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UNITED STATES PATENT office. 
1,438,987 

LLOYDESPENSCHIED, OF HOLLIS, NEW YORK, AND HERMAN A. AFFEL, or BROOKLYN, 
NEW YORK, ASSIGNORS TO AMERICAN TELEPHONE AND TELEGRAPH coulPANY., a 
CORPORATION OF NEW YORK. 

HIGH-FREQUENCY TRANSLATING CIRCUITs. 
Application filed September 30, 1919. serial No. 327,399. 

To all whom it may concern. 
Be it known that we, LLOYD ESPEN 

scHED and HERMAN A.AFFEL, residing at 
Hollis and Brooklyn, in the counties of 
(Queens and Kings and State of New York, 
l'espectively, have invented certain Improve 
ments in High-Frequency Translating Cir 
cuits, 
tion. 
This invention relates to high frequency 

translating circuits, and more particularly to 
arrangements for modulating currents of va 
rious frequencies. . . 
As is well known, modulation of a plural ity of frequencies consists in the superposi 

tion of the input currents upon each other, 
either in the modulator element, or at some 
point in the inputside of the said element. 
By the term “modulator element” is meant 
any portion of an electrical circuit, the elec 
trical constants of which may be varied in 
accordance. With signal variations; thus, it 
may be a vacuum tube in which the output 
resistance is varied in accordance with grid 
potential, or an electric arc, the resistance of 
which is a function of the impressed volt 
age, or, it may be a reactance element such 
as an induct:ince, the effective permeability 
of which is varied by a controlling circuit. 
or a condenser, the capacity of which may be 
controlled by variation in the plate separa 
tion or in the dielectric constant. 

40 

It is desirable, therefore, to provide means 
for supeposing the two input currents so 
is to avoid loss of energy and diminution of 
lodulating efficiency arising from mutual 
shunting effects. There are, in general, two 
ways whereby the input currents may be 
superposed so as to be rendered mutually 
non-interfering, one known as the method 
of balance and the other as the method of 
frequency selection. It is the object of this 
in ention to show means for superposing 
the input circuits upon each other by the 
lethod of frequency selection, and also to 

show means which combine the method of 
frequency selection with the method of bal 
ance. 
This invention will be better understood 

from the following description when read in 
connection with the drawing, of which Fig 
res 1, 2 and 5 show the application of the 
method of frequency selection, and Figures 
3, 4 and 6 show the application of the nethod 

of which the following is a specifica 

of frequency, selection combined with the 
method of balance. In Figure 1, L, represents a line adapted 
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for the transmittal of low frequency currents, . Such as for example, telegraph currents. 
which is connected with a high frequency 
terminal circuit by means of a relay R, hav 
sing a network N adapted to balance the 
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line L. This relay comprises balanced 
Windings connected with the line and an ar 
Initure 1. Which is under the control of the said Windings and adapted to apply impulses 
to the transmitting circuit. A receiving cir 
cuit 2 is bridged across the midpoints of the 
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alanced windings of the relay R, so that 
impulses transmitted over the line L, by the 
regeiving circuit 2 will not actuate the re 
ceiving relay R. 
circuit 3 has inserted therein a low pass fil 

ster F, which is adapted to transmit low fre 
(illency signaling currents which may be im 
1) "essed upon the input side of the modula 
tor M, by means of a transformer T. The generator G may be any type of device 
adapted to generate high frequency sinusoi 
dal oscillations, which oscillations may be 
impressed upon the input side of the modi 
lator M. The filter F, or its equivalent is in 
Serted in the high frequency input circuit, in 
Order to transmit high frequency oscilla 
tions, and suppress low frequency currents. 
The output side of the modulator M, is con 
nected with the input side of the amplifier A, 
by the transformer T. The output circuit 
of the amplifier A is tuned and adapted to 
transmit oscillations of the resonant fre 
Cuency upon the output circuit 4. This out 
put circuit is connected with a transmitting 
circuit TL which is in turn connected with 
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The low frequency output 
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the main transmission line ML by a trans 
former T. The filters herein referred to may 
l:e of the general type illustrated and de 
scribed in the U. S. Patents to George A. 
Campbell No. 1,227,113 and No. 1,227,114, 
both dated May 22, 1917. 

Oscillations received over the line ML and 
the receiving branch RL are impressed by 
the transformer T upon the resonant input 
circuit 5 of the amplifier A. The amplified 
oscillations are impressed by transformer T. 
upon the detector D. Bridged across the 
output side of the said detector is a high pass 
filter F, which is adapted to shunt, the car 
Fier frequency oscillations that pass through 
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the detector D, thereby preventing their 
passage into the low frequency circuit. Low 
frequency impulses which result from de 
modulation are impressed by the transformer 
T upon an input circuit containing a low 
pass filter F. and the windings of a polar 
ized relay R. The low frequency impulses 
applied to the said relay actuate the al'ma 
ture 6, and send impulses over the low fre 
quency signaling circuit L to the receiving 
apparatus associated therewith. - - 
In the operation of this circuit, low fre 

quency signals arriving over the line L, will 
actuate the armature 1, and send a low fre 
quency impulse over the circuit 3. The fre 
quency of this impulse is such as will pass 
through the low pass filter F, and the im 
pulse will be impressed upon the input side 
of the modulator M, by the transformer T. 
Since the filter F, is adapted to pass only 
high frequency oscillations, the low fre 
quency impulses impressed upon the input 
circuit by the transformer T, will not be per 
mitted to pass into the high frequency chan 
generator G will pass through the high fre 
quency filter. F. and be impressed across the 
inputside of M. These oscillations will not 
also pass into the low frequency circuits 3 on 
account of the presence therein of the low 
pass filter. F. It will be seen that the input 
circuits are rendered mutually non-interfer 
ing by means of the application of this 
method of frequency selection. 
By the simultaneous impression of the sig 

naling current and the carrier current upon 
the modulating element, the carrier cirrent 
will be modulated thereby and the modul 
lated oscillations will be amplified by the 
amplifier A, and be impressed upon the out 
put circuit 4, and transmitted over the trans 
mission lines TL and ML. The received high 
frequency oscillations will be impressed by 
the transformer T upon the amplifier A, 
and the resulting amplified oscillations will 
in turn be impressed upon the detector D. 
Oscillations of the carrier frequency which 
may pass through the detector D, together 
with the detected currents will pass into the 
filter F, and be suppressed thereby. The 
low frequency signaling impulses resulting 
from demodulation will pass through the 
low frequency filter F, and actuate the polar 
ized relay R. High frequency oscillations 
will not pass into the circuit containing the 
relay R, due to the presence of the low pass 
filter therein, which prevents the transmis 
sion of the high frequency oscillations. It 
will be seen from the foregoing that the in 
put circuits are rendered non-interfering by 
means of suitable filtering devices inserted 
therein. 

Figure 2 shows a way in which the method 
of frequency selection may be applied to a 
magnetic translating circuit. T, represents 

nel. High frey Oscillations set up by 

pass filter 
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a source of low frequency signaling currents 
connected with an amplifier A, whereby the 
amplified currents will pass through the low 
pass filter F, and be impressed upon the 
iron core modulating device M, by means of 
the winding 1. High frequency oscillations 
from the source G. which may be of any 
Well-known type of generating device may 
be impressed upon the amplifier A, and the 
amplified currents passing through the high 

F, will be impressed upon the 
modulator M, by means of the winding 2. 
The third winding 3 of the modulator is 
connected with a source of current B, by 
means of which the proper degree of satura 
tion of the iron core of the modulator M, 
may be maintained and a filter F, is inserted 
between the source and the winding 3 to pre 
vent shunting the low frequency voice cur 
rents and also the high frequency carrier 
current. A fourth winding 4 is connected 
with a tuned output circuit coupled with 
the antenna X. In the operation of this cir 
cuit, low frequency signaling currents set 
up by T, are ailplified by the amplifier A 
and pass through the low frequency filter F. 
to the modulator M. Simultaneously high 
frequency carrier currents produced by G. 
and amplified by A pass through the high 
frequency filter F, and are likewise im 
pressed upon the nodulator vi. It will be 
seen that high frequency oscillations cannot 
pass through the low pass filter F, to the low 
frequency 'ircuit, and similarly low fre 
quency currents cannot pass through the 
high pass filter F, to the high frequency gen 
erating circuit. In this manner interference 
between the input circuits is avoided, and 
the modulated oscillations are transmitted 
by the winding 4 to the antenna circuit X. 

Figure 3 shows a means for combining the 
method of frequency selection with the 
method of balance in order to avoid interfer 
ence between the input circuits. A trans 
mitter T, is adapted to impress low fre 
(quency signals upon the common conductor 
of the modulator M, by means of a trans 
former T, the said low frequency signals 
passing through the low pass filter F. Si 
multaneously, high frequency oscillations 
from the source G passing through the high 
pass filter F. are impressed by the trans 
former T, upon the input side of the moll 
lator M. This modulating device may be of 
any Well-known balanced type such as, for 
example, the balanced duplex modulator de 
scribed in the patent to John R. Carson, 
1.343.30S, dated June 15, 1920, it will be 
seen that the low frequency currents set up 
by the transformer T, in the common con 
ductor of the modulator M, will flow in op 
posite directions in the winding of the trans 
former T. and therefore, will produce sub 
stantially no effect in the generating circuit 
G. and similarly high frequency oscillations 
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impressed across the input side of the modu 
lator will produce substantially no effect in 
the windings of the transformer T. Since 
the filter F is adapted to pass only low fre 
quency oscillations, the high frequency os 
cillations arising from the generator G will 
not be transmitted into the low frequency 
transmitting circuit. 

Figure 4 shows another means of combin 
ing both methods of preventing interference 
between input circuits of a demodulating 
element. The low frequency circuit has 
therein a transmitter T, and a low pass filter 
F. The low frequency signals set up in this 
circuit are impressed across the winding 1 
upon the central arm of the core of the 
modulator M. High frequency oscillations 
from the generator G pass through the high 
pass filter. F., and are impressed upon the 
winding 2 upon one of the side arms of the 
core of the modulator M. Symmetrically 
arranged upon the same core is a winding 3 
which is connected with the output circuit 
L. Low frequency currents impressed upon 
winding 1 set up therein a flux which divides 
in the arm of the core upon which the wind 
ing 2 is placed, half of the flux passing up 
ward and half downward, which creates a 
neutral condition preventing induction of 

30 currents in the winding 2 upon this core. 
In a similar manner the flux set up by the 
high frequency winding 2 will not induce 
high frequency oscillations in the low fre 
quency circuit. Filters F, and F, interposed 
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current set up - 
of the source G will be modulated accord 

in the low frequency and high frequency in 
put circuits respectively prevent the passage 
of high frequency and low frequency cur 
'ents through filters F, and F, respectively. 
If low frequency signaling currents are im 
pressed upon the winding 1 upon the central 
arm of the core, the resulting flux will 
change the permeability of the core with re 
spect to the winding 2. The high frequency 

in the Winding 2 by means 

ingly, and the modulated high frequency 
current will be impressed upon the winding 
3 of the output, circuit L. This arrangement 
shows means for combining frequency selec 
tive devices with a balanced ironcore modul 
lator, thereby assuring a higher degree of 
freedom from interference of the oscillations 
in one of the input circuits by those in the 
other input circuit. 
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Figure 5 shows the application of this in 
vention to a circuit in which an arc consti 
tutes the modulator element. A represents 
an are between the electrodes 1 and 1’, across 
which a direct current from the battery B, 
is applied through the reactance coils C, and 
C, Oscillations are set up in the output cir 
cuit 2 which embraces the antenna X. Low 
frequency signaling current in the trans 
mitter T. may be impressed upon the circuit 
3 which is bridged across the electrodes 1 

with the arcs, each winding being individual 

SE 

and '1'. A filter F, is inserted in the low 
frequency circuit 3 adapted to transmit the 
low frequency signals of, for example, 10 to 
2500 cycles, and will prevent the transmis 
sion therethrough of frequencies below 10 
and above 2500 cycles. High frequency 
oscillations will be set up in the circuit 2 
in a manner that is well known, and these 
high frequency oscillations may be modu 
lated by the low frequency current impressed 
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upon the circuit 3 by the transmitter T, 
These low frequency signals will pass 
through the filter to the modulator device, 
namely the arc, but high frequency oscilla 
tions of the circuit 2 may not be transmitted 80 
through the filter F, into the low frequency 
signaling circuit. This circuit arrangement 
shows the means whereby the low frequency 
input circuit may be protected from inter 
ference by the high frequency oscillations of 85 y s - 

the Oscillating circuit, which the low fre 
quencies are adapted to modulate. 

Figure 6. shows an arrangement for a bal 
anced arc modulating system, in which the 
method of frequency selection is also applied 90 
in order to assure a higher degree of protec 
tion of the frequencies in one input circuit 
from interference by currents in the other 
input circuits of the modulating device. In 
the circuit arrangement A and A, represent 
two arcs which may be of any well-known 
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type connected with a common source of di 
rect current B, and having reactance coils 
C, and C, associated in the direct current 
circuit. The output circuit is represented by 
the antenna X, which has connected therein 
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one of the windings 3 of the triple-winding 
transformer T. The other two windings of 
the said transformer are connected in series 
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to an arc circuit. These windings of the 
transformer are so arranged and designed 
that equal currents in the same direction in 
each arc conductor will cause no resultant s 
action in the winding 3 which is connected 110 
with the antenna X. Under these con 
ditions, the action of the two arcs in parallel 
is equivalent to that of a single arc con 
nected across the source of direct current 
B, and its frequency of oscillation will be lls 
determined by the inductance L, and the 
capacity K. Bridged across the arc conduc 
tors is a low frequency circuit 4 upon which 
signaling currents from the transmitter T 
may be impressed. Inserted in the low fre- 120 
queny circuit is a filter F, or its equivalent, 
which is adapted to transmit frequencies 
within the range of 10 to 2500 cycles, in 
serted in the two arc conductors. between the 
point where the low frequency signaling cir-25 
cuit is connected across the two arc conduc 
tors and the point of connection of the two 
arc conductors with one side of the battery 
and the oscillation circuit, is a suppression 
filter F, which is adapted to suppress oscil- 130 



O 

5 

2 5 

30 

40 

4. 

O 

varied accordingly, and the 

1. 

lations having a frequency between 10 and 
2590 cycles and to transmit frequencies be 
low 10 and above 2500 cycles. 
Having in mind the foregoing description, 

the invention will be made clear from the 
following description of its mode of op 
eration: 

iDirect current will flow from the battery 
B, throigh each of the arcs A and A, and 
through the windings 1 and 2, which are re 
spectively connected with the arcs ... and 

frequency oscillations resulting A. High 
in a mainer i :at is well-known will he set 
up in the high frequency osciliating circuit 
which eraces; the induciaihee L, the ca 
pacity R and the pai'allei conducting paths 
containing the arc \,, the coil and the arc 
As and the coil. 2 resectively. These oscil 
lations will pass through the filter F, since 
it is designed to transi hit high frequency 
oscillations. Since these currents are in the 
same direction in each of the cois 1 and 2. 
and of the same inagnitude, no oscillations 
will be set out in the ol; that circuit X. if, 
however, low frequency is currents 
are impressed across the are conductor's by 
means of the circuit 4, the high frequency 
oscillations in the coils 1 and 2 will be 

(nodulate?' os 
cillations will be set up in the transmitting 
circuit X, since the transformer T, O 

Sighai 

is 
longer balanced. In view of the presence of 
the filter F, which suppresses frequencies 
between 10 and 2500 cycles, the low.fre 
quency current applied across the arc coin 
ductors will not be short circiited thi'Gigi 
the junction of the two arc conductor's with 
one side of the dii'ect current circuit, and the 
oscillating circuit. Furthermore, it will be 
seen that the filter F, which is the type adapt 
ed to transmit frequencies between 10 and 
2500 cycles will prevent high frequency os 
cillations from being is pressed upon the 
low frequency translitting circuit. This 
circuit shows heans whereby each input cir 
cuit of a balanced arc modulator inay be 
protected from interference by frequencies 
which are foreign to that circuit. 

it will be noticed that certain of the cil 
cuit arrange:healts shown in the drawings 
are connected with an output circuit con 
sisting of a metallic transmission circuit, 
and other circuit arrangemein is shown in the 
drawings have their oil put side connected 
with a radio antena. It is to be inderstood 
that the various circuit arrangements a 
not inited to the particular type of output 
circuit shown, but that the output site of 
any circuit arrangement inlay be connected 
either with a metallic transinnission line or 
with a radio aintenna. Without departing 
from the scope of the invention. 
Although this invention has been shown 

as embodied in particular forms and organ 
izations of parts, it is to be understood that 
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it is not limited to such forms and organiza 
tions, but may be embodied in other and 
different forms within the scope of the ap 
pended claims. 
What is claimed is: 
1. In a high frequency signaling system, 

the combination of a translating device, an 
input, circuit adapted to impress carrier 
cirrent upon said translating device, a sec 
cind input circuit adapted to impress sig 
maling current upon said translating device 
and lineans associated with each input circuit 
for protecting the currents in each input 
circuit against interference by current of 
tle other input circuits. 

2. In a high requency signaling system, 
the coilbination of a balanced translating 
circuit, a plurality of input circuits adapted 
to impress a plurality of frequencies upon 
said translating circuit, and means associ 
aied with each input circuit adapted to pro 
£ect the frequencies of each input circuit 
from interference by the frequencies of the 
her output, circuits. 
3. In a high frequency signaling system, 

the combination of a balanced duplex trans 
lating circuit having thermionic translating 
devices associated therewith, input circuits 
adapted to impress a carrier current and a 
signaling current upon said translating cir 
cuit, and frequency selecting means associ 
ate with each input circuit to exclude from 
ach respective circuit frequencies foreign 
to it. - 

4. in a high frequency signaling system, 
the combination of a translating device, a 
plurality of circuits constituting respec 
ively sources of carrier current and of 
signaling current, each of the said circuits 
having a filter associated there with to pre 
vent mutual reaction between the respective 
input, circuits. 

5. In a high frequency signaling systein, 
the combination of a modulation circuit, a 
Source of low frequency current, a source 
of carriei frequency current and means in 
terposed between the said modulation cir 
cuit and each of said sources to prevent cur 
rent from one source interfering with cur 
1'ent from said other source. 

6. In a high frequency signaling system, 
the combination of a modulation circuit, a 
Source of ioW frequency current, a source of 
carrier cilirent and frequency selecting 
means inserted between said circuit and each 
of said sources adapted to transmit readily 
frequency produced by the source with 
which the said selecting means is connected. 

i. in a high frequency signaling system, 
the combination of a translating circuit, a 
circuit having a source of current of one 
frequency, a circuit having a source of car 
rier of cuneint, each of said latter circuits 
having selecting networks adapted to trans 
innit frequency of its particular source, and 
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each of said after circuits being SO con 
nected with said translating circuit as to 
prevent current in one of said sources in 
ducing current in the circuit of the other 
of said Soul'ces. 

8. In a high frequency signaling system, 
the combination of a balanced duplex trans 

O 

lating circuit, a source of signaling current, 
a source of carrier current and a filter con 
nected bet\veen said translating circuit and 
each of said sources. 9. in a high frequency signaling system, 
the combination of a radio frequency trans 
mitting circuit, a translating circuit having 

September, 1919. 

: Illi'ality of input circuits, one of said 
input circuits having connected there with a 

5 

Source of signaling frequency and another 
of said input, circuits a source of carrier 
frequency, and a filter individual to and 
connected with each input circuit to trans 20 
mit current only of the frequency which 
characterizes that particular circuit. 
names to this specification this 

LILOYD ESPENSCHED. 
HERMAN A. AFFEL. 

In testimony whereof, we have signed our 
29th day of 


