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1,231,764

To oll whom it may concerns ’
Be it known thet I, Frrrz Lowensisiw,
a citizen of the United States, residin
New York city, in the county of New York
5 and State of New York, have invented cer-
tain new and useful Improvements in Tele-
phone-Relays, of which the following is a
specification,
M{i invention relates ¢o improvements in
10 telig one relays. . .
The object of my invention is to pro-

vide a relay by means of which the rela-

tion of the potential differences of the
complex incoming speech currents is well
16 maintained in the telephone receiver so
that the sound reproduced by the receiver
disphregm will be composed of waves of
practically the same frequencies as impinge
upon the trensmitter diaphragm, and, what
20 I comsider most important, these various
frequencies will have about the same rela-
tive amplitudes as in the original sound
waves actuating the transmitter. As a re-
sult of this the reproduced sound is intel-
25 ligible. :
It is frequently the- case with long dis-
tance telephoning that under certein econdi-
tions the sound of & speaker’s voice may be
heard very plainly in the receiver, while at
80 the same time it is unintelligible. As a re-
sult of experiments I have ascertained that
this lack of intelligibility is due princi-
pally to the fact thet the speech currents
of higher frequencies are attenuated to o
85 greater relative extent than are the speech
currents of low fréguency due to electrical
properties of & long line, so thet the incom-
ing speech curremt is distorted. Further-
mors, this distortion is but little affected
40 by terminal conditions, and hence relays or
receiving apparatus functioning according
to current values cannot remedy the distor-
tion or compensate for the effects thereon.
On the other hand the terminal voltages
45 are materially affected by terminal condi-
tions, and hence it is possible to select such
terminel conditions gs will enable the rela-
tive amplitudes of the original voltages to

be well maintained at the incoming end.

.80 of the line. Therefore, a relay apparatus
which functions according to terminal volt-
ages is well adapted for the production of
receiver operating currents of the desired
absolute strengths and in the relative

8% strengths necessary for the successful opera-
tion of the telephone receiver.

N
\

Spocification of Letters FPatent.
Application filed April 26, 1919, Berial Wo. 689,888. Renewed April 29, 1817. Serial Me. 104,787,

at

Patented July 8, 1917,

My invention -will now be explained. in
connection with one embodiment, thereof.
~ The drawing is & diagrammatic view of
so much of one well known form of tele-
phone system as is necessary to explain the
coinstructwn and operation of my unproved
relay.

Referring first to the old elements of the
system, it will be seen that two wires only,

- 1 and 2, are used for the three purposes of

ringing, microphone operation and trans-
mitting the talking current. When the sta-
tion is not in use and the receiver is on hook
3 the line 1—2 is connected only through
the bridge containing a bell 4 of high-seﬁ"-
inductance and g .condenser § proportioned
so as to be in resonance with the self-in-
ductance 4 on 18 cycles, which frequency
is used for ringing current.

When the receiver is removed from the
hook 8, the line 1—2 is clesed also by way
of pmmanrg 6 of the telephone imductiom
coil, switch contact 7 and microphone 8.
On the same core with primary 6 of the in-
duction coil is secondary 9, one terminal of
which is connested on the junction point
10 between the bell and condemssr of the
ringing circuit and the other terminal of
which connects through the telephons re-
ceiver and contact switch 11 to one side of
the primary 8 of the induction coil.

In spplying my instrument I substitute
for the usual telephone receiver the primery
.12 of a step-up transformer which produces
in its secondary 13 comparatively high po-
tential. At 14 is an ion or an electron con-
troller, or audion, consisting of a container
15 evacuated and provided with an incon-
descent flament 16, an ancde 17 and g mod-
ulating or controlling member 18, which in
the present example is a mere grid. Im-
candescent filament 16 is fed by battery 19
through an adjustable rhecstat 20 which
permits. fine adjustments of the incandes-
cence of the filament. A battery 21 is pro-
vided which furpishes current through the
evacuated field, the positive pole of the bat-
tery being connected to ancde 17, 2 nega-
tive point of the battery being conmected
to filament 18.  The potentials created in
secondary 13 are made to:control the cur-
rent flowing through the ionic field and
originating in battery 21 by connecting the
one. terminal of coil 13 to the modulatin
memper 18 and the other terminal of sai
coil to & point on the battery 21, which is
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located ultrane%atively relative to the nega-
tive point of ¢
filament. . This ultrane
especially desirable and constitutes an im-
F ¥ortant feature of my invention in its
erred embodiment. The volume afid clear-
ness of speech as heard in the receiver in
the arrangement shown is materia
than where the grid 18 and coil 18 are
‘10 connected, for example, to a point at the
" same potential as the filament 18. The theo-
‘retical considerations involved are some-
" what abstruse and not fully understood;
but the advantage of the ultranegative con-

tive connection is

- 18 nection is fully established by repeated tests

which I have carried out in actual practice.
I therefore note the fact without ~ttempting
to explain it. Both the positive and the
- -ultranegative points of connection to bat-
g0 tery 21 are adjustable to enable variation
- of the driving potential of battery 21 for

the ionic field and of the ultranegative po-:

tential. A t;ele(i)hone of many convolutions,
may be inserted at 22, but to enable the use

26 of the usual commercial telephone where -

desired, 22 should be a high winding of an
induction coil transforming the energy
from small current and high potential in
coil 28 into a current of lower potential but
80 higher ampera@e so as to make this energy
more available for the commercial telephone
receiver 24. o o o
The operation of the ionic controller is
as follows: - '
' The incandescent filament 16 produces
ionization of the gas contained in container
15 and thereby makes the gas a conductor.

The potential between filament 16 and anode
17 derived from battery 21 creates a static-

field between such filament and anode which
exerts a driving power on the ionized gas

articles which come in contact with incan-
gesoent filament 16 and which are thereby

40

electrically charged. 'A negative charge in

45 an electric field is acted upon by a force in

the direction of the field lines from negative
‘to positive point of the field and the amount
of negative current which is therefore con-
veyed through the field is dependent on the
ionization l]l:mwer of the filament, the quan-
tity of the individual charge and the
strength of the electric field. -
The ionization power of the filament is a
function of its temperature and therefore
of its incandescence. The individual charge
- is a function of the neg}f:.tive potential of the
filament and also of the degree of evacua-
tion, The intensity of the field is a function
of the potential difference between filament
and anode and of their distance, which two
. dependencies may therefore be expressed &s
the potential gradient of the field. There-
fore the current in the ionic field cireuit will
increase with the incandescence of the fila-
¢t ment, the potential difference of the battery

5o

e battery connected to the .
re-

ater
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' :.nd,.up to a certain point, with the evacua-
ion. A
By providing a modifying or controlling
devi%e,'such lflclg examplgy‘aggthe modulati
means 18, which is subjected to an imp 7
potential more negative than.that of the
cathode and which is adapted and arranged
to interpose between the anode and cathode
8 modifying or controlling field of the de-
sired character, the potential gradient be- ,
tween the filament and the controlling de-.
vice or modulating means may be changed
and thereby the current which flows throuﬁh :
the ionic circuit changed accordingly. By
applying variable potentials to the modulat- 3
ing means 18 the currents in the ionic field
circuit are varied accordingly and as the im-
pressing of a potential on conductor 18 need
not be accompanied by an appreciable ex-
penditure of energy, whereas the energy of g
the ionic field circuit is varying consider-
ably, I have a means to ‘produce great
changes of energy in that field circuit by
variation of potentials which do not require
appreciable energy.' :
. Having thus fully described my inven-
tion, what I claim is: - '
1. Telephone apparatus comprising the

‘combination, with a talking circuit, of a

suitably energized relay circuit including an ¢
anode and a cathode separated by a ct])fxﬁuc-
tive gap, & modulating device interposed in
said gap and electrically connected with said
talking circuit, means for impressing upon
said glodulntin% device a potential more 3
negative than that of said cathode, and a
translating device arranged to be energized
from said relay circuit.

2. Telephone receiving apparatus, com-
prising the combination with a talking cir- 3
cuit, of an ion controller having an anode
and & cathode connected in a second circuit
electrically related to said talking circuit, &
modulatm(f device interposed between said
anode and cathode, means for energizing
said modulating device from said talkin
circuit and also from a soutce of potentia
which is negative with respect to said
cathode, and o telephone receiver arranged
to be energized from the controller circuit. 3:

8. Telephone receiving apparatus com-
prising the combination, with a talking cir- -
cuit, of an jonic controller having an anode
and a cathode suitably spaced apart, a bat-
tery, connections from said anode and j3:
cathode to the battery, a grid electrieally
connected to said talking circnit and inter-
posed between said anode and cathode, 4 con-
nection from said grid to said battery, the
battery connecton of the grid being negative 1
with respect to the battery connection of

- the cathode, and a -telthone receiver ar-

ranged to be energized
circuit. : o o
4, Telephone apparatus comprising the 13

rom the controller
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combination, with a talking circuit, of & co-
operating circuit suitably ener'gize& and in-
cluding an anode and a' cathode separated
by a conductive gap, a modifying or con-
trolling device interposed between said
anode and cathode and subjected to en im-
pressed potential more negative then that
of said cathode, and a third circuit ener-
gized by said cobperating circuit. ‘

5. The combination, with an exhausted
container, and an anode and a2 cathode lo-
cated therein and included in o suitably en-
ergized circuit, of a modifying or control-
ling device interposed between said anode
and cathode and connected to a source of

potential more negative than said cathode,

and another circuit inductively related to
the first mentioned circuit. . ‘

6. The combination, with an exhausted
¢ container, and an snode and & cathode lo-

1912,

cated therein and included in o guitably en-
ergized circuit, of a modifying or control-

tial more negative than said cathode and
adapted and arranged to influence, the char-
acter of the field between seid anode and
cathode; and another circuit inductively re-
lated to the first mentioned circuit. ’

%. The combination, with an sudion hav-
in% its anode and cathode included in a suit-
ably energized circuit, of means for impress-
ing upon the audion grid  potential mare
negative than that of the audion cathode.

n witness whereof I have hereunto af-
fixed my hand this tenth day of January,

FRITZ LOWENSTEIN.
Witnesses:

0. F. RorHewN,
L. Basceawe.

ling device connected to a source of poten-
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