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To all whom it may concern: ;

Be it known that I, Lrovyp Esprnscurep,
residing at Queens, in the county of Queens
and State of New York, have invented cer-
tain Improvements in High- Frequency

Multiplex Signaling Systems, of which the .

following is a specification.

'This invention relates to high frequency
multiplex signaling systems and more par-
ticularly to a radio terminal circuit arrange-
ment embodying the use of a common trans-
lating civeuit adapted both to modulate the
transmitted current and to demodulate the
high frequency received current.

This application is a division of my co-
pending application, Serial No. 327,500,
filed September 30, 1919, entitled “High
frequency multiplex signaling systems.”

Tn the multiplex signaling systems here-
tofore. used which employ a plurality of
carrier currents of various frequencies, it
has been customary to insert in the trans-
mitting and the receiving branches of the
terminal circuit a translating device indi-
vidual to each of said branches. It is the
object of the present invention to adapt the
terminal circuit arrangement so that the
processes of modulation, demodulation and
amplification of the various currents in both
the transmitting and receiving branches ot
the terminal circuit may be performed by a
single translating device. Although the
preferable form of translating device is a
single thermionic vacuum tube or a plural-
ity of such tubes in combination adapted to
function. as a single unit with respect to the
two branches of the terminal circuit, yet any
well known type of translating device such
as the mechanical repeater may be used.

Another object of this invention is to
provide a circuit arrangement whereby the

. modulating and demodulating device  may

be operated so as to produce amplification
without causing the circuit to sing. A fur-
ther object of £his invention is to provide a
means whereby additional amplification

may be given to the currents traversing the-

terminal circuit either before or after the
modulating. or demodulating process has
taken place. .

(Other and further objects of this inven--

tion will be apparent irom the following
degerintion when read in -connection with
the attached drawing, of which Figure 1

of high frequency oscillation producer.

‘which the disturbance arises.

Serial Wo. 461,965,

shows a radio transmitting and receiving
circuit having a common translating circuit
comprising a single vacuum tube; Figure 2
shows a circuit characterized by the use of
a balanced tube circuit: Figure 8 shows an
arrangement which differs from Figure 2
principally in the mode of connecting the
mput and output cireuits to the anfenna
circuit. Iigure 3* shows a type of trans-
lating circuit involving the use of an am-
plifier to amplify the currents after modu-
lation and demodulation have taken place.
Figure 4 shows a transmitting and receiv-
ing circuit characterized by the use of an
oscillator connected with the antenna cir-
cuit and also by the use of an amplifier
adapted . to amplify currents ~before the
process of modulation and demodulation
has taken place, and Figure 4* shows an
arrangement whereby the transmitting and
recelving circuit may be connected with a
low frequency line circuit.

In Figure 1 the transmitter T, is con-
nected inductivelv to an input circuit 2 by
means of a transformer 3, circuit 2 being
bridged across the input side of the trans-
lating device 5. Impedance coils 4 are con-
nected with circuit 2 to. prevent high fre-
quency oscillations from passing to the
transmitter T,. Also associated with the
input side of the said translating device is

a source of high frequency oscillations 6

which may be anv of the well known tyliz
recelver B, .is. connected inductively by
means oi a transfermer 8, with eireuit 7
which has therein impedance coils 9 and
which is bridged across the output side of
the translating device 5. The output cir-
cuit 10 of the translating device is loosely
coupled by means of the transformer 11

‘with the cireuit 12, which is bridged across

the midpoint of twoe of the windings of the
triple-winding transformer 13. This triple-
winding transformer is the well-known

‘type in which the windings are conjugate,

so that disturbances impressed upon the
transformer by one of the circuits connected
therewith. will. produce no effect upon the
circuit which is conjugate to the circuit in
Associated
swith the triple-winding transformer is a
network N, having associated therewith a

‘variable condenser -C, which jointly are
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adapted to balance the antenna 14 and its
variable condenser C,. The input coil of
the triple-winding transformer and the va-
riable condenser C, .constitute a resonant

" ecirenit 15 for oscillations of reception fre-

quency which will be impressed upon cir-
cuit 16 and thereby upon the input side of
the translating device 5. This input coil
or third winding cof the transfo.rmgr may
be loosely coupled to the line windings of
said transformer to facilitate tuning of cir-
cuit 15, :

In the operation of this circuit the low
frequency voice currents from the transmit-
ter T, are impressed by means of the civeuit
2 upon the input side of the translating de-
vice 5, and serves to modulate the high fre-
quency carrier current from the high fre-
quency source 6. The modulated high fre-
guency oscillations pass from cireuit 10 to
cirenit 12 by means of the loose coupling 11,
and are impressed upon the antenna by
means of the triple-winding transformer 13.
The translating device 5 not only modulates
the high frequency carrier current but may
also serve to amplify the same. The degree
of amplification which ecan be employed de-
pends upon the degree of balance between
the input and output circuits of the triple-
winding transformer 13. If these circuits
are not properly balanced and the amplifi-
cation produces a gain that is greater than
the loss in the terminal cireuit itself, sing-
ing will take place around the cireuit in-
cluding the translating device and circuits
10, 12, 15 and 16. It will be noted further-
more that in this circuit the high frequency
oscillations will be continuously radiated,
due to the fact that the modulating device 1s
not of the balanced type in which the high
frequency oscillations are suppressed ex-
cept during the period in which they are
being modulated. The high fregnency os-
cillations received by antenna 14 will pro-
duce oscillations of like frequency in cirenit
15 which are transferred by circuit 16 and
impressed upon the translating device 5.
Since the carrier supply 6 is of substantially
the same frequency as veceived oscillations
the said received oscillations will be de-
modulated by means of the translating de-
vice 5 and the low frequency current result-
ing from demodulation will pass into the
civenit 7 and be impressed upon the receiver
R, The impedance coils 4 .and 9 associated
with the transmitting and receiving circuits
respectively prevent passage of high fre-
quency received oscillations and high fre-
quency transmitted oscillations to the trans-
mitter and receiver respectively. From the
foregoing it may be seen that this circuit
arrgngement provides means whereby a sin-
ole translating device may produce modula-
tion and demodulation of the transmitted
and the recelved oscillations respectively,

1,502,813

and also produce a certain degree of ampli-
fication of both sets of oscillations.

In Figure 2 transmitter T, is connected
by means of the transformer 1 with the com-
mon condiictor of a duplex translating de-
vice MD,, one of the windings of the said
transformer being associated with the trans-
mitter. circuit and the other winding being
connected into the said common conductor.
A condenser X is bridged across the wind-
ing in the common conductor in order to
afford a free passage for the high frequency
oscillations from the source 9. Dridged
across the inpnt side of the duplex device is
the reactance coil arrangement C,. This is
preferably made of two independent coils
one designed for high frequency and com-
prising windings « " and the other for low
frequencies and comprising the windings
o 0’ The object of these coils is to pernit
currents to pass between the common con-
ductor and the two outside conductors in
parallel without short circuiting the outside
conductors for incoming current from cir-
cuit 8. The low frequency retardation coil
b 0" may be shunted by condensers K, K, to
Tacilitate by-passing the high frequency cur-
rents from generator A. In the common con-
ductor of the output side of the said trans-
lating device iz a transformer 2 whereby
the modulated carrier oscillations may be
impressed upon the output circnit 3. The
cutput circuit is also connected with the re-
ceiver R, by means of the transformer 4, the
coil arrangement of which is similar to that
of C,. One set of low frequency windings
is connected with the translating circuit and
the other winding with the receiver circuit
as indicated. The transmitting circuit 3 is
connected by means of the circuit 5 across
the midpoing of two of the windings of the
triple-winding transformer. 6. A network
N, is connecied with the transformer 6 in
arder to balance the antenna cirenit 7. A
resgnant receiving circuit 8 tuned to recep-
tion frequency is connected with the input
sidle of the transformer 6. The circuit 8 is
connected across the coil C, in such a man-
ner that the received oscillations will be im-
pressed across the input side of the duplex
translating device. The high frequency car-
rier oscillations are impressed by a souvee 9
npon the common conductor of the input

s

side of the translating device. In the opera--

tion of this circuit the low frequency voice
currents from the transmitter T. are im-
pressed upon the common conductor in the
input side of the translating device, upon
which are aleo impressed the high frequency
carrier oscillations. By means of the modu-
lating device the carrier oscillations are
modulated by the voice currents and the
modulated carrier ogcillations are impressed
by the transformer 2 upon the output cir-
cuit 3, which in turn impresses them upon
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the circtiit 5 and thence upon the antenna
T from which they are radiated. Oscilla-
tions received by antenna 7 are impressed
apon the resonant circuit 8, and in turn
npon the input side of the translating device
across coil €. The modulated high fre-
quency oscillations pass into the translating
device together with the unmodulated car-
vier. osci from source 9 and the
former oscillations are demodulated thereby.
The low frequency current resulting there-
irom is impressed by the transformer 4 upon
the receiver R,

Hations

It will be seen that the
input connection to the translating device
is wade transversely -across the duplex
modulatod circuit whereas the output con-
nection is made longitudinally in the com-
mon conductor of the plate circuit. In ac-
cordanceé with this arrangement the input
and output circuits are mutually balanced
with respect to the amplifying action of the
translating devices, thus preventing high
frequency singing around the circuit 2, 3, 5,
8, C,. - It will be apparent therefore, that
this arrangement is less susceptible to sing-
ing and therefore is more desirable than the
arrangeineent shown in Figure 1 when
greater amplification is desired.

In the circuit arrangement shown in Fig-
e 3 the transmitter T, is connected with
the common conductor of the duplex trans-
fating device by means of the transformer
1. A source of high frequency oscillations
2 is connected across the impedance 3. lo-

‘cated also 1n the common conductor 4 of the

duplex translating device. Bridged across
the input side of the translating device is a
coil C, across which the high frequency re-
ceived oscillations are impressed upon the
translating device. Condensers K, and K,
in sevies with the two halves of coil C, C,,
respectively, constitute paths between the
grid conductors and the common conductor
4 of the translating device for the carrier
frequency.’ In the common conductor of the
autput side of the translating device is a coil
(', in serics with the plate battery. Across
these two eleruents in series are bridged the
conductors of the output circuit 5. -Across
the output side of the translating device is
a transformer 6 by means of which the low
frequency currents rvesulting from demodu-
lation ave impressed upon the receiver R..
The transmitting circuit 5 is connected be-
tween the ground side of the antenna and
the midpoint of a variable inductance con-
This
antenna is of the balanced type having a
network N, inserted therein which has
characteristics simulating those of the said
antenna.  Condensers K, and K, are inserted

-in the antenna. circuit- for purposes of tun-

ing. The receiving circuit 7 is- bridged
acrosg two symmetrical points of the vari-

able inductance and the received oscillations

2

are thereby impressed upon the said circuit
and in turn apon the coil {, at the input
side of the translating device.

The low frequency veice currents {rom the
transmitter T,, which are impressed upon
the common conductor 4, serve to modulate
the high frequency oscillations which are im-
pressed upon the same common conductor by
the generating device 2. These modulated
high frequency oscillations are impressed
upon the output circuit by means of the coil
C, in the common conductor of the output
side of the translating device, and the said
oscillations are in turn impressed upon the

antenna between the midpoint of the variable -

inductance and the ground, and are radiated
by the said antenna. The incoming high
frequency oscillations to which the antenna
is resonant are impressed upon the circuit 7,
which in turn impresses them upon the input
side of the translating circuit by means of
the coil C,.  Since the frequency of the oscil-
lations from the generating circuit 2 dif-
fers from that of the incoming oscillations
from cireuit 7 to the extent of the signaling
frequency, the received oscillations will be
demodulated, and the demodulated low fre-
quency current will be impressed upon the
receiver R, by means of the transformer 6.

Singing of the cireuit is prevented by the -

combination of the high frequency antenna
balance and the balance between the input
and output circuits of the translating de-
vices. :

IFigure 3* represents a translating cireuit
comprising a modulating and demodulating
arrangement, as shown in Figure 38, together
with an amplifier whereby the modulated
cutgoing signals and the demodulated in-
coming signals may be.amplified before im-
pressing them upon their respective cireuits.
In the arrangement shown in this figure, the
winding 16 in the common conductor of the
modulating and demodulating device is in-
ductively connected with the winding 8 in
the input cireuit of the amplifier A,. In
lilke manner the winding 9 in the output cir-
cuit of the modulating and demodulating de-
vice MD, is inductively related to the wind-
ing 10 across the input side of the amplifier
A, . Bridged across the input civcuit of the
amplifier A, in parallel with the winding 10
are the condensers 11 and 12, and in like
manner the condensers 14 and 15 are bridged
across the output cireuit in parallel with one
of the windings of the transformer 6. The
output circuit of the amplifier is connected
by means of the coils C, and C, with the high
frequency output circuit 5, and by means of
the windings of the transformer 6 with the
low frequency veceiving circuit 18. When
the low frequency voice signals, for example,
ave impressed by the transmitter T, upon
the inpiit cireuit of the modulating and de-
modulating device MD,, simultaneous with
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the impression thereon of unmodulated high
frequiency oscillations by the source 2, the
lattor oscillations will be modulated in ac-
cordance with the voice signals and the re-
sultant modulated ocmlhtlons will be im-
pressed by the winding 16 in the output cir-
cuit of the n*oquhtmg and demodulating de-
vice upon the winding 8 in the input eircuit
of the amplifier. These latter oscillations
will be amplified and will then be impressed
by the winding C, upon the high frequency
output eircuit 5.  Sinee this circuit 1s bal-

anced the oscillations impressed upon the

common conductor of the two tubes will not
be impressed by the transformer 6 upon the
low frequency circuit 13, but will appear
only in the circuit 5. The modulated high
frequency oscillations received by the an-
tenna will be impressed upon the circuit 7
and consequently will establish a difference
of potential across the winding C, in the
input side of the modulating and demodu-
Iating device MD,. 'These modulated os-
cillations will be demodulated by the oscil-
lations from the local source 2, and the re-
sultant low frequency oscillations will be
impressed by the winding 9 upon the wind-
g 10 across the amplifier circuit A,. The
amplified currents will be impressed by the
transformer 6 upon the low frequency ecir-
cuit 13. Since the currents resulting from
demodulation are impressed across the wind-
ing 10, the resultant amplified currents will
produce an effect in transformer 6 but will
produce no effect in the windings C, and C;
which are connected with the ecircuit 5
Figure 4 differs from the arrangement
shown in Figure 3 principally by the inser-
tion of a vacuum tube oscillator in the an-
tenna circuit, and also by the use of an am-
plifier in the receiving branch of the four-
wire circuit. In the alranoement shown in
Figure 4, one side of the output circuit 5,
which in Figure 3 is connected directly with
the midpoint of the inductance C., 1s con-
nected with the filament of the oscillating
vacuum tube and thence with the midpoint
of the inductance.  The aerial side of the
antenna is connected with the grid of this
tube and the side of the antenna which is
grounded through the aerial network N,
is connected with the plate of the said tbe.
The inductance C;, together with the induct-
ance and mpa01ty ‘of the antenna to ground
produces a vesonant feed-back circuit - which
will cause the vacuum tube circuit to act as
a producer of high frequency oscillations of
the same frequency as that to which the an-
tenna is tuned, which is the frequency of
the Incoming waves. The incoming modu-
lated high frequency oscillations and the un-
modulated oscillations produced by the tube
10 will be impressed upon the input cireunit 7
and amplified by means of the amplifier A,
which is:connected in the said circuit by
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means of the transformers T, and T,. The
amplified oscillations, both modulated and
unmodulated, will be impressed upon the in-
put side of the duplex translating device
MD, by means of the coil C,. The received
oscillations will be demodulated by the said
translating device, and the low frequency
currents resulting therefrom will be im-
pressed upon the receiver R, by means of
the transformer 6. In like manner the low
frequency oscillations from the transmitter
T, will be impressed upon the common con-
ductor of the input side of the translating
device,and will in turn modulate the high fre-
gency oscillations received from the device
10, producing in the output circuit 5 modu-
lated high frequency waves, which will be im-
pressed upon the antenna circuit between the
midpoint of the inductance C; and ground.
Since the output circuit is connected between
the midpoint of the inductance and ground,
and since the network N, simulates the char-
acteristics of the antenna, the input and the
output circuits 5 and 7 are mutually balanced
with respect to the antenna. Consequently
the circuit will not sing, except for the oscil-
lation of the tube 10. A further advantage
of this circuit arrangement arises from the
location of the high frequency generator
within the antenna ecircuit itself, so that
its frequency is controlled by the tuning of
the antenna. In this way substantial iden-
tity of the frequency of the transmitted and
received oscillations mav be automatically
maintained. The ecircuit arrangement of
Figure 4 shows also means for giving the
required degree of amplification to the im-
pressed moﬁulated and unmodulated oscil-
Iations, whereby the quality of the detected
signal may be accordingly improved. TFur-
ther more, since the output and input circuits
are balanced the required degree of amplifi-
cation may be obtained without singing
avound the high frequency circuit.

The circuit shown in Figure 4* indicates
the manner in which a four-wire terminal
cireuit such as shown in Figure 4 may be
connected with a two-wire low frequency
signaling circuit. The low frequency trans-
mitting and receiving cirenits of the four-
wire terminal circuit may be connected with
the triple winding transformer 11 in the
manner shown, the low frequency two-wire
circuit L, being balanced by the network
N, Ina similar manner each of the other
circuits shown in Figures 1, 2 and 3 may be
terminated as a two-wire circuit instead of
the four-wire circuit as shown in the fig-
ures.

It will be seen from the foregoing descrip-
tion of the various forms of circunits shown
in the figures that the incoming and out-
going radio signals may be modulated and
demodulated or amplified by a single cir-
cuit arrangement common to the incoming
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and the outaomo paths of the terminal cir-
cuit. Althoufrh this invention has been dis-
closed in certain partlcular forms and em-
bodiment of parts it is to be understood that
it is capable of embodiment in other and
different forms without departmo from the
spirit and secope of the invention as described
in the appended claims.

What is claimed is:

1. In a radio signaling system, the combi-
nation with an antenna of a transmission
line and a four-wire circuit effectively con-
necting the said antenna and said line,
means to impress upon the said four-wire
circuit currents from the said antenna and
from the said line, the said four-wire cir-
cult having connected therewith a translat-
ing circuit common to the paths of travel of
the currents from the said antenna and the
said line and having means to modulate and
demodulate the currents impressed on the
said four-wire circuit.

2. In a radio signaling system, the combi-
nation with an antenna of a transmission
line and a four-wire circuit effectively con-
necting the said antenna and said line,
means to impress upon the said four-wire
circuit currents from the said antenna and
from the said line, the said four-wire cir-
cuit having connected therewith a translat-
ing cireuit common to the paths of travel of
th(, currents from the said antenna and the

said line and having means to modulate and
demodulate and means to amplify the cur-
rents impressed on the said four-wire cir-
cuit.

3. In a radio signaling system, the combi-
nation with an antenna of a network ad-
justed to balance the said antenna, a trans-
mission line, a four-wire circuit eﬂ"ecuvely
connecting the said antenna and the said
line, means to impress upon the said four-
wire cireuit currents from the said antenna
and from the said line, the said four-wire

eircuit having connected therewith a trans-
lating circuit common to the paths of travel
of the currents from the said antenna and
the said line and having means to modulate
and demodulate the currents impressed on
the said four-wire cireuit.

4. In a radio signaling system, the combi-
nation with an antenna of a network ad-
justed to balance the said antenna, a trans-
mission line, a four -wire circuit eﬁectwely
connecting the said antenna and the said
line, means to impress upon the said four-
wire circuit currents from the said antenna
and from the said line, the said four-wire
cireuit having connected therewith a trans-
lating circuit common to the paths of travel
of the currents from the said amtenna and
the said line and having means to modulate
and demodulate and means to amplify the
currents impressed on the said four-wire
circuit.

>

5. In a radio signaling system, the combi-
nation with an anfenna of a network adapt-
ed to balance the said antenna and a four-
wire circuit connected with said antenna
and having connected therewith transmit-
ting and receiving means and also having
modulatlng and demodulating means com-
mon to the paths of travel of the currents
from the transmitting means to the said
antenna and from the said antenna to the
said recelving means.

6. In a radio signaling system, the combi-
nation with a balanced antenna of a four-
wire transmitting and receiving eircuit pro-
viding two paths for the transmitted and
received currents, the said four-wire cir-
cuit having a translating circuit common to
the transmitting and receiving paths there-
of containing means adapted to modulate
and demodulate the transmitted and. re-
ceived currents, and means for impressing
the transmitted and received currents on
the sald translating circuit.

. In a radio signaling system, the combi-
atlon with a balanced antenna of a conju-
gate transformer, an input circuit tuned to
reception frequency, an output circuit, a
translating circuit common to said input and
said output circuits having means to demod-
ulate and modulate the received and trans-

mitted currents, and means_for impressing .

the said currents upon the said translating
circuit.

8. In a radio signaling system, the combl—
nation with a balanced antenna of a conju-
gate transformer, an input circuit tuned to
1ecept10n frequency, an output circuit, and
a translating circuit common to said 1nput
and said output circuits having connected
therewith transmitting and receiving means,
a source of carrier current and means where-
by the transmitted and received currents
may respectively be modulated and demodu-
lated, and means for impressing the cur-
rents from the said input circuit upon the
said translating circuit.

9. Tn a radio signaling system, the combi-

nation with a bal‘mced antenna circuit of a
transmitting and receiving circuits connect-
ed therewith, and a translating circuit com-
mon to the said transmitting and receiving
circuits having a source of high frequency
currents, and means to beat the said high
frequency currents with the incoming and
outgoing currents for the detection and
modulation of the same, and means to im-
press upon the translating circuit the said
transmitted and received currents.

10. In a radio signaling system, the com-
bination with an antenna of a tetminal cir-
cuit having transmitting and receiving
paths, and a translating circuit common to
both paths characterized by a source of
unmodulated high frequency oscillations
and means for the modulation and demodu-
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lation of the transmitted and received cur-
rents, and means to impress upon the trans-
lating circuit the said transmitted and re-
ceived currents.

11, In a radio signaling system, the com-
bination with a balanced antenna circuit
of a four-wire circuit having connected
therewith transmitting and recelving means,
andaplurality of means common to the trans-
mitting and receiving paths of the said four-
wire circuit for the modulation and detec-
tion and for the amplification of the cur-
rents flowing through the said paths.

12. In a radio signaling system, the com-
bination with a balanced antenna cireuit of
a four-wire cirenit comprising. a moedulat-
ing-demodulating circuit, and an amplify-
ing circuit for the amplification of currents
after modulation and demodulation.

13. In a radio signaling system, the com-
bination with a four-wire terminal cireuit
comprising two two-wire branches of a
balanced antenna coupled thereto, transmit-
ting apparatus connected with one two-wire
branch and receiving apparatus connected
with the other branch, and a translating
cirenit common to both two-wire branches
having an amplifier connected thercwith.

14. In a radio signaling system adapted
for the transmission of low frequency cur-
rents by high- frequency carrier currents,
the combination with a terminal civcuit of
a balanced antenna loosely coupled thereto,
the said terminal circuit having separate
transmitting and receiving paths and alsc
having -a translating ecircuit cemmon to
both of said paths having means to modu-

"late and demodulate the currents of the

transmitting and receiving paths respec-
tively.

15. In a radio signaling system. adapted
for the transmission of low frequency cur-
rents by means of high frequency carrier
currents, the combination of a four-wive
terminal circuit having transmitting and re-
ceiving paths, each having suitable devic
associated therewith, and coupled to an aun-
tenna by means of a triple-winding trans-
former, an artificial line adapted to balance
said antenna, and a translating circuit com-
mon to the transmitting and recsiving paths
of the four-wire circuit.
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16. In a radic signaling system adapted
for the transmission of low frequency cur-
rents by high frequency carrier currents,
the combination with a four-wire terminal
civcult having transmitting and receiving
devices associated therewith of an antenna
circuit, means to loosely couple the antenna
circuit and the four-wire circuit, the said
coupling means having an artificial line
associated therewith to balance the said an-
tenna, and a translatingcireuit asscciated
with the said terminal circuit having a
source of unmodulated carrier current asso-
ciated therewith, and means to modulate
and demodulate the currents in the trans-
mitting and receiving paths respectively.

17. In a radic signaling system adapted
for the transmission of low frequency cus-
rents by means of high frequency carrier
currents, the combination with an antenna
circuit of a four-wire terminal circuit com-
prising two two-wire branches coupled
with said antenna circuit and balanced with
respect thereto, whereby oscillations in one
of the two-wire branches of the four-wire
circuit will not produce an appreciable ef-
fect in the other two-wire branch, and a
duplex translating circuit connected with
the said two-wire branches and having a
source of unmodulated carrier current as-
sociated therewith, the output and input
sides of the said translating cirveuit being
conjugately related to prevent singing over
the said four-wire cirveuit.

18. In a radio signaling system adapted
for the transmission of low frequency cur-
rents by means of high frequency cavrier
currents, the combination with a four-wire
terminal circuit having a duplex translat-
ing circuit associated therewith, of an an-
tenna circuit having a variable inductance
and a balaneing network associated there-
with, and a vacuum tube oscillator having
the grid ecircuit connected with said an-
tenna circuit and the plate circuit connected
with the translating cireunit, thereby supply-
ing the carrier oscillations for the said
translating circuit.

Tn testimony whereof, T have signed my
name to this specification this 15th day of

April, 1921.
LLOYD ESPENSCHIED.
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