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This invention relates to telephone systems
and more particularly to automatic telephone
systems. | D

Present automatic telephone systems, are com- -

monly so arranged that it is necessary for the
calling party when calling another subscriber
on his own line to dial a different number from
that by which the wanted party thereon Is usu-
ally called. Such an arrangement for handling
revertive calls is confusing to the subscriber and
results in many false calls. I |

_ In accordance with the present invention, a

novel arrangement is provided wherein certain
means discriminates between an ordinary busy

line and a busy line due to a revertive call there-

on while dialing the same called line number in

the case of a revertive call as in the case of a
normal call. This discriminating means in the
first instance prevents the sienalling of the busy
wanted line but in . the second instance permits
the wanted subscriber, in the case of the re-

vertive call, to be signalled during the period

It is believed that the invention will best be
understood by describing the operations involved
in extending a telephone call from a calling sub-
scriber’s substation #221 to a called subscriber’s -

- substation #214. When the calling subscriber at

 substation #221 originates a call by removing his

10

receiver from its switchhook, a circuit 1s com-.
pleted for the line relay 10 from the negative
pole of battery, upper winding oif this relay, back

contact and armature of the cutoff relay 11, upper
‘side 12 of the calling subscriber’s line thru the

 calling subscriber’s substation network, lower

15

20

that the calling subscriber temporarily hangs up

_his receiver in accordance with instructions.

Another feature of the invention relates to an

arrangement whereby a series of counting relays
in
of the connector also selectively controls the ap-
vlication of selective ringing current to the called
subscriber’s line. | . - |

Still a further feature of the invention relates
to a novel arrangement for intercepting prelim-
inary impulses. o | -

The various features

and claims when taken with the drawings which
diagrammatically represent the automatic tele-
phone system of the present invention, when ar-
ranged with Figs. 1,2, 3 and 4 In a horizontal
vow and with Figs. 5, 6, 7, 8, 9 and 10 arranged
in o second horizontal row in the order named,

the upper margins of Fig. 5 matching with the

lower margin of Fig. 1. In Figs. 1 and 5 there is

illustrated a calling telephone line and the lock--

. out arrangement common to a group of tele-
phone lines; Figs. 2 and 6 represent a group. of

finder relays for connecting 2 link circuit to a

calling telephone line; Figs. 7, 8 and 9 illustrate a

addition to effecting the selecting operation

25

and .advantage’s 6f.thé in-
vention will appear from the detailed description

40

side of the calling subscriber’s line 13, lower wind-

ing of the relay 10, lower back contact and arma-

ture of the cutoff relay i1, to the positive pole of
battery. - In the form of the system herein dis-
closed, there is provided a lockout relay ar-
rangement whereby only one calling subscriber
at a time can extend his line to an idle link cir-
cuit. This locking relay arrangement comprises
twenty tens lockout relays (of which only ten
are completely illustrated, the twentieth tens re-
1ay being shown in dotted lines) and ten units

lockout relays. When the line relay 10 is ener-

gized, a lockout circuit is completed from the
negative pole of battery, resistance 26, continu-
ity and back contact of relays T to Ti0 mclu-
sive, conducior 19, back contact, continuity spring
and winding of the second tens lockout relay 16,
conductor 17, innermost back contact and arma-
ture of the slow releasing relay 13, armature and

front contact of the line relay [0, middle arma~

‘ture and back contact of relay {8, conductor 20,

the first units lockout relay 2{, continuity spring
and back contact of this relay, conductor 22,
back contact and continuity spring of relays Ul0
to Ul inclusive, to the positive pole of battery.
The tens lockout relay i6 and the units lockout
relay 21 are operated over the above described
circuit, each of which closes a locking circuit for
itself and opens the operating circuit for the
others in the corresponding group. Thus the

" tens relay 16 and the units relay 2i are locked
- operated until the calling line is extended to an

45

‘idle link circuit. It will be understood that while

* the tens relay and the units relay are operated,

link circuit and the counting relays associated

therewith: the righthand portion of Fig. 9 and

Fig. 10 illustrate a relay connector for connect-

ing g link to a wanted telephone line;. Figs. 3

and 4 represent a trunking grrangement whereby

a call may be extended to or received from a
trunk connected to a distant office. N

50

no other tens or units relays can be operated,
since their energizing circuits will be interrupted |
by the tens lockout relay and the units lockout

L]

B Fs

relay then operated. . |
~ Alarm relay 14, which is normally energized
except when a call is being extended by the lock-

 out relays, functions when deenergized to close

-

an alarm circuit. This alarm circuit becomes
effective when the relay {4 is deenergized for a




P2

period longer than that normally necessary to
extend a calling line to a link, Alarm relay 23
functions in like manner in connection with the
units lockout relays to close an alarm ecircuit
when an operated one of these relays fails to re-
lease within a short interval of time,

As soon ag the tens lockout relay {6 and the

unijts lockout relay 2{ have been energized and

locked operated in the manner just described, the
tens finder relay and the units finder relay of
an allotted link circuit function to connect this
allotted link to the calling line. Let it be assumed
that the first link of this series is allotted for use

ot

10
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98 from the negative pole of battery, winding of
this relay, lowermost armature and front contact
of relay 54, to the positive pole of battery. Also as
soon as the slow releasing relay 54 is energized.
it applies busy potential to the sleeve conductor
o0 of the link. This busy potential is applied
from the positive pole of battery, back contact
and continuity spring of the relay 582 middle
armature and front contact of the relay 54, to
the sleeve conductor 50 of the link. It will be

understood that this busy potential prevents the

- calling line from being seized by any other line.

and under this condition the slow releasing allot-

ter relay 27 is operated from the negative pole
of battery, winding of this relay, upper back con-
tact and armature of the relay 28, conductor 29,
front contact and armature 38 of the units lock-

15

out relay 28, conductor 31, armature 32 and front

- contact of the tens lockout relay 18, to the posi-

tive pole of battery. As soon as the allotter relay
21 operates, it cloges an energizing circuit for the
relay 33 from the negative pole of battery, wind-
Ing of this relay, upper front contact and arma-
ture of the relay 27 and thence over conductor
2§ and the remainder of the circuit just described,
to the positive pole of battery at the armature
¢2 and front contact of the relay 18. When the
relay 83 attracts its armatures it completes an
energizing circuit from the negative pole of bat-
tery, units finder relay 34, conductor 35, front
contact and armature 3% of the relay 23, outer-
most armature and front contact of units lock-
out relay 21, to the positive pole of battery. Relay
34 is energized in this circuit. Similarly, the #2
tens finder relay 27 is energized in a circuit trace-

20

30

39

able from the negative pole of battery, winding

of this relay, conductor 28, front contact and
armature 33 of relay 33, conductor 40, armature
41 and front contact of tens lockout relay 18 to
the positive pole of battery. When the finder

relays 34 and 37 are thus operated, the tip ring

-and sleeve conductors respectively designated 42,
£3 and #4 are extended thru the armatures of the
finder relay 37, conductors 45, 46 and 47, thence
thru the armature and front contacts of the units
finder relay 84 to the tip, ring and sleeve con-
ductors 3, £2 and $9 of the selected link circuit.
These tip and ring conductors 48 and 49 are thus
connected in series with the calling line and
thru the armatures and back contacts of the
relay 31, the contfinuity springs and back con-

tacts of the relay 52, thru the upper and lower

- windings in series of the battery feed and impulse
relay $3, to the positive pole and the negative

pole of battery, respectively. The impulse relay

93 is thus energized and completes a circuit from
the negative pole of battery, winding of the slow
release relay §4, front contact and armature of
relay <3, uppermost back contact and armature

of the relay 51, to the positive pole of battery.

As soon as the slow releasing relay 54 is operated,
i1t completes a locking circuit for the tens finder

relay 81 and the units finder relay 84. This lock-
ing circuit is completed from the positive pole of
batiery, bhack contact and continuity spring of

the relay 9, conductor §6, middle armature and
front contact of relay &4, conductor §7, arma-
ture and front contact and winding of units
finder relay 34 to the negative pole of battery
and in mulliple therewith thru the ‘armature,
front contact and winding of the tens finder relay
3T to the negative pole of battery. Also when
the slow releasing relay &4 is operated, it closes

an energizing circuit for the slow releasing relay 75

40

45

50

55
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When the slow releasing relay 58 operates, it
applies positive potential at its upper armatures
and iront contacts to the holding conductor §3
and thence thru a branch €2 of this conductor,
back contact and continuity spring of the relay
5!, conductor 63, lower winding of the allctter
relay 28 to the negative pole of battery. The
allotter relay 28 on operation closes a locking
circuit for itself from the negative pole of battery.
front contact and upper winding of this relay,
conductor 64, back contact and armature of the

relay €9, associated with the last allotter relay of

the series, to the positive pole of battery. It will
be appreciated that as a result of this last-de-
scribed circuit, the allotter relay 28 of link #1
and similar allotter relays of the remaining links
of the series will operate and remain locked until
the last allotter relay of the series, namely relay
28c is energized, at which time the previously
locked allotter relays of the series will release.
1his arrangement insures that the links are used
in rotation. o

Further, when the slow releasing relay 58 op-
erates, it applies a dialing tone, from the dia] tone
source, front contact and armature of relay 58,
conductor 68, inner back contact and armature
of relay €1, conductor 68, lower winding of the
battery feed relay 52, to the negative pole of bat-
tery. Dial tone current in this circuit is repeated
over the link circuit in use and over the calling
subscriber’s line where it is heard as g dial tone
in the receiver of the calling subscriber. This
dial tone indicates to the calling subscriker that
the apparatus is in readiness to receive the sev-
eral series of code impulses corresponding to the
called subscriber’s substation. | |
- It has been assumed that the designhation of
the called subscriber’s substation is #2114 theére-~
fore the calling subscriber operates his dial
sender to transmit two impulses corresponding
t0 the hundreds digit of this line. In response
to the first impulse, the impulse relay 52 will re-
tract its armature momentarily. This completes
a circuit from the positive pole of battery, up-
permost armature and back contact.of relay 51,
armature and back contact of impulse relay 53,
upper armature and front contact of slow re-
leasing relay 34, conductor €8, armatures and

~ back contacts of the busy relay 18 and the cut-in

70

relay 71, conductor 72, winding of the slow releas-
ing change-over relay 78 to the hegative pole of
battery. It will be understood that the change-
over reiay as well as the slow-releasing relay
od, fail to respond to the momentary operations

of the impulse relay 53. When, however, at the

conclusion of each series of impulses, the impulse
relay is held onerated for 3 considerable pariod
of time, slow releasing change-over relay 73 will
release. A second circuit in multiple with the
energizing circuit of the change-over relay 73
13 completed from the negative pole of battery.
upper winding of the relay 14, uppermost back
contact and armature of the relay 75, conductor
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. 16 and thence over conductor T2 and the re-
mainder of the circuit just described, to the posi-
tive pole of battery at the back contact and the
armature of relay 5i. Thus when the impulse
relay. 53 retracts its armature in response to the
first impulse of the hundreds digit, the change-
over relay 13 and the relay 74 are both energized.
With the relay 14 energized, it closes & second
circuit for itself which incidentally is ineffective
at this time. This second circuit extends from
the negative pole of battery, upper winding of
the relay T4, its upper armature and front con-
tact, lower winding of the relay 19, innermost

10

lower front contact and armature of relay 13,

and thence over the holding conductor &2 to the
positive pole of battery at the front contact and
armature of the relay 58. This last described
circuit is ineffective as long as the armature of
the impulse relay 53 is retracted in respohse to
the first impulse, since there is positive potential
present on the conductor 76 which serves to
shunt out the lower winding of the relay Ta.
However, when the impulse relay 83 attracts its
armature at the conclusion of the first impulse,
this positive potential will be removed from the
conductor 18, so that the relay 14 will be locked
operated, and the relay 78 will be energized in
the circuit which was previously described as
ineffective. With relays 74 and ©5 both oper-
ated, the number one counting relay 11 is op-
erated from the negative pole of battery, wind-
ing of this relay, thiu the back contacts and ar-
matures of counting relays 18, 83, 82, 84 and 88,
conductor 87, middle front contact and armature
of relay 14, front contact and armature of relay
15, front contact and armature of change-over
relay 73, holding conductor &0, to the positive
pole of battery. It should be mentioned that as
soon. as the change-over relay 13 operates, it
completes an operating circuit for the relay 88
from the necative pole of battery, resistor 83,
lowermost armature and front contact of
change-over relay 13, winding of the relay 88,
holding conductor §9 to the positive pole of bat-
tery. As soon as the number one counting relay
is energized, it closes a locking circuit for itself
from the negative pole of battery, winding of this
relay, its innermost front contact and armavsure,
innermost back contacts and armatures of relays
77 to 86 inclusive, conductor 98, middle armature
and front contact of relay 88 to the positive pole
of battery over the holding conductor 68. When
now the impulse relay o3 retracts its armature

again in response to the second impulse of the
hundred digit, the lower winding of the relay 14

is energized from the negative pole of battery,
lower winding of this relay, its front contact and
armature, uppermost fronft contact and arma-
ture of relay 15, conductors T8 and 72, back con-
tacts and armatures of relays Ti and 78, conduc-
tor 68, front contact and armature of relay 54,
back contact and armature of the impulse relay
53, back contact and armature of relay 51, to
the positive pole of battery. At this time both
the upper and lower windings of the relay 14 are
energized and since this relay is differentially
wound, it retracts its armatures. However, the
relay 15 is maintained operated until the close of
the second impulse, from the negative pole of
battery thru its upper winding, front contact
and armature to the positive pole of batiery over
conductors i% and i2 as previously described.
However at the close of the second impulse with
the relays 74 and 15 deenergized and with the

20
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60

65

70

number one counting relay TT operated, the 75

ing conductor §8.

3

number two counting relay 18 is energized from
the negative pole of battery, winding of this re-
lay, front contact and armature 81 of relay 11,
back contacts and armatures of relays 14 and 19,
front contact and armature of change-over relay
13, to positive potential on the holding conductor

60. The number two counting relay 78 locks it-

self operated from the negative pole of battery,
winding of relay 18, its inner front contact and
armature, innermost back contacts and arma-
tures of relays 18 to 88 inclusive, conductor 90,
middle armature and front contact of relay 88, to
nositive pole of battery over holding conduc-

tor 68. -

At the conclusion of the hundreds series of
impulses, the change-over relay 13 retracts its
armatures and at its Jowermost armature and
continuity spring, it opens the original ener-
gizing circuit of the relay 83. However, the re-
lay 88 is slow releasing and before it releases it
completes o circuit for itself from the positive
pole of battery on the holding conductor 60,
winding of the relay 88, continuity spring and
hack contact of the change-over relay 13, front
contact and armature 92 of relay 86, armatures
and back contacts of the transfer relays 93, 94
and 67, conductor 35, armature %6 and front
contact of the number two counting relay 18
(now energized), winding of the hundreds relay
917, to the negative pole of battery. Relay 88 as
well as the relay 97 are energized in this circuit

and the relay 87 closes a locking circuit for it-

self from the negative pole of battery, its wind-
ing, armature and froent contact, conductor 88,
winding of the relay 67, conductor 99, continuity
spring and back contact of relay 51, branch 62
of the holding conductor €€, to the positive pole
of battery. The transfer relay @7 is not energized
in this ecircuit since it is shunted at this time by
o, branch circuit 88a of the conductor §8, back
contact and armature of relay 61, front contact
and lowermost armature of relay 88 to the hold-
The slow releasing relay 88
is shunted in a circuit from the holding conduc-
tor 68 throuch the winding of relay 88, back
contact and continuity spring of the change-over
relay 73, front contact and armature 82 of re-
lay £8, armatures and back contacts of relays
63, 94 and 61, conductor 85, armature 8¢ and
front contact of relay T8, armature and iront
contact of relay 97, conductors 98 and 98a, back
contact and armaturs of relay 61, lower front
contact and armature of relay 88 and thence to
positive potential over the holding conductor 60.
Shortly after the completion of this shunt cir-
cuit the reiay 88 releases and at its lower arma-
ture and front contact it removes the previously
described shunt circuit about the relay 671. Relay
6T then attracts its armatures. The apparatus
is now in condition to receive the impulses corre-
sponding to the tens digit which in the present
instance is assumed to be “one.”

In response to the single impulse of the tens
series, the impulse relay 93 retracts its arma-
ture. When this takes place, the relay T4 is
energized from the negative pole of battery, its
winding, back contact and armature of the relay
15, conductors 78 and 12, back contacts and .
armatures of relays 71 and 76, conductor 69,
front contact and armature of the relay 94, back
centact and armature of the impulse relay 53,
to the positive pole of battery at the back con-
tact and armature of the relay 5i. The chahge-
over relay 13 is also energized in multiple with
‘the last-mentioned circuit, as previously de-
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scribed. As soon as the change-over relay op-
erates, it closes an energizing circuit from the
negative pole of battery, resistor 88, armature
and Ifront contact of the change-over relay 13,
winding of the relay 88 to ground over the hold-
ing conductor £8. As soon as the relay 74 is
energized in the manner described, it closes &
circuit thru its upper winding, its armature and
front contact, lower winding of the relay 15, front
contact and armature of change-over relay 713
to ground over the holding conductor 8. This
last-mentioned circuit is ineffective, since it is
shunted by the original energizing cirecuit of
relay 14, which circuit includes the conductor 18,
as long as the impulse relay 53 retracts its arma-
ture in response ic the single tens imoulse. How-
ever, at the close of this impulse, impulse relay
&2 attracts ils armature and opens this shunt
circuit, whereupon the mentioned circuit of re-
lays T4 and 15, which had previously been ineffec-
tive, now holds the relay 74 operated and oper-
ates the relay 1%, With relays ¥é and 15 op-
erated, an energizing circuit is closed for the
number ohe counting relay 11 extending from
the negative pole of battery, winding of this
relay, back contacts and armatures of relays 718,
806, 32, 84, and &8, conductor 81, front contacts
and armatures of relays 14 and 75, front contact
and armature of the change-over relay 12 to the
positive pole of battery over the holding con-
ducter &8, It will be understoocd that the
change-over relay, which is slow releasing, re-
malins energized for a short interval but soon
retracts its armatures after its energizing circuit
is Interrupted at the armature and back contact
cf the impulse relay 83, when this last-nsmed
relay atiracts its armature at the conelusion of
the tens series of impulses. The number one
ceuniing relay i1 when cperated, closes a lock-
ing circuit for itself from the negative pole of
battery, its winding, front contact and armature,
back contacts and armatures of relays T8 to 88
inclusive, conductor 82, armature and front con-
tact of relay 838, to the positive pale of battery
over the holding conductor 0. It will be re-
called that the relay 87 was operated and locked
operated in response to the hundreds impulses.
Now with the number one counting relay 717
cperatea and lccked goperated in response to the
tens series of impulses, a circuit is completed for
operating the tens relay (€% of the relay con-
nector associated with the link in use. The re-

lay 100 is energized in a circuit traceable from

the negative pole of battery, windine of this
relay, conductor (21, front contact and arma-
ture 162 of the counting relay 17, conductor 103,
front contact and armature i84 of the relay 91,
conductor i85, uppermost front contact and
armature of relay &7, back contacts and arma-
tures of relays 94 and 82, armature 22 and con-
tact of relay €2, continuity spring and back con-
tact of change-over relay 12, winding of the
relay 88 to the positive pole of battery over the
hoiding conductor 60. The tens connector relay
103, when operated, closes a locking circuit for
itself from the negative pele of battery, winding
of this relay, its front contact and armature, con-
ductor [08, winding of the relay %4, to the posi-
tive pole of battery over the holding conductor
68. The relay i08 is locked operated in its cir-
cuit but the relay 92 deces not operate at this
time since it is shunted by a circuit extending
from conductor (08 thence over conductor 107,
inner back contact and armature of relay 94,
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eontact and armature of relay 88, conductor 60
to the positive pole of battery. It will be under-
stood that this shunt circuit is efiective as long
s the relay 88 is operated. However, the slow
releasing relay 88 is shunted at this time and
shortly afterwards retracts its armatures. 'This
shunt circuit may be traced from the positive
pole of hattery connecied to the conductor €9,
winding of the relay 88, back conitact and con-
tinulyy spring of the change-over relay 73, front
contact and armature 92 of relay 88, armatures
and back contacts of relays 93 and 94, armature
and front contact of relay 671 to conductor 105,
arimature (84 and front contact of relay 97, con-
ductor §83, armature and front contact of relay
11, conductor 164, front contact and armature
of relay 180, conductor 186, winding of relay 84
and again to the positive potential connected to
the holding conductor 60. A short interval after
the relay 88 is thus short circuited it retracts
its armatures and at its lower armature and
front contact interrupts the shunt cirecuit that
had previcusly existed about the winding of the
switcning velay 84. The switching relay 94 is
now operated and attracts its armatures. Also
as soon as the relay 88 deenergizes it opens the
locking circuit including the conductor 99 which
has been helding the counting relay 17 operated,
thus this relay deenergizes and the apparatus
is ‘in condition to receive the impulses corre-
sponding to the units digit of the wanted num-
ber,

It has been assumed that the units digit of the
wanted number is 4 and therefore the calling
suposcriber operates his dial sender to transmit
four impuises. In response to each of these im-
pulses, the impulce relay 53 retracis its arma-
ture. On the first retraction of the armature
of the impulse relay, the change-over relay 13 as
well as the relay 74 are energized as previously
described. When the change-cover relay is thus
Operated it closes a circuit for again enerziz-
ing the slow releasing relay 88. Also when the
relay 14 is operated, it closes an ineffective cir-
cuit as before described thru the upper winding
of relay T4, its armature and front contact, lower
winding of relay 719, front contact and armature
ol relay 13 to positive potential over the holding
conductor 58, Now, when the impulse relay 53
aitracts its armature at the close of the first im-
pulse, relay T4 will remain energized and relay
75 will be operated. Therefore, the number one
counting relay 17 will be operated as before de-
scribed from the negative pole of battery, winding

5. 01 this relay, back contacts and armatures of

relay 12, 88, 82, 84 and 86, conductor 81, front
centacts and armatures of relays 14 and 19, front
contact and armature of the change-over relay
13 to the positive pole of battery over the hold-
Ing conductor €6. Relay 11, when operated,
closes a locking circuit for itself thru its inner-
108t front contact and -armature and thence
thru the back contacts and armatures of re-

maining counting relays, conductor 89, armature

and front contact of relay 88; to the positive
pole of battery over the holding conductor 60, In
response to the second impulse of the units series,
the lower winding of the relay 14 wili be ener-.
gized from the negative pole of battery, inner
fmnt contact and armature of.the relay 14, upper
Iront contact and armature of the relay 15, con-
ductors 76 and 12 to the Dositive pole of battery
thru the back contact and-armature of the relay
93. It will be noted that the relay 14 is differ.

front contact and armature of relay 61, front 75 entially wound and thus when both of its wind-
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ings are energlzed it will retract its a,rmatures
At the upper armature and front contact of
this relay, the energizing circuit thru the lower

winding of the relay 10 1s interrupted but relay

15 is now held operated through its upper wind-
ing, front contact and armature over conductor

16. When the impulse relay 53 attracts its armea-

ture at the close of the second impulse of the
units series, the locking circuit thru the upper
winding, front contact and armature of the re-
lay 15 is interrupted so that the relay 75 also
retracts its armatures. When this takes place
the number two counting relay is energized from
the negative pole of battery, winding of this relay,
front contact and armature 81 of relay 71, back
contacts and armatures of relays 74 and 78, iront
contact and armature of change-over relay 13 to

positive pole of battery over the holding con-

ductor 68. In response to the third impulse of
the units series, relays T4 and 15 are operated as
previously described, after which the number
three counting relay 79 is energized irom the
negative pole of battery, winding of this reiay,
front contact and armature of relay 18, back
contact and armatures of relays 80, 82, 34 and
86, conductor 87, front . contacts and armatures
of relays T4 and 15, front contact and armature
of relay 73, conductor 68 to the positive pole of
battery. Relay 19 on.operation closes a locking
circuit for itself thru its front contact and arma-
ture, back contacts and armatures of relays 88 to
86 inclusive, conductor 88, armature and front
contact of relay 88 to the positive pole of bat-
tery over the holding conductor &€9. In response
to the fourth impulse of the units series, the
relay 18 will retract its armatures and when the
impulse relay 83 attracts its armature at the con-
clusion of the fourth impulse, the relay 19 will

also retract its armature. Thereupon the number

four counting relay 88 is operated from the

negative pcle of battery, winding of this relay,

front contact and armature of relay 79, back
contacts and armatures of relays 74 and 13, front
contact and armature of change-over relay 13 to

the positive pole of battery on the holding con-

ductor 6€. Relay 88 when operated, closes a lock-

ing circuit for itself through its own front contact

and armature and thru the back contacts and
armatures of the remaining counting relays of the

series, conductor 80 to the positive pole of bat--

tery on holding conductor 838 through the arma-
ture and front contact of relay 83, as prevmusly
described.

At the close of the umts series of 1mpulses When
the impulse relay 53 holds its armature attracted,
the chaﬂge_-ove_r relay 13 deenergizes. There-

upon the units connector relay {88 is operated

from the negative pole of battery, winding. of
this relay, conductor 199, front contact and
armature (E¢ of the number four counting relay
88 conductor 1{1i, uppermost front contact and
armature of relay $4, back contact and arma-
ture of relay 88, _a,rmature 82 and front contact
of relay 88, back contact and continuity spring
of change~cver relay 73, winding of the slow re-

B

df' the relay 93, :front contacts“ and armatures of
relays 94 and 67, front contact and armature

of relay 88, to the holding conductor 68. How-

ever, the slow releasing relay 88 is also short-
circuited by the operation of the units connector,
relay 108 and shortly afterwards retracts its
armature so that the relay 93 will be operated.
The mentioned short circuit for the relay 88

~ extends from the holding conductor 60, winding

10

of the relay 88, back contact and continuity
spring of the change-over relay 13, front contact
and armature 92 of relay 88, back contact and
armature of relay 93, armature and iront con-

~ tact of relay 94, conductor |11, armature 118 and
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leasing relay 88 to positive pole of battery over

the helding conducior 83, The connector relay
(88 nn orerating,
self from the mgstwe pole of battery, winding
of this relay, its front contact and armature,
conductor {12, winding of the relay 93, to the
posivive pole
The relay 92 is not operated at this time, since
it is shunted by a circuit including conducior
(12, conductor 113, “back comact and armature

of battery over the conductor 68.

closes a locking circuit for it-

5"

- designated 171 to 8l,
- gized and then deenergized

go Dolding conductor 89.

front contact of the counting relay 8¢, conductor
(69, front contact and armature of relay §08, con-
ductor {12, winding of relay 98 and again to the
holding ccnductor 668. Relay 88 thereupon re-
leases and by so doing, removes the short cir-
cuit about the relay 28, which then operates.

- 8ince the connector relays {89 and 108 have

been operated, the link circuit in use is con-

nected to the tip ring and sleeve conductors of
the called subscriber’s line. The testing of this
Iine now takes place. If this line is idle, positive

potential will be gbhsent from its sleeve conductor

{14 and therefore the busy test relay 70 will not.
operate. Consequently, no busy tone will be
transmitted to the calling subscriber and he will

g0 therefore know that he can now operate his dial

sender to transmit impulses for selecting the
proper ringing frequency to signal the desired
calling substation on the telephone line to which
his substation has been connected. It will be
noted in the present arrangement, that provision

is made for selectively signalling anyone of ten
substations on a called telephone line. Ior this
purpose five different ringing frequencies namely

~ sixteen, thirty, forty-two, fifty-four and sixty-six
- cycle ringing current are provided. Let it be as-

sumed that sixty-six cycle ringing current will
signal the wanted substation. Therefore the
calling subscriber operates his dial sender fto

transmit g series of five impulses to select that

frequency. In response to the first impulse the
changeover relay 13 is operated and remains
operated -during the series of impulses.  Also-
in response to the five mentioned impulses,
the counting relays for numbers 1 to 5 inclusive,
inclusive, are

when the suc-
ceeding relay in the series operates. Conse-
quently. only the #5 counting relay 81 remains
operated. As soon as the change-over relay 73 is
operated, it closes an energizing circuit for the
relay 88 which circuit extends from the negative
pole of battery, resistor 89, armature and front:
contact of change~-over relay 73, winding of the
relay 88 to the positive pole of battery over the
‘When the transfer relay -
83 Is operated as previously described, a circuit

is closed for the ringing relay 119 from the nega-
tive pole of battery, resistor 118, winding of the
relay 19, back contact and armature of the cut-
in relay 71, front contacts and armatures of re-
‘ays 93, 84 and 87, front contact and armature of

‘relay 88, to the positive pole of battery over the

holding conductor §3. The ringing relay 115

- When operated, closes a locking circuit for itself
~thru its innermest front contact and armature |

over the holding conductor 89 to the positive
pole of battery. The ringing relay {5 when

operated also closes at its uppermost armatures

and front contacts break points in the link cir-.
cuit. Alter the change-over relay releases but

irst ener-
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before the slow releasing relay 88 deenergizes, a

circuit is completed for operating the cut-in re-
lay T!. This circuit is traceable from the nega-
tive pole of battery, lower winding of this relay,
back confact and armature §{7 of the relay 118,
conductor 119, front contact and armature of
relay 83, armature 52 and front contact of relay
88, back contact and continuity spring of
change-over relay 13, winding of relay 88 over
the holding conductor 68 to the positive pole of
batiery. With the cut-in relay Tl operated, a
second pair of break points is closed in the link
circuif. Since the counting relay 81 has been
operated. 66 cycle ringing current is applied thru
the front contact and armature 120 of relay 81,
back contacts and armatures of relays 89, 13, 78
and 77, winding of the trip relay 121, back con-
tact and armature of the reversing relay {22, con-
ductor 123, front contacts and armatures of the
ringing relay {15 and cut-in relay 71, tip con-
ductor 124 of the link and thence over the tip
conductor of the called telephone line, thru the
substation ringer of the wanted substation, ring
conductor of the called telephone line, ring con-
ductor 129 of the link, front contacts and arma-
tures of the cut-in relay 7{, ringing relay {15,
conductor 126, armature and back contact of re-
lay 122, to the “generator return.” It should be
pointed out that the operation of tha cut-in relay

Tl and the ringing relay {5, closes a circuit

thru their front contacts and armatures 127 and
128 for starting the ringing generator. It should
be noted that in the present instance, the revers-
ing relay 122 was not operated since the number
of Impulses in the ringing series of impulses was
less than six. If however, the number of im-
pulses in the ringing series was six or more, the
reversing relay 122 would have been operated so
that the ringing current wottlld have been apnlied
to the ring side of the line. This enables the
ten different substations on a telephone line to be
selectively signalled with the use of only five dif-
ferent cycles of ringing freguency, five connect-
ed between the tip line to ground and five con-
nected from the ring side to ground. It will be
appreciated that when the number of impulses
in the ringing series is six or more, the reversing
relay 122 will be operated from the negative nole
of battery, its winding, continuity spring and
hack contact, front contact and armature of the
transfer relay 83, armature and front contact of
relay 88, conductor 129, front contact and arma-
ture | "9 of the number five counting relay 81,

- hack contacts and armatures of relays 74 and

15, inner front contact and armature of the
change-over relay 13 and thence to the positive
pole of battery over the holding conductor 69.
Thus when any of the counting relays 22 to 85

“1nclusive are selected, the proper one of the five

different cycles of ringing frequency will be se-
lected, but in this instance the selected fre-
quency will be applied to the ring side of the
called telephone line.

When the subscriber at the called station re-

sponds by removing his receiver from its switch-
hook, the marginal trip relay (2! will be oper-

ated. A% the armature and front centact of the

trip reiay, a shunt circuit is completed about the
ringing relay 145 which deenergizes to close one
pair of break points in the called end of the link
circuit. The telephone connection is now com-
pleted, the talking battery being supplied to the
calling party thru the windings of the impulse
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to the called substation thru the windings of the
relay 52.

At the conclusion of the conversation when the
calling subscriber replaces his receiver on its
switchhook, the impulse relay 53 will release.
Shortly afterwards, the slow releasing relay 54
deenergizes and opens the circuit which has been
holding the finder relays operated. Shortly after
the release of relay 54, the slow releasing relay
o8 deenergizes. When this relay releases, it re-
moves positive potential from the holding con-
ductor 68 so that all of the operated relays of the
link circuit will be restored to normal.

Let it be assumed that the called telephone line
was busy at the time when it was tested. TUnder
this condition the busy relay 78 is energized from
thie negative pole of battery, winding of this relay.
back contact and armature of the relay 93, sleeve

conductor 144 to the positive pole of battery

which is maintaining the called telephone line

- busy. Relay 70 when operated, locks itself oper-

ated thru innermost lower armature and front
contact over the holding conductor 68. Also
prior to the energization of the transfer relay 93,
the relay 118 will be operated from the negative

- pole of battery, winding of this relay, armature

and Iront contact of the busy relay 16, back con-
tact and continuify spring of relay 83, to the posi-
tive pole of battery over the holding conductor §0.
Relay 118 will be released when relay 93 opens the

- above described operating circuit. This is be-

cause the locking circuit for relay ({8 is open at
the lower back contact of relay 58. The opera-
tion of relay 59 will be described later.

Provision is made for releasing a link circuit in

~the event that a called subscriber on a revertive

call does not answer or in the event that the call-
Ing subscriber does not hang up when the called
subscriber replaces his receiver on the switch-
hook, which would otherwise hold the link circuit

(if the calling subscriber maliciously failed to

hang up at the conclusion of the call with the
intent of “tying up” the called subscriber’s line.
A timing circuit arrangement for effecting this
result is shown at the bottom of Fig. 3 and at

- the lefthand portion of Fig. 7. In this timing

C
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relay 53 and the talking battery being supplied 75

arrangement, when the relay 52 (Fig. 7) is de-
energized and the relay 58 energized, the timing
relay 95 is energized in g circuit tracsable from
the negative pole of battery, winding of relay 231
(lower part of Fig. 3), conductor 232, armature
and bkack contact of relay 62, iront contan..t and
armature 233 of relay §8, winding of slow releas-
ing relay 55, its contmulty spring and back con-
tact, conductor 234, armature and bhack contact

of relay 235, armature and back contact of slow

releasing relay 236, back contact and armature
of slow releasing relay 237 to the positive pole of
battery. Relay 55 when thus operated, locks
itselt operated in series with the relay 231 over the
conductor 232, winding of relay 55, its lower front
contacts and armatures conductor 238, back con-
tact and armature 236 to the positive pole of bat-
tery. As soon as the relay 231 is energized, it
closes an obvious energizing circuit for the slow
releasing relay 239 and this relay at its armature
and front contact, closes a circuit for tha motor
(not shown) which alternately opens and closes
the contacts 248. These contacts are arranged
to be closed for 2 minutes and opened for 2 sec-
onds. As soon as contacts 240 are closed, an
obvious circuit is completed for the relay 235.
'This relay at its lower armature and front con-
tact completes a multiple circuit which maintains
the slow releasing relay "39 cperated so that the
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‘battery. Thus the lower winding of the relay

motor will continue to run. Also when the relay

231 operates, it completes a circuit for operating

the slow-releasing relay 237 from the negative
pole of battery, winding of this relay, middle
front contact and armature of relay 23¢, front
contact and armature of relay 235 to the positive
pole of battery. Relay 237 then locks itself oper-
ated thru the inner front contact and armature
of relay 23i. When the relay 235 deenergizes at
the close of a 2 minute interval the relay 236 is
energized in g circuit traceable from a negative
pole of battery, winding of this relay, front con-
tact and armature of relay 2317, back confact and
armature of relay 235 to the positive pole of bat-
tery. When the relay 235 operates, it opens at
its uppermost armature and back contact a lock-
ing circuit which has been maintaining the relay
55 operated. The relay 5% then deenergizes {o

effect the release of the link. The deenergiza-

tion of this locking circuit also removes positive
battery from conductor 57 to effect the release of
the tens and units finder relays of Fig. 2 for dis-
connecting the calling line from the link.
cfiects the release of cut-off relay i1, after which
line relayv [0 is operated by the closed circuit of
the calling line. Relay {0 closes a circuil for

locking relay I8, before this latter relay is re-

leased by its deenergization when relay 1l was
released. With relays {0 and (8 energized, the
circuit to the common lock-out relays is main-
tained open, thus preventing the seizure of a link

until the calling party disconnects and again

initiates a call.
| Revertive call

In the event that the called line is found busy

at the time of the busy test, due to the fact that
the calling line and the called line are one and
the same, in other words, a revertive call, pro-
vision is made in the present system for han-
dling such a call.
at the time the busy test is made, the busy test
relay T8¢ is operated and thru its innermost,

lower front contact and armature, it closes a

locking circuit for itself over the locking con-
ductor 80. It will further be remembered that
this test of the busy line is effected before the
transfer relay 93 (Fig. 9) is energized. During

This

It will be remembered that
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59 is included in a shunt circuit and since the
circuit thru its upper winding has been inter-
rupted, this relay releases. When now the trans-
fer relay 83 is operated as previously described,
the relay 1i8 will have a locking circult com-
pleted for itself from the negative pole of bat-
tery, winding of this relay, lowermost back con-
tact and armature of relay 59, front contact
and armature of relay 118, conductor 229, front
contact and continuity spring of relay 93, branch
conductor 22{ and holding conductor 60 to the
positive pole of battery. It will be noted that
at. the time of the operation of the relay 118,
the normal energizing circuit for the cut-in re-

ey 7! is interrupted aft the back contact and |

armature 1i7T of the relay 118. Thus ringing
current is not applied to the called line at this
However, the calling subscriber who is
making a revertive call is instructed in the di-

rections of his telephone directory or otherwise,

that when he receives a busy signal on the oc-
casion of calling a subscriber on his own line, he
shall replace his receiver on its switchhook for
an interval long enough to permit signalling cur-
rent to be applied to the called line to signal
the called subscriber. Thus when the calling
subscriber hangs up, the impulse relay 93 will be
deenergized and shortly thereafter the slow re-
leasing relay 54 will release. The release of the
relay 34 interrupts the holding conductor 57
which has maintained. the finder switching re-

. lays of the link operated, so that these relays

4()
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are: restored but the calling line connection to
the link in use is not interrupted since it 1S now
by way of the connector relays. When the slow
releasing relay &4 releases, a circuit is completed
for the upper winding of the cut-in relay TlI.
This circuit is traceable from the positive pole
of battery, armature 228 and front contact of
relay {18, upper winding of the relay Tl, con-
tinuity spring and back contact of the relay 52,
Jowermost bhack contact and armature of relay
54. winding of the slow releasing relay 28, to the

negative pole of battery. Thus when the relay

v4 releases, the cut~in relay T1 is operated and
the slow releasing relay 58 is continued operated

~to maintzain, at its upper armatures and front

this interval the relay (18 will be operated from |

the negative pole of battery, winding of relay

hack contact and continuity spring of relay 93,

branch conductor 22{ and the holding conductor

60 to the positive pole of battery. The operation
of relay 118 at its armature 222 and back con-

tact, interrupts the circuit thru the upper wind-.

ing of relay 58 which has previously maintained
this relay energized. With the armature 222
and the front contact of relay {18 closed, a c¢ir-
cuit is comnleted from the positive pole of bat-
tery, holding conductor 68, armature 222 and

S
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front contact of relay 118, branch conductor 223,

sleeve conductor 1(4 of the link which is now
connected to the sleeve conductor of the called
line thru the operation of the connecior relays.
Since the sleeve conductor 114 is connected fo
the sleeve conductor of the called line, it will

also be connected to the sleeve conductor of the

calling line inasmuch as they are branches of
the same conductor, thence tixru the sleeve con-
ductor which is extended by the finder relays to
the sleeve conductor 39 of the link in use, arma-

ture 224 and front contact of relay 94, con-

tinuity spring and armature of relay 53, lower

5 party responds, the trip relay

. with the link in use is restored.

- contacts, positive potential on the holding con-

50
18, front contact of relay T8, conductor 220,

ductor 88. With the cut-in relay Tf operated
break pcints are closed in the link conductor 124
and #1258 so that the selected ringing current is
spplied over this end of the link to the called
subscriber’s line. When the calling or called
{21 is energized
as previously described and completes a circuit
including the conductor 89 which shunts the
ringing relay ii8. The release of the relay fi5
closes apother pair of break points in the link
conductors {24 and 25 and at the same time
disconnects ringing current from the link circuit.
On the response of the called subscriber, the re-
lay 82 (Fig. ) is energized and its continuity

Sspring and back contact mterrupts the circuit
= which has been maintaining the cut-in relay 7!

and the slew releasing relay 58 energized. When
the relay B8 releases, it interrupts at its upper-
maost armatures and front contacts the holding
conducior 88 so that the apparatus associated
| Thus the com-
mon eguipment employed thus far in the con-
nection including the finder relays of the link

“as well as the link and the connector relays are

restored to normal. On the release of the link

winding of this relay to the positive pole of 15 fmm thls connection, the cutoT relay I of the
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calling subscriber (Fig. 6), which is also common
to the line of the called subscriber, deenergizes
and talking battery is then supplied for this re-
vertive call line thru the windings cof the line re-
lay 1§, It should be noted that affer the link
circuit is released as above set forth, a second link
circuit is not connected to the calling line. It
will be seen that while the cutoff relay (1§ is
energized, the slow releasing relay {8 is operated
from the negative pole cof battery, winding of
this relay, front contact and armature of cut-
off relay il to the positive pole cof battery. When
however, the cut-oif relay {i is released in the
manner just described, the line relay {9 will
- again be operated thiu the called subscriber’s
substation. With the line relay 18 operated the
slow releasing relay 18 is maintained operated
from the negative pole of battery, winding of
this relay, its innermost front contact and ar-
mature, front contact and armature of line relay
{0, middle armature and front contact of slow
releasing relay 8, winding of the relay 230 to
the positive pole of battery. Relay 230 closes a
lamp circuit indicating that a revertive call is
in process so that in the event that the lamp
circuit is lighted for an abnormal period, an at-
tendant can investigate to find out whether or
not the svstem is functioning properly. It will
be recalled that the inner and middle armatures
and back contacts of relay 18, controls the lock-
out circuit which includes the tens relay 19 and
the units relay 21. These relays when operated
control the association of a link circuit with the
calling line and since this lockout circuit is in-

terrupted during a revertive call, no link circult :

is associated with this line. .
On the conclusion of this revertive call when
hach subscriber’s replace their receivers, the line
relgy 18 will deenergize and the equipment that
has been used in this call will all be restored to
normal in readiness for a succeeding call.

Call trom dial office to distant manual office

Referring to Fig. 3, when the connector relays
of a link in use, select a two-way trunk circult,
o, circuit is closed from the calling line and this
link across the conductors 1388 and 181 to oper-
ate the relay 152. This relay closes an obvious
circuit for operating the relay 153. Relay 183
completes a circuit for operating the relay 154
from the negative pole of hattery, winding of
this relay, conductor (%5, front contact and ar-
mature of relay 183 to the positive pole of bat-
tery. Relay 153 on operation also applies prosi-
tive battery to the allotter conductor (51 for
making this trunk busy and also applies posi-
tive battery to the sleeve conductor 188 of the
trunk for operating relay 51 (Fig. 8), of the
link. Furthermore, the operation of relay (53
at its upper armature and back contact opens
the circuit of the normsally energizing ringing
reiay 51, to permit this slow releasing relay
to deenergize but not until the slow releasing
relay 54 is operated. The joint action of relays
164 and 161 applies an impulse of ringing cur-
rent to the primary windings of the repeating
coil 162 for the purpose of applyving a shorf im-
r:ulse of ringing current over the two sides of the
trunk leading to the distant manual office. This
impulse of alternating current is efiective 1o
operate the alternating current relay (63 (Fig.
4) which closes a circuit for operating the relay

) |
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166, back contact and armature {87 of relay
168, conductor 189, armature and front contact
of relay 183, back contact and continuity spring
of relay 164 to the positive pole of battery. Re-
lay {04 on operating closes a locking circuit for
itself independent of the control of the alter-
nating current relay 163. This circuit extends
from the negative pole of battery, winding of re-
lay 184, back contact and armature 110 of relay
{608, armature and continuity spring of relay 154
to the positive pole of battery. Relay (64 when
operated, closes a circuit at its front contact and
armature [12 for lighting the incoming or line
lamp 173 which indicates to the manual operator
at the distant manual office that a call is await-
ing extension on this trunk, At the close of
the impulse of alternating current, the alternat-
ing current relay 163 releases hut the slow re-
leasing relay {84 has been operated and locked

~as previously described. When the operator an-

swers by inserting an answering piug P into the
jack J of the trunk on which the call is wait-
ing extension, relay {66 is energized in a circuit
from the negative pole of battery, winding of this
relay, uppermost contact and armature of relay

- 168, back contact and armature 178 of relay

ke
DY)
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64, This circuit is traceable from the negative

pole of battery, winding of the slow releasing
relay (64, back contact and armature 165 of relay

75

164,

conductor (715, jack contacts {78 (now
closed), to the positive pole of batterv. Relay
166 when operated, closes a locking circuit for

itself from the negative pole of battery, its wind-

ing, uppermost back contact and srmature of
relay 168, innermost contact and armature of
relay 166, to the positive pole of battery over
conductor i75 as previously described. The op-
eration of relay 166 opens the locking circuit
for the slow releasing relay (€4, which circuit
1S now interrupted at the back contact and ar-
mature {18 of relay {83. Since the relay 164

15 slow releasing, there will be a short interval

during which an impulse of alternating current
is transmitfed back to the trunk to operate al-
ternating current relay 186 (Fig. 3). This is
effected by the operation of the relay 177 which
is. energized in a circuit closed from the nega-
tive pole of battery, winding of this relay, ar-
mature and front contact of the ringing relay
(18, conductor (78, front contact and arma-
ture 170 of relay {68, armature and front
contact of relay 184 to the positive pole of bat-
tery. When after a short interval the slow re-
leasing relay 164 releases, it interrupts the cir-
cult just described and relay {77 releases. Also
the release of the relay 184 opens the previcusly
described circuit for the line lamp 172 which is

~thus extinguished. On the insertion of the plug

P into the jack J, the relay 183 is energized from
the positive pole of battery, winding of the mar-
ginal relay 181, winding of the relay (29, con-
ductor 182, sleeve contacts of the jack and plug,
conductor 183, through the coil 182 and re-
sistor 185 in multiple, to the negative pole of
kattery. However, the operation of the relay {88
at this time performs no function on this class
of call, since the marginal relay (8! does not
operate in series with the resistance of the coil
184 and the resistor 185,

The operation of the alternating current relay

185 in response to the impulse of alternating

current transmitted back over the trunk in the
manner just described, effects the operation of
the slow releasing relay {87 in an obvicus cir-
cuit. The energization of relay {87 completes
an energizing circuit for the relay 182 in muitipie
with the slow releasing relay §54. This circuit

‘extends from the negative pole of battery, wind-
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ing of the relay {89, front contact and armature
of relay 181, conductor (395, armature and front
contact of relay 153 to the positive pole of
battery.

At the termination of th1s impulse of alter-
nating current, the relays 186, 187 and 189 re-
lease in sequence. When the relay {87 releases,
the relay 198 is operated in a circuit from the
negative pole of battery, winding of this relay,
inner front contact and armature of relay 188,
back contact and armature of relay 181, con-

9

causes the relay 180 to be energized In series
with the marginal relay (81 as previously de-

 scribed. However, the marginal relay 181 does

10

- ductor 1595, front contact and armature of relay

153 to the positive pole of battery. Relay {90

when thus cperated, closes a locking circuit for
itself through its lower front confact and ar-
mature, back contact and armature of relay 187
and . thence to the positive pole of battery as
previously described. 'Thus the rela,y 190 re-
mains energized after the relay 189 deenergizes.

The manual operator is now connected to the

calling party and after obtaining the number-

-~ of the wanted pa.rty extends the ccnnectmn to
the wanted line in the usual manner by sig-
nalling the subscriber thereon (by means not
shown), after which conversation takes place

At the ccnclusmn of the conversation when the

calling subscriber hangs up, the relays 152, 153
and 154 release in sequence., The release of relay
153 opens the circuit including the sleeve con-
ductor 158 of the link circuit in use which oper-
ation is effective to release the cut off relay 11
of the calling line, as well as the relay 51 of the
link. The release of relay 51 effects the release
of the tens and units finder relays. As soon as

the relay 153 deenergizes, it closes a circuit for

again cperstmg the ringing relay 16l. As soon
as this ringing relay operates and. before the

switching relay 154 releases, an impulse of al-

ternating current is transmitted forward over
~ the trunk as a dlsccnnect sienal. 'This 1mpulse
of alternating current causes the relay 163 (Fig.
4) to operate and release. The cpera,tlcn of the
relay 163 completes an cpera,tmg clrcult for the
relay 191 extending from the negative pcle of
ba,ttery at the common coin box tone key 192,
lower winding of relay 191, front contact and
armature 165 of relay 166, back contact and
armature 167 of relay 168, armature and front
contact of relay 163, back contact and ccntmulty
spring of relay 164 to the positive pole of bat-
tery Relay 181 on opera.tlcn closes a locking
circuit for itself from the negative pole of bat-
tery through its upper winding, its inner front
contact and armature, conductor 192, armature
193 and front contact of relay 168, back contact
and armature of relay 166, back contact and
armature 114 of relay (64, conductor 115, jack
contacts 176, to the positive pole of battery. The
operation of the relay 191 includes condensers
194 and 195 in the conductors leading to the re-
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""RB (Fig. 3).
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not operate at this time. The relay {68 (Flg 4)
Is next energized from the negatwe pole of bat-
tery, winding of this relay, back contact and

armature of relay 166, back contact e,nd arma-

ture 114 of relay it4, conductor {15, jack con-

tacts 176 to the positive pole of battery. The
operatmn of relay 168 causes the slcw—cperate
and slow-release ringing relay 118 to release and
in the interval before the relay 1138 releases, the
relay 1717 is operated from the negative pole. of
kattery, winding of this relay, ccnductcr 200,
armature and front contact of reley 118, front
contact and armature of rela,y 168 to the positive
pole of battery. With the relay 11 cperated at
its frcnt contacts and srma,tures it applles gen-
erator current to. the -trunk for- cperstmg the
relay 201 through the rectifying bridge network
Relay 201 completes a circuit for
operating the relay 202 -in a circuit frcm ‘the
negative pole of battery, Wmdmg of this relsy,
inner front contact and armature of relay 201
to the positive pole of battery. In addition, the

-relay 201 a,pplles pcs1t1ve potential to the a,llotter | '
conductor 157 which makes the calling end of

the trunk busy. Relay 202 completes o circuit
for cperatmg the slow releasing relay 293 which

~cireuit is tra,cea,ble from the negative pcle of
battery, winding of this relay, back contact and

armature of slow releasing relay 204, front con-
tact and armature of relay 202 to the positive
pole of battery. Relay 283 on cperatmg, closes
3 break point in a locking circuit for itself thru
its lower innermost front contact and armstme
back contact and armature of relay 202 (When

- this relay releases) to the pcsmwe pole of bat-~
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i t1cned locking circuit for the relay 2083.
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peating coil circuit which is effective to release

the supervisory relay (not shown) of the cord
circuit at the manual office, for giving the oper-
ator disconnect superwsmn When the oper-

ator disconnects by removing the plug P from the
jack J, relays 166, 191 and 180 release. The busy
lamp 199 continues to be lichted as long as this
trunk is in use, since its circuit is. closed When
‘the operator answers but is opened by the re-
lease of relay 166 when the operator disconnects.

Call from the manual office to the dial office

On the m1t1st10n of a call from the manual
oﬂice to the dial office, the operator inserts a call-
mg plug similar . to P into the jack J This
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tery. On the operation of the relay 203, the
slow releasing relay 204 is. operated in a circuit
extending from the negative pole of ba.ttery,
front contact and armature of relay 263, front
contact and armature of relay 202 to the pcsltwe
pole of battery. Relay 284 locks itself operated
at the armature and front contact of relay 202.
When the impulse of alterna..tlng current ter-
minates, relays 281 and 282 deenergize. Reley
202 on releasing, closes the previously men-
Relay
204 now has its energizing circuit interrupted at
the lowermost front contact and armature of
relay 282. With the relay 282 deenergized and
with relay 203 operated, a circuit is closed across
the tip ‘and ring conductors of the incoming
line circuit. This causes an idle link clrcuit to
connect with the line circuit now in use.” When
this connection is effected the cpera,tcr can then
proceed to dial the required number. With the
dial cff-ncrmel contacts 285 (Fig. 4) closed the
negative pole of battery is connected thru the
low resistance coil 288, off normal contacts 205
and impulse contacts 2807 of the dial, conductor
208, contacts of the dial key 209, sleeve contacts
of the plug P and jack J, conductor 182, winding
of relay 188 and marginal relay 181, to the posi-

~ tive pole of battery. The marginal relay 181 is
operated in this circuit.

perated 1n- ul - When the operator
actuates the dial, the circuit last described is

,opened at the dial impulse springs 287 a. number

of tlmes ccrrespcndmg to the number dialed.

At each interruption of the . impulse circuit,
_caused by the dial operatlcn the relays 180 and
181 -are released and again energized after the
interruptions.

At the end.of the dialing oper-
atlcn the margmal relay Iﬂl dces not energlze
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because the dial off normal contacts 205 opens
the circuit thru the low resistance coil 286 leav-
ing 8 high resistance circuit including coils 284

and 285, completed thru the mentioned sleeve

contacts. When the relay {81 is thus intermit-
tently energized, it extends a circuit for the slow
releasing relay 218 from the negative pole of
battery, winding of this relay, front contact and
armature of relay 181, conductor {79, jack con-
tacts 176 to the positive pole of battery. This
circuit holds the slow releasing relay 210 oper-
ated during the series of impulses. However,
the relay 2i8 is released during the interval be-
tween each series of impulses. In response to
each dial unpulse the relay {17 (Fig. 4) is ener-
cized in a circuit extending from the negative
pole of battery, winding of this relay, conductor
200, armature and back contact of the ringing
rélay {18, conductor 211, lower front contact and

armature of relay 248, back contact and arma-

ture of relay 189, conductor (75, jack contacts
176 to the positive pole of battery Therefore,
an impulse of alternating current is applied at
the front contacts and armatures of relay {171
at each interruption of the impulse circuit at the
dial impulse sprmgs which impulse of alfer-
nating current is transmitted over the trunk
leading to the dial office. Since the slow releas-
ing relay 154 (Fig. 3) is deenergized at this time,
these impulses of current are applied to the
rectifying bridge R—B which operates {0 apply
pulsating current corresponding to these im-
pulses to the relay 201. It will be appreciated
"~ that these pulsations in this rectified current
are sufficiently smooth to operate the relay 201
without chatter and also permit this relay to
release at the end of each impulse period. Relay
20{ (Fig. 3) and relay 180 (Fig. 4) therefore
follow the impulses corresponding to the number
designation of the wanted subscriber in the dial

office. The relay 282 at its back contact controls.

the impulse circuit leading to the link which was
‘selected. This supplies impulses to the 1ink in
accordance with the impulses received over the
trunk circuit. When the link has been connected
to the line of the wanted subscriber this line is
tested for its busy or idle condition and if found
idle, ringing current is applied thereto in the
- manner previously described. When the called
subscriber answers, the polarized relay 211 (Fig.
3) is energized to close an obvious clrcmt for
the slow releasing relay 212.

When the called subscriber hangs up, relays
21{ and 212 are released in sequence. During

the time interval required for the relay 212 to

release, a circuit is extended for operating the
slow releasing switching relay {54. This circuit
is completed from the negative pole of battery,
winding of this relay, conductor 189, fr ont con-
tact and armature of slow releasing relay 212,
back contact and armature of relay 2i1 to the

positive pole of battery. However, when relay
212 releases the switching relay 134 will also
release. But during the interval when relay 154
is energized, alternating current is extended thru
the front contacts and armatures of relay 161,
front contacts and armatures of relay 154 to the
windings of repeating coil 152 and thence by
induction over the trunk to give a disconnect
signal.
ates the alternating current relay 163 (Fig. 4).
Since relay (88 is energized at this time, the

relay (91 is energized from the negative pole of
battery, common coin box tone key 132, lower
winding of relay {81,

The impulse of alternating current actu-
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ture 167 of relay 168, armature and front con-
tact of relay 163, back contact and continuity
spring of relay 184 to the positive pole of battery.
Relay 181 locks itself operated and connects the
condensers 194 and 195 in series with the talk-
ing conductors of the cord circuit in use. This
effects the release of the supervisory relay (not
shown) of the cord circuit in use, for gnmg the
operator disconnect supervision.

The release of the connection from the manual
office to the dial office is indicated by an extra
long impulse of alternating current applied to
the trunk circuit. This is accombplished by the
release of the relay 168 when the operator re-
moves the plug P from the jack J.

It will be recalled that the relay {68 has been
maintained energized in a circuit extending from
the nega.tw..., pole of battery, winding of this

relay, back contact and armature of relay 166,

back contact and armature (14 of relay 164,
conductor 175, jack contacts 476 to the p051t1ve
pole of battery. When the oneratar releases the

- connection by removing the plug P from the
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front contact and arma- 75

jack J, contacts 1716 are opened. On the release
of the relay 188, the slow-to-operate ringing
relay 178 is energized at the back contact and
armature of relay 188, and the relay {717 is now
operated from the negative pole of battery, wind-
ing of this relay, conductor 2{5, front contact
and armature of slow releasing relay 216, back
contact and armature of relay 168 to the positive
pole of battery. It will be understood that when
the slow to operate ringing relay 98 is ener-
ogized, it opens the operating circuit of the slow
releasing relay 2i6. In this interval when relay
118 is operating and relay 216 is releasing, the
relay 171 is operated as described for an extra
long interval due to the delayed action of relays
118 and 2i6. The operation of relay {71 apphes
alternating current over the trunk. In response
to this impulse, the rec_tlfymg bridge RB func-
tions to operate the relay 28f. Relay 201 at its
inner front contact and armature, completes a
circuit which operates the rela.y 202. When re-
lay 202 operates, it opens its lowermost arma-
ture and back contact and thereby interrupts
the locking circuit of the slow releasing relay
203. At the close of the impulse of alternating
current, relays 201 and 202 release in seguence
and with the relay 202 deenergized the locking
circuit of the slow releasing rel&y 203 is opened
so that this relay deenergizes. Relay 202 was
therefore energized for an extra long time in-
terval as described for releasing the connection
to the dial office by holding the line circuit open
for an extra long period of time.

Coin bozx tone

1f a subscriber’s line equipped with a coin box
selects a trunk leading to the manual office (Fig.
3), an impulse of coin box tone current is applied
to this trunk when the operator answers. The
operator can also apply ringing current (by
means not shown) back - OVer the trunk while
operating the common coin ‘box key 162 for again

" causing coin box tone to be momentarily applied

to the trunk., In this way an mdlca,tlon is given
to the distant operator when the callmn' substa,.-
tion is equipped with a coin box.

This coin box tone is applied to the trunk at
th_e time that the operator answers and during
the time that the relay i86 (Fig. 3) is released
and the relay 181 is operated. Tt will be under-
stood that a station equipped Wlth a tone ‘box

has a coin box tone connection made to the
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sleeve conductor of its line cucult This sleeve
conductor is connected to positive battery as
long as the relay 187 is deenergized. However,
when the relay 187 is energized in response to
the impulse of alternating current which is sent
back over the trunk when the operator answers,
positive ba,ttery on the sleeve conductor is re-
moved and the sleeve conductor is connected to
positive battery thru the primary winding of the
induction coil 2i7. The coin box tone is induced
into the secondary winding of the coil 211 and is
applied to the trunk thru the back contact and

‘armature of relay 188, back contacts and arma-

tures of relay 188, back contacts and armatures
of ringing relay {61,

ing line is provided with & coin box. In the
event that the operator desires to check the
calling line to find out whether or not it iIs
| eqmpped with a coin box, she operates the ring-
ing key (not shown) for an instant to ring back
- over the trunk, at the same time operating the
common coin box tone key {22, The operation
of the key 182 opens the energizing circuit of
‘the relay §8§ so that this relay will not be op-
erated when relay 183 (Tig. 4) is energized by

the ringing current sent back over the trunk.

However, the alternating current relay {86 (Fig.
3) is energized by the ringing current sent back
over the trunk to operate the relay 187. When
however, the relay {86 releases at the time that
‘the application of ringing current is discon-
tinued until the relay {87 releases, the tone is
applied to the trunk as previously described.

What I claim is:

1. In a telephone system, a plurality of tele-
phone lines certain of which are multi-party
lines, each telephone line having a calling sleeve
conductor and & called sleeve conductor, means
including link circuits for interconnecting said
lines, means for rendering busy, telephone lines
in use, testing means for determining the busy

or idle condition of a called.telephone line, a

diseriminating relay individual to each of cer-
tain of said link circuits, means for normally
operating the discriminating relay of a link cir-
cuit in response to the selection of said link

front contacts and arma-
tures of relay 154. The operator hears this im-
pulse of special tone and knows that the call-
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five busy test relay as well as at normally closed
contacts of said governing relay, said second
cireuit controlling the signalling of a multi-party
telephone line in the case of a, revertwe call
thereon. | |
3. In a telephcme system z) plurahty of tele-
phone lines, certain of said telephone lines be-

ing each provided with a plurality of substations,
the substations of a telephone line being selec-

tively responsive to signalling current of differ-
ent characteristics, sources of signalling current
of different characteristics, selectively operable

- switching means for interconnecting said tele-
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‘phone lines, means including a series of count-

ing relays directively controlled over a calling
telephone line for operating said switching
means to select a wanted telephone line, said
counting relays having front and back contacts,
signalling means selectively controlled by said

counting relays for signalling a wanted sub-

station on a wanted telephone line, said signal-
ling means including a circuit extending thru a

-~ front contact of one of said counting relays and
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circuit for use, a circuit for shunting said dis-

criminating relay of a link circuit connected to
a, party line in the case of a revertive call there-
on, said last-mentioned circuit including the
calling and the called sleeve conductors of said
last-mentioned party line, and signalling means
controlled by said discriminating relay.

2. ITn a telephone system, a plurality of tele-
phone lines, certain of which are multi-party
lines, means including link circuits for inter-
connecting said telephone lines, means for ren-
dering busy, telephone lines in use, a governing

relay controlled over a calling telephone line and

o link circuit connected thereto, a busy test re-
lay associated with said link circuit, said busy
test relay being energized on the test of a busy
called line, a revertive busy test relay energized
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for a short period thru contacts of said busy

test relay, means responsive to a revertive cail
condition for energizing said revertive busy test
relay for a longer period, a cut-in relay control-
ling in part the application of signalling cur-

rent to a called telephone line, a circuit for said.

cut-in relay normaliy completed thru back con-
tacts of said revertive busy test relay, and a
second circuit for said cub-in relay completed

70

st a front contact and armature of said rever- 75

' phone line

thru back contacts of earlier counting relays in

the sgeries and connecting a selected source of

signalling current to said wanted telephone line.
4, In a telephone system, a multi-party tele-
phone line, other telephone lines, means includ-
ing link circuits for interconnecting said tele-
phone lines, testing means including a sleeve
conductor associated with each link circuit for |
testing the idle or busy condition of any of said
telephone lines when a link circuit is connected
to a telephone line being called, means for sig-
nalling called telephone lines, said testing means
normally serving to prevent said signalling
means from signalling a busy called telephone
line, and a device connectible to the sleeve con-
ductor of said link circuit for discriminating be-
tween a busy condition due to one telephone
line calling another telephone line and a busy

- condition of a called telephone line, due to a

party thereon calling said line, said discriminat-
ing means enabling a calling party to signal a

-called party under the last-mentioned busy

condition.
5. In a telephone system, telephone lines in-

cluding a multi-party telephone line, each of

said telephone lines being provided with a sleeve
conductor, means including link circuits for
interconnecting said telephone lines, testing
means associated with each link circuit for test-

‘ing the idle or busy condition of any oi said

telephone lines when a given link is connected
to a telephone line being called, means for sig-
nalling called telephone lines, said testing means
normally serving to prevent said signalling
means from signalling a busy called telephone
line, and a relay selectively controlled over the
sleeve conductor of a called telephone line for
discriminating between a busy condition due to
one teleghone line calling another telephone
line and a busy condition of a called telephone
line, due to a party thereon calling said line,
sald discriminating means enabling a calling
party to signal a called party under the last-
mentioned busy condition.

6. In a telephone system, a multi-party tele-
, other telephone lines, means includ-
ing link circuits for interconnecting telephone

- lines, each link circuit comprising a transmis-
sion channel and a testing channel electrically

isolated from said transmission channel, test-
ing means associated with each link circuit and

including the testing channel thereof for test-



12

ing the idle or busy condition of any of said
telephone lines when a certain link circuit is
connected to a telephone line being called, means
for signalling call telephone lines, said testing
means normally serving to prevent said signal-
ling means from signalling a busy called tele-
phone line, and means including the testing
channel of said certain link circuit for discrimi-

vy |
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nating between a busy condition due to one
telephone 1line calling another telephone line
and a busy condition of a called telephone line
due to a party thereon calling said line, said
discriminating means enabling a c.'lling party
to signal a called party under th..last-men-
tioned busy condition. |

- WINFRED T. POWELL.
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