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To all whom &t may ‘concern: co
- Be it known that we, Lroxp BEspex-
sorrmp and Herman A, AN*LL, residing at
Hollis and Brooklyn, in the counties of

Queens and Kings and State of New York,

Jeopcutn/ ely, have invented certain Tmprow—
ments in High-Frequeney Translating Cir-
cuits, of thh the following is a spemﬁc
'1on

This invention  relates to hloh h@quenc:)
translating circuits, and more par ticularly to

arvang ements for modula l,ing; Curren‘as,of Vi

rious fr equencies:

As i well known, modulation of a plural-

ity of quuenuc consisis. in the superposi- -

“tion of the: input currents upon each other,
either in the moduhtor‘ element; or at some
point in the input side oi the said elemernt.
By the term “modulator element” is meant
any portion of an electrical circuit, the elec-
trical constants of which may be Vaued in
accordance. with signal variations; thus, it
may be a.vacuum tube in which the outpm
resistance is varied in accordance with grid

votential, or an electric axe, the resistance of
which is & function of rhe lmpressad volt-
age, or, it may be a veactance element such
an inductance, the effective permeability

of which is varied by a controlling cn(mt{

or 2 condenser, the cap v~1tV of. which may. be
controlled by le.lflon in' the plate scp&m-
tion o1 in the dielectri ic eonstant.

Tt is desirable, therefore, to provide means
iol superposing the two mput currents s0

s to avoid loss of energy and diminution of
modulatmo efficiency arising {from mutual
shunbing. effects. There » ave, in general, two

ways whereby the input currents may be

superposed so ag to be rendered mutually

non-interfering, one known as.the. method’
of balance rmd the o*her as' the method of
frequency selection. s the-object of this
invention to show ID"“DS for superposing
the input-circuits upon éach other by. the
method of - frequency cole(-{mn, and  also to
¢how means whicl combine the method of
iu(x-xe‘w\' selection with the mo‘dmd ot bal-
(mce ‘

This mwntw vl be better unrhrstood
from the following (teqcuntmn when read in
(onnu*tlon with the drawing. of which Fig-
uves 1. 2 and 5 show the application of the
m@fhoﬂ of flﬂﬂuenf\ gelection. and Higures
3,4 and 6 show Lhc apphcatlon of the muthou

Senal No o27 399,

of frequency. selection combmed Wlth t‘)e
method of balance.
In Figure 1, Ii, represents a line adflptwd

55

for the transmittal of low frequency currents, v

such as for 'example, telegraph currents,
which is connected with a high frequency
terminal cirenit by means of a IGLLY R, hav-
ing a network N, adapted-to balance the
line ~L;. This Lehy comprises - balanced
windings connected with the line and an ar-
mature 1, which ig under the control of the
said W 1ndlnas and adapted to apply impulses
to the t“ansmvﬁmg circuit, A receiving cir-

“cuit 2 is bridged across the midpoints of the

balanced Wmchnos of the relay R, so that
impulses tra wmsmitted over the line L1 by the
receiving’ circuit 2 will not actuate the re-
celving relay R,. The low frequency output
nn cuit 3 has inserted therein a low pass fil-
ter I, which is adapted to transmit low fre-
(mency signaling currents which may be im-
pressed upon the input side of the modula-
tor M, by means of a transformer T,. ' The
gener ator G may be any type of device
auaptea to generate high frequency sinusci-
dal occﬂhtlons which oscillations may be
impressed upon the input side of the modu-
lator M,. The filter F, or its equivalent is in-
gerted in the high f uequency input cireuit, 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 amphﬁer A,
bV the transformer T,.” The output cirenit
of the amplifier A, is funed and adapted to

‘transmit oscﬂlatlons of the resonant fre-

(uency upon the cutput cirenit 4. - This ous-
put cireuit is connected with a transmitting
circuit TT which is in turn connected Wlth
the main transmission line ML by a trans-
former T,. The filtersherein referred to may
e of the general type illustrated and de-
geribed in the 1. S. Patents to George A.
Campbell No. 1,227,113 and No. 1,227,114,
both dated May 22; 1911

Oscillations received over the line ML and
the receiving branch RI: are impressed by
the transformer T, upon the rescnant input
cireunit 5 of the amnhﬁel A,. The amplified
oscillations are impressed bv 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-
rier fréquency oscillations that pass through

60

65

70

75

80

85

90

95

100

165



10

15

20

26

30

35

40

45

50

55

60

2]

the detector D,, thereby preventing their
passage into the low frequency circuit. Low
{requency impulses which result from de-
modulation are impressed by the transformer
T® upon an input circuit containing a low
pass filter I, and the windings of a polar-
1zed relay R The low 11'equencv Impulses
applied to the said relay aciuate the arma-
ture 6, and send impulses over the low fre-
quency signaling circuit Ly, to the receiving
apparatus associated therewith. R

In the operation of this circuit, low fre-
quency signals arriving over the line L, will
actuafe 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 nnpressed upon the input side
of the modulator M, by the transformer T,.
Since the filter ¥, 1s adapted to pass only
high frequency osclllatlons, the low fre-
quency impulses impressed upon the input
circuit by the transformer T, will not be per-
mitted to pass into the high trequency chan-
nel.
orenerfltm G will pass through the hloh fre-
quency filter F, and be impressed across the
input side of M,. These oscillations will not
also pass into the low frequency cirenits 3 on
account of the presence therein of the low
pass filter I, 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 npon
the modulafmw element, the carrier ciarrent
will be modl,llated thereby and the modu-
lated -oscillations will be amplified by the
amplifier A,, and be impressed upon the out-
put cireuit 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 amphﬁed oscillations will
in turn be Pnpressed 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 I, and be suppressed thereby. The
low frequency signaling impulses resulting
from demodulation ill pass through the
low frequency filter F, and actuate the polar
ized relay R,. High frequency oscillat iono
will not pass into the circuit containing the
relay R, due to the presence of the low pass
ﬁltel therein, which prevents the transmis-
sion of the high 11"equemv oscillations, It
will be seen from the foregoing that the in-
put circuits ave rendered non-interfering by
means of suitable filtering devices inserted
therein.

Figure 2 shows a wayin which the method
of fl,equency selection’ may be applied to a
magnetic translating circuit. T, represents

pass filter F,

High frequency oscillations sef up by

1,438,087

a source of low frequency signaling currents
connected with an amphifier A wheleby the
amplified currents wil] pass thr ough the low
pass filter F, and be mlpre"sed upon the
ron core modulatmo device M, by means of
the winding 1. 1<rh frequency oscillations
from the: source G. which may be of any
well-known type of generating device may
be impressed upon the ampLﬁej A, and the
amplified currents passing through the high
will be unplessed upon the
modulator M, by means of the winding 2.
The third Wmdlno 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 freqnency signaling currents set
up by , ave amplified by the amplifier A,
and pass through the low frequency filter T,
to the modulator M,. Simultaneously hwh
frequency carrier currents produced by G
and amplified by A, pass through the high
'i’re'quency filter K, and are likewise im-
pressed upon the modulator M,. Tt will he
seen that high frequency oscillations cannot
pasgs through the low pass filter I, to the low
frequency circuit, and similarly low fre-
quency cunrre ants cannot pass through the
oh pass filter ¥, to the high fr equency gen-
ng civcuit. In this manner interference
between the input circuits is avoided, and
the modulated oscillations are transmitted
by the winding 4 to the antenna cireuit X,
"TFigure 3 shows a means for combining the
method of fr requency selection vith the
method of balance in order to avoid mterfer-
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 freguency signals
passing through the low pass filter F|. Si-
muluaneouq}y hlon hequency osoﬂlatlons

from the source & passing through the high

pass filter ¥, are mmres%d bv the trans-

former T, upon the input side of the modn-
Tator M,. This modulating device may be of
any well- I\nmvn balanced type such as, for
e*;nmp?e. he balanced duplex modnhfor de-
seribed in the patent to John R. Carson,
1,343.308, dated Ture 15, 1920. It will be
seen that the fovw uqum*cv currents set up
by the +1 wstormer T, in the common con-
duetor of the modulator M, will flow in oD-
posite direciions in the winding of the trans-
former T, snd therefore, will nroduc e sub-
stantially no effect in tl\c generating cirenit
G, and similarly hich f1°quenf-v oscillations
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impreséed across the input side of the_modil'—'

lator will produce substantially no effect in

the windings of the transformer T,. Since

the filter I, 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
Tr,. The low frequency signals set up in this
circnit are impressed across the winding 1

upon ‘the central arm of the core of the

modulator M. High frequency oscillations
from the generator (3 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
1.,. 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
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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 I, and ¥, interposed
in the low frequency and high frequency in-
put circuits respectively prevent the passage
of high frequency and low frequency cur-
rents threugh filters T, and F,, respectively.
If low" frequency signaling currents are im-
pressed upon the winding 1 upon the central

arm of the core, the resultingt flux will-

change the permeability of the core with re-
spect to the winding 2. The high frequency
current set up in the winding 2 by means

i of the source-G will be modulated “accord-

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 iron.core-modu-
lator, thereby assuring a: higher degree of
freedom from interference of the oscillations
in one of the input circuits by those in the
ether-input cireuit. T

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 T-and 1’, across
which a direct current from the battery B,
is applied through the reactance coils C, and
(,. Oscillations are set up in the output cir-
cuit 9 which embraces the antenna ' X.,  Low
frequency signaling current in the trans-
mitter T, may be impressed upon the circnit
3 which is bridged across the -electrodes 1

@

and'1’.. A filter F'l‘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

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
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 os:iliations of

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

Tigure 6. shows an arrangement for a bal-
anced arc modulating system, in which the
method of frequency selection is also applied
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
type connected with a common source of di-

rect current B,, and having reactance coils.

C, and C, associated in the direct current
cirenit.. The cutput circuit is represented by
the antenna X, which has connected therein

-one of the windings 3 of the triple-winding

transformer T,. The other two windings-of
the said transformer are connected in series

“with the arcs, each winding being individual

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
actionn in the winding 8 which is connected
with . the antenna . X. XJnder 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
determined by the inductance L, and the
capacity K,. Brideed across the arc conduc-
tors is a low frequency circuit 4 upon which
signaling cutrents from the transmitter T
may be impressed. TInserted in the low fre-
queny cireuit is a filter T, or its equivalent,
which is adapted to transmit frequencies
within the range of 10 to 2500 cveles. In-
serted in the two arcconductors. between the

point where the low frequency signaling eir-

it is connected across the two arc condue-
tors and the point of connection of the two
arc conductors with one side of the battery
and the oscillation cireult, is a suppression
filter F, which is adapted to suppress oscil-
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varied accordingly,

“bhetween 10

-

lations having a irequencv between 10 and
‘35()() {“‘(los z:nd y fransmit frequencies be-
lowr 10 and %bove 2500 cycles

wamo in mind the foregoing de scription,
the invention will be made cloar from the
following description of its mode of op-
eration:

Direct current will flow from the battery
B, through each of the ares A, and A, and
thi ough the w indings 1 and 2, which are re-
spect vel COIHLQ@" d with the ares A, and
A, ' cney oseillations resulting
in & mann is well-Tmawn will be set
up in the high frequency oseiliating cireuit
which e:lraces d)c ,ndmmz,;@ T,
pacity i and the para allel ¢ omhmmv paths
contr num the arc Ay, the coil 1 and The are
A, and the coil 2 ve ‘SL ectively.  These oscil-
Llll()HS will pass through the filter I, since
it is dusw,gned to trancinit high frcquenc"
oscillations. Since these curre nts are in the

same direction in each of the coils 1 and 2,
and of the same magnitude, no o>c;ﬂatmns
will be set out 1n the output eirenit X, If,
however, low fr requency signaling currents
are hmpressed across the are com‘uuo%‘ h'
means of the circuit 4, the high frequenc:
oscillations in the coils 1 and 2 will b
modalated
the transmi;

+
G
o

i
& S

and the

o
n
1

OUQ‘

5.

cillations will be set up in
cirenit X, since the transformer T, is n
longer balanced. In view of the presence of
the filter T, which suppresses frequencies
and 2500 cycles, the low .{re-
quency current applied acvozs the arc con-
ductors will not be short citenited thre
the junction of the two are conductors with
one side of the dirvect current circuit and the
oscillating civenit. Furthermore, it will be
seen that the filter T, which is the tv pe adapt-
ed to transmit frequencies betaveen 10 and
2500 cycles will prevent his‘gh frequency os-
cillations from being impressed upon
low frequency transmitting civeuit. This
clreuit shows medans whereby each input cir-
cuit of a balanced arc modulator may be
protected from interference by frequencies
which are {foreign to that circuit.
It will be noticed that certain of

the cir-

it arcangements shown in the dr
are cmmeﬂtu, with an ouuput mcun con-
sisting of a metallic transmission civeuit,

mll other cireuit arrangements '-1]0\‘\'] inthe
drawings have their umplt side connected
with a radio antenna. It is to Le understood
that the wvarious civcuit arra ngemen"@
not lunited to. the palu“ulﬂ > type of output
civenit shown, but that the output side of
any civeuit ares ngement may be connected
either with a metallic transmission line or
with a radio without departing
from the scope

antenna 1
of the invention.
Although this invention has been shown
as embodied in particulay forms and organ-
izations of parts, it is to be understood that

are

the-

1,438,987

it is not limited to such forms and organiza-
tions, but may be embodied in other and
different forms within the ccope cf the ap-
pended claims.

What is claimed is:

1. In a high ﬁ‘equency signaling system,
the combination of a tr‘mshtmg dwlce, an
input circuit adapted to iImpress carrier
current upon said translating device, a sec-
ond input circuit adapted £0 impress sig-
naling current upon said translating device
and means associated with each 1nput cireuit
for pl'i"ecnno the currents in each input
civeuit against interference by current of
thie other input circuits.

2. In a hmh n‘equenq signaling system,
the combination of a bal&n(:ﬂd tra wlating
civmm. 2 ohu'“hvy ot input cirveuits adapted
to 1mpvﬁss a2 plurality oi frequencies upon

said frans slating cirenit, and means associ-
ted with each input cn’cuu rdapted to pro-
the frequencies of each input ecircuit
m interference b‘{ the frequencies of the
her output circuits.

3 In a high frequency signaling system,
the combln“tlon of a balanced daple‘; trans-
lating civeuit having thermionic translating
devices associated therewith, input circuits
adapted to impress a carrier current and a
signaling current upon s2id translating cir-
cult, and frequency selecting means associ-

fac)
d

“ated with ‘each wmput circuit to exclude from
each respective circuit frequencies foreign
to it

4. In 2 high frequency signaling system,

the combination of a trzxnslatmo dowce a
plurality of circuits “sututmn 1'espe':-
tively ~sources of carvier cument and of
)

gmaling current, each of the said circuits
having a filter associated thcrev'lth to pre-
vent mutual reaction between the respective
1npu., c¢ircuits,

5. In a high freouency signaling system,
ths combvmtlon ot a mod al‘mon <-11'cmt, ‘z
source of low frequency current, a souvce
of carrier frequency current and means in-
terp \sed between the said modulation cir-
cuit and each’ of said sources to prevent cur-
rent from one source 111*61 fering with cur-
rent from said other source.

6. In a hi gh ncquen v signaling system,
the comb*mt’on of a moﬂuldtmn cirenit,
source of low freq uency curient. a source of

arrier  current  und h‘equencv selecting
means inserted between said circuit and ead
of said scurces adapted to transmit readily
fy equency pmmv‘ﬂd by the source =with
which the said s@loci ng means is connected,
7. In a high frequency signaling system,
the combination of a translati ng mrcmt. a
cirenit having a source of current of one
frequency, a eiveuit having a source of car-
rier of current. each of fud latter cireunits
ha ing selecting networks adapted to trans-
mit frequency of its particular source, and
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cach of said latter circuits being so con-
nected
prevent current in one of smd sources 1in-
ducing current in the mrcuw of the other
of sa,ld sources. .

8. In a high numency Sl“lldhh” system.
the combination of a balanced auplex trans-

lating circuit, a source of signaling current,

o source of carrier current and a flter con-
nected between said translating circuit and:

each of said sources.

9. In a high frequency signaling system,

the combination of a radio 11Lq11en(,y trans-
mitting cncmt, a b1y anslating cirenit having

with said  translating cucmt as to

i plurality
imnpub cir
souree -of
of said mput cnuuts a source : of carrier
chqueml), and a filter individual to and
connected with each input circuit to trans-
mit current only of the frequency which

of input civeuits, one of ‘said
ut having conneeted therewith a

~characterizes that particular cireuit.
~ In testimony whereof, we have signed our |
‘names to this Spccﬂlmtl_on this )9th day of

september, 1919,

LIOYD ESPENSCHIUD
HERMAN A. AFTFEL,
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