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UNITED STATES

1,463,200
PATENT OFFICE.

J’OHN_ﬁAVIDBON, J’B.,."OF‘ MONTCLAIR, NEW JERSEY, ASSIGNOR TO AMERICAN TELE-
PHONE AND TELEGRAPH COMPANY, A CORPORATION OF NEW YORK.

'RINGING ARRANGEMENT FOE MULTIPLEX CIRCUITS.

Application filed September 24, 1818, Serial No. 325,824,

7o all whom it may concern:

Be it known that I, JorN Davipsox, Jr.,
residing at Montclair, in the county of Essex
and State of New Jersey, have invented cer-
tain. Improvements in Ringing Arrange-
ments for Multiplex Circuits, of which the
following is a specification. ’

- This invention relates to multiplex sys-
tems employing ‘carrier currents and more
particularly to arrangements whereby ring-
ing or other signaling currents may be trans-
mitted over the channels of such a system.

- One of the features of this invention re-
sides in the provision in a carrier system of
‘a special amplifier for amplifying ringing
currents received from the carrier trans-
mission circuit, so that the amplhfication of
said ringing currents may be adjusted to any
desired degree independent of the amplifi-
cation desired for telephonic or other sig-
naling currents. : '

- Another feature of the invention resides in
the provision of an arrangement in the low
frequency line or circuit for controlling the
relaying of ringing currents in either direc-
tion at the junction point of the low fre-

- quency line or circuit with the carrier sys-
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* . These- features, together with other fea-
tures of the invention, which will more fully
appear -hereinafter, may be realized in ac-
cordance with the detalled arrangement set
forth in.the following description and il-
lustrated in the accompanying drawing, Fig-
ures 1 and 2 of which constitute circuit dia-

grams of two embodiments of the invention ~

.and Figure 3 of which illustrates a circuit

sarrangement of a form of oscillator which

may bs employed for supplying ringing eur-
ent

rent. .

In Figure 1 ML designates & main line or
circuit .for the transmission of carrier cur-
rents, Common transmitting and receiving
circuits TL: and RL are associated with the
main line ML through a balanced trans-
former 10. In order that the circuits TL
and RL may be rendered conjugate so that
electrical . disturbances in the one will be
without effect upon the other, the main line

ML is balanced by an artificial line or net-

-work MN. . : :

L, designates & low frequency signaling
hie or circuit, which, in common with a
“plurality of other lines, is adapted to trans-
‘mit signals over the main-line MiL. Inthe

case illustrated, the line L, is an drdinary '

low frequency telephone circuit. The line
L, is associated through the transformer 11,
with an outgoing carrier transmission chan-
nel TL, and an incoming carrier receiving
channel RL,. These two channels are ren-
dered substantially conjugate by providing
an artificial line or network N, for ﬁalancing

the line L,. The channels TL, and RL, are - -

associated with the-common circuits TL and

RL through filters TF’, and RF, respec-
tively. Similar channels corresponding to
other low frequency signaling circuits

may -
be associated with the circuits TL and RZ

through filters TF’, and RF, respectively.
These filters are preferabl:
band type disclosed in the Uy S. patents of
George A. Cazilfbell, Nos. 1,227,118-and 1,-
227,114, dated May 22, 1917. Said filters are
designed in accordance with the principles
of the Campbell patents above referred to,
in such a manner that they will transmit
bands of frequencies in the neighborhood of

the carrier frequency assigned.to the chan-

nel, the bands being of sufficient width to ac-
commodate the frequency variation due to
the modulation of the basic carrier  fre-

. quency by the signaling frequemncies, “The

bands transmitted by the filters' TF’, and

RF, may in practice be the same. 'The bands

transmitted b

by other filters, such as TF’,
and RF, shoul

be sufficiently remote from

the bands transmitted by the filters TF*, and’
RF, to allow for frequency separation be- -

tween the channels. ‘

The transmitting chanunel TL, includes &
modulator M,; a band filter TF, and an am-
plifier TA,. The modulator
any well-known type, but is illustrated as a
duplex vacuum tube modulator of the t

illustrated and described in the U. S. appli-

cation of John R. Carson, Serial No. 157,418,

filed March 25,1917. The modulater is sup-

I\'f, may be of
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plied with carrier currents of the frequency

assigned to the channel, over a circuit 12.
The -arrangement is such that carrier cur-
rents are not transmitted by the moedulstor
unless the circuit is unbalanced, dus to the
application of signaling current thereto.
he filter TF, is a band filter of the type
disclosed in the Campbell patents above re-
ferred to and is designed to suppress low
frequencies and pass the carrier frequencies.
The amplifier TA, may be of any well-

known chardcter, but is preferably o duplex

263

3¢5 .

288



13

vacuum tube amplifier, which, as is well-
known, provides a minimum degree of dis-

‘tortion st high frequencies and hence Is
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(1)

well adapted for the amplification of car-
rier currents. '

The receiving or incoming channel RL,
includes a detector or demodulator D,. This
demodulator may be of any well-known
type, but is preferably a duplex vacuum
tube modulator of the general character
illustrated and described in the U. S. ap-
plication of John R. Carson, Serial No. 157,
414, filed March 26, 1917. The duplex de-
modulator described in the said Carson ap-
plication operates upon the so-called homo-
dyne method of receiving and consequently
is supplied from the circuit 13 with oscilla-
tions of the carrier frequency assigned to
the channel. The oscillations supplied from
the circuit 18 react in a well-known man-
ner with the received modulated currents,
to detect the low frequency signaling cur-
rents.

The channel RL, alsc includes an ampli-
fier RA, and a filter RF’,. The amplifier
RA, is preferably a vacuum tube amplifier
as illustrated, and serves to amplify the de-
tected signaling currents. The filter R¥’,
may be of the general type illustrated in the
above mentioned patents to George A. Camp-
bell and is preferably so designed as to
transmit & range of frequencies extending
from zero up to the highest frequency em-
ployed in ordinary telephonic transmission.

ince it is generally customary to ring
over lines such as L, at relatively low {re-
quencies, such, for instance as 16 cycles per
second, it is desirable that some apparatus

should be provided at the junction between

the low-frequency line and the carrier sys-
tem, to translate these ringing currents into
ringing currents of some higher irequency
which is more suitable for the modulation
of carrier currents. It has generally been
found that ringing currents having a fre-
quency of 133 cycles is adapted to this pur-
pose, although it will be understood that
other freguencies may be used, if preferred.
In order to produce the translation in ring-
ing frequency above referred to, the line L,
is provided with a ringing responsive re-
lay 14 associated with the left hand wind-
ing of a transformer 15. Said relay 14 con-
trols a. relay 16, whereby ringing current
from a source RS may be applied to the
junction point of the line L, with the trans-
former 11, so that ringing current is trans-
mitted through said transformer to the out-
going carrier channel TL,. The 133 cycle
ringing source RS may be of any well-
known character, but is preferably an oscil-

lating vacuum tube arrangement such as

illustrated in Figure 8. Kor--reasons of
ecopomy it is desirzble that this ringing
source should supply ringing current for a

> 1,468,300

plurality of signaling circuits and conse-
quently its outgoing circuit 17.is provided
with parallel connections leading to the con-
tacts of relays such as 16 for a number of
different circuits.

In order to provide for relaying ringbing
currents incoming from the main line ML
to the line I, a circuit 18 leading to the in-
put of an amplifier A, is connected to the
right hand winding of the transformer 15.
The circuit 18 is turned by means of the
condenser to respond to 133 cycles. A ring-
ing responsive relay 19 is associated with the
output circuit of the amplifier A, and con-
trols the circuit of a relay 20 which applies
16 cycle ringing current to the line L, over
its front contacts and simultaneously short
circuits the outgoing channel TL, in order to
prevent the transmission thereto of 133 cycle
ringing current incoming from the channel
RIL,. The relay 19 contrels the relay 20
through a slow acting relay 21 which, when
it functions to close the circuit of the relay
920, simultaneously opens the circuit of the
relay 16 to prevent a false operation of said
relay. The relay 16 is also so arranged that
when actuated to apply ringing current to
the channel TL, i prevents the de-energiza-
tion of the slow acting relay 21, so that it
is impossible to complete a circuit over the
relay 20.

The operation of the arrangement of Fig-
ure 1 is as follows: Talking currents in-
coming from the line I, are transmitted

through the transformer 11 to the circuit I

TL, and are impressed upon the modulator
M,. High frequency carrier currents from
the circuit 12 are now modulated by the
modulator M, in accordance with the talk-
ing currents and the modulated high fre-
quency currents are transmitted through the
filter TF,, amplified by the amplifier TA,
and then transmitted through the filter
TF’, -to the common circuit TL. These

-modulated carrier frequencies, together with

modulated carrier frequencies from other
channels simultaneously impressed upon the
circuit TL, are transmitted through the
transformer 10 to-the main line ML, Modu-

lated carrier currents incoming from the .

line ML, having the proper frequency, are
selected by the filter %&Fﬁ) from the cireuit
RL and impressed upon the detector D,.
Ag a result of the reaction of the received
carrier currents and the unmodulated car-
rier currents from the circuit 13 in the de-
tector D,, the low frequency talking cur-
rents appear in the output circuit of said
detector, and are impressed upon the ampli-

fier RA,. After being amplified the low fre- 1

quency currents are transmitted through the
filter RF’, to the main line L. .

Sixteen cycle ringing currené  incoming
from the line L, actuates the ringing re-

sponsive relay 14 which af its lower fromt 1
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contact completes the circuit from ground

over the normally closed contact of relay 21,

front contact of relay 14 and through the
winding of relay 16 to battery. Relay 16, at
its front contacts connects 133 cycle ringing
current to the right winding of the trans-
former 11 and said ringing current is trans-
mitted through the transformer 11 to the
outgoing carrier channel TL,. The relay 16
at its lower front contact also connects

ground to the winding of the slow acting

relay 21, thereby preventing the said slow
acting relay from being de-energized, due to
the chattering of the contacts of the ringing
responsive relay 19. Relay 21 is therefore
held actuated and prevents false operation

-of the relay 20. . The 133 cycle ringing cur-

rent transmitted to the channel TL, is im-
pressed upon the input of the modulator M,
and modulates carrier current from.the cir-
cuit 12. . The modulated -carrier current is
then transmitted through the filter TF,, am-
plified by the amplifier TA, and passed
through the filter TF’, to the common cir-
cuit Ti, from which it istransmitted through
the transformer 10 to the main line ML,
Carrier currents modulsted in accordance
with ringing currents and transmitted over
the line ML: from a distant station, are im-
pressed upon the common circuit RL and
are selected through the filter RF, and im-
pressed upon the input circuit of the de-
modulator D,.. The modulated carrier fre-

quencies react with carrier currents from the

circuit 13, so that 133 cycle ringing cur-
rents appear in the output circuit of the de-
modulator D,. These 133 cycle ringing cur-
rents are amplified by the amplifier RA,
and transmitted through the filter RF’, and
over the contacts of the relay 16 to the cir-
cuit 18. From the circuit 18 the 133 cycle
ringing currents are passed to the amplifier
A, which amplifies the ringing currents so
that the amplified currents actuate the ring-
ing responsive relay 19. The actuation of
this relay causes the de-energization of the
slow acting relay 21 which disconnects
ground from the circuit of the relay 16 to
prevent a false operation and connects
ground to the circuit of relay 20. Relay 20
is therefore energized and applies 16 cycle
ringing currents over its front contacts to the

-line L,. At the same time it short circuits

the channel TL., at its upper front contact
to prevent the transmission of 1383 cycle
ringing current from the circuit RL* to the
circuit TL,. :

In the arrangement which is described it
will be noted that the means for relaying the
ringing currents in both directions is asso-
ciated with the low frequency line L,. A
modification of the invention isillustrated

‘in Figure 2, in which the 133 cycle ringing

current is applied to and taken off from the
carrier channels. In this figure a relay 22

responsive to 16 cycle ringing current is

bridged across the line L, and controls,

through a slow acting relay 23, a relay 24
which applies ringing current to the input
connection of the modulator M, from the 133
cycle ringing source RS. The relay 24 is
also arranged to short circuit the input
winding of the amplifier RA, to prevent the
transmission of 133 cycle ringing current
from the detector D,. 4

In order to provide for relayin rin%}Ing
currents incoming from the main line ML,
the circuit 25 leading to the input of the
amplifier A, is associated with the secondary
winding of a transformer 26. The amplifier
A, is arranged to amplify 133 cycle ringing
current coming from the detector D, and
controls, through its output circuit, a relay
27 responsive to: 133 cycle ringing current.
Relay 27, through a slow acting relay 28,

controls a relay 29, whereby 16 cycle ringing

current is impressed upon the line Li,. Re-
lay 29 also functions to short circuit the
channel TL, to prevent 133 cycle ringing
current from being impresed thereon from
the incoming channel RL,. '

The operation of the arrangement of Fig-
ure 2 with respect to the transmission of
telephone currents is similar to that de-
scribed for Figure 1. Ringing current in-
coming from the line L,, however, actuates
the ringing responsive relay 22, thereby
opening the circuit of the slow acting relay

23.  The slow acting relay 23 thereby ener- .

gizes relay 24 which connects 133 cyele ring-
ing current from a source RS to the input

connection of the modulator M,. Ringing.
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current applied to the modulator modulates

the carrier current from the source 12 and
the modulated currents are then transmitted
through a filter TF,, amplified by the ampli-
fier TA, and transmitted through the filter

105

TF’, to the common transmitting circuit

TL, from which they are. impressed upon
the line ML through the transformer 10.
Carrier frequencies modulated by 133
cycle ringing currents at the distant station,
after being transmitted over the line ML,
are impressed upon the common receiving
circuit RL and passed through the filter RF,
to the input circuit of the demodulator D,.
Detected 133 cycle ringing currents now .ap-
pear in the output circuit of said demodu-
lator and after being amplified by the ampli-
fier RA, are impressed through the circuit
25 upon the amplifier A,, which is adjusted
to secure proper amplification for 133 cycle
currents to operate the relay 27. The opera-
tion of relay 27 opens the circuit of the
slow acting relay 28, which_in turn closes
the circuit of the relay 29. '-Relay 29, over
its front contacts, applies 16 cycle ringing
current to the line L, and simultaneously

short circuits the channel TI, over its up-’

per front contact, thereby preventing 133
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cycle ringing current from being transmitted
through the channel RL, to the channel TL,,
It will be noted that when the relay 24 was
actuated to apply 133 cycle current to the
outgoing channel, said relay at its lower

front contact closed a short circuit connec- .
tion across the input of the amplifier RA,
"in the receiving channel RL,. - This pre-

vented the possibility of the transmission

of 188 cycle current over the channel TL,-
into the common circuit TL through the .

transformer 10 back into the common re-
ceiving circuit RL and through the receiv-
ing channel RL, to the relay 27, conse-
quently no false operation of this relay can
result. ‘

By the provision of a supplemental ampli-
fier for the ringing current received over the
carrier transmission circuit, the received
ringing current may be amplified to any de-
sired degree suitabYe for operation of ring-
ing responsive apparatus. The amplifier
RA, is not satisfactory for -this purpose,
since when this amplifier is-adjusted to se-
cure the proper amplification for telephone
currents it does not sufficiently amplify the
received ringing currents.

" It will be obvious that the general prin-

ciples herein disclosed may be embodied in-

many other organizations widely different
from those illustrated, without departing
from the spirit of the invention as defined
in the following claims.

What is claimed is:

1. In a multiplex carrier system, a sig-
naling circuit, a circuit for the transmis-

. sion of alternately carrier currents, an in-
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coming carrier channel for interconnecting
said circuits, said channel including means
for translating carrier currents into signal-
ing currents, an amplifier in said channel for
amplifying signaling currents, another am-
plifier asscciated with said channel for am-
plifying ringing "currents incoming from
said carrier transmission circuit, and means
responsive to ringing currents amplified by
said second mentioned amplifier for apply-
ing ringing currents to said signaling cir-
cuit. ~

2. In a multiplex carrier system, a signal-
ing cireuit, o circuit for the transmission of
alternating carrier currents, outgoing and
incoming carrier channels interconrecting
said circuits, said. channels including means
for tramslating signaling currents into car-
rier curremts, and vice versa, means re-
sponsive to ringing current incoming from
seid signaling circuit for applying ringing
current to said outgoing channel, an amph-
fier in said incoming channel for amplhfy-
ing signaling current, a second amplifier as-
sociated vggﬁn said .channel for amplifying
ringing currents, and means responsive to
amplified ringing currents.incoming from

. gaid cervier transmission cireuit for apply-

1,468,300

ing ringing currents to said signaling cir-
cuit.

3. In a multiplex carrier system, a signal-
ing circuit, a circuit for the transmission of
alternating carrier currents, outgoing and
incoming carrier channels interconnecting
said circuits, said channels including means
for translating signaling currents into car-
rier currents, and vice versa; means asso-
ciated with said signaling circuit and re-
sponsive to ringing current transmitted
thereover for applying ringing current to
said outgoing carrier channel, and means as-
sociated with said signaling circuit and re-
sponsive to ringing current incoming from ¢
said incoming carrier channel to apply ring-
ing current to said signaling circuit.

4. In a multiplex carrier system, a signal-
ing circuit, a circuit for the transmission of
alternating carrier currents, outgoing and
incoming carrier channels interconnecting
said circuits, said channels including means
for translating signaling currents into car-
rier currents, and vice versa, means associ-
ated with said signaling circuit and respon- C
sive to ringing currents incoming from said
circuit to apply ringing currents to said out-
going ‘carrier channel, means associated
with said signaling circuit for amplifying
ringing currents incoming from said incom-
ing carrier channel, and means responsive {o
such amplified ringing currents for apply-
ing ringing current to said signaling cir-
cuit. ' :

5. In a multiplex carrier system, a sig-
nalirgg circuit, a circuit for the transmission
of alternating carrier currents, outgoing and
incoming carrier channels interconnecting
said circuits, said channels including means
for translating signaling currents into car-
rier currents, and vice verss, a relay asso-
ciated with said signaling circuit and re-
sponsive to ringing current incoming from
said signaling circuit to control the applica-
tion of ringing current to said outgoing car-
rier channel, means associated with said
signaling cireuit to amplify ringing current
incoming from said incomirg carrier chan-
nel and a ringing responsive relay associat-
ed with said amplifying means for control-
ling the application of ringing cusrent to
said signaling circuit.

6. In a multiplex carrier system, a signal-
ing circuit, a circuit for the transmission of
alternating carrier currents, an incoming
carrier channel interconnecting said circwits,
said channel including means for translatin
carrier currents into signaling currents, an
an amplifier associated with said signaling
circuit for amplifying ringing currents in-
coming from said carrier channel. =~ .

7. In a multiplex c¢arrier system, & signal-
ing cireuit, a circuit for the transmission of
alternating carrier currents, an incoming

corrier channel infercommecting soid eir- 120
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cuits, said channel including means for
translating carrier currents into signaling
currents, an amplifier for amplifying signal-
Ing currents incoming from said carrier
8 channel and a second amplifier for amplify-
ing ringing currents incoming from said
channel.
8. In a multiplex carrier system, a signaling
circuit, a circuit for the transmission of alter-
1¢ nating carrier currents, an incoming carrier
channel interconnecting said circuits, said
channel including means for translating car-

rier currents into signaling currents, an
amplifier for amplifying signaling currents
incoming from said carrier channel, a sec-
ond amplifier for amplifying ringing cur-
rents incoming from said carrier channel,
and means controlled by said second men-
tioned amplifier for applying ringing cur-
rents to said signaling circuit.

In testimony whereof, I have signed my

name to this specification this 28rd day of

September 1919,
JOHN DAVIDSON, Jr.

15

20



