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1

This invention relates to communication sys-

tems and particularly to telephone systems in-
.cluding subscribers’ stations arranged for carrier
current operation over a power transmission line.

.. Objects of the invention are the provision of
carrier telephone service over power transmission
lines, the provision of means for automatically
-marking the telephone lines which connect the
.power lines to a telephone central office busy on
calls between telephone stations connected to the

power lines, the elimination of manual control

means heretofore provided at such stations for
use only on such calls, the provision of means for
applying divided code ringing to the station con-
nected to the power line, the provision of means

.and in- general the simplification and improve-
ment of power line carrier telephone systems.
- .This invention embodies a telephone system in

.which a subscriber line terminating in g telephone

central office of the system is common to a group
.of subscriber stations, each of which is connected
to, and arranged for carrier current operation
over, a transmission medium such as a power
‘transmission line.
~unit is provided for connecting the subscriber line
from the central office with the power transmis-
sion line. A first carrier frequency is used for
the transmission of speech and signals from the
. central office over the power line to a calling or
~called one of these carrier subscriber stations; a
second carrier frequency is used for the transmis-
_sion of speech gnd signals from any one of the
_carrier stations to the central office and for the
transmission of speech from a called one of the
-ecarrier stations on calls between stations of the
group; and a:third carrier frequency is used for
-the transmission of speech from a calling carrier
station to the called carrier station on calls be-
tween stations of the group.

A feature of the invention is the provision of
.means, in carrier terminal equipment which in-
terconnects a power transmission line and a tele-
phone line from gz telephone central office, for ap-
plying divided code ringing to the group of car-
crier telephone stations associated with the tele-
-phone line. According to this feature the ar-
rangement is such that some of the stations are
signaled by ringing current transmitted on posi-

tive half cycles of the power wave and the other:

. stations ;are signaled by ringing current trans-
.mitted on negative half cycles of the power wave.

.-Another feature of the invention is the use of
~relaxation oscillators for controlling the applica-

;tion of energizing potential to the carrier trans--

A carrier terminal equipment.
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mitter at the carrier terminal, the operation of
each of these oscillators being so controlled that
the carrier fransmitter is energized every second,
third, or other chosen integral submultiple posi-
tive half cycle of the power wave or every second,
third, or other chosen integral submultiple nega-
tive half cycle of the power wave, depending upon
whether the ringing current is received at the
carrier terminal equipment over the tip conductor
or over the ring conductor of the telephone line
from the telephonhe central office.

A clear and complete description of the inven-
tion will be facilitated by considering a system in
which the invention and its features are em-
bodied, such a system being represented sche-
matically in the drawing. 'The invention Iis,
however, not limited in its application to the
particular system shown but is generally appli-
cable to telephone systems.

The drawing, which consists of six figures, rep-
resents an automatic telephone exchange serving

subscriber stations, some of which are arranged

for carrier current operatmn over a power trans-

. mission line.

Fig. 1 shows an automatic telephone exchange
comprising a subscriber’s station . (8, subscribers’
and line circuits 12 and 22, line-
finder switches LFl and LF2, selector switches
S| and S2, and connector switches Ci and C2.

Fig. 2 shows carrier terminal equipment CEI

“individual to the line 21, a power generator G, and

a power transmission line PL to which the carrier
terminal equipment CEl is coupled by coupling
means 110;

. Fig. 3 shows one of a plurallty of subscribers’
stations connected to and arranged for carrier
current operation over power line PL.

-.Pig. 4 shows the relative position of Figs, 1 to 3

.to form an operative arrangement;

‘Fig. 5 shows carrier terminal equipment CE2
arranged for four-party selective or eight-party
semi-selective ringing; and

Fig. 6 shows the kind of ringing and oscillator
apparatus involved in ringing each of eight sta-
tions associated with the terminal shown in Fig. 5.

The subscriber’s station 10 is of the usual type
provided for use on lines terminating in an auto-
matic central office and. includes a dial or other

_impulse sender (not shown) for use in selectively

60

controlling the switches through. which desired
connections are established. . The line-finder, se~
lector and connector switches may be of the two-

. motion, . step-by-step. type. Each of the line-
- finder and selector switches is represented in the

65.

drawing by a set of brushes and a single set of
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terminals and each of the connector switches is
represented by a set of brushes and two sets of
terminals. 'The relays and other apparatus asso-
ciated with the line-finder, selector and connector
switches are represented by broken lines. Ref-
erence may be had to Automastic Telephony, by
Smith and Campbell, second edition, pages 53 to
65, inclusive, for a detailed description of the
structures of such switches and their operation
when used as selectors and coiinectors. Refer-
ence may be had to the patent to R. L. 'Stokely,
No. 1,799,654, granted April 7, 1931, for a detailed
disclosure of a line circuit and 3, line finder of the
step-by-step type. The rmgmg -code generator
21 comprises a source of ringing current and
means for interrupting the ringing supply con-

ductor as required to produce ‘a plurality-of-dif--

ferent ringing codes for signaling subscribers’sta-
tions. Reference may ‘be had to the patent to
Duguld No. 2,225,907, granted December 24, 1940,
for-a disclosure of §iich a ritiging code generator
and to ‘the ‘patent to ‘Koechling, No. 2,289,503,
‘erarnted Jily 14, 1942, for a detailed disclosire of
a connector switch arranged for ten-party "code
'rmglng

The carrier terminal equipment CE{ comprises
5, carrier éufrent transmitter 'CT1, two. carrier
‘currént recéivers CRi and CR2, a ‘Hybrid -coil
or grouip of’ ‘transforfder windings HC and-a net-
work ‘34 arranged ‘to ‘transmit signal and 'voice
currents to and from line 21, ringing relays 51
a1id 51, ‘two relaxation oscillators ‘OT and ‘OR,
relays 3!,“4 2,744, ‘45 and 41, and 'a power ‘trans-
former PT ‘together "With -other ‘pieces of ap-
paratus ‘in¢lidine ‘Hiters, rectifiers, condensers
‘and resistanicés. The’ middle left pgir of “wind-
“ings 30 -6f the hybrid coil ‘HC “dre ‘connected by
nornially opén contacts of a cortrol rélay 42 to
the conductors.of line '2f; and the closire of ‘a
direct eurtrerit cxrcait through these ‘windings in
Seriés “with line '21 is under ‘the “control of relay
“41. ‘The middle right pair of windings 33-are nor-
niElly eonnected in series 'with'the balancing net-
work 34 to balance the line 24; and ‘a résistor
35 is provided for connection in’ place of ‘the bal-
Ancing network ‘34 on reverting calls. The upper
pair ‘of ‘windings ‘31 of “the "hybrid ‘coil receive
“yoige ‘frequency currents from ‘the “egrrier ‘re~-
ceiver'CRI and the loweér palr of ‘winding 32 of
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the ‘hybrid eoil “transmit ‘voice “frequency -cur- 80 -

‘rent froin line ‘21-to the éarriér ‘transmitter ‘CTI.
"The carrier receiver CRI comprises a receiving
‘filter "I81, tuned 'to receive voice modulated and
signal modulated carrier currents of a frequency

‘2 over the power'litie from any one-of ‘the car-

‘rier “subscriber telephone stationis -associated
therewith, “an amplifier 102 and - demodulators
‘105 and*106. The'carrier ‘receiver: CR2 comprises
a receiving filter ‘147, ‘tuned to receive carrier
‘current of a “frequency F3 transmltted over ‘the
‘power ‘line on-a‘reverting call’ ‘from ‘the:calling
one of the carrier stations, dn-amplifier ‘108, and
a demodulator 108.

The carrier transmitter CTI ‘comprises an

-cseilldtor-modulator tube 88 and ‘an ‘amplifier-

tube 98. The oscillator tube has associated- there-
with the tuned circuit’ comprising inductance 81,
capacitor ‘82 and a piezo erystal ‘84 connected in
circuit to generate oscillations at a- desired  car-
‘rier: frequency F1. 'The tuned circuit has a‘high"
'1mpeda,nce at frequencies other than that of ‘the
“crystal 84 so'as to prevent oscillation ‘gt fre-
‘guencies other than the desired carrier frequeney
which “is- determined ‘by ‘erystal-84. Since voice

55
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70"
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mitted to tube 80 through the lower pair of wind-
ings 32 of hybrid coil HC, the output current
of tube 80 includes both modulated carrier and
voice freguency components. The elements 86
and 95 have a high impedance at the carrier fre-
guency:and alow:impedance at voice freguencies;
and elémernt 94 has a low ‘impedance &t the car-
rier frequency and at voice frequencies. The
voice modulated carrier frequency output of tube
80 is'impressed through condenser 97 on the con-
“trol ‘grid of amplifier tube 98; and the amplified
carrier current is transmitted through trans-
‘former "98, condenser 100 and coupler {10 over
“the .powér line PL. The energy for operating
‘tubes 80 .and 98 and for operating the vacuum
tubes of the carrier receivers CRY and CR2 is
obtained from ‘the ‘power line through a trans-
former PT{. Plate current for the vacuum tubes
is supplied through part of winding 14 of trans-
former PTI, rectifier 15, filter 16, and conductor
T1. ‘Winding ‘T4 also ‘supplies alternating volt-
age ‘to the upper -element -of each ‘of ftubes 51
and 67 of ‘the relaxation oscillators‘to-control the
‘transmission of ringing signals -over ‘the -power
line ‘to ‘the ‘carrier subscriber- stations as'herein-
after Turther -described. Winding 71 -of ‘power
transformer "‘PTi, in combination with rectifiers
‘12, corstitutes a source of negative poteritidl Tor
‘operating ‘rélays ‘42 -and ‘44, and for ‘biasing ‘the
-grid “of ‘tube ‘98. The-filaments-of ‘tubes 80 and
98 are ‘heated by energy transmitted through
windings T8 and ‘T8 of ‘power ‘transformer ‘PT
these ‘windings‘being’ shown adjacent 'the ‘tubes.
Other windings of power-transformer PT{ supply
‘the -current ‘for -heating ‘the ‘filaments ‘of ‘fhe
vacuum ‘tubes -of ‘the carrier ‘receivers CR1 and
CR2. The carrier receivers are normally -ener-
gized ready to ‘receive ‘signals ‘but ‘the ‘bias ‘nor-
‘mally provided for tubes 89 and-98:is such-that
there is ‘normally substantislly ‘no-currerit in ‘the
‘plate circuits of ‘these ‘tubes. ‘When ‘the ‘trans-
‘mission-of ‘carrier current ¢f ‘frequency Tl 'is:de-~
‘sired, “the -opération -of -one ‘of ‘relays 42, 51 and
‘61 'short ‘eircuits biasing ‘resistor 89-to decrease
‘the ‘negative ‘bids on-the grid-of tiube '80; ‘and
‘the operation of relay 42 or ‘the bredk- downmf
“either-one-of ‘gas-filled - tubesB1: and 61 decreases
the negative bias:of fiibe '98-to0 increase the:out-
‘put of ‘the amplifier. The-operation:of the car-

rier ‘terminaliequipmernt-CEf of ‘Fig." 2 ishersin-
‘after further-described-on-ealls'to and from the
‘carrier ‘subscriber stations.

‘Each-of the carrier subcriber stations comprises
‘a carrier recéiver CR3; a: carrier transmitter CT3,
a-telephone -haridset "115 eonsistingof ‘a receiver
{16 and -‘transmitter 11,2 dial *#T0 for ‘use:in
-gstablishing ‘connections through’ the:centraliof-
‘fice,"a ringer 156, relays 150 -and 160, and:power
‘supply ‘means -comprising a power ‘transformer
PT3. The carrier receiver ‘GR3,  comptises Filter
units'FI:Z and'FL:3 whieh'transmit current:of car-
‘rier ‘frequency “Fi "and :suppress ‘componetits :of
other frequencies, ‘g ‘carrier:frequency ‘amplifier
‘tibe 125, an-interstage filter FLA&, ancther ‘dm-
plifier tube 132, an output filter L5, and ‘a de-
‘modulator 141. The voice frequency: compouetit

~of the output- of ‘demodulator 1471 operates .the

“telephone receiver {16 and-the direct currentcom-
ponent of the output of demodulator {41 controls
relay 168, ‘Automatic control of the gainsof tube
{25:is . provided from rectifier “(41 of “filter “unit

FL5. The catrier “transmitter “CT3: includes ma

“transformer 166, ¢onnecting:the'telephone trans-
-mitter {TT to the input-ecireuit of ‘the amplifier

frequency currerit'frem telephione line 2 (is'trans- 7g “and:mcdulator. (68, and:includesitwo crystals (482
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and 163 for ‘controlling the frequency of the.car-
rier cuirent generated for transmission over the
power line. Crystal 162 oscillates at the carrier
frequency F2 and crystal 163 oscillates at the car-
rier frequency F3. Relay {60 switches the crystals
162 and 163. Winding (81 of power transformer
PT3 supplies the energy for heating the filament
of tube’125; and other windings (not shown) sup-
ply the current for heating the filament of tube
132 and the filaments of the vacum tubes of the
carrier transmitter C'T8. Winding 185 in com-
bination with rectifier 190 supplies through con-
ductor 193 the current for the plate circuits of all
of the vacuum tubes at the subscriber station, and
also the current for actuating ringer 156 and re-
lay 180. Winding 185 also supplies alternating
voltage to the screen grid of tube 132 for divided
ringing control as hereinafter further described.
The switch 174 associated with the receiver hook
controls the energization of the carrier trans-
mitter CT8 but the carrier receiver CR3 is con-
tinuously energized ready to respond to incoming
signals.

Call from central office to carrier subscriber
station

Assume now that a call is initiated at a sub-
scriber station 10, that a line finder LFI is op-
erated to extend a connection from station 10 over
line 11 to the first selector Si, that selector Si is
_selectively operated responsive to the dialing of
the first digit of the called subscriber’s directory
number by the calling subscriber at station 10,
that the selector Si extends the connection to an
idle connector switch Cf, and that the connector
Cli is selectively controlled by the dialing of the
last digits of the called subscriber’s directory
number to select the called line and to select the
pa,rtlcula.r ringing code with which the called sub-
scriber is signaled. Assume further that the
called station is one of the carrier subscriber sta-
tions associated with carrier terminal CEl and
telephone line 21. A busy test of the line 21 is
made and if the line tests idle, ringing current is
transmitted over line 21.
switch may be arranged for either divided code
ringing or bridged code ringing it will be assumed
that the connector is arranged for divided code
ringing; and the carrier terminal equipment CE{
“and carrier subscriber stations shown in Figs. 2
“and 3 are shown arranged for divided code ring-
ing. 'The ringing current frequency may be 20
cycles per second and relays 51 and 61 are of a
type which will operatively respond to current of
such a frequency. If the called station is sig-
naled over the tip conductor of line 21, the ring-
_ing current effects the operation of relay 51 of the
carrier terminal equipment CE{ during each ring-
ing interval of the selected ringing code; and, if
the called station is signaled over the ring con-
ductor of line 21, the ringing current effects the
operation of relay 61 of the carrier terminal equip~
ment CE{ during each ringing interval -of the
selected ringing code. The operation of either
relay 51 or relay 61, responsive to ringing current
transmitted over line 21, closes a short circuit
across resistor 89 thereby reducing the grid bias
of oscillator tube 80 of carrier transmitter CTI.
The operation of relay 5 connects the plate sup-
ply conductor 171 to relaxation oscillator OT and
the operation of relay 61 connects the plate sup-
ply conductor 11 to relaxation oscillator OR. The
two relaxation oscillators OT and OR are made
up of similar elements and operate in like man-
ner.  Assume that relay 51 'is operated by the-

Although the connector
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Tinging current received over line 21 from:éohs

nector Cl. The ‘operation of relay 51 ‘closes 'a

-circuit -for charging condenser 56, this circuit

being traced from' plate supply conductor: 11,
through' a front contact of relay ${, resistors 52
and 55, condenser- 56, resistor 59, conductor 10,
winding T{ of power transformer PT{ and recti-

fiei's 12 to ground. ‘The charging of condenser 56

‘builds up a voltage across the control gap of gas-
filled tube 57, a. predetermined interval of time be-
ing required to charge condenser 56 to a voltage
sufficient to ionize the control gap of tube 571, As
soon thereafter-as the winding 74 of power trans-
former PT| is energized in a direction where ren-
ders the main anode of tube 571 positive with
respect to ground potential, a discharge is started
between the main anode and cathode of tube 571.
The voltage drop through resistor 59 is thus in-

.creased so as to reduce the bias applied through

resistors 58 and 39 to the grid of tube 98 and to
reduce the bias applied through resistor 38 and
windings 32 of hybrid coil HC to a grid of tube

-80; whereby carrier current of frequency Fl is

generated and transmitted through transformer
99 and coupler 110, over the power line to each
of the carrier subscriber stations. As the poten-
tial of the cathode of tube 57 rises, the voltage
applied through condenser 56 and resistor 55 to
gas-~filled tube 53 is increased until discharge oc-
curs in gas-filled tube 53. = The potential of the
starter anode of tube 57 is reduced due to dis-
charge in tube 53. When the power voltage be-
gins to fall, so also does the potential of the main
anode of tube 571; and, when this potential falls
to a value which is insufficient to maintain a dis-
charge between the main anode and cathode of
tube 57, the discharge in tube 5T ceases, tube 53
is deenergized and the potential applied to. the
grids of the transmitter tubes 80 and 98 becomes
sufficiently negative to terminate the transmis-
sion of carrier current of frequency Fl over the
power line PL. The voltage between conductors
10 and 11, the capacity of condenser 56, and the
resistance of element 55 are such that it takes:a

_predetermined interval of time for the voltage
~across the control gap of tube 51 to reach.the

breakdown value. Itisthe function of tube 53:to
stabilize the oscillator OT against variations in
the supply voltages to the oscillator obtained from
the power line. “With tube 53 provided as shown,
the voitage from which condenser 86 starts to re-
charge becomes lower as the supply voltage be-
comes higher; and the voltage from which con-
denser 56 starts to recharge becomes higher as
the supply voltage becomes lower. The provision
of tube 53 thus insures a very nearly constant

‘time for the voltage cross the control gap of tube

571 to reach the breakdown value. During the in-
terval which is measured by the charging of con-
denser 56, the winding T4 of power transformer

"PT1 will have been energized by a half cycle of

opposite polarity and by another half cycle of
power wave of the polarity which tends to make
the main anode of tube 51 positive with respect
to ground; but no impulse of carrier current of
frequency Pl is transmitted during this period be-
cause at the time the anode of tube 57 becomes
positive, the voltage across the control gap has not

‘reached a value sufficient to effect breakdown.

During” the following half cycle of the power

~wave, while the main anode of tube 5§71 is negative
‘with respect to ground, the voltage across con-

denser ‘56 increases sufficiently to effect ioniza-
tion-of the control gap; and as soon thereafter as

the ‘voltage “induced. in" winding 14 once more
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‘makes:the main-anode of tube 57 sufficiently posi-
tive with respect: to-ground; the main gap of tube
‘§7ds'ionized and the transmitter CT1 is-energized
to transmit another:impulse of carrier.current:-of
frequency ‘Fl. Thus every second positive half
«cycle .of the:power wave effects the breakdown
-of ‘tube 57 ‘as long as relay &1 remains operated.
Thus, assuming the power line frequency to be-60
eycles: per second, ‘carrier current impulses -of
-gbout ' 7 milliseconds duration -are transmitted
.over ‘the :power. line ‘during ‘each ringing inter-
wal of the ringing code fransmitted from -con-
rnector ‘'Cl over line 21 to relay 51, theimpulses
being transmitted over the power line at a -rate
‘0f ‘30:dimpulses per.second.

If iringing current. is received over the ring
-.conductor of line21:instead of-the tip conductor,
rTelay 81 is operated-instead of relay 51;-and oscil-
Jator OR'is energized in similar manner to that in
‘which ‘oscillatér OT is ‘energized as ‘above de-
:geribed. The carrier -transmitter -CT1 is thereby
‘energized to transmit carrier current impulses: of
frequency Fi over power line PL at a rate -of 30
dmpulses per second during every second half cycle
‘of ‘the voltage wave :induced in winding 74 -of
power fransformer of the polarity opposite to
“that which effects the operation of oscillator OT.
‘Thus 'when relay 91 is operated, half cycles of one
polarity of the power wave cause the operation
‘of oscillator OT to ‘send ringing signhal impuises
of ‘carrier -current over power line PL; and when
relay 61 1is operated, ‘half cycles of the other
polarity of ‘the power wave -cause the operation
‘of oscillator OR to send ringing signal impulses
-of carrier current .over the power line.

In some cases, the central office may be ar-
ranged to transmit ringing current over one con-
ductor of ‘a line to ring the calling station at the
same -time that ringing current is being trans-
mitted over the other conductor of the lineto ring
‘the called station. In such a case, both of relays
‘51:and 81 are operated at the same time and car-
‘rier current is transmitted during- both:the posi-
‘tive ‘and megative -halves of alternate -cycles-of
‘the power voltage.

In case the:connectors of the telephone central
office are arranged for bridged -code ringing -in-
stead of divided code ringing, both of relays 51 and
‘61 will'be operated during -each ringing interval.
TIn such a'case, by strapping the outer front con-
tacts ofirelays §il-and 61 together, both relaxation
-oseillators will be actuated-every second cycle of
-the power wave, one.oscillator:during the positive
half cyéle and the other oscillator during -the
negative half cycle so thatthe carrier transmitter
CT{ will transmit impulses of carrier current of
frequency Fi over -line PL to operate the ringers
-at all of the carrier subscriber stations.

The ringing sighal impulses of carrier current
‘of frequency F1 generated by carrier transmitter
‘CTH responsive to ringing current incoming over
line 24 to carrier terminal equipment -CEl, are
“transmitted over “power ‘line PL to -each - of the
‘carrier felephone subscriber stations. At each
‘of these. stations, the impulses of .carrier current
are -further transmitted through 'a -coupler 414,
-conductors 112, through condensers-113 and 116
and transformer 114 ‘of filter unit FL2, and
‘through transfermer 118 and resistors 121 and

122 of filter -unit FL3 to the control grid of am-
plifier tube 128. ‘The:amplified ringing signal im-
;pulses of carrier current in the output-cireuit of
tube 125 are ‘transmitted through ‘transformer
128 of filter unit FL4:to thegrid of -amplifier- tube

432,

»Although -the:filament: of: fube 432 .is mor-.
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-mally-energized.and;positive:potential supply con-
«dtictor 183-is . normally connected-to the plate of
tibe 432, at-each-varrier ‘subscriber station, the
tube-132: at-each-station -is -normally -effective fo
:amplify-the -ringing *signal . impulses -either only
‘during half cycles of the power wave of one pol-

‘arity-or only-during-half cycles.of the power wave

-of wheopposite polarity. This is.due to the fact
-that ‘the :potential -of -the screen grid - is normally
-eontrolled -by winding {85 -of .power transformer
-PT3, the:connectionsbetween the grid of tube 132
.and this-winding being traced through resistors
‘136 -and 1113, amormally-closed-contact of switch
{74, -and iconductor 486. ' Therefore .at each of
-half -of the carrier- subscrxber stations, the wind-
Ang 185 -of -transformer PT3 .makes -the .screen
‘grid-of the amplifier:tube 132 positive during half
tydles-of the power wave-of one .polarity; and,
at-each-of the other-stations, the winding 185 of
the power. transformer PT3 makes the screen
grid of the amplifier tube 132 positive during half
cycles:of the-power-wave-of the opposite polarity.
The selective enabling of amplifier tube 132 dur-
ing one phase or the other of the power wave can
be reéversed if neeessary:df any station by inter-
changing the connections to the associated power
supply -transformer. PT3. -Thus.at each of some
of the:stafions, tube. 132 will be able to amplify
ringing -current impulses received during one
phase .of the power wave; gnd .at each of the
-other stations, .tube.. 132 will be able to amplify

-ringing.current. Jmpulses rece1ved during the op-

sposite Jphase of the power wave. Since the car-
-rier-transmitter CTI of terminal equipment CEI
transmits carrier, eurrent impulses only during
.one phage-of the power wave if relay 51 is-oper-
ated and .only .during the opposite phase of the
power. wave .if relay 6!.is operated, some of the
stations are -responsive to .ringing signal carrier
eurrent-impulses on any.particular call. The sta-
tions.- which are signalled by carrier current im-

-pulses -generated. and. transmitted. responsive to

the operation .of relay 51 of carrier terminal

-equipment CE|l- will.theredfter be referred to as
45

‘the tip- stations, and the stations which are sig-
nalled by. carrier- curlent impulses generated and
transmitted-responsive. to .the operation of relay
€1..of carrier terminal equipment CEl will be te-
ferred-to as the ring stations. At each of the sta-
‘tions -at which tiube 132 is enabled during ‘the
half cycles of the power wave on which the ring-

~ing. SIgnaI carmer current” impulses are superim-

.posed. on -any. patticular call, ‘tube ‘132 amplifies
these impulses and the . amplIﬁed impulses are
transmitted. through ‘transformer 145 of filter
unit FL5, rectifier 141, and through the winding

-of relay i 50 in.parallel with condenser 151, thence

to .ground.at. the .lowermost normally closed con-
tact of. switch. 174, Rélay. 150 is a sensitive relay
and is.alternately operated and released respon-
sive to ringing signal impulses received at the rate
of thirty impulses, per second during each ringing

“interval.of the ringing ¢ode with which the called
.station.is.identified. Each operation of relay 150

closes circuits for.opéerating relay 160 and charg-
Aing:condenser i85. The circuit for operating re-
lay 460 is:traced from ground through winding
185 .of spower ‘transformer -PT3, conductor 186,
rectifier 190, resistor 192, positive potential sup-
ply- conductor f 93 resistor 153, front contact of
relay- 180, _resistor 157, winding -of relay 160, up-
permost back: contact: of switch 474, and resistor

-132 to ground. The .circuit for charging con-

.denser 55 is traced from conductor 193 through
resxstor 458, front contact of relay 150, condenser
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155, and through ringer 156 in parallel with re-
sistor 159. Due to the shunt path through re-
sistor 159, the current through ringer 196 is in-
sufficient to tap the bell responsive to the first op-
eration of relay 150. The operation of relay 160
closes a short circuit across the resistor {12 and
back contact of switch 178, and opens the shunt
path through resistor 159 to render ringer 158
operative responsive to succeeding operatxons of
relay 150 during receipt of ringing signal im-
pulses. Relay 180 is a slow-to-release relay and
remains operated while relay 159 is responding to
ringing signal carrier current impulses at a rate
of 30 impulses per second. When relay (80 re-
leases at the end of the first carrier current im-
pulse, it closes a circuit through resistor 152 for
discharging condenser i55. Each succeeding op-
eration and release of relay 150 responsive to
ringing signal carrier current impulses charges
and discharges condenser 185 in series with ringer
156; and the ringer at each of the tip carrier sub-
scriber stations is thus actuated in accordance
with the ringing code of the called station. On
a call on which ringing current is transmitted
over the ring conductor of line 2{, the ringer at
each of the ring carrier subscriber stations is ac-
tuated in accordance with the rmgmg code of
the called station.

‘When the receiver is removed from the hook at
the called carrier telephone station, ground is
connected through resistor iT2 to reduce the
bias of the vacuum tube of the carrier trans-
mitter C'T3, the short circuit across receiver {16
is opened, and the sereen grid of tube 132 is
transferred from the winding 185 to the plate
supply conductor 193 so that tube 132 is no
longer disabled during alternate half cycles of
the power wave. The actuation of switch 114
upon removal of the receiver is also effective to
close a circuit (not shown) for energizing the
filament of the amplifier tube (not shown) of
the carrier transmitter CT3. If the receiver is
removed during a silent interval of the ringing
code, relays 150 and 160 will not be operated, and
with relay 160 normal crystal 162 is included in
the frequency determining circuit of the oscil-
lator of carrier transmitter CT3 and carrier cir-
cuit of frequency F2 is generated and transmitied
through filter 165 over the power line PL. Ii,
however, the receiver is removed while relays {59
and 160 are operated responsive to ringing signal
impulses, crystal 163 is included in the frequency
determining circuit of the oscillator of carrier
transmitter CT3; hut relays 150 and 160 release
during the next silent interval of the ringing
eycle and crystal (62 is thereupon connected in
the frequency determining ' circuit of carrier
transmitter CT3 to effect the transmission of
carrier current of frequency F2.

The carrier current of frequency F2 trans-
mitted from the answering carrier subscriber sta-
tion over line PI, does not affect the carrier re-
ceivers at the other carrier subscriber stations,
since filter units FL2 and FL3 are tuned to pass
a carrier band . including frequency 1 but ex-
cluding frequencies F2 and F3. 'Since the re-
ceiving filter (01 of carrier receiver CRI at the
carrier terminal CEl is tuned to pass a band in-
cluding frequency F2, the carrier current of this
frequency transmitted from the answering car-
rier station passes through coupler {10 and. re-
ceiving filter (0i of carrier receiver CR{ of . the
carrier terminal equipment CE{, to the input
circuit of amplifier 102. Rectifier element. 106

transmits a part of the output of amplifier: 102
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to effect. the energ1za.t1on of the windings of
relays. 47 and 41 in 'series; and rectifier element
{05 transmits voice frequency components in
the output circuit of amplifier 102 through con-
denser 49 and windings 31 of hybrid coil HC.
The operation of relays 47-and 41 by the rectified
carrvier current of frequency F2 is delayed for
a predetermined. interval of time, while con- -
denser 43 is charging to prevent operation’ of
the relays by static or other momentary ‘dis-
turbances on line PL. The operation of" relay
41 opens a normally closed short circuit across
relay 45 and closes a circuit for operating relay
42. The operatmn of relay 42 connects the con-
ductors of line 21 to windings 30 of hybrid c011
HC; and with relay 47 also operated these wind-
ings are connected in series across the conductors
of line 2i to cause the operatlon of the ringing
trip relay (not.shown) of the connector Ci and
the closing of the talking path through the con-
nector between the calling sfation 10 and line
2i. The aforementioned operation of relay ‘42
closes a short circuit across resistor 89 to reduce
the grid bias of tube 80 and closes a short eircuit
across resistors 38 and 36 to reduce the grid bias
of tube 98 .so that carrier current of frequency
Fl is fransmitted through transformer 100 and
coupler. 110 over power line PL. Voice currents
incoming over line 2{ from the calling station
10 are impressed through windings 30 and 32 of
hybrid coil HC on a grid of tube 80 thereby to
modulate . the carrier current of frequency Pi
being transmitted over the power line. Thus
two-way transmission between station {0 and the
called carrier station is effected and the con-
nection is maintained until réleased at the call-
ing and called stations. When the handseét is
replaced on the hook at the called carrier sub-
scriber station, the switch 174 is restored to nor-
mal thereby deenergizing carrier transmitter
CT3; but relays 150 and 160 remain operated at
each of the.carrier stations until carrier trans-
mitter CTI of the carrier. terminal. equipment
is also deenergized. When the transmission of
carrier current. of frequency F2 from carrier
transmitter CT8 ceases, Telays 41 and 4f of the
carrier terminal equipment CE{ releases. . .The
release of relay 47 opens the -bridge across the
conductors of line 21 and the release of. relay
41 causes the release of relay 42. The release
of relay 42 reconnects line 21 to ringing relays
51 and 61, opens the short circuit across biasing
resistor 89 and opens the short circuit across

_biasing : resistors. 38 and 36 whereby the trans-

mission of carrier current of frequency Fi, from
transmitter -CT{ is ended and relays i50 and
160 at each of the carrier subscriber stations, are

teleased. -The line-finder- LFl and selector St

are restored to normal in uysual and well-known
manner when the receiver is replaced at the call-
1ng station {0. .

Call from camer subscriber station to sta,tion 10
Assume now that the handset. 115 is removed

from the receiver hook at one of the carrler
subscriber stations to initiate a call to sta,tlon 10.

‘When switch 174 is actuated by removal of, the

handset, carrier .transmitter CT3 is energlzed
in the manner a,bove described to transmit carrier
current_of frequency F2 over the power line.
This carrier current does not effect the operatmn
of relay 150 at any of the. carrier subscrlber
‘stations because the. input. filters of ca,rner re-
celvers CR3.are tuned to pass a ba,nd which does
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not- mclude frequency ¥2.. Atf.the carrier termi-
nal equipment CEl,. the carrier current of fre-
quency FZ. passes. through filter 101 of carrier
receiver CR{- and. effects.the. operation of relays
47 and 4i. The operation of relay 41 causes
the operation of relay 42;.and, with both of relays
41 and: 42 operated the windings 30 of hybrid
coil: HC are connected-in series with thie con-
ductors. of line. 21. to: cause the. operation of the
line.relay (not.shown)- of line circuit 22, and a
line-finder L¥F?2 is:thereupon operated to extend
the. calling-line.-21 to.a: first selector S2. The
aforementioned. operation - of relay 42 also re-
.duced. the bias:of tubes.80 and. 98 in the manner
hereinbefore- described to- cause carrier trans-
mitter. CT1. to transmit. carriéer current of fre-
quency .Fi over -power line PL. This carrier
current. is. modulated by dial tone transmitted
from. selector S2 through Iline-finder LF2, line
21 and. windings. 30 and 32 of hybrid coil. HC
to the input. circuit of tube 80. When the call-
ing- subscriber. hears the dial tone, the directory
number. of the. called station 10'is dialed. The
circuit.through. receiver. 176 is opened at the off-
normal. contacts of dial 118; and the impulse
contacts of the dial open and’close the connec-
‘tion  between. plate supply conductor 193 and
amplifier-modulator 164 of carrier transmitter
CT3 to transmit a train of dial impulses corre-
sponding. fo each digit: dialed, each dial impulse
being transmittéd’.as an interruption of the car-
rier:current of frequency F2. With relay 42 of
carrier terminal eguipment CT operated, con-
denser 4% is connected in parallel with the wind*-
ing of relay 4( alone,.so that relay 4T becomes
fast in operating and releasing and’ relay 41 be-
comes slow in releasing; so that relay 41 remains
operated during the receipt of dial impulses: but
relay 47 is released and. reoperated responsive to
eacH impulse.. "Each release of'relay 471 opens the
bridge across the conductors of line'21.  The first
train of dial impulses i§ thus repeated over line
21 to effect the selective: operation of selector S2.

10

15

20

25

30

35

40

The connection is extended by the opera,tmn of .

selector S2 to an idle conductor CZ having’ access
to the called line. The remaining digits dialed
By the calling subscriber efféct the selective op-
eration of connector C2 to connect with'the called

line 11 and to select the ringing code with which |
station 10is signaled: The connector C2 makes

the usual busy test a,nd if line' 11 is idle, the se-
lIected’ ringing code is transmitted: over line {1
to signal the called subscriber. When the called
subscriber answers, the ringing: trip relay (not
,shown) of connectorC? is operated to terminate
the ringing and the talkmg connection is estab-
lished between ]lnES 21 and . Voice currents
from . trammmter 11 of handset 115 modulate
the carrier current of frequency F2 transmitted
‘over the power line PLi from the calling station;
and the carrier receiver CRI transmits these voice
currents through demodulator 105, condenser 48,
windings 81 and 30 of hybrid coil HC, over line 2§,
through line-finder LF2, selector S2, connector
C2 and line if to the called” station 10. Voice
currents from.station 10.are transmitted over line
{1, through connector C2; selector Si, line-finder
L¥f, line 21, and windings 30 and 32 of hybrid
coil HC: to modulate the carrier current of fre-
duency F{ being transmitted over power line PIs;
and the carrier receiver CR3 at the calling carrier
subscriber station transmits the voice currents
through rectifier 147, condenser 181 and resistor
{711 to telephone receiver 176.

"The connectioni is maintairied until the hand-
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set {15 is replaced on the receiver hook' at the
calling station, at which time, the carrier trans-
mitter CT3 is deenergized causing the release of
relays 47, 41 and 42 of carrier terminal equipment
CEf. The release of relay 47 opens the bridge
across the conductors of line 21 whereby the
connector C2, selector S2 and line-finder LF2
are restored to normal in usual and well-known
manner. The release of relay 42 deenergizes the
carrier transmitter CTI to stop-the transmission
of carrier current of frequency Fi over line PL
and relays 150 and {60 are thereby released at
each of the carrier subscriber stations.

Reverting call

A call' from one of the carrier subscriber sta-
tions to: another of these stations on the same
line. and using the:. same carrier frequencies is
known as & reverting call. Such a call is initiated
in: the same manner as any other call and. the
removal of the handset and operation of the dial
at: the calling station: effect the operation of &
line-finder 1.F2, selector S2 and connector C2
to connect with the called line. The connector
C2 is arranged to make a reverting call test in
case the called line is found busy when connec-
tion is made therewith. A connector arranged
to make. a reverting: call test is disclosed in the
patent to I Hoviand; No:. 1,849,087, granted
Marehi 15;, 1932. Busy: tone is transmitted from
the: connector €2 to-the: calling station and the
subseriber thereat thus restores the handset to
normal: to: permit: ringing of the called. station.
‘When- the-handset is..restored fo normal at the
calling station; carrier transmitter CT3 is de-
energized and the transmission of carrier. cur-
rent: of frequency F2 over line PL is terminated
thereby causing the release of relays 47, 41 and
42 of: carrier ferminal CEl. The: bridge. across
the conductors:of line 21 is opened by the release
‘of relay-4T and the connector C2 then makes
the revertive busy test above mentioned. Since
the call: being. deseribed is a reverting call, the

.connector finds that the called line 21 is also

the calling line -and - the -line-finder. LF2 and
selector - S2--are thereupon restored to normal.
The:connector C2 is held. however with its brushes
in engagement with. the terminals to- which line
21 is connected and. ringing current. is. transmit-

‘ted:-‘according. to- the selected: ringing code over

either the tip- or the ring conductor of line. 21
depending on-.whether the called station is a
tip- station or a ring station. The one or the
other of ringing relays 51 and 61 is operated by
the ringing current to effect the transmission
of impulses- of carrier eurrent. of frequency Fi
from carrier transmitter CT1 over the power line
PL to actuate the ringers at all of the tip sta-
tions. if the. called. station. is a tip station or to
actuate the ringers at all of the ring stations if
the. called station is a ring station. If the call-
ing. station is not signaled on the same side of
the line 21 as is the called station, a short im-
pulse of. ringing current is transmitted at the
end of each.ringing code cycle to effect a short
operation. of the ringer at the calling station
so that.the calling party will know, when ring-
ing ceases, that the call has been answered.
When the handset is removed from the re-
ceiver hook at the called station to answer the
call, carrier transmitter CT3 will be energized to
transmit carrier current of frequency F2 over
the power line PL, thereby operating relays 47
and 41 of the carrier terminal equipment CEI.
Relay 41 operates relay 42 and with relays-47 and
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42 both operated windings ‘30 of hybrid coil HC
are bridged across the conductors of line 21 to
effect the operation of the ringing trip relay (not
shown) of connector C2. The transmission of
ringing current: is' thereby stopped and - the
brushes of connector C2 remain in engagement
with the terminals of line 21 as long as the
bridge is maintained across the conductors of
line 2f. With relay 42 operated, carrier trans<
mitter CTI is energized to transmit carrier cur-
rent of frequency Fi, thereby operating relays
150 and 160 at each of the carrier subscriber
stations. When the ‘subscriber at the calling
station realizes the ringer is no longer being ac-
tuated, the handset is removed for conversation
with the subscriber at the called station. Al-
though the operating circuit of relay (60 is
opened when the switch 174 is actuated by re-
moval of the receiver at the calling station, re-
lay 160 is held operated independent ‘of the
switch 174 as long as relay 150 remains operated.
With relay 160 operated crystal 163 is included
in the frequency determining circuit of the os-
cillator tube of ‘transmitter CT3, and energiza-
tion of the carrier transmitter by the actuation
of switch 174 causes the transmission of carrier
current of frequency ¥3 over the power line PL.
The carrier current of frequency ¥3 thus trans-
mitted over line PL is ‘without effect at any of
the carrier subscriber stations but at the car-
rier terminal CEIl, this current passes through
filter 107 of carriei receiver CR2 to amplifier 108.
The current in the output circuit of amplifier
108 is demodulated by rectifier 109; and since
the short circuit across the winding of relay 45
has been opéned by the operation of relay 41 re-
sponsive to carrier current of frequency F2 re-
ceived over line PL from the called carrier:sub-
scriber station, relay 45 is operatively energized.

Relay 45 closes a circuit for operating relay 44.

The operation of relay 44 opens the operating
circuit of relay 45 and connects the output of
demodulator 109 to windings 31 of hybrid coil
HC. Conversation between the calling and called
stations is thus enabled, voice currents from
the telephone transmitter 177 at the called sta-
tion being effective to modulate the carrier cur-
rent of frequency F2 transmitted from -the as-
sociated carrier transmitter CT3 over line PL
to carrier receiver CR{I of the carrier terminal
CEl. The voice current components of the car-
rier current of frequency F2 received from the
called station are transmitted through demodu-
lator 105, condenser 49 and windings 31 and 32 of

hybrid coil HC to modulate the carrier current of

frequency Fi transmitted from carrier trans-
mitter CTH over line PL 1o both the calling and
called carrier subscriber stations. The voice cur-
rents from the telephone transmitter 177 at the

calling station modulate the carrier current of:

frequency F3 transmitted from the associated
carrier transmitter CT3 over line PL to carrier
receiver CR2 of the carrier terminal CT. 'The
voice current components of the carrier current
of frequency F3 received from the calling sta-
tion are transmitted through demodulator 109,
windings 31 and 32 of hybr1d coil HC “to modu-
late the carrier current of frequency i trans-
mitted from carrier transmitter CTI over line
PL to both the calling and called carrier sub-
scriber stations,

If the calling subscnber restores the handset
to normal at the same time or before the handset
is restored at the called station; the associated
carrier transmitter is deenergized to terminate
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the transmission of carrier ‘current of frequency
F3, relay 45 of carrier terminal CT being there-
by released. When the carrier transmitter at
the called station is also deenergized, the trans-
mission of carrier current of frequency F2 is
terminated thereby causing the release of re-
lays 417, 41 and 42 of carrier terminal CEf. The
release of relay 42 deenergizes carrier trans-
mitter CTI thereby causing the release of re-
lays 150 and 160 at each of the carrier subseriber
stations. The release of relay 41 opens the
bridge across line 21 thereby causing the con-
nector C2 to be restored to normal 1n usual man-
ner.

If the handset is restored to normal at the
called station before the connection is released
at the calling station, the deenergization of the
carrier transmitter at the called station causes

‘the release of relays 47 and 41 of carrier termi-

nal CEf. The release of relay 47 opens the
bridge across the conductors' of line 21 and the
release of relay 41 causes the release of reldy
42. The release of relay 42 restores the normal
grid bias of the carrier transmitter tube to ter-

‘minate the transmission of cairier current of

irequency Fi over line PL and thereby release
relays 150 and 160 at each of the carrier sub-
scriber stations. The reiease of relay 160 at the
calling station at which the receiver has not yet
been replaced on the receiver hook, changes the

tuning of carrier transmitter CT3 by inserting

crystal 162 in place of crystal {63 in the fre-
quency determining ‘circuit of the oscillator so
that the carrier current transmitted therefrom

‘is changed from frequency F3 to frequency F2.

This change in the frequency of the carrier cir-
cuit transmitted over line PL from the calling
station causes the release of relays 45 and 44 and

the reoperation of relays 47, 41 and 42 of car-

rier terminal CEIl. The reoperation of relays
41 and 42 again closes the bridge across the con-
ductors of line 21. If the interval during which
relays 41 and 42 were released is sufficiently long
the connector switch C2 is at the time restored

‘to normal; and in such a case the reclosing of
‘the bridge effects the operation of the line relay

of line 21 and the starting of a line finder. The
reoperation of relay 42 again energizes carrier
transmitter CTi so that carrier current of fre-

‘quency Fi is again transmitted over line PL, op-
.erating relays 190 and 168 at all carrier sub-

scriber stations except the calling station at
which relay 150 is operated but the circuit for
operating relay 160 is open at a contact of switch
174. When the handset is replaced at the call-

energized causing the release of relays 47, 41 and
| The release of
relay 47 again opens the bridge across the con-
ductors of line 21 thereby to effect the return
of connector C2 to normal, if not dlready re-
turned to normal; or if connector C2 was re-
turned to normal before the carrier transmitter

“at the calling station started to transmit car-
65
"bridge across the conductors of line 2i causes

rier current of frequency F2, the opening of the

the release of the line-finder which was’ operated
to connect the line 21 after the connector Cc2

. was released

The carrier ti'ansmltter CE2 shown in Fig. 5 is

‘similar to carrier terminal CEI shown in Fig. 2
except that it is arrarged to receive four-party

selective or eight- party semi- selectlve superim-
posed ringing from the central ofﬁce and except
that the arrangement of telays 41; 82:and 4T has
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been: modified as- hereinafter- deseribed.  Refer-
enge- may:-be: had: tor the patent, te, . Hovland
1,849,088, granted March, 15, 1932, for disclosure
of & connector-arranged. for four-and-eight-party
superimpesed; ringing: Four ringing - relays. are
provided. in. carrier terminal CEZ2, nelays;5t1. and
5dr fon response. to: ringing current received over
the -tip conductor- of line 21 and relays. §14. and
642 for response to ringing curreni received. over
the ring- conduector of-line. 24. The windings.of
each.of the ringing relays.is.connected to the:line
conductors through a-two-element; gas-filled. tube;
relays:544 and 61l being therveby polarized. to re-
spond t0 *=— ringing current and relays §12 and
642 to.respond to- = ringing current. ¥our re-
laxation oscillators. OT1,, 0T2, ORI and OR2 are
provided: one for each of-relays. bl i,.542, 8ti:and
642. Oscillators.©Ti and ORI are-identical:with
oseillators- OT -and OR of the carrier terminal
CEl shown in -Fig. 2; and. oscillators ©F2 and
OR2.are similar except.that in each of these: the
values-of the-capacity and. resistances which coli-
trol- the. time requirec: for- impressing. the break-
down. voltage across, the: control gap of.the three-
element gas-filled. tubes. 657 and §67: are-such.that,
the main gap: of tube: 657, becomes ionized. every
third. pesitive-half cycle of-the power voltage and
the main: gap. of tube. 8§67 hecomes. ionized. every
third. negative- half cycle of the power voltage.
Thus, assuming the pewer supply frequency to be
60:eyclas per second, the catrier. transmitter CT1
is..energized  to transmit ringing signal carrier
current: impulses at the. vate of 30. impulses per
second.when ringing relay 541 or 614 and the as-
sociated. oscillater-OT . or. ORI-are energized; and
to: transmit. ringing signal carrier current. im-~
pulses at the rate of 20.impulses per-second. when
ringing relay 512 or 612 and. the associated oscil-
lator-QT2 or OR?2 are energized.,

In.order to-insure against bell.fapping at carrier

subscriber stations, due to modulation of the can-
rier transmitted from. carrvier transmitter CTI
during the repeating of dial impulsesfroma-calling
carrier station. to the central office, the arrange-
ment:.of relays 8{,42and 41 differs from that shown
inFig. 2. Relay 47 alone is energized:in series with
rectifier- {86 responsive to.carrier current incom-
ing to, neceiver CRI. from the calling carrier sta-
tion. .Relay 41 controls both relay 44 and relay
42, relay 44 being fast.to follow: dial impulses and
relay 42 being slow to-release so-as to.remain op-
erated: during dialing. The operation of relay 42
connoets the grid. of fidoe 80 to the hack contact
of relay £%. :Each release of relay 41 grounds the
grid of tube: 80 to maintain. the, output of tubes
80, and: 9% substantially constant.at a time when
transients may be. created by the: opening of the
“loop acress the telephone line 21, Otherwise.such
transients might vary:the potential of. the grid of

tube. 80. sufficiently to cause bell tapping at. the

carrier subseriber stations. other than. the calling
station. -However, by. grounding the grid of tube
-80: when relay 4% releases, the carrier current. be-
.ing. transmitted from transmitter CT1L remains
substantially constant during dialing. The wind-
.ings. of: the hybrid. coil are so connected and the
eentral office battery is so poled that the grid of
‘tube-80- may become more positive when the loop
over the telephone line is closed at the end:of each
-dial impulse, but the inerease of carrier current
whieh results is not sufficient to.cause bell tapping.
The carrier subscriber stations - arranged for
four-party selective and eight-party semi-selec-
‘tive superimposed. ringing are schematically rep-
-resented by the:station shown in Fig. 3. The dif-
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ference: between. shations: arranged. for divided
code ringing-and.stations arranged.for four-party
selective-and eight-party:semi-selective ringing;is
that.the ringers at stations arranged-for four and
eight-party. ringing are tuned to. respond either
to. carrier- impulses.- incoming at. the rate. of..30
impulses.per second or to carrier impulses;incom:
ing: ab. the rate ofi-20.impulses. per second. When
there are only four stations,,each.station:is sig-
naled, by 2. one-ring: code; and, when there- are
eight. stations, the.-four additional. stations. are
signaled:by a- two-ring-code. Fig. 6 shows the
various ringing conditions established:by the con-
neetors. in. the central office: for four- and, eight-~
party ringing,.and. shows the.ringing relays and
oscillators. of the:carrier texminal which are ener-
gized and the frequency.of. the ringing signal,car-
rier current impulses for vinging each station.

Whatis:claimed.is:. .

1. In a telephone system, subscriber lines ins
cluding: party lines; a plurality. of subsgriber sta-
tions connected to-each of said. party lines, means
for connecting. calling, and. called.lines, means for
transmitting ringing. current over one- conductor
of a.called partylineto.ring certain.of the stations
on the line.and.for transmitting. ringing. current
over- the- other conduetor te-ring: the other sta-
tions.on the-line; a.power line, a plurality of tele~
phoene stations connected to said.power line, each
of; said- power: line: stations arranged. for. carrier
currentt operation:oven said power -line;. carrier
tenminal equipment connecting: said- power-line to
one of said -party lines; and: means: including
means: in said carrier terminal equipment and
means: at each of said power lime: stations for
ringing centain: of said: power line stations when
ringing cutrent is received:by said carrier terminal
equipment over: ene conductor of said: one- party
line and: for ringing; the ether power line: stations
when: ringing: curvent; is: received: by said: carrier
terminal: equipment. over- the: other: conductor-of
said one party line;

2. In: a sighaling -system, a. carrier curnent
transmitter; g plurality-of carrier: eurrent: receiv-
ers: each: including: signal: means;, a transmission
medium commor:to said transmitter and regeivers
for- transmitting: carrier: eurrent: from said: trans-
mitter fo-all:of said receivers, means fon impress-
ing an alternating current contrel veltage on said
medium, o first control means for rendering said
transmitter- effeetive to transmit. carrier- current
of = particular frequency ever said. medium,. 2
second control - means: for rendering said trans-
mitter-effective to-transmit carrier current of said
particular frequency over said medium, means
for: selectively nendering either said: first. control
means or -said: second control means effective to
control, saiditransmitter, a. third: control means.in
each: of some: of; said, receivers. for rendering the
receiver effective. to. actuate. the associated signal
means. responsive-to carrier: current of said pas-
ticular frequency- transmitted over said-medium,
a, fourth control means. in. each of the remainder
of said receivers for rendering, the receiver effec-
tive to:actuate the.associated signal means re-
sponsive:toe. carrier current of .said. particular fre-
quency transmitied, over said medium, means re-
sponsive- to. alternate. half cycles of one polarity
of said.conirel voltage for rendering said first and
third control. means effective, and means respon-
sive to alternate half cycles of the opposite. po-
larity of said. control volbage for rendering. said
seeond; and fourth control means effective.

3..In. a signaling system, a. carrier current
transmitter: arranged. fo. transmit carrier current
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of a particular frequency, a plurality of carrier
current receivers each including individual signal
means, a transmission medium common to said
transmitter and receivers for transmitting carrier
current from said transmitter to all of said re-
ceivers, means for impressing an alternating cur-
rent control voltage on said medium, a first con-
trol means for rendering said transmitter efec-
tive to transmit carrier current over said medium,
a second control means for rendering said trans-
mitter effective to transmit carrier current cver
said medium, a third control means for rendering
said transmitter effective to transmit carrier cur-
rent over said medium, a fourth control means
in each of some of said carrvier receivers for ren-
dering the receiver effective to actuate the asso-
ciated signal means responsive to-carrier current
of said particular frequency incoming over said
medium, a fifth control means in each of the
remainder of said carrier receivers for rendering
the receiver effective to actuate the associated
signal means responsive to carrier-current of said
particular frequency incoming over said medium,
means responsive to half cycles of one polarity
.of said control voltage for rendering said first
and fourth contrcl means operative, means re-
sponsive to hall cycles -of the -oppesite polarity
for rendering said-second and fifth control means
effective, and means for-operating said third con-
trol means independent of the polarity -of said
control veltage.

4, In a signaling system, o carrier current
transmitter comprising an amplifier and arranged
to transmit carrier current of .a particular fre-
quency, a plurality .of carrier current receivers
each comprising an amplifier and a signal device
for operation responsive to carrier current of said
particular frequency incoming to the receiver, a
transmission medium commeon to said transmitter
and Teceivers for transmitting carrier current
from said transmitter to all of said receivers,
means for impressing an alternating current con-
trol voltage on said medium, means normally
biasing the amplifier of said carrier transmitter

to prevent the transmission of carrier current .

over said medium, a first control means opera-
‘tively responsive to alternate half cycles of one
polarity of said control voltage for rendering said
amplifier -effective to transmit carrier current, a
second control means operatively responsive to
alternate half cycles of the opposite polarity of
said control voltage for rendering said amplifier
effective to transmit carrier current, means for
selectively placing the one or the other .of said

.control means in control of said transmitter, .

means in each of some of said receivers for ren-
dering the amplifier therein effective responsive
to half cycles of said one polarity of said.control
voltage to amplify carrier current of said particu-
lar frequency incoming over said medium thereby
to operate the associated signal device, and means
in each of the remainder of said receivers for
rendering the amplifier therein effective respon-
sive to half cycles of said opposite polarity of
said control voltage to amplify carrier current of
said particular frequency incoming over said me~
dium thereby to operate the associated signal
device.

5. In a telephone system, a voice frequency
telephone line comprising two conductors, a power
transmission line, a plurality of telephone sub-
seriber stations connected to said power line, car-
rier terminal equipment individual to said lines
comprising a carrier .current transmitter for

transmitting carrier current over said power line, 7.
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means for selectively impressing a desired one of
a plurality of ringing codes on the one or the
other of said conductors to signal a called one of
said stations, a first ringing reiay connected to
one of said conductors for response to ringing
codes transmitied thereover, a second ringing
relay connected to the other of said conductors
for response to ringing codes transmitted there-
over, a first relaxation oscillator comprising a
three element gas-filled tube operative while said
first ringing relay is operated, a second relaxation
oscillator comprising a three element gas-filled
tube cperative while said second ringing relay is
operated, an oscillator in said carrier transmitter
rendered operative while either one of said ring-
ing. relays is operated, a vacuum tube amplifier
in said carrier transmiitter normally biased to
prevent the transmission of carrier current from
said oscillator over said power line, means includ-
ing a transformer winding energized by said
power line and timing means associated with the
gas-filled tube of said first oscillator for effecting
discharge .of the gas-filled tube during alternate
half cycles of one polarity of the power line volt-
age, means including a transformer winding ener-
gized by said power line and timing means asso-
ciated with the gas-filled tube of said second
oscillator for effecting discharge. of the gas-fiiled
tube during alternate half cycles of the opposite

polarity of the power line voltage, means for de-

creasing the bias of said amplifier when either of
said gas-filled tubes is energized thereby to render
said amplifier effective to transmit carrier current
over said power line, each of said subscriber tele-
phone stations comprising .carrier current receiv-
ing means including a vacuum tube amplifier
and a detector and a signal device energized by
carrier current incoming over said power line
from.said carrier transmitter, means at each of
some of said stibscriber stations comprising a
transformer winding energized by the power line
for rendering the amplifier of the carrier receiver
operatively responsive fo carrier current super-
imposed on half cycles of the power line voltage
of said one polarity, means at each of the others
of .said subscriber stations comprising a frans-
former winding energized by the.power line for
rendering the amplifier of the carrier receiver
operatively responsive to carrier current super-
imposed on half cycles of the power line voltage
of said opposite polarity, and signal means at each

“of said carrier stations energized by the energiza-

tion of the signal device responsive to impulses
of carrier current received over said power line
while the amplifier thereat is operative.

6. In a signaling system, a carrier current
transmitter, a plurality .of carrier current receiv-
ers, each of said receivers including individual
-signal means, a power line .common to said trans-~.
mitter and. receivers, means for controlling said
carrier transmitter to transmit carrier  current
through said power line to ail of said receivers
only during half .cycles of one polarity of the
power line voltage, means for controlling said
carrier transmitter to transmit. carrier current
through said power line to all of said receivers

“only during half cycles of the opposite polarity

of said power line voltage, means for controlling
said carrier transmitter to transmit carrier cur-
rent through said power line to all of said re-
ceivers during half cycles of both polarities of
the power line voltage, means in each .of some
but not all of said receivers for .actuating the
associated signal means responsive only to carrier
current received through. said medium during
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half cycles of said one polarity of the power line
voltage, and means in each of the remainder of
said receivers for actuating the associated signal
means responsive only to carrier current received

through said medium during half cyeles of said -

. opposite polarity of the power line voltage.’ ]

7. In a signaling system, a carrier current
transmitter, a plurality of carrier current re-
ceivers each inciuding signal means, a trans-
mission medium common to said transmitter and
receivers for transmitfing carrier current from
said transmitter to all of said receivers, means
for impressing an alternating current control
voltage on said medium, a first control means
for rendering said transmitier effective to trans-
mit carrier current over said medium, a second
conitrol means for rendering said transmitter
effective to transmit carrier current over said
.medium, means for selectively rendering either
said first confrol means or said second control
means, or both said first and second control
means at one time, effective to control said
transmitter, a third control means in each of
some of said receivers for rendering the receiver

effective to actuate the associated signal means '

responsive to carrier current transmitted over
said medium, a fourth conirol means in each
of the remainder of said receivers for rendering
the receiver effective to actuate the associated
signal means responsive to carrier current trans-
mitted over said medium, means responsive to
alternate half cycles of one polarity of said con-
trol voltage for rendering said first and third
control means effective, and ‘means responsive
to alternate half cycles of the opposite polarity
of said control voltage for rendering said sec-
ond and fourth control means effective.
~ 8. In a signaling system, 'a carrier current
transmitter comprising an amplifier, a plurality
of carrier current receivers each comprising an
amplifier and a signal device for operation
responsive to carrier current incoming to the
receiver, a transmission medium common to
said transmitter and receivers for transmitting
carrier current from said transmitter to all of
said receivers, means for impressing an alter-
pating current control voltage on said medium,
means normally biasing the amplifier of said
carrier transmitter to prevent the transmission
‘of carrier current over said medium, a first con-
trol means operatively responsive to alternate
half cycles of one polarity of said control volt-
age for rendering said amplifier effective to
transmit carrier current, a second control means
operatively responsive to alternate half cycles
of the opposite polarity of said control voltage
for rendering said amplifier effective fto trans-
mit carrier current, means for selectively plac-
ing the one or the other or both of said control
means in control of said transmitter, means in
each of some of said receivers for rendering the
amplifier therein effective responsive to half
cycles of said one polarity of said control volt-
age to amplify .carrier current incoming over
said medium thereby to operate the associated
signal device, and means in each of the
remainder of said receivers for rendering the
amplifier therein effective responsive to haif
cycles ‘of said opposite polarity of said control
voltage to amplify carrier current incoming over
said medium thereby to operate the associated
signal device. '
9. In a .telephone system, a voice frequency
telephone line’ comprising two conductors, a
‘power transmission line, a plurality of telephone
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‘subscriber stations connected to said power line,

carrier terminal equipment individual to said
lines comprising a ecarrier current transmitter
for transmitting carrier current over said power
line, means for selectively impressing a desired
one of a plurality of ringing codes on the one or
the other of said conductors to signal a called
cone of said stations, a first ringing relay con-
nected to one of said conductors for response
to ringing codes transmitted thereover, a second
ringing relay connected to the other of said
conductors for response to ringing codes frans-
mitted thereover, a first relaxation oscillator
comprising a three element gas-filled tube oper-
ative while said first ringing relay is operated,
a second relaxation oscillator comprising g three
element gas-filled tube operative while said
second ringing relay is operated, an oscillator in
said carrier transmitter rendered operative while
either one or both of said ringing relays is
operated, a vacuum tube amplifier in said carrier
transmitter normally biased to prevent the
transmission of carrier current from said oscil-
lator over said power line, means including a
transformer winding energized by said power
line and timing means associated with the gas-
filled tube of said first oscillator for effecting
discharge of the gas-filled tube during alternats
half cycles of one polarity of the power line
voltage, means including a transformer wind-
ing energized by said power line and timing
means associated with the gas-filled tube of said
second oscillator for effecting discharge of the
gas-filled tube during alternate half cycles of
the opposite polarity of the power line voltage,
means for decreasing the bias of said amplifier
when either or both of said gas-filled tubes is
energized thereby to render said amplifier
effective to transmit carrier current over said
power line, each of said subscriber telephone
stations comprising carrier current receiving
means including a vacuum tube amplifier and a
detector and a signal device energized by car-
rier curren$ incoming over said power line from

‘sald carrier transmitter, means at each of some

of said subscriber stations comprising a trans-
former winding energized by the power line for
rendering the amplifier of the carrier receiver
operatively responsive to carrier current super-
jimposed on half cycles of the power line volt-
age of sald one polarity, means at each of the
others of said subscriber stations comprising a
transformer winding energized by the power line
for rendering the amplifier of the carrier receiver
cperatively responsive to carrier current super-
imposed on half cycles of the power line volt-
age of said opposite polarity, and signal means
at each of said carrier stations energized by the
energization of the signal device responsive to
impulses of carrier current received over said
power line while the amplifier thereat is opera-
tive.

10. In a signaling system, a carrier current
transmitter, a plurality of carrier current re-
ceivers, individual signal means controlled by
cach of said receivers, a transmission medium
common to said transmitter and receivers for
transmitting carrier current from said trans-
mitter to all of said receivers, means for imprezs-
ing an alternating current control voltage on

‘said medium, means for controlling said carrier

transmitter to transmit impulses of carrier cur-
rent over said medium only during half cycles
of one polarity of said control voltage, the fre-
qguency of said impulses being an integral sub-
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‘multiple -of ‘the frequency of said control voltage,
and means in -each of some but not all of saia
teceivers for actuating the -associated -signal
means responsive only to carrier current received

through said medium during half ‘cycles of said j

ane polarity of said control voltage.

11. In a signaling system, a carrier current
transmitter, a plurality: of carrier current re-
ceivers, individual signal means controlled by
each of said receivers, a transmission. medium
common to said transmitter and receivers for
transmitting carrier current from said trans-
mitter to all of said receivers, means for impress-~
ing an alternating current control voltage on
said medium, means for controlling said carrier
‘transmitter to ‘transmit -impulses of carrier cur-
rent over said medium only - during half ‘eycles
of one polarity of said control voltage and at an
impulse frequency which is an integral submul-
tiple of the frequency of said control voltage,
means for controlling said carrier transmitter. to
transmit impulses of carrier current over said
medium only during half eycles of the opposite
polarity of said control voltage and at.said im-
pulse frequency, means in each of some but not
.all of said receivers for actuating the associated
signal .means responsive only to carrier current
received through said medium during half cycles
of said one polarity of the control voltage, and
means in each of the remainder of said receivers
for actuating the associated signal means re-
sponsive only to carrier currenf received through
said medium during half cycles of said opposite
polarity of the control voltage.

12. In a signaling system, a carrier current
transmitter, a plurality of carrier current re-
ceivers, g transmission medium common to said
transmitter and receivers for transmitting car-
rier current from said transmitter to all of said
receivers, means for impressing an alternating
current control voltage on said medium, means
for controlling said carrier transmitter to trans-
mit impulses of carrier current over said medium
at a first impulse frequency which is an integral
submultiple of the frequency of said control
voltage and only during half cycles of one polar-
ity of said control voltage, and means for con-
trolling said carrier transmitter to transmit im-
pulses of carrier current over said medium at
another impulse frequency which is an integral
submultiple of the frequency of said control
voltage and only during half cycles of said one
polarity of said control voltage.

13. In a signaling system, a carrier current
transmitter, a plurality of carrier curreni re-
ceivers, a transmission medium common to said
transmitter and receivers for transmitting car-
rier current from said transmitter to all of said
receivers, means for impressing an alternating
current control voltage on said medium, means
for controlling said carrier transmitter to trans-
mit impulses of earrier current over said me-
dium at a first impulse frequency which is an
integral submultiple of the frequency of said
control voltage and only during half cycles of
one polarity of said control voltage, means for
controlling said carrier transmitter to transmit
impulses of carrier current over said medium at
said first impulse frequency and only during half
cycles of the opposite polarity of said control
voltage, means for controlling said carrier trans-
mitter fo transmit impulses of ecarrier current
over said medium at another impulse frequency
which is an integral submultiple of the frequency
of said control voltage and only during half cy-
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cles of sald’ one-polarity of said control voltage,
and ‘means for controlling said carrier trans-
‘mitter to transmit impulses of carrier current
over- said medium at said other impulse fre-
quency: which is an integral submultiple of the
frequency of said control voltage and only dur-

‘ing half cycles ‘of said opposite polarity of said

control ‘voltage.
14. In a signaling system, 'a carrier current

i

‘transmitter, ‘a plurality of carrier current re-

ceivers, a transmission medium common to said

‘transmitter and receivers for transmitting car-

rier current from said transmitter to all of said
receivers, means for impressing gn alternating
current control voltage on said medium, means
for controlling said carrier transmitter to trans-
mit impulses of carrier current over said me-

.dium ata first impulse frequency which is an in-

tegral .submultiple of the frequency of said con-

trol voltage and only during half cycles of one
_vpolarity of said control voltage, means for con-

trolling said carrier transmitter to transmit im-

,,pﬂlses of carrier current over said medium at an-
.other impulsg.frequency which is an integral
_submultiple of the frequeney of said control voli-

‘age and only during half cycles of said one polar-

ity of 'said control voltage, individual signal

means including a tuned ringer controlled by
each of said receivers, and means in each of said
receivers for actuating the associated signal
means responsive only to carrier current re-
ceived through said medium during half cycles
of said one polarity of said control voltage, the
ringer associated with each of some but not all
of said receivers being tuned to respond only to
carrier impulses received over said medium at
said first impulse frequency and the ringer as-
sociated with each of the other receivers being
tuned to respond only to carrier impulses re-
ceived over said medium at said other impulse
frequency.

15. In a signaling system, a carrier current
transmitter, a plurality of carrier current receiv-
ers, a ftransmission medium common to said
transmitter and receivers for transmitting car-
rier current from said transmitter to all of said
receivers, means for impressing an alternating
current control voltage on said medium, means
for controlling said carrier transmitter to trans-
mit impulses of carrier current over said medium
at a first impulse frequency which is an integral
submultiple of the frequency of said control volt-
age and only during half cycles of one polarity of
said control voltage, means for controlling said
carrier transmitter to transmit impulses of car-
rier current over said medium at said first im-
pulse frequency and only during half cycles of the
opposite polarity of said control voltage, means for
controlling said carrier transmitter to transmit
impulses of carrier current over said medium at
another impulse frequency which is an integral
submultiple of the frequency of said control volt-
age and only during half cycles of said one polari-
ty of said control voltage, means for controlling
said carrier transmitter to transmit impulses of
carrier current over said medium at said other im-
pulse frequency and only during half cycles of
said opposite polarity of said control voltage, in-
dividual signal means including a tuned ringer
controlled by each of said receivers, said receivers
divided into four groups, means in each of the re-
ceivers of the first and second of said groups for
actuating the associated signal means responsive
only to carrier current received through said me-
dium during half cycles of said one polarity of
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said control voltage, and means in.each of the re-
ceivers of the thlrd and xourth of sald groups for
actuatmg the assocmted signal means responsive

only to carrier cunent recelved througn said me-

dium during half cycles of said opposn:e nolanty
of said control voltage, each of the ringers asso-
ciated with receivers in ‘said ﬁrst and third groups
being tuned to respond only to carrier impulses
received over said medium at said. ﬁrst impulse
frequency and each of the rmgers asscmated with

receivers in said seuond and fourth groups belng :

tuned to respond on]y to carrier 1mpulses received
over said medium at said. other impulse frequency.

16. In a telephone system, subscriber lines in-
cluding party lines, a plurahty of subscriber sta-

for connecting calling and called hnes means for
‘transmitting $ime coded impulses of rmgmg cur-
rent of a particular frequency over one conductor
of a called party line, to ring certam of the sta-

15
tions connected to each of said party lines, means
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tions on the line and for tr ansmitting like time "

coded impulses of ringing current over the other
conductor to ring the other stations on the line, a

power line, a plurality of telephone subscriber
stations connected to said power line, each of sald
power line subscmber stations comprising carner
transmitting and recelvmg means for transmlt-
ting and receiving voice and signal “mhodulated
_carrier current over said power line, carrier ter-

A
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minal. equipment connectmg said power line to
one of said party 11nes, and means including
mezns in said carrier terminal equipment and
means af each of said power line stations for
signaling certain of said power line stations when
ringing current is received by said carrier termi-
nal.equipment over one.conductor, of said. one
party line, and for rlngmg the other power, line
stations when ringing current is received by sald
carrier terrmnal equ1pment over the other con-
ductor of said one party line.

" ROBERT C EDSON .
" LESTER HOCHGRAF
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