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To all whom it may concern:

Be it known that we, Hans Voer, Josm‘
Exer, and Josepu MassoLiE, citizens of the
*-German Republic, residing at the Ist Berlin-
5 Schoneberg, the 2nd and 3rd of Grunewald,
Germany, have invented -certain new “and

““useful Improvements in Sound-Translating
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~Apparatus (for which application has. been
"filed in Germany, August 2, 1919; Great
Britain, January 10, 1921 Italy, January
29, 1921; Sweden, December 31, 1920; Bel-
gmm, December 29 1920; and Norway, De-
cember 30, 1920), of which the following is a
spec1ﬁcatlon

The invention relates to 1mprovements in
sound translating apparatus, which is par-
tlcula,lly useful for devices whereby sound
_waves are received and cause the production
of corresponding electrical currents of a-par-
ticularly true and undistorted. character.
These acoustically produced electric currénts
may be utilized in various manners as will
be obvious. It will be noted, for example,

" that the form of mlclophomc apparatus
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5 comprising this invention is for various

reasons particularly well adapted for the
control or operation of vacuum amplifiers.
The control of electric currents by the r
power of sound can in addition to being ef-
fected by purely mechanical methods
granular carbon mlcrophones and.the like)
be also effected by causing the variations of
the sound pressure to act on an arc dis-
charge. (Hissing arc.) Although the latter

3 method has the. ad\ antage that no mechani-

cal means at all ‘(e. g. diaphragms etc.) are
emploved. and the distortion of the form of
the sound curve which is always caused by
mechanical vibrating bodies is therefore pre-
cluded, this method Thas not been found prae-
tical. Among the reasons for this, may be
‘noted, first, that the maintenance of the con-
tintous arc dischar ge requires a rather con-
siderable current. Accordingly the alternat-
ing current corresponding to the sound vi-
brations, which current is superposed by the
“controlling action of the sound forces nupon

the continuous current of the are; is very.

small in proportion to the direct carrying
current of the.arc. Secondly, such a dis-
charge, in the free atmosphere, as is present,
- for example, in a carbon arc, (known as an
independent discharge), hias hissing and
individual noises of such a nature that these

“obviated; one of its characteristic features

overpower the very weak speaking currents, 65

-and constitute disturbances. These hissing

and other distorting noises of the arc are .
caused by a lack of constancy of the-dis-
charge of the are, this being caused . pre-
dominantly by the combustion and vaporiza- 60
tion of the cathode. An arc discharge is
characterized by a great consumption of -
power, - this being explained -by the 'high
heating of the cathode necessary for the
ionization of the air in the gap traversed by 65
the arc. With an independent dlscharge of.
the character of the carbon arc discharge
this ioniZation is necessarily effected by the
current flowing across the gap between the
anode and the cat-hode, which current heats 70.
the cathode and thus causes the ionization.
By this invention these advantages are -

consists in producing the ionization of the
discharge gap not by the energy of the dis-
charging or anode current (independent dis-
charge) but by special additional ionization
means independent of the anode tension or
anode current (non-independent discharge).
For such special ionizing means high temper- 80
atures, Roentgen rays (X—rays), Becquerel -
rays (rays from a source of radio activity) .
and light rays of short wave length. (ultra
violet rays, etc), and chemical processes and
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‘the like may be emploved. Preferably, how- 85

ever, an electrically heated metal cathode
may be used, the outer surface of which, in a
preferred form of the inv ention, is prepared
with substances which strongly further the
ionization. 90
By the invention a constant electmn dis-
charge-is caused to pass across a small gap

‘in such a manner as to produce a compara-

tively small constant’ direct current across
the gap and in the circuit connected there- 93
with. Sound vibrations are received adja-
cent to this gap and caused to modify the
electrical conditions in thé gap in such man-
ner as to superpose on the direct current an
alternating current which correspends to the 100
sound vibrations very accurately. Prefer-
ably, the sound vibrations i 1mpmﬁe directly
upon the ionized gap.

An- advantage of the mnon-independent -
discharge for’ reception of and control by 15
sound. vibrations, i in accordance with our in-
vention, consists in the fact that the dis-

charge current, when no sound vibrations are
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received is absolutely continuous; i. e., con-
stant. This may be evidenced by the fact
that a highly sensitive indicating instrument;
inserted in the anode current circuit, shows
no fluctuations of current at all, at a time
when no sound vibrations are being received.

‘When, however, the discharge gap s acousti--

cally influenced the said gap alters its resist-
ance in exact correspondence with the sound
vibrations. These fluctuations of the resist-
ance in the discharge gap cause the super-
imposition on the direct current traversing
the gap of an alternating current corre-

sponding to the controlling sound vib#itions,

and these fluctuations of current are much

‘larger relatively to the normal current across

- the gap, (i. e., the current when no sound is
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being received), than is the case with an in-
dependent discharge, for example, in' the
case of a carbon arc discharge. t '

It should also be noted that, in compari-
son, for example, with the independent dis-
charge of the carbon arc, the hissing and

- other foreign sounds present in the carbon
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arc discharge are eliminated because, in ac-.

cordance with the present invention, there is
no need of using a cathode which is sub-
ject to combustion and vaporization. The

form of cathode which we prefer to use does.

not volatilize in the open air at the temper-
atures used, it being noted that in practicing
our invention a comparatively small current
traverses the discharge gap, this in contra-
distinction, for example, to the carbon arc
in which a high discharge current is re-
quired to effect the ionization of the air or
other gas. ’ -

The use of the form of the invention, re- -

ferred to above, in which the sound waves

directly into the discharge gap, ensures.

the production of perfectly originally true,

" pure, and undistorted speaking currents, i.
. @, currents corresponding to the controlling
.. -sound vibrations, as all oscillating mechani-
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cal intermediate parts are eliminated, and.
the distorting effects of independent dis-
charges of the type ‘of the carbon arc dis--

charge are also done away with. There are

" however other possible forms of carrying
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out the invention in which for example the

variations in the resistance of tlie-1onized:

discharge gap are dependent on variations

- of the distance apart of the electrodes, in

which case mechanical intermediate parts
and the like are nec&m'g; Also, the degree
of ionization of the discharge gap may also
be varied in acoustic rhythm, that is, in ac-
cordance with the controlling sound :vibra-
tions, by causing a strongly ionized gas to
pass continuously into the discharge gap and
causing the rate at which this gas passes into
the gap to-be varied, in accordance with the

_controlling sound waves. - This may be ac--
. complished, for example, by the use of what

ig'term'ed 2 “discharge capsule,” i. e,, & pas-

" 1,534,148

sag:é' through which the ionized gas pﬁ&s,

and which has a diaphragin mounted in its-

wall, against which the sound waves strike.

Tt should also be noted that the effective-
ness of our invention may be increased by
the use of easily ionizable gases, and also
by the use -of forms of eléctrodes which
favour the most favorable distribution of the
field across the gap, and also by the use of
sufficiently great anode potentials.

The invention is specially suitable in cases
where the quality of the electrical current
oscillations transmitted corresponding to the
original sound vibrations, plays an important

part. Our improved microphone or sound-
‘translating device is also highly suitable, on
~account of its ordinarily high internal re- .

sistance, for the control of vacuum amplify-
ing tubes. The vacuum amplifying tube also

has a high internal resistance which is con- -

formable to that of the microphone or trans-
lating device disclosed herein, and the mi-
crophone and amplifier are particularly well
adapted to be connected together by a're-

sistance coupling, as is shown in the draw-

ings herein. - By this means the use of a
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low frequency transformer in the connec- -
tion to the vacuum tube or tubes may be done -

‘away with, and this is an advantage in the

use of the form of microphone described
herein in many cases as when for reasons
of clearness of speech the use of the low
frequency transformers is injurious.

sound vibrations cannot be transmitted with

95

This’
“is- s0, because currents corresponding to.
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clearness and lack of distortion, when low -

é invention consists in the sound trans-
lating apparatus described . herein, and in

‘ fr?ﬁl]iency ‘transformers are used.

the various combinations of elements and-
forms of constructions which are described

103

herein, and which will be claimed in: the ap- -

‘pendeci

claims. - ,

In order.that the i’nventionvma‘.y be more’

clearly understood attention is hereby di-

rected to the accompanying drawings, 1llus- -
trating two forms of construction which
may be used, and which are included withjn.
-the invention. - . v

In the drawings ,
Fig. 1 represents dia
act directly upon the discharge current in

intermediate ‘parts, and

the gap ‘without the use of any mechanical

_ epr mmatlca]lya.form
of construction ‘in' which the sound waves

110

1s

Fig. 2 is a. similar diagmmmatic view v

showing a constructional form in which the

"sound waves strike against and operate a

mechanical oscillating body by which the
distance between the cathode and anode- is

-controlled. :

"Referring first to Fig. 1 of the drawings

the sound waves enter the funnel, or sound

receiving device ¢ in the direction of the
arrow, which funnel preferably terminates

125’
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in a flat nozzle. The funnel, as 1lhlst1.\ted
may be of a tapering form to condense the
sound waves which pass through the same.
The nozzle, at the smaller or mner end of
the funnel forms, or carries, the anode a.
The anode is placed a very short distance
in front of the cathode X, whereas the dis-
tance between the electrodes in a carbon are
discharge is relatively considerable. It is
well known that in a carbon are device the
are cannot be formed and -maintained when
the electrodes are as close together as they
are, or may be in an electron dischar @e type
of apparatus of the character heve “de-
scribed.

In the construction shown in the draw-
ings the cathode is_heated by battery &',
which, as illustrated, is included in series
with the cathode in a lgcal heating cireuit.
The anode and cathode together with the
gap between them are connected
in series in a circuit including the source of
potential represented by battelv b and a
suitably dimensioned resistance . Battery
b? supphes a high potential drop through
resistance u, at_ the discharge gap. a, .
This ‘resistance may,. for e\ample be the
windings of a telephone receiver or it may
for e\ample be a suitable coupling resistance
for vacuum amplifving tubes The circuit
leading away from the anode-cathode cir-
cuit illustrated. in which the acoustically
modified cunont which is desired ix to be
transmitted. 1s represented by the wires,
illustrated in Fig 1. connected one on each
side of the res1stance w.. If this cireuit is
to include vacuum amphtv ng tubes for in-
tensifving the speaking current produced,
the resistance 7 should be a proper ohmic
coupling resistance for such tubes.

If, now, the cathode be heated by the bat-
tery 7', it ionizes the space between anode
a and eathode /- and an electron discharge
takes place between the cathode and anade,
with a consequent flow of current across the
gap.  This.current will be. greater or less
in strength in accordance with the degree of

ionization of the discharge gap and also in-

accordance with  the anode potential and
in accordance with the form of the anode,
certain forms of anode being more favor-
able for the distribution of the field to pro-
duce a strong current than- other
as has ‘lhead\ been indicated. By the
means described a direct current of marked
uniformity will flow across’ the discharge
gap at all times when no sound waves
ave received by the funnel 2 When, how-
ever, sound waves are thus received, an al-
ternating current component corresponding

quite e\‘l(‘tl\' to the sound vibrations will be

superposed upon this direct current, as has
been stated, this acoustically influenced al-
ternating cmrent being caused by the im-
plnﬂemont of the sound vibrations dirveetly

forms,

&

upon the dlscharcre gap. It is believed that

.this modlhcqtlon of the current flowing

across the gap is caused largely by the vi-
bratory motion of the air goneqpondm"‘ to
the sound waves, and partly to the pressure
induced by the sound warves.

It should be noted that the path of the
sound ‘waves through funnel #, in the con-
struction shown in Fig. 1, is directly in

‘alignment with the lenatll\v1<e direction of

the dischar ge gap extendmv from the anode
to the cathode, and we believe that this is
the most favorable arrangement and this
constitutes the form of our device which is
at present believed by us to be preferable.
It will also be noted that the souree of cur-
rent for the anode cirvcuit is, as has been
stated, preferably one of high voltage and
that the current eﬁectne .lt the discharge

“gap is relatively small.

A similar effect is obtained by the ar-
rangement shown in Fig. 2, in which the
same reference numerals are used to indicate
corresponding parts. In Fig. 2, however,
the funnel ¢ 1s closed at.its inner end by a
dmphraam m to which is mechanically con-
nected the anode a. The soand waves enter-
ing funnel ¢ act upon diaphragm m and
set the same. into vibration as a result of

which the andde carried by the diaphragm

moves to greater or less extent towards the
cathode &. The resistance of the discharge

gap is varied in accordance with the va-
riation in distance between the cathode and
anode thus produced, and the current flow-
ing across the gap and in the anode cirenit
will accordingly be varied in accordance
with the sound vibrations which produce
the movement of diaphragm m.

The cathode, as noted above, should he
formed of a conducting material which is
incombustible, and not “volatilizable at the
temperatures used, such a material being,
for example, a suitable metal. Also. as has
been stated, this cathode may be coated with.
or its surface prepared with, a material
which will tend to inerease. when heated,
the ionization of the air or other gas in the
discharge gap. Such substances ale known,
such for example as certain oxides of the
alkaline earth metals, such as the oxides of
calcium or strontium or barium, which may
be used for this purpose.

It should be noted that. in the claims, the
statement that the constant electron dis-
charge across the gap when no sound vi-
bmtlons are received, produces a compara-
tively small direct current, should be under-
stood to mean that this current is small in
comparison with that which is required tn
maintain a carbon are discharge.

It should be understood that the inven-
tion is not limited strictly to the details of
construction which have been particularly
described, but that tlie invention is of a con-
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siderable breadth, and that a wide range
of equivalents for the constructions which
have particularly been described are included
within the scope of the invention.

We claim.:— : '

1.- Sound translating apparatus, compris-
ing the combination of a circuit including
an anode and cathode adjacent thereto with
a gas discharge path between them and a
source of potential, ionizing means for said
path separate from said source, and means
for causing sound waves to be directed
through the air upon said discharge path
to modify the electrical conditions in said
path. : o
2..Sound translating apparatus, compris-

_ing the combination of a sound receiving
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member, a circuit including a pair of elec-
trodes with an air gap forming a gas dis-
charge path between them and a source of
potential, and ionizing means for said path
separate from said source, said sound re-
cetving member and discharge path being

_adjacent to each other and so arranged that

current flowing along said path will be modi-
fied in accordance with the sound vibrations.
3. Sound translating apparatus, compris-

‘ing the combination of a circuit including-

an anode and cathode with an air gap form-
ing a gas discharge gap between them, means

for producing a constant electron discharge

across said gap producing a comparatively
small constant direct current in said circuit,
said current being insufficient to volatilize
the cathode, and a sound receiving member
adjacent to said gap so arranged in relation
thereto as to cause sound vibrations received
to cause the superimposition on the direct

-current in the gap of an alternating cur-
rent fluctuating In . accordance with the.

sound vibrations. _
4. Sound translating apparatus, compris-

ing the combination of a circuit including

an anode and a non-volatilizing cathode with
an air gap forming a gas discharge gap be-
tween them, means for producing a constant
electron discharge across said gap, produc-
ing a small constant direct current in said
circuit, said means comprising a source of
potential in said circuit and a separate heat-
ing circuit for said cathode, and a sound
transmitting member adjacent to said gap

* so arranged in relation thereto as to cause

=
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sound vibrations received to cause the super-

imposition on the direct current in the gap
of an alternating current fluctuating in ac-
cordance with the sound vibrations.

5. Sound translating apparatus, compris-
ing the .combination of a circuit including
an-anode and cathode adjacent thereto with
a gas discharge path between them and a
source of potential, ionizing means for said
path comprising a separate heating circuit
for said cathode, and means for causing
sound waves to be directed through a fluid

1,584,148

-medium upon said discharge path to modify
the electrical conditions in said path.

6. Sound translating apparatus, compris-
ing the combination of a circuit including
an anode and cathode -adjacent thereto with
a gas discharge path between them and a
source of potential, ionizing means for said
path séparate from said source, and means

for cdusing sound waves to be directed en--

tirely through a fluid medium upon said
discharge path in the direction of the path
from the anode to the cathode, to modify
the electrical conditions in said path.

7. Sound translating apparatus, compris-
ing the combination of a circuit including
an anode and a cathode with a gas discharge
gap between them, means for producing a
constant electron discharge across said gap
producing a comparatively small -constant

direct current in said circuit, and a sound"

receiving member extending adjacent to said
anode in the direction of the path from the

_anode to the cathode, to cause sound vibra-

tions received to be directed through the air
upon said path, to cause the superimposition
-on the direct current in the gap of an alter-
nating current fluctuating in accordance
with the sound vibrations. '

8. Sound translating apparatus, compris-
ing the combination of a sound receiving
and transmitting member, an anode carried
by the inner end thereof, a cathode beyond
said arode and closely adjacent -thereto,
with a gas discharge gap between them, and

“means for producing a constant electron dis-.

charge across.said gap, modified in accord-
ance with sound vibrations when the same
are received by said sound receéiving mem-
ber: - o

9. Sound translating apparatus, compris-
ing the combination of a circuit including
an. anode and 4 cathode adjacent thereto
with an air gap comprising a gas discharge
path between them, and a source of poten-

- tial, means separate fromn said source - for

heating said cathode to ionize said gap, said
source and circuit being arranged to cause
a relatively small current to flow throngh
said circnit -and acvoss said gap, and a
sound receiving member leading to said
gap, arranged to cause sound vibrations re-
ceived to modify the electrical conditions in
said gap. S

10. Sound translating apparatus, com-

_prising the combination of a circuit includ-

ing an anode and eathode adjacent thereto
with a gas discharge gap between them and
a source of high voltage and a resistance,
ionizing means for said gap separate from
said source, and a sound receiving member
leading to said gap, arranged to cause
sound vibrations received to modify the
electrical conditions in said gap.

11. Sound translating apparatus; com-
prising the combination of a circuit includ-
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ing an anode and a cathode with an air gap
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forming a gas discharge gap between thein,
the cathode being of metal with an external
surface composed of a substance which upon
being heated tends to increase ionization in
the - gap, means for producing a constant

- electron discharge across said gap produc-
ing a comparatively small constant direct

10
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current ‘in said circuit, said current being

insufficient to volatilize said cathode, and
‘a, sound receiving member closely adjacént

to said gap so arranged in relation thereto
as’ to cause sound vibrations received to
cause the superimposition on the direct cur-
rent in ‘the gap of an alternating current
fluctuating in accordance with the sound vi-

brations. -

20

12. ‘Sound translating apparatus, com-

-prising the combination of a sound receiv-

ing conduit, a circuit including an anode
and cathode adjacent thereto with an air
gap forming a gas discharge path between

them, a source of potential and a high

30

ohmic resistance, suitable as coupling. re-.

sistance for a vacuum amplifier, an ioniz-
ing means for said path separate from said

source, said sound receiving conduit and .

discharge path being adjacent to each other
and so arranged that current flowing along

said path will be modified in accordance .

" with the sound vibrations, and output cir-
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cuit connections connected
of said resistance. .
18. Sound translating -apparatus, com-

across the ends

prising the combination of a circuit includ- .

ing an anode and cathode adjacent thereto’

with a gas discharge path between them
and a source of potential, ionizing means for
said path separate from said source, and a

sound - transmitting conduit one’ end of :

which extends to and opens directly upon
said path. -
~ 14. Sound translating apparatus, com-
prising the combination of a circuit includ-
ing an -anode and cathode adjacent thereto
with a gas discharge path between them and
a source of potential, a separate heating cir-
cuit for said cathode, and a sound trans-
mitting conduit one end of which extends
to and opens directly upon said path.

15. Sound translating apparatus, com-
prising the combination of a circuit includ-
ing an anode and cathode adjacent thereto

with an air gap forming a gas discharge.
path between them and a source of poten- :

tial, a separate heating circuit for said
cathode, and a sound transmitting conduit
one end of which extends closely adjacent
to said path, said sound transmitting de-

vice being aligned with the anode-cathode

path.
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- In testimony whereof we affix our signa-

tures in presence of two witnesses.

HANS VOGT.
Dr. JOSEF ENGL.
» JOSEPH MASSOLLE.
Witnesses:
Frrrz WAMFENDS,
Dr. Otro SCHNEIDER. -



