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To all whom it may concern: _

Be it known that I, Lroyp EsrexscHrED,
residing at Queens, in the county of Queens
and State of New York, have invented cer-

& tain Improvements in High-Frequency Mul-
tiplex Signaling Systems, of which the fol-
lowing is a specification.

This invention relates to high frequency
multiplex signaling system and more par-

10 ticularly to a terminal circuit arrangement
embodying the use of amplifiers adapted to
‘amplify the side band and the carrier fre-
quency oscillations received by the said ter-
minal circuit. ‘

15 This application is a division of my co-

gznding application, Serial No. 327501 filed

ptember 30, 1919, entitled High frequency
multiplex signaling system.

The broad object of the invention is to

20 jmprove the transmission efficiency and the
transmission quality of carrier current cir-
cuits. One feature is the provision of a car-
rier current amplifier for improving the
transmission efficiency of the carrier circuit.

25 A further object of the invention is to pro-
vide means whereby the ratio of the unmodu-
Jated carrier eurrent transmitted over the
system to 'the modulated or side band com-
ponent may be controlled for the purpose of

30 insuring good quality in the carrier trans-
missiop circuit. .

A comprehensive inderstanding of the in-
vention will be facilitated by recogmizing
that in the ordinary form of carrier current

35 transmission represented by radio, there are
involved really two channels, one the un-
modulated carrier current which is trans-
mitted over the system at the original car-
rier frequency and the other the modulated

40 4r side band component which is transmitted-

at a frequency differing from the original
carrier frequency by an amount correspond-
ing to the signaling frequency. These two
channels are commonly treated in radio, for
example, as a single channel, and at the re-
ceiving end are fed unseparated into the
detector. The detecting action obtains, how-
ever, only by virtue of modulation between,
that is, the beating together of, the currents
50 4f the two channels, the carrier and one or

both side bands. The present invention is

concerned with carrier current systems, both

wire and wireless, wherein the carrier is
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transmitted directly along with the side

bands as per ordinary radio practice, as dis-
tinguished from the type of carrier system
first employed for multiplex service over
wires wherein the carrier channel is sup-
pressed at the sending end and resupplied
at the receiving end by a control system.
One feature of the invention resides in the
use of an amplifier in the high frequenc
part of the circuit which amplifies simul-
taneously both the carrier and the side band
currents. A given amplification inserted in
this manner in the high frequency circuit
results in a twofold amplification of the de-

* tected current by virtue of the fact that the

amplitude of the detected current is a func-
tion of the product of the amplitudes of th

carrier and the side band currents. »
It has been found that for the obtaining

‘of good quality in carrier telephone trans-

mission, it is necessary that the carrier sup-
ply current be large compared with the side
band currents. This relation is necessary in
order that in detection or demodulation, the
product term of carrier and side band, repre-
senting the desired detected current of sig-
naling frequency, be large in amplitude com-
pared with the other product terms such as

those resulting from modulation between the-

two side bands or between the component
currents of one side band, which currents
represent undesired detected currents tend-
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ing to interfere with and depreciate the

quality of the transmission. A further fea-
ture of the invention is the provision of
means whereby the carrier and the side
bands may be amplified in different propor-
tions, that is, the ratio of the amplitudes of
the ecarrier to the side band currents may be
varied for the purpose of improving quality
in the manner indicated. This is accom-
plished by combining with the high fre-
quency amplifying apparatus, selective cir-
cuits which discriminate as between the car-
rier frequency and the side band frequency.

The drawing shows the application of the
invention to a terminal circuit of the type
characterized by a single translatil:ﬁ circuit
adapted to modulate and demodulate the
outgoing and incoming currents. In the fig-
ure L, represents the high frequency line
over which it may be assumed that currents
of the frequency n and n-f are being re-
ceived. These frequencies are impressed by
the transformer T, upon the input circuit 1.
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10

The high frequency band filter I, adapted
to pass oscillations represented by the fre-

uency n—f is inserted in the input side of
the terminal which is connected with the
translating circuit by the transformer T,.
Bridged across the input circuit 1 is a by-
pass 2, having therein a filter F, adapted to
transmit only the carrier frequency n. The
oscillations of this frequency are amplified
by the amplifier A, and are impressed upon

- the common conductor of the duplex modu-

lating and demodulating device MD,. As.
sociated with the high frequency output

- branch 2 is a high frequency band filter F,.
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F, and F; represent low frequency filters
which are adapted to transmit currents of
the signaling frequency. The mode of oper-

-ation of this circuit is as follows: Let it be'

assumed that the carrier frequency n and a
band of frequencies represented by n-f, are
being received over the line I, from the
circuit at the opposite end of the said line,
and are being impressed. upon the receiving
branch 1 of the terminal circuit shown in

‘the figure. The band of frequencies repre-

sented by n—f will pass through the filter F,
and will be impressed by the transformer T,
upon the modulating and demodulating de-
vice MD,. The carrier frequency » will be
selectively amplified by the amplifier A, and
the amplified oscillations of this frequency
will be impressed upon the translating de-
vice MD,. The low frequency signaling
current resulting from demodulation will be
impressed by the transformer T, upon the
output side of the terminal circuit and pass-
ing through the low frequency filter F,
will be impressed upon the low frequency
sionaling circuit L,. The low frequency

signal'ng currents set up in the circuit I,
by the low frequency signaling apparatus

associated therewith will be impressed upon
the inpnt branch 4 of the transmitting path
and prssing through the low frequency filter
F. will be impressed upon the translating
circuit bv the transformer T,. These low
frequency currents will modulate the am-
plified high frequency carrier current im-
pressed upon the translating circuit by the
amplifier A, and the modulated high fre-
quency current resulting therefrom will be
impressed upon the output circuit by the
transformer T.. These modulated high fre-
avency oscillations will pass through the
hich frequency band filter F, and over the
transmission line L.

Tt will be seen therefore that by means
of the arrangement shown in the ficure the
vnmodulated carrier oscillations which are
simultaneously transmitted together with
one or more of the side bands based upon
this carrier frequency may be separated,
from the said band or bands in the receiving
branch of the terminal circuit and may be
amplified sevarately from the side bands
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and impressed upon a translating circuit
common to the transmitting and receiving
paths of the terminal circuits.

It will furthermore be seen that by-suit-
able adjustment of the amplifier A, the rela-
tive amplitudes of the carrier oscillations
and the side band oscillations may be con-
trolled. Tt will also be seen that by means
of the balanced duplex translating circuit
oscillations of the carrier frequency are sup-
pressed therein and do not pass through
the transformer T, Consequently this
tends to reduce the possibility of singing in
case the balancing networks did not exactly
balance their corresponding line ecircuits.
Although this invention is disclosed as em-
bodied in a wire signaling circuit it is to be
understood that it is equally applicable to
radio transmission systems.

Furthermore, although this invention has
been shown as embodied in certain specific
form or arrangement of parts, it is to be
understood that it may be embodied in other
and different forms and arrangements with-
out departing from the spirit and scope of
the appended claims. : E

What is claimed is: :

1. In a signaling system adapted for the
transmission and reception of high fre-
quency signals, the method which consists
in simultaneously receiving from a common
medium modulated high frequency oscilla-
tions and unmodulated high frequency os-
cillations, separating the two types of oscil-
lations, amplifying the unmodulated type,
and detecting the modulated oscillations by
means of the amplified unmodulated oscil-
lations.

2. In a signaling system adapted for the
transmission and reception of high fre-
quency signals, the method for improving
the quality of detection for signals which
consists in simultaneously receiving from a
common medium modulated and unmodu-
lated carrier currents, selectively separating
the said modulated and unmodulated cur-
rents, amplifying the unmodulated carrier
current to a definite degree, depending on
the amplitude of the modulated current, and
detecting the modulated current by means of
the amplified carrier current.

8. In a signaling system adapted for the
transmission and reception of high fre-

~quency signals, the method for improving

the quality of detection of signals which
consists in simultaneously receiving from a
common medium modulated and unmodu-
lated carrier currents, selectively separating
the said modulated and unmodulated cur-
rents, amplifying the unmodulated carrier
current to a definite degree, depending upon
the amplitude of the modulated current, de-
tecting the signaling component of the mod-
ulated current by means of the amplified
carrier current, suppressing the unmody-
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lated carrier current and transmitting the
detected current. . '

‘4. In a signaling system adapted for the
transmission and reception of high fre-
quency signals, the method which consists
in simultaneously receiving low frequency
signaling variations and unmodulated high
frequency oscillations, amplifying the said
oscillations, modulating the amplified oscil-
lations by means of said variations, sup-
pressing the unmodulated high frequency
oscillations and transmitting the modulated
high frequency oscillations.

5. In a signaling system, the combination
with two line circuits one of which has a
source of unmodulated carrier current asso-
ciated therewith of a four-wire connecting
circuit having a translating circuit asso-
ciated therewith comprising means to modu-
late and demodulate impressed oscillations,
filters arranged in the two-wire branches of
the four-wire circuit so as to provide proper
paths for the transmitted and received cur-
rents and a by-pass circuit connected with
one of said two-wire branches having a

filter and an amplifier associated therewith.

adapted to select and amplify the unmodu-
lated carrier current and means to impress
said amplified, carrier current upon the said
translating . circuit.

6. In a signaling system, a combination
of two line circuits, one of which has a
source of carrier current associated there-
with and a four-wire connecting circuit
characterized by a translating circuit com-

mon to the transmitting and receiving paths:

of the four-wire circuit and having means
to modulate and demodulate the currents
flowing through said transmitting and re-
ceiving paths, and further characterized by
means to select and amplify the carrier fre-
quency current before impressing it upon
the said translating circuit.

7. In a signaling system, the combination
of two line circuits, having connected there-
with sources of low frequency and high fre-
quency currents respectively and a four-wire

connecting circuit characterized by a
translating circuit having means to modu-
late and demodulate said low frequency and
high frequency currents impressed thereon
by said line circuits, and further character-
ized by means to select and amplify oscilla-
tions of carrier frequency received over one
of said line circuits and to impress the am-
plified oscillations upon the translating cir-
cuit, the said modulating and demodulating
means being arranged to suppress therein
unmodulated oscillations of carrier ~ fre-
quency.
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8. In a signaling system, the combination .

of two line circuits each having sources of
current connected thereto and having net-
works individual thereto adapted to balance
said lines, a four-wire connecting circuit elec-
trically related to said line circuits by con-
jugate transformers, a translating circuit
bridged across the two-wire branches of
the four-wire circuit, common to the trans-
mitting and receiving paths of the four-
wire circuit, low pass and high frequency
band filters in each of the said two-wire
branches, and a by-pass circuit connecting
one of said two-wire branches and said trans-
lating circuit and having means to select
and amplify currents from one of said

~sources and to impress the amplified currents

on said translating circuit.
9. In a high frequency signaling system,

"the combination of a receiving circuit

adapted for the reception of oscillations of
the side band frequencies and oscillations of
the carrier frequency, a detector, means for
selecting .and amplifying oscillations of the
carrier frequency to the exclusion of ‘the
side band frequencies and means for im-
pressing simultaneously upon the said de-
tector oscillations of the side band fre-

quencies and amplified oscillations of the

carrier frequency. :

In testimony whereof, I have signed my
name to this specification this 7th day of
April 1921. Co Y
LLOYD ESPENSCHIED.
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