the 
invention is not limited to the speci?c construc 
tions and arrangements of parts and circuits 
shown and described herein for illustration but 
that the principle underlying the invention is 
susceptible of modi?cations and variations com 
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ing within the broader scope and spirit of the 
invention as de?ned in the appended ‘claims. I 
The speci?cation and drawing are‘accordingly 
to be regarded in an illustrative rather than a 
limiting sense. 

I claim: 
1. The combination with a wearable hearing 

aid device for use where the loss in amplitude 
response is accompanied by a substantial de 
?ciency with respect to the audible notes- within 
a partial range of the normal audible sound 
spectrum, of an electron tube amplifier for rais 
ing the sound amplitude, said ampli?er requiring 
cathode heating current of relatively low voltage 
and anode operating current of relatively high 
voltage, a source of low voltage direct current, 
means for directly drawing cathode heating cur 
rent from said source, and further means for 
deriving anode operating current from said 
source including a vibrating device for period 
ically interrupting a fractional current drawn 
from said source at a frequency within the de 
?ciency range of the ear for which the device 
is destined, means for stepping up the voltage of 
the interrupted current impulses, and means for 
directly utilizing the stepped-up voltage impulses 
as anode operating voltage for said ampli?er. 

2. The combination with a wearable hearing 
aid device for use where the loss in amplitude 
response is accompanied by a deficiency with 
respect to the audible notes within a partial range 
of the normal audible sound spectrum, of an 
electron tube ampli?er for raising the sound 
amplitude, said ampli?er requiring cathode heat 
ing current of relatively low voltage and anode 
operating current of relatively high voltage, a 
source of low voltage direct current, means for 

» directly drawing‘ cathode heating current from 
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said source, and further means for deriving 
anode operating current from said source in 
cluding an electro-mechanical vibrator for in 
terrupting a partial current drawn from said 
source at a frequency within the de?ciency range 
of the ear for which the device is destined, a 
transformer for stepping up the interrupted cur 
rent into a high voltage impulse current, and 
means for directly utilizing said impulse current 
as anode operating voltage for said ampli?er. 

3. The combination with a wearablehearing 
aid device for use where the loss in amplitude re 
sponse is accompanied by a de?ciency with re 
spect to the audible notes} within a partial range 
‘of the normal audio sound spectrum, of an elec 
tron tube ampli?er for raising the sound ampli 
tude, said ampli?er requiring cathode heating 
current of relatively low voltage and anode op 
erating current of relatively high voltage, a 
source of low voltage direct current, means for 
directly drawing cathode heating current from 
said source, and further means for deriving anode 
operating current from said source including a 
circuit for drawing a partial direct current from 
said source, an induction coil and a vibrator in 
serted in said circuit for interrupting the cur 
rent drawn at a frequency within the de?ciency 
range of the ear for which the device is destined, 
said induction coil being adapted to produce a 
series of self-induced high voltage impulses‘ suit 
able for directly supplying anode operating volt- . 
age to said ampli?er. 

4. The combination with a wearable hearing 
aid device for use where the loss in amplitude 
response is accompanied by a de?ciency with 
respect to the audible notes within a partial 
range of the normal audible sound spectrum, 
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of an electron tube ampli?er for raising the sound 
amplitude, said ampli?er requiring cathode heat-a 

' ins current of relatively low voltage and anode 
operating current of relatively high voltage, a 
source of low voltage direct current, means for 
directly drawing cathode heating current from 
said source, and further ‘means for deriving anode 
operating current from said source including a 
circuit for drawings partial direct current from 
said source, an induction coil and an electro 
mechanical vibrator inserted in said ‘circuit for 
interrupting the current drawn at a frequency 
within the de?ciency range of the ear for which 
the device is destined, said induction coil being 
adapted to produce a series oi’ self-induced high 
voltage impulses suitable for directly supplying 
anode operating voltage to said ampli?er. 

5. The combination with a wearable hearing 
aid device for use where the loss in amplitude 
response is accompanied by a de?ciency with 
respect to the audible notes within a partial 
range of the normal audible sound spectrum, 
of an electron tube ampli?er for raising the 
sound amplitude, said ampli?er requiring cathode 
heating current of relatively low voltage and 
anode operating current of relatively high volt 
age, a source of low voltage direct current‘, means 
for directly drawing cathode heating current 
from said source, and further means for deriving 
anode operating current from said source, in 
cluding a circuit for drawing a partial direct 
current from said source, an induction coil and 
an electro-mechanical vibrator mounted in an 
evacuated space inserted in said circuit for in 
terrupting the current drawn at a frequency 
within the de?ciency range of the ear for which 
the device is destined, said induction coil being 
adapted to produce a series of self-induced high 
voltage impulses suitable for directly supplying 
anode operating voltage to said ampli?er. 

8. The combination with a wearable hearing 
aid device for use where the loss in amplitude 
response is accompanied by a substantial de 
iiciency with respect to the audible notes in the 
higher frequency range of the normal audible 
sound spectrum,‘ of an electron tube ampli?er 
for raising the sound amplitude, said ampli?er 
requiring cathode heating current of relatively 
low voltage and anode operating current of rela 
tively high voltage, a source oi’ low voltage direct 
current, means for directly drawing cathmtle 
heating current from said source, and further 
means for deriving anode operating current from 
said source including a vibrating device for in 
terrupting a partial current drawn from said 
source at a frequency above the audible limit of 
the ear for which the device is destined, means 
for stepping up the voltage of the interrupting 
current impulses, and means for directly using 
the steppedmp voltage impulm as anode oper 

' ating voltage for said ampli?er. 
7. The combination with a wearable hearing 

aid device for use where the loss in amplitude re 
sponse is accompanied by a substantial de?ciency 
with respect to the audible notes in the higher 
irequency range of the normal audible sound 
spectrum, 0: an electron tube ampli?er for rais= 
ing the sound amplitude, said ampli?er requiring 
cathode heating current of relatively low voltage 
and anode operating current of relatively high 
voltage, a source of low voltagevdirect current, 
means for directly drawing cathode heating cur 
rent from said source, and humor means for de 
riving anode current from said source including 
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current drawnfrolnsaideouroeatafrequency 
abovetheaudiblelimitoftheearforwhiehthe 
device is destined, a transformer for topping up , 
the interrupted current to ahighvoltage alter 
natingcurrent,andmeansfordiroctlyutiliaing 
said alternating current as anode operating volt 
age for said ampli?er. 

8. The oombina?on with a wearable hearing 
aiddeviee forusewherethelolsinamplihide 
response is accompanied by a substantial de 
?ciencywithmttotheaudiblenotesinthe 
higher frequency range 0! the neural audible 
sound spectrum, of an electron tube ampli?er for 
raising the sound amplitude, said ampli?er re 
quiring cathode heating current of relatively low 
voltage and anodeoperating current oi relatively 
high voltage, a source of low voltage direct cur 
rent, means for directly drawing cathode heating 
current from said source, and further means for ' 
deriving anode current fromsaid source includ 
ing a circuit for drawing a fractional direct cur 
rent from said source, an induction coil and a 
vibrator inserted in said circuit for interrupt 
ing the current drawn at a frequency above the 
audible limit of the ear for which the device is 
destined, said induction coil being adapted to 
produce a series of self-induced high voltage ' 
impulses suitable for directly providing anode“ 
operating voltage for said ampli?er. 

9. The combination with a wearable hearing 
aid device for use where the basin amplitude re 
sponse is accompanied by a substantial de? 
ciency with respect to the audible notes in the 
nigher ‘frequency range of the normal audible 
sound spectrum, of an electron tube ampli?er 
for raising the sound amplitude,- said ampli?er re 
quiring cathode heating current of relatively 
low voltage and anode operating current of rela 
tively high voltage, a source of low voltage direct 
current, means for directly drawing cathode 
heating current from said source, and further 
means for deriving anode current from said 
source including a circuit for drawing a fractional 
direct current from said source, an induction 
coil and an electromechanical vibrator inserted 
in said circuit for interrupting the current drawn 

/. at a frequency above the audible limit of the ear 
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for which the device is destined, said induction 
coil being adapted to produce a series of self-in; 
duced high voltage impulses suitable for directly 
groviding anode operating voltage for'said ampli 
er. . - 

10. The combination with a wearable hearing 
aid device for use where the ‘loss in amplitude 
response is accompanied by a substantial de 
?ciency with respect to the audible notes in the 
higher frequency range of the normal audible 
sound spectrum, of an electron tube ampli?er 
for raising the sound amplitude, said ampli?er 
requiring cathode heating current of relatively 
low voltage and anode operating current of rela 
tively high voltage, a source of low voltage direct 
current, means for directly drawing cathode 
heating current from said source, and further 
means for deriving anode current from said 
source including an electromechanical vibrator 
mounted in an evacuated space for interrupting 
a fractional current drawn from said source at a 
frequency above the audible limit of the ear for 
which the device is destined, a transformer for 
stepping up the interrupted current to a high 
voltage alternating current, and means for di 
rectly utilizing said alternating current as anode 
operating voltage for said ampli?er; 
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