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This invention relates to communication sy_s- '-

tems and particularly to telephone systems in-
cluding subscribers’ stations connected to the
telephone exchange over a power line.

An object of the invention is the prevention :

of bell tapping at telephone subscriber stations
which are arranged for carrier current trans-
mission of speech and signaling circuits.

This invention is an improved signaling cir-

cuit arrangement at a telephone subscriber’s

station which is connected for carrier current
operation over g power line. A feature of the
invention is the provision of means for prevent-

ing bell tapping responsive to static disturbances

on the power line or to carrier current received
over the power line.

A clear and complete descnptmn of the in-

vention will be facilitated by considering a sys-

tem in which the inventfion is embodied, one
such system being illustrated schematically in
the drawing. The invention is not limited to
the particular system shown, but is generally ap-

plicable to telephone sy.stems arranged fcr carrler

current signaling.
The drawing, which ccn51sts of two ﬁgures

- (C1 179--—-2 5)
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| connéctcrs.

Reference may be had to the afore-
mentioned patent to R, L. Stokley for a descrip-
tion of the operation of a step-by-step line finder.
Each of the switches LF, S and C is represented

by a set of brushes and a single set of bank

terminals, the relays and other apparatus asso-
ciated with the line finder LF and selector S
being entirely omitted and the relays and other
apparatus associated with the connector C be-
ing shown only to the extent that is necessary
for a clear and complete explanation of the in-
vention. Omitted. apparatus is represented by
broken lines. The connector C is arranged for
ten-party code ringing, and includes a code-

ringing selector comprising brushes 31 and 32

for selecting any one of five ringing code supply
conductors from the ringing machine. Refer-
ence may be had to the patent to C. D. Koechling

12,289,503, granted July 14, 1924, for a complete

description of the operation of such a connector.
The carrier terminal apparatus CT, associated
with the line L2, is Similar to the like designated

- apparatus in the copending patent application

20

shows schematically an automatic telephone

system comprising telephone subscribers’ sta-
tions connected to the telephone exchange by 3
power line and arranged for carrier current
operation over the power line.

Fig, 1 shows g

comprising a line.
nector C. PFig. 1 further shows another sub-
scriber’s line L2 having associated therewith
carrier terminal equipment CT which is con-

nected through a coupler 68 to a poOwer lme PL;

and

Fig. 2 shows the power line PL connected to

each of a plurallty of telephone subscriber sta-
tions B, C, D, the station B being shown in detail.

The subscriber’s station A is of the usual type

provided in common battery telephone systems
and includes a dial for use in establishing desired
connections. The line circuits LCI and LC2

associated with lines Li and L2, respectively,

each consists of a line relay and a line cut-off
relay as in the line circuit disclosed in the patent
to R. L. Stokley, 1,799,654, April 7, 1931,
line finder, selector and connector switches are
of the two-motion step-by-step type; and refer-
erice may be had to “Automatic Telephony” by
Smith and Campbell, second edition, published
- In 1921 for a description of the structure of such

switches and their operation as selectors: &nd'

telephone subscriber’s statmn.
A connected by a line Lid to a central office CO
inder LP, selector S and con-

Serial No. 653,254, filed March 9, 1946, by R. C.
Edson and J. W. Emling, The apparatus CT
comprises a modulator 4% for transmitting voice

- and signal modulated carrier current of a fre-

30

quency F'l over the power line on all calls; a
demodulator 82 for voice modulated and signal
modulated carrier current of frequency F2 and a
demodulator 96 for voice modulated carrier cur-
rent of frequency F3. Reference may be had to

- the Edson-Emling application for a complete de-
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scription of the apparatus CT, the description

herein being limited to that required for a clear
and complete understanding of the invention.
The condiictors of line L2 are connected to one

pair of windings of hybrid coil 29, through which

voice and signaling currents are fransmitted
from line 1.2 to the modulator 45 and frcm de-

modulator 52 to line L.2.

The subscriber station B and each of the other
stations is similar to station A disclosed in the
aforementioned Edson~Emling application, but
differs therefrom in some respects including the
ringing arrangement. The power line PL is con-
nected through coupler €9 to the plug-in pad 78.
The subscriber’s station comprises a ringer 85, a
handset 88, and associated switch 89, and an im-

‘pulse dial 90 of usual type for use in establishing

desired connections. The station further com-
prises an induction coil 281 and modulator, am~
plifier and band filter apparatus represented by
the enclosure 34 for transmitting voice and sig-

-nahng current over the power line PL from sta-
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tion B. The station further comprises band fil-
ter and amplifier apparatus represented by the
enclosure 72 responsive to voice and signaling
current incoming over the power line PL, a de-
modulator 13, signaling relays Rl and R2, and a
busy indicating lamp 84. The station is provided
with a suitable source of energy which is repre-
sented as being an alteranting current source 99,
transformer 96 and rectifier 97. The source 9%
may be the power line PL or an intermediate
transformer connected thereto.

Assume now that g call is initiated at station
A, that the line finder LI* operates to extend the
line Il to the selector S, that the selector S is
operated under the control of the dial at station A
to select g group of connectors and is further op-
erated to select an idle connector C in the se-
lected group. When the calling subscriber dials

b

10

15

the last three digits of the called subscriber’s di~

rectory number, the brushes of connector C are
advanced to engage the terminals of the called
line gnd the code selector brushes 31 and 32 are
advanced to the position corresponding to the
ringing code to be used in signaling the called
subscriber’s station.
called station is the station B shown in Fig. 2,
that the brushes of connector C are advanced to
engage the terminals to which line L2 is connect-
ed and that brushes 3f and 32 are advanced to
engage terminal | in which position code I ring-
ing current is transmitted over the upper con-
ductor of line L2. The connection through
switches LF and S is maintained under the con-
trol of line relay Ii and slow release relay 12
of connector C in usual and well-known manner,
The pick-up relay 2! is operated over the pick-
up conductor PU at the beginning of a ringing
cycle, thereby closing the ringing circuit from
the code | ringing conductor through brush 31,
a front contact of relay 21, outer back contact of
ringing relay 16, brush 9% and engaged termi-
nal, one winding of hybrid coil 39, a back contact
of relay Rb, full wave rectifier 57T and winding of
relay RY, to ground. Relay Rb is thereby op-
eratively energized. Relay RY connects battery
to energize modulator 45 and amplifier &7, and
extends the ringing circuit to modulator 45:
whereby carrier current, modulated by the ring-
ing current, is transmitted through amplifier 41

and transmitting band filter 48, through coupler ;

68, over power line PL to all of the stations con
nected to the power line. | |
The ringing modulated carrier current incom-
ing over the power line PL to each of the stations
is transmitted through a coupler 89, plug-in pad
10, input conductors 11, receiving band filter an
amplifier apparatus 712, to a demodulator 73. At
each of the stations, the winding of relay R is
connected, through a resistor 19 and condenser 716
in parallel, to the demodulator output; whereby
relay RI at each station is operatively energized
and deenergized at a 20-cycle rate by the demod-~
ulated ringing current. HEach operation of relay
R1 closes a circuit for operatively energizing re-
lay R2, this circuit being traced from ground
through the front contact of relay RI, resistor
82, winding of relay R2, normally closed contact
of handset switch 89, to the energy supply con-
ductor 98.

- erating to reduce the probability of both of re-
lays RI and R2 being operated responsive to
static disturbances on the power line. The op-
eration of relay R2 connects its winding to con-
ductor 98 independent of switch 898 so as to hold
relay R2 operated after the handset is removed

Assume further that the

Relay R2 is somewhat slow in op--
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from the hook, closes a circuit for lighting busy
lamp 84, and opens the shunt through resistor 86
normally connected across ringer 89 thereby o
render the ringer operative. The condenser §7,
which is initially charged from supply conductor
88 through resistor 86 in parallel with ringer 893,
is discharged through resistor 8f as soon as relay
R releases. 'Thereaflter the alternate operation
and release of relay R, at a 20-cycle rate respon-
sive to ringing cutrrent, effects the alternate
charge and discharge of condenser 871 through
ringer 89, thereby operating the ringer according
to the ringing code of the called station, the
ringer at each of the stations being operated in
like manner. Relay R2 is slow to release and
remains operated while the ringer is being actu-
ated during the ringing intervals of each ring-
ing cycle. During the silent intervals of each
ringing cycle, relay R5 releases thereby deener-
gizing the modulator 45 of carrier terminal ap-
paratus CT and deenergizing relays R1 and R2
at each of stations connected to the power line
PL. When the call is answered at the called sta-
tion by removing the handset from the hook, sup-
rly conductor §8 is connected through the lower
front contact of the switch 89 to the modulator
and amplifier apparatus 84 whereby carrier cur-
rent of either frequency ¥2 or F3 is supplied to
modulator 8! depending upon whether relay R2

18, or is not, operated. In any event, as soon as

there is a silent interval in the ringing cycle, re-
Iays RI and R2 release and with the handset re-
moved, carrier current of frequency F2 is trans-
mitted from modulator 4 through pad 70, cou-
pler 68, over power line PL, through coupler
68, filter 49 and amplifier 80 to demodulator 52,
thereby effecting the operative energization of
relay R3. 'The operation of relay R2 closes a
shiort circuit across the windings of coil 39 which
are connected to line L2 so as to operatively en-
ergize the lower winding of relay {6 of connector
C, thereby to open the ringing circuit and com-
plete the talking path through brushes 55 and 5§
between the calling subscriber’s line Lt and the
called line L2. The aforementioned operation of
relay R3 also closes g circuit for operating relay
R6. Relay R& opens the connection beiween
ringing relay R3 and line L2 and connects bat-
tery to modulator 45 and amplifier 47, whereby
carrier current of frequency Fl is fransmitted
over the power line to again energize relay Rl
at each of the stations. At the called station B,
the operation of relay Rl does not effect the op-
eration of relay R2 because the handset has been
removed from the hook. At each of the other
stations the R2 relay operates, but the ringer
1s not operated since the incoming carrier current
is af this time modulated by voice currents from
station A instead of by ringing current so that re-
lay RI remains continuously operated. At the
called station B, the transmitter of handset §3
1s connected by switch 8% through coil 91 to mod-
ulator 94, the voice currents being effective to
modulate the carrier current of frequency F?
transmitted over the power line, through coupler
68, filter 49, amplifier 59, to demodulator 52.
When the conversation is finished, the return of
the handset at the called station B to the hook
of switch 89 deenergizes the modulator 94, and
the return of the instrument to normal at the
calling station causes the successive release of
line relay Il and release relay {2 of connector C.
The line finder LF, selector S and connector C
are thereupon returned to normal in usual and

well-known manner. The carrier terminal relay
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R3 releases when the modulator 94 is deenergized
and the release of relay R3 causes
the release of relay RS, thereby deenerglzing the-

at station B

medulator 45 and amplifier 47.

On g call inittiated at station B, car 1‘181 current
of F2 is transmitted from modulator 8{ responsive

to removal of the handset 88, thereby causing
the operation of relay R8 and energization of
modulator 48, as above described. The carrier

current of freguency B! thereupon transmitted.

from modulator 45 causes the operation of relays
Ri and R2 at each of the other stations C, D,
so as to light the busy lamp 84 at each of these
stations. The operation of relay R3 also cleses

the short-circuit across the windings of coil 88

which are connected to line 1.2 to operate the line

~ relay of line circuit I.C2 and thus effect the ex-
inder LE' 10 &

tension of the call through a line

2,430,471
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tion:of the ringers; and if relay Ri is held op~
erated by a static disturbance long enough 1o
effect the operation of relay R2, the release of
relay RI will be ineffective to tap the bell due to.

I thepoling Of th@j"ringer.:

- What 1s claimed is:
- 1. In a signhaling system, a first relay, a ringer,
g condenser, means for operating and releasing

| S&ld first relay responsive to carrier . current

10

16

selector S. The call is further extended through -

the selector and a connector to a calied line under
the control of the dial at the calling station B.
If the called station is one of the other stations
connected to the power line PL, the handset at
‘station B is replaced on the hook to start ring-
ing. When the called station answers, relays R3
and RE of carrier terminal equipment CT are
operated as above described on a call iniviated at
station A, and carrier current of frequency Fl
is thereupon transmitied from modulator 43 to
energize relays Ri1 and R2 at the calling station B
and also at each of the other stations except the
called station. When the handset is removed
at the calling station B, the modulator 84 thereat
is energized to transmit carrier current of Ire-

quency F3 over the power line tc operate relay
RE.

winding of coil 39, whereby two-way conversation
is carried on through the demodulators 82 and 8%
and modulator 45 over power line PL between
the calling station B and the called one of the
other stations C, D. When the handsets are re-
stored. to normal at the calling and called sta-
tions, the modulators 84 thereat are deenergized,
relays R3, Ré and R6 of the carrier terminal
equipment CT are restored to normal, the short-
circuit across line L2 is opened by the release of
both of relavs R2 and R4, and the connector C is
thereupon restored to no.‘nmal in usual and Well—
Rnown manner,

In order to prevent bell tappmg al any powe1

Relay R4 locks independent of relay R3, and
ccnnects the output of demodulator % in parallel
with the output of demodulator 52 to the lower
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modulated by ringing current, means controlled
by said first relay for charging and discharging
said condenser through the winding of said ring-
er, a shunt normally closed across said ringer to
prevent the operative energization of said ring-
er, and means comprising a second relay con-
trolled by said first relay for opening said shunt.

2. In a signaling system, 2 first relay, a ringer,
a. condenser, means for operating and releasing

- said first relay at a low rate, means comprising

said relay for alternately charging and discharg-
ing said condenser in series with the winding of
said ringer, a shunt normally closed across said
winding to prevent the operation of said ringer
responsive to the initial operation of said first
relay, and relay means responsive to the initial

operation of said first relay for opening said

shunt and preventing the reclosure of said shunt
while said first relay is bemg operated and re-
leased at said low rate.

- 3. In a telephone system, a subscriber’s sta-

.ti_on, means for transmitting carrier current to-

said station, said carrier current being at times
modulated by ringing current of a low frequency,
a relay gt said station actuated continuously re-

‘sponsive to carrier current alone and intermit-

tently responsive to carrier current modulated
by ringing current, a ringer and & condenser at
sajid station, means comprising the contacts of
said relay for alternately charging and discharg-
ing said condenser through the winding of said
ringer responsive to carrier current modulated
by ringing current, and means comprising a

- shunt normally connected across said ringer for

45

i1t

line carrier station, when relay Ri is energized by

carrier current which is not modulated by ring-
ing current, the ringer 83 at each statlon is nor-
mally shunted by a resistor 86 and the ringer is
poled so that it is less sensitive to current dis-
charging condenser &1 than to current charging
condenser 8%7. The current which charges con-
denser 87, when relay R{ operates and relay R
1S norma.l,
and ringer 85, so that the ringer will not be sufli-
ciently energized to tap the bell responsive to the
initial energization of relay Rf. When relay R2
operates, the path through resistor §8 is opened
so that the alternafe release and reoperation of
relay R responsive to ringing current causes the
alternate discharge and charge of condenser 87
through ringer 8% alone so that the ringer is actu-
ated according to the ringing code. This shunt,
iormally connected across the ringer 85 at each
station, is also eiffective to prevent bell tapping
responsive to gperation of relay Ri by power line

is thus divided bhetween resistor 83'

0b

60

65

70

disturbances which may occur with sufficient fre- -

quency to be annoying if allowed to cause opera-

15

preventing the operative energization of the.
ringer responsive to a single energization of said

‘relay.

4. In a signaling system a relay, a ringer, a
condenser, means responsive to signaling cur-
rent for operating and releasing said relay at a
low rate, means comprising the contacts of said
relay for alternately charging and discharging

' 8aid condenser in series with the winding of said

ringer, and means comprising a resistor normal-
Iy connected in parallel with the winding of said
ringer for preventmg the operative energization
of the ringer responsive to a single energization
of said relay.

5. In a signaling system, a relay, a ringer, a
condenser, means responsive to signaling current
for operating and releasing said relay at a low
rate, means comprising the contacts of said re-
lay for alternately charging and discharging said
condenser in series with the winding of said
ringer, means comprising a resistor normally
connected in parallel with the winding of said
ringer for preventing the operative energization
of the ringer responsive to a single energization
of said relay, and relay means controlled by said
relay for opening the circuit path through said
resistor to render said ringer operatively respon-
sive to the alternate release and reoperatlon of
said relay at said low rate.

6. In a signaling system, a relay, a polarized

ringer, a condenser, means responsive to signal-

ing current for alternately operating and releas-
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ing said relay, means comprising contacts of said sald relay operates and for maintaining said
relay for charging and discharging said con- shunt open while said relay is being operated and
denser in series with the winding of said ringer, released responsive to signaling current, the pol-
means normally shunting said ringer to prevent ing of said ringer being such that the release of

the operative energization of said ringer, and § said relay is ineffective to operatively energize
means controlled by said relay for opening said said ringer.
shunt a predetermined interval of time after ALBERT G. LANG.
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