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TORIES, INCORPORATED, OF NEW YORK, N. Y., A CORPORATION OF NEW YORK

TELEPEONE SYSTEM

Application filed September 30, 1930. Serial No. 485,434,

This invention relates to telephone systems
in which connections are established by
means of automatically operable apparatus
and has for its object to increase the flexi-
bility and efficiency of such apparatus.

With the expansion of telephone systems
and the inclusion of systems employing dif-
ferent kinds of apparatus in the same ex-
change area it has become necessary to pro-
vide means for interconnecting such systems.
This problem may be conveniently solved by
the use of tandem distributing points into
which calls may be routed and at which
equipment may be provided for reaching any
type of office.

The present invention contemplates the
provision of a register sender in which the
numbers of wanted subscribers may be reg-
istered and by which calls may be extended
to wanted subseribers’ offices where they may
be completed by revertive pulses or simulated
dial pulses or to which the number may be
transmitted by means of dial pulses, code
pulses or automatically generated voice cur-
rents.

In the embodiment disclosed herein by way
of example the numerical values of the dial
pulses and the voice currents are controlled
by the registers and the same apparatus is
used to successively associate the pulsing and
voice current generators with the connection
and with the registers. This embodiment
also provides for transmitting a variable
number of sets of pulses corresponding to
certain digits of the office code as well as
the number of the subscriber.

In the establishment of a connection the
subscriber originating a call will cause the
registration of the number of the wanted sub-
scriber on the registers of the sender of his
local office. That sender will thereupon au-
tomatically cause the selection of a trunk
outgoing to the tandem office and will trans-
mit the recorded designation to the tandem
sender associated with the selected trunk.
When the code digits have been recorded, a
decoder is associated with the tandem sender
and the office designation decoded into a seb
of registrations for controlling the selection
of the proper office and the activation of the

necessary equipment for controlling the op-
eration of the apparatus at the selected office.
If the call is to be extended to a panel type
office the counting relays are operated in ac-
cordance with revertive pulses from the dis-
tant office to determine the extent of motion
of the selectors thereat. If the call is to be
extended to a step-by-step type office a puls-
ing interrupter is rendered effective to trans-
mit simulated dial pulses to the distant office.
If the distant office 1s a manual office equipped
with relay call indicators, a code impulser
1s employed, and if the distant office is a man-
ual office not so equipped, a mechanism for
generating and transmitting voice currents
1staken into use. Under some circumstances,
the connection may be extended directly to
an operator without the use of either of these
transmitting mechanisms.

The invention will be more clearly under-
stood from a detailed consideration of the
operation of the system as a whole. The
drawings which set forth the invention in-
clude the following figures:

Fig. 1 shows in diagrammatic form the
selectors and sender at the local office of the
calling subscriber;

Iig. 2 shows a district selector;

Fig. 8 shows a call announcement trunk
circuit for completing connections;

Fig. 4 shows an emergency listening ar-
rangement for use in connection with the
trunk of Fig. 3;

Fig. 5 shows an operator’s telephone cir-
cuit for use in connection with the trunk of
Fig. 3;

Figs. 6, 7 and 8 show a link circuit for
associating the district selector of Fig. 2 with
the sender;

Figs. 9 and 10 show certain control relays
at the sender;

Figs. 11, 12 and 13 show a part of the in-
coming registers and the transfer relays;

Fig. 14 shows the counting relays which
control selection;

Fig. 15 shows the relay call indicator im-
pulser sequence switch;

Figs. 16, 17 and 18 show the remainder of
the incoming registers and certain relays con-
trolled thereby;
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Figs. 19 and 22 show the sender controlling
sequence switches;

Figs. 20 and 21 show the selection control
registers of the sender;

Iigs. 23, 24 and 25 show the relays which
control the transmission of step-by-step
pulses or call announcement;

Fig. 26 shows the call announcer mecha-
nism and control relays;

Figs. 27, 28, 29 and 30 show the decoder
connector and its control circuits;

Figs. 31, 32 and 83 show the outgoing reg-
isters of the decoder;

Fig. 34 shows the incoming registers of the
decoder;

Fig. 85 shows the control relays of the
decoder;

Fig. 36 shows the cross-connecting rack of
the decoder;

Figs. 37 and 388 show the decoding relays
of the decoder;

Fig. 39 shows diagrammatically the ter-
minating equipment at a panel type office;

Fig. 40 shows diagrammatically the ter-
minating equipment at a step-by-step office;

Irig. 41 shows diagrammatically the ter-
minating equipment at a relay call indicator
office;

Tig. 42 shows the manner in which the
related drawings should be arranged.

Eptension of call.to wanted office

When the subseribed at substation 100
originates a call, his line is extended by
means of line finder 110 to the sender 120 and
district selector 130. He manipulates his
dialin accordance with the designation of the
wanted subscriber and this designation is re-
corded on the registers of the sender and is
translated or decoded to determine the na-
ture of the wanted office and the route by
which it is to be reached. Assuming that
the wanted subscriber is reached through a
tandem office, the sender then controls the
district selector 130 and the office selector 140
to select a trunk outgoing to the tandem of-
fice and terminating in district selector 200.
The operations which take place at the orig-
inating office are essentially the same as de-
scribed in T. S. Patent 1,589,402, granted to
O. H. Kopp, June 22, 1926.

When the trunk is found, a relay is con-
nected across the tip and ring conductors at
the sender completing a circuit from battery
through the right winding of relay 201, lower
right and upper left contacts of cam 202, over
the tip conductor through the office selector
140 and district selector 130 to the relay of the
sender 120 and back over the ring conductor
of the district selector 130 and office selector
140 lower left and upper right contacts of
cam 203, left winding of relay 201, to ground.
Relay 201 operates, closing a cireuit from
battery through the winding of relay 204,
front contact of relay 201, right contacts of

1,840,132

cam 205 to ground. Relay 204 in operating
disconnects ground from conductor 209 to
mark the district to the district finder 600
of the link. It also closes an obvious circuit
for relay 207. Relay 207 connects ground
from the left back contact of relay 212, right
front contact of relay 207, lower contacts of
cam 211 to start conductor 210 leading to the
start circuit of Fig. 8.

The start circuit serves to connect the dis-
trict selectors one at a time with link cir-
cuits as they become available. The selectors
and links are normally divided into two
groups and the start circuit controls transfer
between groups when necessary because of
trouble or busy conditions. A similar start
circuit is disclosed in U. 8. Patent 1,567,072,
granted December 29,1925 to W. H. Matthies.

The link cireuit sequence switches stand,
when out of use, in position 9 or 18 and are
advanced one at a time to position 1 or 10
to allot the link for use. Assuming that the
link shown in Figs. 6 and 7 is ready for use,
the connection of ground to conductor 210
completes a circuit extending through jack
801, upper back contact of relay 802, outer
upper back contact of relay 803, right con-
tacts of cam TO1 to the winding of relay 601
and battery. Relay 601 closes a circuit from
ground at 1ts middle lower contact to the up-
per winding of relay 602 and battery. Relay
601 also closes a locking circuit for itself over
commutator strip 603, brush 605, upper right
contact of cam 704, right contact of cam 703,
to ground at the inner upper contact of relay
602. Relay 602 locks through its lower wind-
ing and inner lower contact, contact of cam
702, right contact of cam 703 to ground at
the inner upper contact of relay 602. With
relays 601 and 602 operated, a circuit is closed
from battery over the middle lower contact
of relay 804, lower winding of relay 803, low-
ermost front contact of relay 601, outer lower
contact of relay 602, lower vight contact of
cam 704, right contact of cam 703 to ground
at the inner upper contact of relay 602. Re-
lay 601 also closes a circuit frem - battery
through the up-drive magnet 604 of the dis-
trict finder 600, inner lower front contact
of relay 601, to ground over the locking cir-
cuit of relay 602. District finder 600 is
moved upward under the control of this cir=
cuit in search of the district selector marked
by the absence of ground on the terminal
served by brush 607. Relay 808 locks through
its upper winding and inner upper contact,
back contact of relay 805 to ground at key
806. It also closes a circuit from ground
at its inner lower contact through the wind-
ing of relay 807. In addition it opens the en-
ergizing circuit of relay 601. As the district
finder moves upward, relay 601 is held op-
erated between segments of commutator 603.
over the lower back contact of relay 606 and
brush 607 of the district finder to ground in
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the district selector circuits other than that
of Fig. 2.

When the district selector 200 has been
found, relay 601 releases as soon as it moves
off the conducting segment of commutator
603. The release of relay 601 opens the cir-

uit of up-drive magnet 604 and brings the
district finder to rest. It also closes a circuit
from battery through the winding of sequence
switch magnet 700 of the link circuit, lower
back contact of relay 601, outer lower front
contact of relay 602, lower right contact of
cam 704, right contact of cam 708 to ground
at the inner upper front contact of relay 602.
Sequence switch 700 is advanced to position
2 in this circuit. As soon as relay 601 re-
leases, ground is connected to brush 607 over
the inner lower back contact of relay 606,
upper back contact of relay 601 upper right
contact of cam 704, right contact of cam 703
to ground at the inner upper front contact of
relay 602, to prevent another district finder
from selecting this set of terminals. 'With the
link sequence switch 700 in position 2, this
cireuit is grounded over the right contact of
cam 714. A circuit is closed in position 2
of sequence switch 700 from ground over the
upper left and lower right contacts of cam
705, contact of jack 708, lower left and upper
right contacts of cam 709 to the winding of
the relay corresponding to relay 602 in the
next link, to allot that link provided its se-
quence switch is standing in position 9 or 18.
If not, the circuit extends over the lower right
contact cf cam 709 to the next link which will
be allotted if ready.

With sequence switch 700 in position 2, a
circuit is closed from ground at the right
contact of relay 807, through resistance 808,
winding of relay 805, left contacts of cam 712,
brush 608 of the district finder, conductor 214,
left contacts of cam 215 to the right winding
of relay 212 and battery. Relay 212 locks
over its inner right front contact to ground
over the left contacts of cam 213, and extends
this locking ground back to the winding of
relay 805 which now operates in series with
battery and resistance 809. Relay 212 dis-
connects ground from the start conductor
210 and closes a circuit from ground at its
left front contact over the lower left contact
of cam 216, to the winding of sequence switch
magnet 206 and battery, advancing the se-
quence switch to position 8. As soon as se-
Guence switch 206 leaves position 1, ground
is connected over the left contact of cam 217 R
lower right contact of cam 218 to conductor
209 to prevent the selection of this district by
anv other district finder.

The operation of relay 805 as above de-
scribed, closes a circuit from ground over
key 806, front contact of relay 805, contacts
of cam 713, winding of relay 609, resistance
632, and battery. Relay 609 locks over its
middle lower front contact to ground over

3

the contacts of cam 714. Tt also extends this
ground over its inner lower front contact,
upper contacts of cam 715 to the winding of
sequence switch magnet 700 and battery, ad-
vancing sequence switch 700 to position 8.
This sequence switchisimmediately advanced
to position 4 over the upper right contact of
cam 717, lower back contact of relay 611 to
ground over the right contacts of cams 703
and T14. The operation of relay 805 opens
the locking circuit of relay 803 and that relay
releases, in turn releasing relay 807. Relay
805 releases as soon as sequence switch 700
leaves position 2. 'When sequence switch 700
reaches position 3, relays 609 and 602 release.

In position 4 of sequence switch 700 the
link circuit hunts for an idle sender. A cir-
cuit is closed from battery, through the lower
winding of relay 612, upper left and Iower
right contacts of cam 716, lower back con-
tact of relay 611 to ground over the righs
contacts of cams 703 and 714. Relay 612
closes a circuit from battery through the
lower winding of relay 610, contacts of cam
718, outer upper front contact of relay 612,
upper back contact of relay 611, lower back
contact of relay 609 to ground over the right
contacts of cams 703 and 714. When sequence
switch 700 reaches position 834 a circuit is
closed from battery through the upper wind-
ing of relay 602, lower left contact of cam
704 to ground at the contacts of cam 714.
With relays 612 and 602 operated, a circuit
is closed from battery through the lower
winding of relay 611, outer upper contact ot
relay 602, upper winding of relay 611 to
ground at the inner upper front contact of
relay 612. Relay 611 being marginal does
not operate in this circuit but an additional
circuit is closed in parallel with the upper
winding of relay 611 through the middle
winding of that relay, contacts of cam 719,
outer upper back contact of relay 609 to brush
613 of the sender finder. When relay 610
operated, it closed a circuit from battery
through the winding of up-drive magnet 614,
outer lower back contact of relay 606, inner
upper back contact of relay 609, outer upper
front contact of relay 610, lower left contact
of cam 704, to ground at the right contact of
cam 714. The sender finder 615 is advanced
in search of an idle sender under the control
of magnet 614. :

An idle sender is characterized by battery
through a resistance, such as resistance 902,
connected to the terminal to which brush 613
has access. Assuming that the sender shown
is the first idle sender, when brush 613 en-
gages the corresponding terminal leading to
this sender, a circuit is closed from battery
through resistance 902, upper back contact of
relay 901, contact of relay 900, brush 613,
and thence to the middle winding of relay
611 as above traced. Relay 611 now oper-
ates and closes a locking circuit for itself
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from battery through its middle winding as
above traced and thence over its upper front
contact, lower back contact of relay 609, to
Olound over the right contacts of cams 703
and 714. Tt also opens the circuit of relay
610 but relay 610 ver nains operated over the
lower contacts of cam 720 until brush 617
moves off the conducting segment of com-
mutator strip 616 thus insuri ing that the brush
set is properly centered. When relay 610
releases it opens the circuit of the up-drive
magnet 614 ‘md brings the sender finder 615

to vest. It also releases relay 612 which is

made slow to release to provide ample time
for relay 611 to operate and lock. Relay 611
also closes a circuit from b(wtuy through
the winding of sequence gwitch magnet zOO
lower ri ghu contact of cam T17, upper back
contact of 1'>1uy 612 as soon ag that 1ehy
releases, lower froni contact of relay 611 to
ground over cams 703 and 714, advancing
sequence switch 700 to position 5. As soon
as sequence switch 700 leaves position 4 relay
602 releases.

With sequence switch 700 in position 5, a
circuit is closed from ground through the
lower and nndd]e W mdmuso relay ‘)Oa inner
upper contact of relay 904, lower b ack con-
tact of relay 903, conductor 919, br ush 619
of the sender finder, upper winding of relay
612, contacts of cam (‘71 brush 618, conductor
221 lower left and upnu right contacts of
cam 220 to the winding of vela 7 208 and bat-
tery. Relay 208 opemL s in this cirenit and
connects ground over its right front contact,
lower contacts of cam 292, to the left wind-
ing of relay 212 and battery. REelay 212 in
oper at'no connects ground over its left front
contact, lower left contact of cam 216 to the
wmdmo of sequence switch magnet 206 and
battely advancing the sequence switch to
position 4.

Relay 905 also operates in the cireuit of
relay 208, in turn opelctm( relay 906 and
relay 907. Relay 907 operates relay 9508
which locks over its inner lower front con-
tact and closes a cireuit for operating relay
901. The operation of relays 906, 907 and
001 connocts ground fo the conductor 909
operating relays 1126 and 1230 to supplv off-
normal ground to the various parts of the
sender. With relay 1126 operated ground
is connected to condnctor 1131 and over the
lower back contact of relay 1002 to the wind-
ing of relay 920 and batte Helay 920 pre-
pares circuits which Lecome effective later.

Relay 901 in operating disconnects battery
from brush 613 and releases relay 611, The

xeleﬂse of relay 611 closes 2 (‘11 it from bat-

tery through the winding of sequence switch
magnet 700, upper right contact OF cam 717,
lower chk contact of relay 611, to mound
at the right contacts of cams 703 714,
adwncmo sequence switch 700 fo position
6. With sequence switch 700 in position §

and
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brush 620 is connected over the outer upper
back contact of relay 606, upper contacts of
cam 722 to brush 623. Brush 621 is con-
Dected over the inner upper back contact of
rel ay 606, upper contacts of cam 723 to brush
624, Brush 618 is connected over the con-
{acts of cam 721 through the upper winding
of 1ehy 612 to brush 619. Brush 622 is con-
nected over the lower left and right contacts
of cam 724 to brush 625. Brush 608 is con-
nected over the lower contacts of cam 725
to brush 626. DBrush 607 is connected to
ground over the inner lower back contact of
1ela} 608, upper back contact of relay 601
and cams 704 and 714. Brush 613 is discon-
nected at this time. The link circuit remains
in position 6 as long as the sender is con-
nected with the district selector.

When relay 208 operated it closed a cirenit
from ground over its front contact, left con-
tacts of cam 222, winding of relay 223 to bat-
tery.

While sequence switch 206 was passing
through pos1t10ns 1 to 3 inclusive the tip con-
ductor was extended over the left contacts
of cam 202, upper back contact of relay 223,
upper left cont‘lct of cam 230, upper left con-
tact of cam 219 to the right wmdmo of relay
201 and battery and the ring conductor was

extended over the left contqcts of cam 203,
outer lower back contact of relay 223, lower
contacts of cam 251 to the left winding of
relay 201 and ground holding relay 201
opemted. When relay 223 operates it closes
the Incoming pulsing circuit from the tip
conductor over the left contacts of cam 202,
outer upper front contact of relay 223, upper
right and lower left contact of cam 225, upper
back contact of relay 226, conductor 293,
brush 620, to brush 623 through the link,

outer lower back contact of 1clay 1000, next -

to the inner upper back contact of relay
1120, conductor 1121, inner lower back con-
tact of relay 1326 in parallel with resistance
1380, conductor 1331, windings of relays
1122, 1123 and 1124 in series, conductor 1125,
outer lower back contact of 1'elay 1326, con-
ductor 1332, next to the outer upper back con-
tact of lchv 1120, inner lower back contact
of relay 1000, outer upper back contact of
relay 1001, from brush 624 to brush 621
thloHOh the link circuit, conductor 227, outer
# back contact of relay 929, outer Tower
back contact of relay 226, upper contacts of
cam 224, outer lower front contact of relay
293, left contacts of cam 203 to the ring con-
ductor. When sequence switch 206 reaches
position 4 the tip conductor is extended over
the left contacts of cam 225 and the upper
back contact of relay 226 to conductor 228,
while the ring conductor is extended over the
left contacts of cam 224, outer lower back
contact of relay 226, outer left back contact
of relay 229 to conductor 227, rendering the
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incoming pulsing circuit independent of re-
lay 228.

The operation of relay 223 disconnects bat-
tery and ground through the windings of
relay 201 from the tip and ring conductors
leading to the sender 120 thus releasing a
relay at that sender which initiates the trans-
mission of relay call indicator impulses. Re-
lay 201 is held operated after relay 223 oper-
ates and until the sequence switch leaves
position 38145 over a circuit from battery
through its right winding, left front contact
of relay 207, inner lower fromt contact of
relay 223, upper left front contact of cam
250, lower left contact of cam 222 to ground
at the front contact of relay 208. As soon
as sequence switch 206 reaches position 33/
a new holding circuit is closed over the inner
lower back contact of relay 226, inner left
back contact of relay 229, left contact of
cam 218 to ground at the left contact of cam
217.

Relay 1122 is polarized to respond to nega-
tive impulses; relay 1123 is polarized to re-
spond to positive impulses; relay 1124 is
marginal so that it responds to heavy im-
pulses of either sort received over the im-
pulsing circuit above traced. Assuming that
the called subscriber’s number is Chelsea
678 the following code will be transmitted
from sender 120.

c
H

ho]

Light
Negative
Light
Negative
Light

Heavy
Negative
Light
Negative
Heavy
Negative
Light
Negative

2

4 Positive
3

0

5 Heavy

6

7

8

Positive

i=]
Negative
Heavy
Negative
Heavy
Negative
Heavy
Negative
Heavy
Negative

Negative
Light
Negative

Positive

Heavy
Negative
Heavy
Negative

The first code impulse which, as shown
above, is a heavy negative causes the opera-
tion of relay 1122 and 1124. Relay 1122 in
operating connects ground from conductor
909 over its front comtact, normal contact
and winding of relay 1132, resistance 1133 to
battery. Relay 1132 operates and locks to

Positive

conductor 909 over its lower alternate con-.

tact. Relay 1182 closes a circuit from bat-
tery through resistance 1185, winding of re-
lay 1134, alternate contact of relay 1132 to
conductor 909 to prepare for the operation
of relay 1184. Relay 1134 is prevented from
operating at this time by ground connected
over the contact of relay 1122 and the back
contact of relay 1134 to resistance 1135 in
shunt of the winding of relay 1134, Relay
1124 in operating connects ground from con-
ductor 909 over its front contact, outer lower
back contact of relay 1134, outer lower
back contact of relay 1107 to the upper wind-
ing of relay 1102 of the tandem hundreds
register 1100, and battery. Relay 1102 locks
through its lower winding to grounded con-

5

ductor 1281. When the pulse terminates re-
lays 1122 and 1124 release. Relay 1122 re-
moves the shunt from around the winding of
relay 1134 which now operates. With relay
1134 operated a circuit is closed from battery
through the winding of relay 1107, upper
back contact of relay 1106, upper front con-
tact of relay 1134 to grounded conductor 909.
Relay 1107 locks through the winding of re-
lay 1106, inner upper front contact of relay
1107 to grounded conductor 1127. Relay
1106 is shunted by the operating ground for
relay 1107 until relay 1134 releases. The
next pulse received is a light negative pulse
and therefore relay 1122 operates alone. It
closes a circuit from ground over conductor
909, front contact of relay 1122, lower front
contact of relay 11384 to resistance 11383 in
shunt of the winding of relay 1182 which
now releases. The first lower contact of re-
lay 1132 is a make-before-break contact so
that relay 1134 is held operated over the nor-
mal contact of relay 1132 and the front con-
tact of relay 1122 to conductor 909 until the
pulse terminates at which time relay 1134
also releases. . When relay 1184 releases re-
lay 1106 operates in the locking circuit of
relay 1107. Relays 1107 and 1106 transfer
the circuits controlled by relays 1122, 1123
and 1124 to the tandem tens register 1110,
It will be apparent that only relay 1102 is
operated in the tandem hundreds register
1100.

During the reception of the first pulse of
the next digit relay 1122 is operated alone as
above described and in turn operates relay
1132. At the end of the pulse relay 1134
is also operated, closing a circuit from bat-
tery through the winding of relay 1117, up-
per back contact of relay 1116, inner upper
front contact of relay 1106 to grounded con-
ductor 909 over the front contact of relay
1184. The second pulse of this digit is a
positive pulse causing the operation of re-
lay 1123. Relay 1123 closes a circuit from
ground over its front contact, middle lower
front contact of relay 1132, inner lower front
contact of relay 1106, inner lower back con-
tact of relay 1116 to the upper winding of
relay 1113 and battery. Relay 1113 locks
through its lower winding to grounded con-
ductor 1231. The third pulse of the digit
causes the operation of relay 1122 which re-
leases relays 1132 and 1134 as previously de-
scribed and permits the operation of relay
1116 in the locking circuit of relay 1117. Re-
lay 11138 alone of the tandem tens register
1110 is operated.

With relay 1117 operated a circuit is closed
from battery through the winding of relay
911, conductor 912, outer upper contact of
relay 1117, conductor 1136 to ground at the
outer upper front contact of relay 908. Relay
911 in operating connects ground over its
{ront contact, innermost upper contact of re-
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lay 907, conductor 913, lower left contact of
cam 9204 to the Wndmo of sequence switch
magnet 2200 and battery, advancing sequence

vitch 2200 to position 2 9. In posmon 2 a cir-
cmf is closed from oround over the upper left
contact of cam 201 upper right contact of
eam 2202 to conduetor 2203, This civenit Pro-
vides a holding cireuit for relay 911 and also
provides off- normal ground £or a number of
other circuits.

The first pulse of the third digitis 2 posi-
tive pulse. A circnit is therefore closed from
ground at the front contact of relay 1123,
outer 1owe1 back contact of relay 1182 which
hasnot heen opelmod as yet. inner lower front
contact of relay 1107, inner lower front con-
tact of relay 1117, inner lower back contact
of relay 1207 to the winding of relay 1201
and battery. Relay 1201 locks through its
lower winding to grounded conductor 1232,
The second pulqo which is a he‘wv negative
pulse causes the operation of relays 1192 and
1124 as above described. Relay 1124 closes
a circuit from grounded conductor 909, outer
lower bacl contact of relay 1184, outer "lower
front contacts of relays 1107 and 1117, ou‘cer
lower back contact of relay 1207 to the wind-
ine of relay 1202 and battery. Relay 1202
also locks to or ounded conductor 1232. The
operation of relay 1122 in response to this
pulse and to the followmo light negative
pulse eauses the operation and release of re-
lays 1182 and 1134 to bring about the opera-
tien and locking of 1elavs 1207 and 1206.
Relays 1201 and 1202 ave ‘therefore operated
in the tandem units register.

Assuming that the called subseriber’s num-
ber includes no stations digit the next digit
received will consist of two light Duls,‘os which
are the equivalent of the dig it zero. Mo regis-
ter relay in st‘ltlom 100“1%@1' 1210 wi 11 be op-
er ﬂtefl but relavs 1216 qnd 1917 will be op-

rated by the operatlon of relay 1122 to ad-
vance the cir cunL to ‘(he next 1egrst01

The remaining digits are recorded in a
manner similar to that above described on

registers 1220, 1300, 1310 and 1320 usulmno
in the operation and locking of relays 1292
and 1224 of thonsands register 1220. relays
1301 and 1804 of hundreds register 1300, re-
lays 1812 and 1314 of tens 1eglst°r 1310 and
relavs 1521, 1322 and 1324 of units register
1320.

Relays 1326 and 1327 operate in a slightly
different manner from the other transfer re-
lays. The oper atlon of relay 1134 during the
*mmlmcsmn of the units digit closes a cir-
cult from bhattery through the w inding of re-
lay 1327 and ltq normal contact, upper front
contacts of relays 1316, 1306, 1926, 1916, 1206,
1116 and 1106, upper contact of relay 1184
to grounded condueter 909. Relay 1327 locks
over its lower alternate contact to grounded
conductor 1128, Tt also prepares a ciicuit
* from battery through the winding of relay
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1826, outer upper contact of relay 1327 to
the upper back contact of relay 1132, back
contact of relay 1122 and grounded conductor
909. This circuit is not completed until 1@1‘137
1122 veleases the second time at the comple
tion of the digit. Relay 1826 in opemtlng
locks to grounded conductor 909. With re-
Tays 1826 “and 1327 operated the connection of
the tip and ring conductors to relay 1192 is
altered to render that relay responsive to a
final heavy positive pulse. This altered cir-
cuit may be traced from brush 628, to conduc-
tor 1121, as before, and- thence over the inner
lower front contact of relay 1326, and the
winding of velay 1122 in parallel with resist-
ance 1830, outer lower front contact of relay
13286, to conductor 1332 and back to brush 624
as previously traced. TRelay 1122 operates
in vesponse to the heavy final positive pulse
causing the operation of relay 1132 which
prepares the circuit for relay 1134 as bhefore.
When relay 1122 releases relay 1134 operates.
At this the operation of relay 1134 closes
a civeuit from orounded conductor 909, ,upper
front contact of relay 1134, outer Tower front
contact of relay 113 Q, inner upper front con-
tact of relay 19 7, outer upper front contact
of relay 1826 to the winding of relay 1120
and bmex_, .

When relay 1327 operated a circuit was
closed from battery through the winding of
relay 1137, inner back contact of relay 1120,
cuter lower front contact of relay 1827 to
grounded conductor $09. Relay 1137 is re-
leased when relay 1120 operates but two cir-
cuits are momentarily closed, one from bat-
tery through resistance 1138, inner upper
{ront contact of relay 1187, next to the inner
upper front contact of relay 1120 to the tip
conductor and from ground over the upper
front contact of rehy 1137, outer lower con-
tact of relay 920, next to the. outer upper front
contact of rehy 1120 to the ring conductor
charging the interoffice trunk to plevent the
false operation of relay 914 due to capacity
of the trunk if the trunk is opened at this
time. When relay 1137 completely releases
the ring conductor is extended over its upper
back contmt to resistance 1139 and ground.
The tip conductor is extended over ne\t to
the inner upper front contact of relay 1120,
inner upper back contact of relay 1137 to the
winding of relay 914 and battery.

Following the transmission of the final
heavy pulse, the sender 120 is disconnected
from the district selector 130 and the dis-
trict selector connects a relay across the tip
and ring conductors which completes the cir-
cuit of relay 914. Relay 914 closes a circuit
from Dhattery through the winding of relay
910, front contact of relay 914, lower back
contact of rvelay 1002 to grounded conductor
1181. Relay 910 in turn “closes an operating
cirenit for relay 915 to grounded conductor
1181 and relay 915 locks directly to conductor

+3 1'110

(5294

7o

90

106

116

120

130




10

15

20

25

30

35

40

o
Tt

Gt

85

1,840,132

11381. These relays prepare circuits to care
for the dismissal of the sender if the call is
abandoned at this stage of the establishment
of the connection.

When relay 1207 operated during the re-
ception of the third code digit, a circuit was
closed from battery, over the contacts of cam
2205, conductor 2206, upper front contact
of relay 1207, conductor 1239 to the wind-
ings of relays 2800 and 2700 in the decoder
connector to prepare these relays for opera-
tion. When relay 1206 operated after the
complete registration of the tandem units
digit a circuit was closed from battery over
conductor 2206, outer upper front contact of
relay 1206, lower back contact of relay 1140,
lower back contact of relay 1141, back con-
tact of relay 1142, conductor 1148 and thence
through the windings of relays 2900 and 2901
to ground. Relay 2900 is individual to the
sender shown terminating in the decoder con-
nector shown in Figs. 27 and 28. The de-
coder connector consists of a plurality of
multi-contact relays, whose contacts are mul-
tiplied together in groups to form channels.
Each sender is connected to the contacts of
one pair of multi-contact relays and each de-
coder is connected in multiple to the contacts
of a pair of relays in each channel. There-
fore with the sender relays and a pair of
decoder relays in the same channel operated,
the sender is connected with a decoder over
a large number of conductors. The con-
nector is arranged to prevent double connec-
tions and to give service in nearly the order
of demand. A clearer understanding of these
safeguards may be obtained from a consid-
eration of U. S. Patent 1,700,456, granted
January 29,1929 to F. A. Stearn.

Relay 2900 operates in the circuit above
traced and, if this channel of the decoder con-
nector is 1dle, closes a circuit from ground
over the back contacts of relays cor1espond-
ing to relay 2900 but individual to other send-

5 ers, front contact of relay 2900, to the wind-

ing of relay 2700 to which battery is con-
nected over conductor 1239 as above de-
scribed. Relay 2700 now operates, connect-
ing ground over its lowermost contact to the
winding of relay 2800 which is also supplied
with battery over conductor 1239. The op-
eration of these two relays connects a plu-
rality of conductors from the sender toward
a decoder. Relay 2900 in operating discon-

5 nects ground through the winding of relay

2901 from the other similar relays individual
to other senders. Relay 2901 also operates
and prepares to sound an alarm if the con-
nector remains operated too long. With re-
lay 2700 operated battery over the start con-
ductor 1143 is extended to conductor 2701
and thence to the winding of relay 2906, relay
2907 or a similar relay according to which
decoders are busy or idle. Assuming that
the decoder appearing as first choice in this

e

7

channel is busy, relay 2904 will be operated
and the circuit above traced will extend over
the front contact of 1ehy 2904 and the back
contact of relay 2905 to the winding of relay
2907 and ground. Relay 2907 closes a circuit
from ﬁlound at its upper front contact to the
Winding of relay 2702. Relay 2702 in turn
connects ground to the winding of relay 2801.
Relays 2702 and 2801 connect the conductors
of the sender through to the conductors of
the decoder in preparation for transferring
the designation to the decoder and the de-
coder information back to the sender. The
operation of relay 2907 also disconnects
ground from the windings of relays 2908 and
2909 and these relays release connecting
ground to the conductor 2910 to prepare for
the operation of an alarm if the decoder does
not operate properly. Relay 2702 in operat-
ing opens the circuit of relay 2905 and relay
2801 connects ground to the windings of re-
lays 2911 and 3011 as well as the other re-
lays individual to this decoder and appear-
ing in other channels of the decoder con-
nector. Relay 3011, for example, closes a cir-
cuit over the normal contact of relay 8001 to
the winding of relay 3005 operating that re-
lay to mark this decoder busy in the corre-
sponding channel. Similarly this decoder is

marked busy to all channels with which it is
not in use. For a complete detailed descrip-
tion of the operation of the decoder connector
including the coopemhon between channels
reference may be made to the above identified
Stearn patent.

The decoder comprises a set of incoming
registers 3400, 3410 and 3420 which are posi-
tioned to correspond with the setting of the
tandem hundreds, tandem ten and tandem
units registers respectively. These settings
are translated to operate additional sets of
relays which mark a point to identify the
routing indicated by operating a correspond-
ing rela; v. This 1e1w in turn sets a group
of outgoing registers which control the set-
tings of the selection control registers of the
sender. Assoon as the decoder and the send-
er are connected together circuits are closed
over the front contacts of the operated reg-
ister relays to the windings of the correspond-
ing relays of the incoming registers of the
decoder. These circunits may be traced as
follows: from ground at the outer upper
front contact of relay 1102, over conductor
1108 through the decoder connector to con-
ductor 2708 and the winding of relay 3402
and battery; from ground at “the outer upper
front contact of relay 1113, conductor 1118,
through the decoder connector to conductor
2708, and the winding of relay 3413 and bat-
terV, lrf)m ground over the outer upper front
contact of relay 1201, conducter 1208 through
the decoder connector to conductor 2(12,
winding of relay 38421 and battery; from
ground at the outer upper front contact of
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relay 1202, conductor 1209 through the de-
codér connector to conductor 2718 and the
winding of rvelay 3422 and battery. Relays
3402, 3413, 3421 and 8422 are operated corre-
sponding to the operated relays of the code
registers.

At the same time ground is connected over
the right back coutact of relay 3430, right
back contac‘c of relay 8481 to conductor 5132
through the decoder connector to conductor
2704, This ground is extended over the outer
upper back contacts of the unoperated relays
of registers 1100, 1110 and 1200 to the wind-
ings of the corresponding relays of the in-
coming registers of the decoder. For exam-
ple con rluctm 2704 is connected over the outer
upper back contact of relay 1101, conductor
1109, through the decoder connector to con-
duetor 2705, winding of relay 3401 and bat-
tery. Without tracing the remaining circuits
in detail, it ID‘IV be stated that relays 3401,
3408, 3404, 3411, 3412, 3414, 3423 and 3424
are oper qted in this m‘mner Therefore all
of the relays of registers 8400, 3410 and 3420
are operated if the conductors connecting the
tandem registers of the sender and the incom-
ing vegisters of the decoder are unbroken.
With these relays operated a circuit is closed
from mound over contacts of relays 2700 and
9702, conductor 2716, inner right front con-
tacts of relays 8424 and 8423, inner left front
contacts of relays 3422 and 3191 inner right
front contacts of relays 3414 and 3413, inner
left front contacts of relays 3412 and 3411, in-
nex right front contacts of relays 8404 and

3408, inner left front contacts of relays 3402
‘md 3 401, left winding of relay 3431 and bat-
tery. Relay 3431 operates and locks from bat-
tery through ite right winding to conductor
9716. Tt also closes a holding circuit through
its left winding and left contact. right wind-
ing of relay 3430 to conductor 2716, but relay
3430 cannot operate since it is shunted by the
chain cirenit above traced. As soon as relay
3481 operates it disconnects ground from
conduetor 2704. Tf none of the incoming con-
ductors is grounded falsely the relays, corre-
sponding to non-operated tandem register re-
lays, release. If any of these conductors is
grounded, ground will be connected back to
conductor 2704 and hold these relays oper-
ated. Assuming that these relays release, the
chain cirenit is opened and relay 3430 oper-
ates. Relay 3430 supplies ground over its
centacts to the contacts of the registers.
Three circuits are closed: (1) from ground
at the inner left contact of relay 3430, back
contact of velay 3404, right back contact of
relay 8403, inner right front contact of relay
3402, outer left back contact of relay 3401,
vinding of relay 3702 to battery; (2) from
around at the onter left contact of relay 3430,
back contact of relay 3414, outer right front
centact of relav 3413, windings of relays 3804
and 3814 to hattery; (8) from ground at the
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right contact of relay 3430, back contact of
1e]‘1y 3424, right back contact of relay 3423,
inner right fr ont contact of relay 34 ':22, to the
onter left front contact of relay 3421, With
the first two circuits closed, this third cirenit
extends over the fourth contact of relay 3814,
conductor 3824, over the fourth contact of
relay 8702 to conductor 3711, through the
winding of route relay 3600 at connecting
rack 8601, resistance 3504, winding of relay
3505 to battery. Relay 3505 in operating pro-
vides ground for starting the timing opera-
tion to sound an alarm in case the circuit of
relay 3600 becomes permanently grounded.
Relay 3600 in operating prepares six cir-
cuits for operating relays in the six outgoing
registers of the decoder. The first of these
circuits may be traced from ground at the
first contact of relay 3600 over cross-connect-
ing rack 3610, to winding of relay 3100 of
the class re Oistel, winding of relay 3101,
winding of relay 3102 to ba ittery.  The sec-
ond civeuit extends over Cross- connecting
rack 3620, upper winding of relay 3200 of
the district brush register, winding of relay
3201, to battery through the winding of re-
lay 8202. A third circuit may be traced over
cross-connecting rack 3610, upper winding
of relay 3110 of the compensamno resistance
register, winding of relay 8111, winding of
1e]‘w 3112 to ba ttely A fourth cirewit ex-
tends over rack 8620, upper winding of re-
lay 8210 of the office brush register, winding
of relay 3211, to the winding of relay 3212
and battery. A {ifth ciremit extends over
cross-connecting rack 8630, lower winding of
relay 3300 of “the district group register,

a0

vmdlno of relay 3301, winding of relay 33 ’)f

and ba‘ctely while the sixth civeuit extends
over cross-connecting rack 3630, upper wind-
ing of relay 3310 of the office group register,
Wlndmo of relay 3311, winding of relay 3312
to bmttely Relays 310 3112 3202, 3212,
3302 and 3312 are ma l‘gnml. If the wiring

between the routing relay and the rvegister .

relays or any other wiring should become
crossed so that more than one of the vregister

relays are connected to ground, the corre-
sponding marginal relay of ﬂll% series would
be operated closmo a circuit from ground
over its contact to conductor 5120 and the
winding of relay 8501, which blocks the es-
tablishment of the connection as will be de-
scribed hereinafter.

The relays of the outgoing decoder regis-
ters prepare cireuits for ‘Sﬂtuﬂﬂ the selection
control registers of the sender. Relay 8111
in opemtmg closes a circuit from ground
through the winding of relay 3113, front con-
tact of relay 8111, conductor t,1L>, throt
the decoder connector to conductor 25)')1, up-
per winding of relay 2014, and battery. Re-
lays 2014 and 8118 ope rate in this circuit.
Relay 3110 closes a circuit from ground
through the winding of relay 3114, lower
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front contact of relay 8110, upper back con-
tact of relay 8116, lower back contact of re-
lay 3117, lower back contact of relay 3118,
conductor 8119, through the decoder con-
nector to conductor 2720, upper winding of
relay 2023 to battery. Relays 2023 and 3114
operate. Relay 3100 does not close any cir-
cuit leading to the sender registers. Relay
8200 closes a circuit from ground through the
winding of relay 3203, inner lower front con-
tact of relay 3200, outer lower back contact
of relay 3207, conductor 3206 through the
decoder connector to conductor 2721, upper
winding of relay 2101 and battery. Relays
2101 and 3203 operate in this circuit. Relay
3210, closes a circuit from ground through
the winding of relay 3215, lower front con-
tact of relay 8210, conductor 3214, through
the decoder connector to conductor 2822, up-
per winding of relay 2113 and battery. Re-
Iay 8300 in operating closes a circuit from
oround through the winding of relay 3303,
inner lower front contact of relay 3300, outer
lower back contact of relay 3304, inner lower

5 back contact of relay 8305, conductor 3306,

conductor 2821, upper winding of relay 2132,
to battery. Relay 3300 also closes a circuit
from ground through the winding of relay
3307, outer lower front contact of relay 3300,
outer lower back contact of relay 8308, back
contact of relay 8309, conductor 3330, con-
ductor 2820, upper winding of relay 2131, and
battery. Relay 8310 closes a circuit from
ground through the winding of relay 8313,
lower front contact of relay 8310, inner lower
back contact of relay 8314, conductor 3315,
conductor 2824, upper winding of relay 2142
and battery.

When all of the registers have been set, a
circuit is closed from ground over the upper
front contact of relay 8110, contact of relay
3114, contact of relay 3113, contact of relay.
3100, contact of relay 8101, contacts of relays
3200, 3208 and 3201, contacts of relays 3210,
8215 and 3211, inner lower contact of relay
3300, contacts of relays 3307, 3303 and 3301,
upper contact of relay 3310, contacts of relays
3218 and 3311 to conductor 3331, winding of
relay 3500 and battery. This circuait serves,
as is pointed out hereinafter, to indicate the
fact that all of the registers have been posi-
tioned. Relay 3500 closes a circuit from
ground at the back contact of relay 3501, pro-
vided that relay has not been operated, to the
winding of relay 3502 and battery to start the
timing relays in case the release does not take
place promptly. It also closes a circunit from
this same ground over conductor 3503,
through the decoder connector, conductor
28286, to the lower winding of relay 1003 and
battery. Relay 1003 locks to grounded con-
ductor 1129, and cleses a circuit over its inner
upper front contact, winding of relay 1142
to battery. Relay 1142 supplies locking
ground for relays 2012, 2013, and 2015 direct-

9

ly. Tt also provides locking ground over the
right contacts of cam 2207 for relays 2101 to
2108 and 2131 to 2134 in positions 1 to 4 of
sequence switch 2200, over the left contacts
of cam 2208 for relays 2011, 2111 to 2118 and
2141 to 2144 in positions 1 to 9 of sequence
switch 2200 and over the lower contacts of
cam 2208 for relays 2001 to 2005, 2014 and
2021 to 2024 in positions 1 to 18 of sequence
switch 2200. It is therefore apparent that
the selection control register relays are now
locked under the control of relay 1142.

With relays 1142 and 1003 operated, the
start conductor 1143 is opened releasing re-
lay 2900 whichin turnreleasesrelays 2700 and
2800. The release of relay 2700 opens the
circuit of relay 2907 which in turn opens the
circuit of the relays corresponding to relay
2905 in the other channels. However, a lock-
ing circuit exists for these relays over the back
contacts of relays corresponding to them, but
belonging to decoders appearing earlier in
the sequence to prevent interfering with a
call which may be in process of extension.
Relay 2907 also recloses the operating circuits
for relays 2908 and 2909.

With relays 2700 and 2800 released the con-
ductors connecting the decoder with the send-
er are all opened and all of the relays in the
decoder which were operated are now re-
leased so that the decoder returns to service
with other senders.

The sender is now ready to control selec-
tions. Relay 1142 in operating closes the
fundamental circuit to control the district
brush selection. This circuit may be traced
from battery through the right winding of
relay 212, left contacts of cam 215, conductor
214, from brush 608 to brush 626 through the
link circuit, outer lower contact of relay 916
inner upper front contact of relay 1142, right
contacts of cam 2209, winding of stepping re-
lay 2000, upper winding of relay 2161, back
contact of relay 1400, resistance 2211, left con-
tacts of cam 2210, upper back contact of re-
lay 916, from brush 625 to brush 622 through
the link circuit, conductor 231, left contact
of cam 232, lower left contact of cam 213 to
ground. Relays 212 and 2000 operate in this
circuit but relay 2161 is so polarized as not
to operate at this time. Relay 212 locks over
its inner right front contact and the lower
right contact of cam 215 to the fundamental
circuit as traced. It also closes a circuit from
ground over its left contact, lower left con-
tact of cam 216, winding of sequence switch
magnet 206 to battery advancing the se-
quence switch to position 5. When sequence
switch 206 leaves position 4 relay 223 re-
leases. In position 5 the operating circuit of
relay 212 is opened and the relay is dependent
on its locking circuit. A circuit is prepared
at this time from battery through the right
winding and the inner right contact of relay
212, left contacts of cam 233, commutator
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strip 234, brush 235, upper right and lower
left contacts of cam 217, to ground.

In position 5, relay 212 also closes a circuit
from battery through the winding of updrive
magnet 236, upper right and lower left con-
tacts of cam 252 to ground at the left front
contact of relay 212. The district selector is
moved upward in its brush selecting move-
ment under the control of magnet 236, Asit
moves upward the circuit above traced over
commutator strip 234, is intermittently closed
holding relay 212 operated and shunting the
winding of the stepping relay 2000 in the
sender.

When relay 2000 operated it closed a cir-
cuit from ground at the inner lower back
contact of relay 2081, contact of relay 2000,
outer lower back contact of relay 2031, con-
ductor 2030, upper back contact of relay 1000
conductor 1004, lower contacts of cam 2214.
middle upper front contact of relay 2101, in-
ner upper back contact of relay 2102, con-
ductor 2156, back contact of counting re-
lay 1401, winding of relay 1411, conductor
2206 to battery over the contacts of cam
2205. Relay 1411 operates in this circuit
closing a locking circuit for itself through
the winding of relay 1401, contact of relay
1411, conductor 1423, to ground over the low-
er left contact of cam 2202 and the upper left
contact of cam 2201. Relay 1401 cannot op-
erate at this time since its winding is shunted
by the operating ground for relay 1411. Kach
time that the intermittent circuit is closed
over the commutator strip 234, relay 2000
releases opening the circuit above traced. At
the first release of relay 2000, relay 1401 op-
erates in the locking circuit of relay 1411
and transfers the circuit closed over con-
ductor 2156 to the back contact of relay 1421
and the winding of relay 1410. In a simi-
lar manner relay 1410 is operated in response
to the reoperation of relay 2000 when brush
235 encounters an insulating segment of strip
234 and relays 1400 and 1420 operate in the
locking circuit of relay 1410 when relay 2000
is veleased by the brush 235 encountering a
conducting segment of the strip 234. Re-
lays 1400, 1410 and 1420 lock over conductor
1424 to ground by way of the upper left
contacts of cams 2202 and 2201. Relay 1400
opens the fundamental civeuit and causes the
release of relay 212.

Relay 212 in releasing opens the cirenit of
the updrive magnet 286 and brings the dis-
trict selector to rest. The circult of relay
212 is opened at the commutator strip 234
as soon as the brush moves off the conducting
segment which released relay 2000 for the
last time. With relay 212 released a cireuit
is closed over the leit back contact of that
relay, upper left contact of cam 216 to the
winding of sequence switch magnet 208 and
battery, advancing the sequence switch to
position 6. In this position the trip mag-
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net 2387 is operated over the contacts of cani
217, preparing to trip the brushes on the next
upward movement of the district selector.
The operation of relay 1420 closes a circuit
from ground over its front contact, upper
back contact of relay 917, upper left con-
tact of cam 2204 to the winding of sequence
switch magnet 2200 and battery advancing
the sequence switch out of position 2. As
soon as the sequence switch leaves position
2 the locking circuit for the odd numbered
counting relays is opened and when it leaves
position 214 the locking circuit for the even
numbered counting relays is opened so that
relay 1420 releases, opening the circuit for
magnet 2200 and bringing the sequence switch
to rest in position 4, since it is advanced from
position 3 over its local cam.

With sequence switch 206 in position 6 and
sequence switch 2200 in position 4 the funda-
mental circuit is again closed as above traced
and relays 212 and 2000 operate as before.
Relay 212 locks over a similar circuit to
that above traced but the intermittent cir-
cuit controlled by the commutator may now
be traced over the right contacts of cam 215,
commutator strip 288, brush 239 to ground
over cam 217. Relay 212 in operating ad-
vances the sequence switeh to position 7 in
a manner similar to that previously described.
The counting relay circuit now extends from
ground over the contact of relay 2000, to
conductor 2080 as previously traced, left
contacts of cam 2218, upper front contact of
relay 2131, inner upper front contact of re-
lay 2132, to conductor 2150, back contact
of relay 1403, winding of relay 1413, to bat-

tery over conductor 2206 and cam 2205 as

above described. Following four intermit-
tent pulses from commutator 288, relays 1400
and 1420 are operated as before, opening the
fundamental circuit and causing the release
of relay 212 as soon as the conducting seg-
ment of the commutator is passed. The re-
lease of relay 212 at this time advances se-
quence switch 206 to position 8.

Relay 212 is now operated in a local circuit
over the lower contacts of cam 249 and ad-
vances sequence switch 206 to position 9. In
this position the updrive magnet 236 is again
operated.. Relay 212 is only held operated
in positien 9 provided the first outgoing trunk
in the group on which the district selector has
been positioned is busy. The circuit extends
from battery, through the right winding and
inner right contact of relay 212, upper right
and lower left contacts of cam 213, to the
sleeve brush of the district selector 200, which
is marked busy by ground if the outgoing
trunk is in use. Relay 212 is held operated
between sleeve terminals by a circuit through
the left winding of relay 212, lower right con-
tact of cam 222, upper right contact of cam
250, commutator strip 240, brush 241, lower
contacts of cam 252 to ground at the left
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front contact of relay 212. This assures the
stopping of the brushes on the first idle set of
terminals. When an idle office selector has
been found relay 212 releases advancing se-
quence switch 206 to position 10. As soon as
relay 212 releases, ground is connected to the
sleeve brush of the district selector over the
lower right and upper left contact of cam
213, right back contact of relay 212, upper
right contact of cam 218 to ground at the
lower left contact of cam 217.  Assoon as se-
quence switch 206 reaches position 934, direct
ground is connected over the lower contacts
of cam 213, to the sleeve brush. In position
10 relay 212 is operated in a circuit from bat-
tery through its left winding, lower contacts
of cam 222 to ground at the right contact of
relay 208. Relay 212 in operating advances
sequence switch 206 to position 11, in which
position it remains operated under the con-
trol of relay 208. 1In position 11 the funda-
mental circuit is extended through to the re-
lay of the office selector. This circuit may be
traced through the district selector from
brush 608 of the link, conductor 214, upper
right and lower left contacts of cam 202, up-
per back contact of relay 223, upper left and
lower right contacts of cam 250 to the tip
brush of the district selector 200, and from
brush 622, conductor 231, lower right and
upper left contacts of cam 203, lower back
contact of relay 223, right contacts of cam
251 to the ring brush of the district selector.
The circuits of the office, incoming and final
selectors have not been shown in detail since
they are well known in the art and their oper-
ation is similar to that of the district selector.

Returning now to the sender, the opera-
tion of relay 1420 causes the advance of se-
quence switch 2200 to position 6 in the man-
ner above described for advancing it from
position 2 to position 4. In position 6 a
circuit is provided for testing the condition
of the trunk leading to the office selector and
the condition of the office selector itself.
This circuit extends as described above
through the district selector and the link and
extends in the sender from the fundamental
tip and brush 626 over the outer lower back
contact of relay 916, inner upper front con-
tact of relay 1142, lower contacts of cam 2209,
through resistance 2040, lower front contact
of relay 2014, winding of relay 2153, left
contacts of cam 2215, upper winding of relay
2161, back contact of relay 1400, inner upper
back contact of relay 2501, lower back con-
tact of relay 2301, lower back contact of relay
2401, outer lower back contact of relay 2502,
outer lower back contact of relay 2501, lower
back contact of relay 2503, upper contacts of
cam 2216, back contact of relay 2021, through
resistances 2043 and 2042, back contact of
relay 2022, lower right and upper left con-
tacts of cam 2217, upper back contact of relay
916, to the fundamental ring at brush 625.

il

When the office selector is found and is con-
nected through to the sender, this circuit is
completed and if the trunk is in proper con-
dition and the battery supplied from the
office selector is in the right direction, relay
2153 operates but relay 2161 does not. Relay
2153 in operating closes an obvious circuit for
relay 2157, which locks over its lower frout
contact, and the lower right contact of cam
2202, to ground as long as sequence switch
2200 remains in position 6. A cireuit is
closed from battery through the winding of
relay 2504, front contact of relay 2157, upper
back contact of relay 2031, to grounded con-
ductor 1129. Relay 2504 operates and closes
a circuit for relay 2041. Relay 2041 in oper-
ating closes a circuit from ground over its
inner lower front contact, upper right con-
tact of cam 2204 to the winding of sequence
switch magnet 2200 and battery, advancing
the sequence switch to position 7.

In position 7 the fundamental circuit is
established for making office brush selection.
The circuit extends at this time as previous-
ly traced through the windings of relays 2000
and 2161 and over the back contact of relay
1400. From there it extends as traced for
the test of the office trunk over the inner up-
per back contact of relay 2501, outer lower
back contact of relay 2301, lower contact of
relay 2401, lower back contacts of relays 2502
and 2501, lower back contact of relay 2503,
over the upper contacts of cam 2216, back
contact of relay 2021, through compensating
resistances 2043 and 2042, back contact ot re-
lay 2022, lower right and upper left contacts
of cam 2217, to the fundamental ring. The
counting relay circuit extends at this time as
above traced over the contacts of relays 2031
and 2000 to conductor 2030, and over the up-
per back contact of relay 1000, conductor
1004, lower right and upper left contact of
cam 2214, upper back contact of relay 2111,
outer upper back contact of relay 2112, up-
per front contact of relay 2118 to conductor
2158, lower back contact of relay 1404, wind-
ing of relay 1414, to battery over conductor
9206. Relays 1404, 1403, 1402, 1401, 1400,
1420, 1414, 1413, 1412, 1411 and 1410 operate
as before described. Relay 1400 opens the
fundamental circuit as before and relay 1420
advances sequence switch 2200 into position
8, whence it is advanced by its local cam to
position 9, releasing the counting relays as
previously described.

In position 9 the fundamental circuit is re-
closed for the purpose of making office group
selection. The counting relay circuit ex-
tends from ground over the contacts of re-
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2213, upper back contact of relay 2141, outer
upper front contact of relay 2142, to conduec-
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1400, 1410 and 1420 operate as above de-
seribed.  As before the operaticn of relay
1400 opens the fundamental circuit and per-
mits the release of relay 2000 and the operat-
ing relay of the office selector, causing the
oﬂlce selector to hunt for an idle trunk out-
going to an incoming selector at the dis-
tant office. Relay 1490 closes a cireuit for
advancing sequence switch 2200 out of posi-
tion 9. bequence switch 2200 is advanced
immediately from position 9 to pO;thn 16,
since the locking conductor 1424 for relay
1420 is held closed over the lower left con-
tact. of cam 2222, until the sequence switch
leaves position 15. The positions between 11
and 15 are reserved for controlling a second
office selector where it is 1'Lquned In the
present disclosure this second office selector
has been omitted and the equipment neces-
sary for making such selections has also been
omitted both from the sender and from the
decoder.

The selection of an outgoing trunk to a
distant office takes place in the manner aboy
described, irrespective of the nature of dnt
distant office. It is, of course, to be under-
stood that different offices ave identified by
different coffice designations and are reached
over different groups of trunk circuits. The
incoming registers of the sender are there-
fore given different SCLU]]OS and the decoder
opomtos different route relays similar {o re-
Iay 8600 in accordance with the designations.
These route relays set the selectlon control
registers to control the selection of the proper
group of trunks. The operations within the
tandem office therefore differ for different of-
fices only in the number of counting Ldavs
opers ated and the extent of movement of the
district and office selectors. If the group o
trunks outgoing to a part ticular office appears
in the 1um1nal bank of the district selector,
the office selections are omitted, as described
hereinafter.

The op(‘rution in controlling the comple-
tion of the connection at the distant office
differs with the nature of the office, and the
decoder route relays prepare the sender for
such different operation by operating the
class relays 2001 to 2005 in accordance with
the type of the wanted office. The manner
in which the sender performs its functions
in controling the various kinds of offices will
now be described.

Completion of call at panel dial office

For convenience the completion of a call
to a panel type office will be deseribed first.
On the assumption that the call being traced
1@ one to a panel office, none of the class re-
lays 2001 to 2005 1s ﬂpemto tand relay 2151
s also non-operated. A civeulb is therefore

clesed, as soon as sequence switch 2200
T ﬂ‘l(hoq position 5, which may be traced from

battery through the winding of sequence
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switch magnet 1900, right contact of cam
1901, inner upper hack contact of relay 2151,
outer upper front contact of relay 1142, to
ground over the lower right and upper left
contacts of cam 2201. bequence switch 1900
is advanced to position 6 in this circuit.
When sequence switch 2200 left position 4
the locking circuit for the relays of register
2100 and register 2130 was opened and Those
relays released. When sequence switch 2200
left 1,0~:iti(m 9, the relays of register 2110
dDd rogister 2140 were algo released. When
sequence switch 2200 reaches position 15 a cir-
cuit is closed from ground over the upper
left contact of cam 2201, upper right con-
tuct of cam 2218, inner upper back contact
of relay 2155, through the windings of re-
lays 1701, 1801 1802 and 1803 in palallel to
b‘ ttery. "The operation of these relays con-
1ects the numerical registers 1220, 1300, 1310
‘md 1320 with the registers 2100, 2110, 2140
and 2130 respectively. These relays are now
reoperated in accordance with the setting of
the numerical registers to control selections
at the district office. It will be remembered
that the relays 1222 and 1224 of register 1220
were operated. A cireuit is *herefore now
dosul from battery through the winding of
relay 2102, conductor 9722. third contact of
relay 1701 to ground at the upper outer con-
tact of 1222, The operation of 1e1ay 1224
closes a cirenit from ground at its outer upper
front contact over the first contact of relay
1701 to the winding of relay 2121 and battery.
This relay constitutes a part of the register
2120 Whl(,h controls group selection by the
incoming selector. Relay 1301 closes a cir-
it from ground over itg outer upper con-
tact, top contact of relay 1801, winding of
1dav 2111 and battery while 1eLw 3504 doscs
& cirenit from ground over its outer upper
contact, first contact of relay 1801, to the
winding of relay 2122 and battely Relay
1312 cloges a civeuit from ground over its
upper front contact, the third contact of re-
hV 1802, winding of relay 2142, and battery.

Re elav 13 U doscs a circuit over the first con-
tact of relay 1802, to the winding of relay
2144 and LutLew W mle relays 13)91 1822 and

224 cause the operation of 161‘135 9101, 2132
and 2134, These registers are now leadv to
control selections at the distant office. "Se-
quence switch 2200 in posmon 15 also closes
a circuit from ground over the upper con-
tacts of cam 2201 conductor 2807, lower
winding of relay ‘)001 to batwm helcw 2031
locks over its upper front contact to ground-
ed conductor 1129, opemno the cireuit by
which the office selector was tested and pre-
paring the circuit for testing the interofiice
trunk. Relay 2031 also reverses the divec
tion of current flow over the contact of 1°‘ay
2600 to save wear on th% contact.

When sequence switch 2200 reaches posi-
tion 16, a circuit is closed for testing the in-
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teroffice trunk. This circuit may be traced
from the fundamental tip to the lower right
contact of cam 2209 and thence over the upper
left contact of cam 2209, back contact of relay
2152, outer upper back contact of relay 2151,
resistance 2040, front contact of relay 2014,
winding of relay 2158, middle lower front
contact of relay 2031, inner lower back con-
tact of relay 2155, back contact of relay
1400, and thence as previously traced over
contact of relay 2501, etc., to the upper right
and lower left contacts of cam 2216, back
contact of relay 2302, front contact of relay
2023, resistance 2043, back contact of relay
2024, upper contacts of cam 2217, to the
fundamental ring. The testing circuit thus
traced cannot be closed before the registers
have been positioned since a circuit is closed
from ground over the back contact of relay
1701, left contacts of cam 2207, inner lower
back contact of relay 2151, to conductor 1424
holding relay 1400 operated. This circuit
prevents the closure of the testing circuit
until relay 1701 is operated to cause the set-
ting of the registers. When the outgoing
trunk has been found and the incoming se-
lector is ready to make selections battery and
ground are connected to the fundamental cir-
cuit and relay 2153 operates, in turn oper-
ating relays 2157, 2504, and 2041. Relay
2041 closes a circuit from battery through
the winding of sequence magnet 2200, right
contact of cam 2204 to ground at the inner
lower front contact of relay 2041, advancing
sequence switch 2200 to position 17. In this
position a eircuit is closed from battery
through the winding of sequence switch mag-
net 1900, upper right and lower left con-
tacts of cam 1902, to ground over the left
contacts of cam 2201, advancing sequence
switeh 1900 to position 7. Sequence switch
2200 is immediately advanced from position
17 to position 18 over the left contact of cam
22920, and the lower right contacts of cams
1903 and 1904.

The incoming and final selectors are under
the control of sequence switch 1900. With
sequence switch 1900 in position 7 the funda-
mental circuit extends from the fundamental
tip over the lower back contact of relay 916,
inner upper front contact of relay 1142,
lower back contact of relay 2151, right con-
tacts of cam 2215, lower right and upper left
contacts of cam 1905, winding of relay 2000
and thence as traced for the test of the inter-
office trunk back to the fundamental ring.
Since relay 2031 is now operated the count-
ing relay circuit may be traced from ground
at the outer lower front contact of relay 2031,
front contact of relay 2000 inner lower front
contact of relay 2031, conductor 2030, inner
upper back contact of relay 1000, conductor
1004, right contacts of cam 1906, outer upper
back contact of relay 2108, outer upper front
contact of relay 2102, inner upper back con-
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tact of relay 2101, conductor 2154, back con-
tact of relay 1402, winding of relay 1412 to
battery. After the winding of relay 2000
has been shunted three times to cause the
selection of the third brush of the incoming
selector, relay 1400 operates opening the
fundamental circuit and relay 1420 operates
closing a circuit from ground over its front
contact, upper back contact of relay 917,
back contact of relay 1148, lower left con-
tact of cam 1901 to the winding of sequence
switch magnet 1900 and battery, advancing
it out of position 7. Conductors 1423 and
1424, carrying the locking circuits for the
counting relays extend to ground at this
time over the lower left contact of cam 1904
and over the right contacts of cam 1904 re-
spectively and are held closed until the se-
quence switch leaves positions 7 and T%.
Sequence switch 1900 is advanced from posi-
tion 8 to position 9 over its local cam. It is
to be noted that the circuit for advancing the
sequence switch extends over the back con-
tact of relay 1148. Circuits are prepared for
this relay over the contacts of cam 1907. In
positions 7 to 9 the circuit is extended over
the right contact of cam 1907 to ground at
the lower back contact of relay 1316, and in
positions 11 to 18 the circuit extends to
ground over the lower back contact of relay
915. Therefore if the hundreds register 1300
has not been positioned at the time the in-

coming brush selection is completed sequence

switch 1900 cannot be advanced for the next
selection and if the incoming registers have
not been completely set, sequence switch 1900
cannot be advanced into position to make
final selections.

We have assumed that the registration has
taken place in the proper length of time.
Therefore sequence switch 1900 has now been
advanced to position 9. In position 9 the
fundamental circuit is the same as was traced
in position 7 of sequence switch 1900. The
counting relay circuit at this time, however,
extends over the contacts of relays 2000 and
2031, left contacts of cam 1906, upper front
contact of relay 2121, inner upper front con-
tact of relay 2022, conductor 2150, lower
back contact of relay 1403, winding of relay
1413 to battery. Four pulses of current will
bring about the operation of relays 1400 and
1420 causing the selection of fourth group of
trunks outgoing from the incoming selector.
The incoming selector will hunt for a trunk
leading to an idle final selector in substan-
tially the manner described for the district
selector. Relay 1400 opens the fundamental
circuit and relay 1420 advances sequence
switch 1900 to position 11 in the manner
previously described.

As sequence switch 1900 passes through
pesition 10, a circuit is closed from the fun-
damental tip to the lower right contact of
cam 1905 as previously described and from
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thence over the upper right contact of cam
1905, through resistances 1908 and 2040, up-
per right and lower left contacts of cam 1902,
to the fundamental ring. The connection of
these resistances across the circuit discharges
the electrical charge which may have ac-
cumulated due to the capacity of the trunk
and prepares for making final selections.

TFinal brush, final tens and final units selec-
tions take place in positions 11, 13 and 15,
respectively. The fundamental circuit ex-
tends at this time as above traced for in-
coming selections. The counting relay cir-
cuits may be traced as follows: In position
11 for final brush selection from ground over
the contacts of relays 2031 and 2000, conduc-
tor 2030, inner upper back contact of relay
1000, conductor 1004, upper right and lower
left contacts of cam 1909, upper front contact
of relay 2111, inner upper back contact of
relay 2112, to conductor 2156, lower back
contact of relay 1401, winding of relay 1411
to battery, therefore two pulses are required
to satisfy the counting relays and the final
selector uses the second brush in making se-
lections. The counting relay circuit for final
tens selection extends as just traced to the
upper right contact of cam 1909 and thence
over the lower right contact of that cam,
upper back contact of relay 2141, outer upper
front contact of relay 2142, to conductor
2154. Two pulses of current serve to oper-
ate relays 1402 and 1412, 1401 and 1411, It
will be noted that the civeuit normally ex-
tends from the front contact of relay 1401,
over the back contact of relay 1421 to the
winding of relay 1410. Since relay 2144 is
also operated a circuit is closed for relay
1491 over the lower contacts of cam 1910 to
around at the front contact of relay 2144.
Therefore the operation of 1ehy 1401 ex-
tends the counting relay circuit over the out-
er front contact of 1elay 1421, to the back
contact of relay 1409 and the winding of re-
lay 1419. Tive additional pulses result in
the operation of relays 1405 to 1409 and 1415
to 1419. TFrom the front contact of relay
1405 the counting relay circuit extends over
the inner upper contact of relay 1421 to the
winding of relay 1410, causing it to operate
and opelate relays 1: 100 and 1420 which open
the fundamental cirenit and advance the
switch 1900 in the usual manner following
the reception of eight pulses. The counting
relay circuit for final units selection extends
from cam 1909 over the upper left contact
of that cam, upper front contact of relay
2131, inner upper front contact of relay 2132,
conductor 2150, and the winding of relay
1413. Relay 2134 being operated closes a
cirenit over its upper front contact, upper
right contact of cam 1910, for relay 1421, so
that nine pulses are required to satisfy the
counting relay condition.

Following the completion of final units se-
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lection sequence switch 1900 is advanced to
position 16, in which position a circuit is pre-
pared to respond to the reversal of battery
produced by the incoming selector. This
circuit is the same as traced for the maling
of final selections. However, duc to the ve-
versed nature of the battery, relay 2161 is
operated in addition to relay 2000.  With re-
lay 2161 operated a circut is closed from

grounded condnctor 1129, front contact of re-

Iay 2161, inner lower back contact of relay
2505, upper contacts of cam 1911, winding
of relay 917 to battery. Relay 2000 also op-
erates closing a circuit from ground to con-
ductor 2030, outer lower front contact of re-
lay 917, winding of relay 1410 to battery.
Relay 917 closes a circuit through relays 1410
and 1400 and 1420 in series, inner lower con-
tact of relay 917, outer upper contact of relay
904 to ground at the upper left and lower
right contacts of cam 1904. Relays 1400 and
1420 cannot operate as long as relay 2000
holds the circuit of relay 1410 closed. Fol-
lowing the completion of the test circuit in
the sendel the incoming selector removes the

reversed b‘lttely and relay 2000 releases.

Relay 2161 locks in a circuit from battery
through its lower winding, lower contacts of
cam 2212/ inner lower back contact of relay
2505, inner lower front contact of relay 2161
to grounded conductor 1129. 'The release of
relay 2000 permits relays 1400 and 1420 to
operate in circuit with relay 1410. Relay
1400 as usual opens the fundamental circuit
and relay 1420 connects ground over its
front contact, upper front contact of relay
917, lower contacts of cam 1912, winding of
relay 916 to battery. Relay 916 locks over
its lower front contact, to grounded conduc-
tor 1129. Relay 916 opens the fundamental
tip and the fundamental ring and closes a
circuit from battery through the winding of
relay 904, upper front contact of relay 016
to 010unded conductor 1129. Relay 904 in
operating opens the shunt around the upper
winding of relay 905 which is of high resist-
ance, thus introducing this resistance into the
cirenit of relay 208. When relay 904 oper-
ates the holding circuit for relays 1400, 1410
and 1420 is opened and they release.

The increase in resistance included in the
circuit of relay 208 causes that relay to re-
lease in turn releasing relay 212. The release
of relay 212 closes a circuit over its left back
contact, and the upper left contact of cam 216
to the winding of sequence switch magnet
206 advancing the switch to position 13. As
soon as sequence switch 206 reaches position
12 ground is connected over the lower right
contact of cam 220 to conductor 221 and
through the link to conductor 919. The con-
nection of ground to conductor 919 rveleases
relay 905 which is also connected to ground.
The release of relay 905 in turn releases relay
906 and relay 907. The release of relay 907
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closes a circuit from battery through the
upper winding of relay 903, lower front con-
tact of relay 908 to ground at the lower back
contact of relay 907. Relay 903 in operating
connects ground from conductor 919 over its
lower front contact, lower back contact of
relay 1005, middle lower front contact of
relay 915 to resistance 918 and battery in
shunt of the winding of relay 908 thus caus-
ing relay 908 to release. Relay 903 also locks
through its lower winding to ground on con-
ductor 919. It also connects ground to con-
ductor 1186 1n place of that supplied by re-
lay 908. Itwill be noted that battery through
resistance 902 and the lower winding of relay
903 is now connected to conductor 919, in
parallel with battery through the resistance
918. This produces a low resistance circuit
over conductors 919 and 221 to ground.

It will be remembered that the upper wind-
ing of relay 612 was connected between con-
ductors 919 and 221 when the link circuit
cut through the conductors from the district
selector to the sender. This low resistance
circuit now causes the operation of relay 612.
Relay 612 in operating closes a circuit from
battery through the lower winding of relay
610, contacts of cam 718, outer upper front
contact of relay 612, upper back contact of
relay 611, lower back contact of relay 609
to ground over the right contacts of cams
703 and 714. If the sender finder is stand-
ing on one of its last twenty terminals a cir-
cuit is closed at this time from ground over
brush 627, commutator strip 628 or 629 de-
pending on which group of ten terminals the
sender 1s standing cn, upper right and lower
left contacts of cam 720, lower front contact
of relay 610, lower winding of relay 610 to
battery holding relay 610 operated. With
relay 610 operated a circuit is closed from
battery through resistance 632, winding of
relay 609, lower left and upper right contacts
of cam 716 to ground at the inner upper front
contact of relay 610. With relay 609 operat-
ed a circuit is closed from battery through
down drive magnet 630, lower contacts of
am 722, outer lower front contact of relay
609 to ground at the right contacts of cams
703 and 714. Magnet 630 causes the sender
finder to be restored to its normal position
at which time ground is connec:ied over com-
mutator segment 631, lower contacts of cam
723 to resistance 632 and battery in shunt of
the winding 609 which now releases. When
relay 610 operated it closed a circuit from
ground over its inner upper front contact,
upper left contact of cam 717, to the winding
of sequence switch magnet 700 and battery
advancing the sequence switch to position 7.
The advance of the sequence switch from
position 6 opens the circuit of relay 612 and
causes that relay to releagse. In position 7
relay 610 is held operated in a circuit from
battery through its lower winding and lower
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front contact, left contacts of cam 720, mid-
dle and inner lower front contacts of relay
609, upper left contact of cam 704 to ground
at the right contact of cam 714. When relay
609 releases because of the shunting of its
winding by brush 627, relay 610 also releases.
The release of relay 610 closes a cirenit from
ground over its inner upper back contact,
left contacts of cam 726, right contacts of cam
712, to the winding of sequence switch 700
and battery advancing the sequence switch
to position 8. With sequence switch 700 in
position 8, relay 609, is reoperated in a cir-
cuit from battery through resistance 632,
winding of relay 609, lower contacts of cam
716, lower back contact of relay 611 to ground
over the right contacts of cams 703 and 714.
A second circuit is closed from battery
through the winding of relay 606, left con-
tacts of cam T27, and thence over the lower
contacts of cam 716 to ground as traced from
the winding of relay 609. Relay 606 locks
over its outer lower front contact, upper right
contact of cam 704, to ground over the right
contact of cam 714, Tt also closes a circuit
from battery through the winding of down
drive magnet 633 of the district finder, upper
contacts of cam 725, inner lower front contact
of relay 606 to ground over the locking cir-
cuit of that relay as above traced. When the
district finder has been restored to normal
a circuit is elosed from ground over the right
contact of cam 714, upper right contact of
cam 704, commutator brush 634, segiment 635,
left contacts of cam 728, to the winding of
sequence switch magnet 700 and battery, ad-
vancing sequence switch 700 to position 9.
When sequence switch 700 leaves position 8
relays 606 and 609 release. The link sequence
switeh remains in this position until the next
link in the series is advanced to position 2.
At this time a cireunit is closed from battery
through the upper winding of relay 602,
upper right and lower left contacts of cam
705, contact of make busy jack 706 and thence
over the lower right and upper left contact
of cam 711 of the next link to ground. The
advance of sequence switch 700 from position
6 opens the incoming tip and ring conductors,
disconnects conductor 221 from conductor
919 and connects ground over the right con-
tact of cam 728 and the left contact of cam
721 to conductor 221 as long as sequence
switch 700 remained in position 7. It also
opens the fundamental tip and ring con-
ductors. However, ground remains connect-
ed to brush 607 and conductor 209, over the
right contact of cam 714 and the upper right
centact of cam 704 until relay 606 operates
in position 8.

‘When the link circuit disconnected conduc-
tor 221 from conductor 919, relay 903 re-
leased. Relay 903 in releasing provides cir-
cuits for advancing sequence switches 1900
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and 2200 to position 1. The circuit for ad-

vancing sequence switch 1800 may be traced
from uzlhely through the winding of that
magnet, upper left contact of cam 1901, in-
ner upper back contaet of relay 908 to ground
at the outer upper contact of relay 903. The
circuit Tor magnet 2200 may be traced from
battery through that magnet, right contact
of cam 2220, outer upper back contact of
relay 908, to ground at the upper back con-
tact of 10 hv 903. When these sequence
switches reach position 1, relay 901 which
has Dbeen held operated from off-normal
around connected to conductor 2203 by these

sequence switches, releases. The release of
101 vy 901 opens the circuit of off-normal re-
lays 1126 and 1230. The release of these re-
]‘ws unlecks all the 161(1§*s which have not
alveady been released. The release of relay
901 also connects battery through resistance
902, over the back contacts of relays 901
and 900 to the terminal accessible to brush
613 of the link, marking the sender as avail-
able {for another call.

As sequence switch 206 reaches position
113/ the tip brush of the district selector is
connected over the lower contacts of cam

230 to the upper right winding of repeating
cotl 242, winding of rels Y 949. upper con-

tacts of cam 211, lower right winding
of repeating coil 242, upper contacts
of cam 251 of the ring brush of the

district selector. The tip and ring brushes
ave connected to battery and 01ound at the
incoming selector but the divection is such
that s eLlV 243 which is polarized does not op-
erate. When sequence switch 206 leaves posi-
tion 12, the fundamental tip and ring in-
cluding conductors 214 and 231 are discon-
nected from the tip and ring brushes of the
district selector. When sequence switch 206
veaches position 113/ a cirenit is closed from
battery through the lower winding of relay
996, upper contacts of cam 249, inner left
back contact of rvelay 229, left contact of
cam 218, to ground at the lower left contact
of cam 217. Relay 226 locks over its inner
lower front u)ntac* to ground at the left
front contact of relay 204, Relay 226 in op-
erating connects the incoming tip conductor
over the Jeft contacts of cam 225, upper front
contact of relay 226, upper left winding
ni' repeating coil 242, inner upper back con-
tact of relay 244, front contact of relay 207,
to the right winding of relay 201 and bat-
tery and connects the incoming ring condue-
tor over the left confacts of cam 224, outer
lower front contact of relay 226, lower lett
winding of repeating coil 242, lower back con-
tact of relay ‘)44'1 to the left Wmdmo of relay
201, and gr ‘ound.  Relay 201 is now held op-
erated over the Incoming trunk and in turn
holds velays 204 and 207 operated. When
the called subscriber answers, battery and
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ground is reversed to the circuit of relay 243
and that relay operates closing a circuit
from battery through the Wmdmg of relay
244, contact of relay 243, upper back contact
of relay 244, front contact of relay 201 to
ground over the right contacts of cam 205.
Relay 244 in opemtmo locks over its upper-
most front contact and the front contact of
relay 243. Relay 244 also reverses the con-
nection of battery and ground through the
windings of relay 201 to the incoming trunk
for supervisory purposes.

When the called subscriber disconnects re-
lay 243 releases in turn releasing relay 244
which restores the connection of battery and
ground to the incoming trunk as an indica-
tion that the call has been terminated. When
the calling subsecriber restores his receiver
to the switchhook the apparatus at the local
office is restored and the loop circuit at the
distant office is opened, in turn releasing re-
lay 201. Relay 201 releases relays 204 and
207. The release of relay 207 opens the cir-
cuit through the right winding of relay 201
to pr event the reoperation of that relay,
should the trunk be reselected lefore the
district selector restores to normal. With
relay 207 released a circuit is closed from
ground over the left back contact of relay
912, vight back contact of relay 207, upper
uoht contact of cam 245, lower right contact
of cam 246, left W]ndmo of relay 229 to bat-
tery. Rehy 929 locks over its outer right
front contact to ground over the lower con-
tacts of cam 205. It also connects ground
over the lower contacts of cam 205 and its
inner and outer right front contacts, lower
right contact of cam 216 to the winding of
sequence switch magnet 206 and battery, ad-
vancing sequence switch 206 to position 16.
A circuit is then closed from ground over the
left back contact of relay 212, right back con-
tact of relay 207, upper right and lower left
contacts of cam 245, to the winding of se-
quence switch magnet 206 and b‘ltfory, ad-
vancing sequence sw1tch 206 to position 18.
Relay 204 in releasing opens the locking cir-
cuit of relay 226, w hich also releases, opening
the tip and ring conductors to prevent the
completion of an incoming circuit for trunk
test should the district selector be seized be-
fore the selector reaches normal. In posi-
tion 18 a circuit is closed from battery
through down drive magnet 247, right con-
tact of cam 232, to 010und at the lower left
contact of cam 213. The district selector ig
restored to normal in this circuit at which
time a circuit is closed from ground over
the lower left and upper 1'10ht contacts of

cam 217, brush 239, normal commutator seg-
ment 248, upper right contact of cam 216 to
the winding of sequence switch magnet 206
and battery restoring the sequence switch to
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position 1. The district selector is now ready
for another call.

Completion of call using relay call indicator

In the establishment of a connection to a
subscriber located in a manual office equipped
with a relay call indicator the designation is
to be transmitted to the distant office by
means of code impulses similar to those em-
ployed in setting the incoming registers. Se-
quence switch 1500 is employed in generating
and transmitting the code pulses. The con-
nection progresses in the manner above de-
scribed until the trunk is reached leading
to the distant office with the exception that
the route relay operated by the decoder
causes relays 2001 and 2002 to be operated
to indicate the class of the call. With relay
2002 operated a circuit is closed from bat-
tery through the winding of relay 2155, next
to the inner upper contact of relay 2002, lower
contacts of cam 2208, to ground at the lower
front contact of relay 1142. Relay 2155 in
turn closes a circuit for relay 2151. When
sequence switch 2200 reaches position 5 a
circuit is closed from battery through the
winding of sequence switch magnet 1500,
lower right contact of cam 1501, right back
contact of relay 1502, middle upper back con-
tact of relay 1008, outer upper front contact
of relay 2001, uppermost front contact of
relay 2002, to ground over the lower right
and upper left contacts of cam 2201. The
impulser sequence switch 1500 is advanced
in this circuit to position 17, which is the
starting position for direct relay call indi-
cator calls in which only the numerical des-
ignation is transmitted. Relay 2002 in op-
erating also closes a cirucit from battery
through the winding of relay 2152, inner-
most upper front contact of relay 2002, to
ground over the lower contacts of cam 2208,
and the lower front contact of relay 1142,
When sequence switch 1500 passes through
positions 8 to 17, a circuit is closed from bat-
tery through the windings of relays 1503 and
1504, upper contacts of cam 1505, right back
contact of relay 1502, to ground as traced
for the circuit which advanced sequence
switch 1500.

It has been assumed that no office selector
was employed 1n establishing a connection to
this manual office. Therefore relay 2011
would have been operated by the decoder
and locked up as described for other regis-
ter relays. With relay 2011 operated, as soon
as the district selections have been completed
and %equence switch 2200 is advanced out of
position 4, the locking circuit for relays 1400,
1410 and 1490 is maintained through posi-
tions 4 to 10 over a circuit which 1 may hbe
traced over the front cor itact of relay 1410,
conductor 1424, upper front contact of 1e1ay
2011, upper left contact of cam 2222 to
ground at the upper left contact of cam 2201.

17

With relay 1420 held operated sequence
switch 2200 is advanced to position 11. Be-
fore this position is reached a circuit is closed
from ground at the upper left contact of cam
2201, lower left contact of cam 2222, to con-
ductor 1424 holding relay 1420 operated
through position 15 thus causing the ad-
vance of sequence switch 2200 to position 16.
A branch of this holding circuit extends from
conductor 1424, lower front contact of relay
2151, left contacts of cam 2223, inner lower
back contact of relay 915 to orounded con-
ductor 1181, and in parallel with the back
contact of relay 915, over the upper back con-
tact of relay 1007, left contacts of cam 1506,
upper back contact of relay 1006, inner upper
front contact of relay 2001, lower front con-
tact of relay 2152, to grounded conductor
1131. These holding circuits insure that the
interoffice trunk is not tested until after all
of the digits have been registered as indi-
cated by the operation of relay 915, and the
call indicator impulser switch has reached
the starting position indicated by the arrival
at position 17. When these things have oc-
curred relays 1410, 1400 and 1420 and the re-
maining counting relays release.

The fundamental circuit is then closed
from the fundamental tip over the back con-
tact of relay 916, upper front contact of
relay 1142, lower right and upper left con-
tacts of cam 2209, middle upper front con-
tact of relay 2152, winding of relay 2159,
left contacts of cam 2215, upper winding
of relay 2161, back contact of relay 1400
and thence as previously traced over con-
tacts of relays 2501, ete. to the upper
right and lower left contacts of cam 2216,
lower back contact of relay 2302, upper front
contact of relay 2023, resistance 2043, back
contact of relay 2024, upper contacts of cam
2217, upper back contact of relay 916 to the
fundamental ring. When connection ismade
to the trunk outgoing to the manual office,
battery and ground are connected at that of-
fice to the interoffice trunk and thence to the
fundamental circuit. Relay 2159 operates in
this circuit but the battery is so polarized
that relay 2161 does not. The operation of
relay 2159 closes an obvious circuit for re-
lay 2157, which locks over the lower right
contact of cam 2202 until sequence switch
2200 has left position 1614. Relay 2157
causes the operation of relay 2504 as previ-
ously described and relay 2504 operates re-
lay 2041. Relay 2041 in operating closes a
circuit from battery through the winding of
relay 2160, next to the uppermost front con-
tact of relay 2002, upper back contact of relay
1005, inner upper front contact of relay 2151,
lower contacts of cam 2224, outer lower
front contact of relay 2041 to ground. Relay
2160 locks in a circuit which may be traced
through the winding of that relay over the
next to the uppermost contact of relay 2002,

70

75

80

85

90

95

100

105

110

115

120

125

130




10

15

20

25

30

35

40

45

50

60

65

1058

upper back contact of relay 1005, sec-
ond upper front contact of relay 2160,
to grounded conductor 2208. Relay 2041
also closes a circuit from battery through
the winding of sequence switch magnet
2200, right contact of cam 2204, to
eround at the inner lower front contact of
relay 2041 advancing sequence switch 2200
to position 17. In position 17 the fundamen-
tal circuit is held closed and may be traced
from the front contact of relay 1142 over the
upper front contact of relay 2041, upper
contacts of cam 2219, middle upper front
contact of relay 2152, winding of relay 2159,
and thence as previously traced back to the
fundamental ring. The locking circuit of
relay 2157 is opened as soon as sequence
switch 2200 leaves position 1614 but that re-
lay is held operated as long as relay 2159 re-
mains operated.

When the operator at the distant office is
ready to receive the designation the cirvcuit
is opened, either automatically or by the
manual operation of a key by the operator
and relay 2159 releases in turn releasing re-
lay 2157, if the sequence switch has left posi-
tion 1614 as well as relays 2504 and 2041, At
the manual office a bridge is connected across
the tip and ring conductors containing relays
similar to relays 1122, 1123 and 1124 for the
reception of the pulses. With relay 2041 re-
leased and relay 2160 operated and locked,
the fundamental tip is extended from the
front contact of relay 1142, over the upper
back contact of relay 2041, third upper front
contact of relay 2160, lower back contact of
relay 1008 to the left armature of relay 1503
and the lower left contact of cam 1507. The
fundamental ring is extended from the back
contact of relay 916 over the upper contacts
of cam 2217, hack contact of relay 2024,
through resistance 2043, upper front contact
of relay 2023, back contact of relay 2013,
inner lower back contact of relay 2041, fourth
upper front contact of relay 2160, unper back
contact of relay 1008 to the right armature
of relay 1503, and the left contact of cam
1508. The release of relay 2041 also closes a
cirveuit from battery through the left winding
of relay 1502, outer lower back contact of
relay 1007, fifth upper contact of relay 2160,
outer lower back contact of relay 2041, to
ground at the lower front contact of relay
2155. The operation of relay 1502 starts the
rotation of sequence switch 1500. The cir-
cuit for this purpose may be traced from
battery through the winding of sequence
switeh magnet 1500, upper right contact of
cam 1501 to ground at the cuter right front
contact of relay 1502, '

As the impulser sequence switeh 1500 ro-
tates one pulse is generated in passing each
position, and each pulse lasts one full posi-
tion or a half position each side of the center.
The pulses generated in the even numbered
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positions are either light negative or heavy
negative and those of the odd numbered posi-
tions are either light positive or blank ac-
cording to the settings of the incoming regis-
ter relays. As the switch passes an even
numbered position, ground is connected over
the right contacts of cam 1509 to the funda-
mental tip and as it passes odd numbered
positions, ground is connected over the lower
right and upper left contacts of cam 1509
to the fundamental ring. Light negative
impulses are generated by the connection of
battery through high resistance 1510, over
the lower right contact of cam 1508, to the
fundamental ring, while heavy negative
pulses are generated over a circuit which
may be traced from the lower right contact
of cam 1508, right back contact of relay 1511,
contacts of cam 1512 or 1513, through con-
tacts of the register relays, to contacts of
cams 1514 and 1515 and thence over inner
upper back contact of relay 1001, left front
of relay 1502, contacts of cam 1516 or relay
1504, resistance 2225, to battery over the con-
tacts of cam 2205. Positive pulses are gen-
erated over a circult which may be traced
from the tip conductor over either the front
contact of relay 1508, contacts of cam 1507 or
left back contact of relay 1511, contacts of
cam 1517, or 1518, through the contacts of

the register relays to contacts of cam 1519,

lower back contact of relay 1001. through
high resistance 1009 to battery. When no
pulse is to be sent the fundamental tip is con-
nected over the back contact of the register
relays to ground over cam 1520 for a quarter
of a position. The result is that both funda-
mental tip and fundamental ring are ground-
ed for a quarter position to discharge the
cable and then the fundamental is opened for
the remaining three-guarters of a position
to ereate a blank pulse. In the position just
ahead of the starting positions 5 and 17 this
ground is continued for a slightly longer
time to guard against the switches starting
from a little past the center of the position.
Assuming that the numerical designation
of the subseriber in the manual office is the
same as that of the subscriber in the panel
office just deseribed, no station designation
has been recorded and two light negative
pulses will be sent out to indicate that fact.
In the first transmitting position of the
sequence switch 1500, as sequence switch 1500
moves from position 17 the tip conductor is
open and the ring conductor is connected in
positions 17 to 171/ to ground over the upper
left and lower right contacts of cam 1509,
transmitting an open pulse. In position
1734 to 1814 the tip conductor is grounded
over the right contacts of cam 1509 and the
ring conductor is connected in positions 1714
to 1814 over the right contacts of cam 1508 to
high resistance 1510 and battery, transmit-
ting a light negative pulse. Since none of
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the stations’ register relays are operated the
tip conductor will be connected over the
lower left and upper right contacts of cam
1507, upper left contacts of cams 1517 and
1518, lower back contact of relay 1213, lower
back contact of relay 1211, upper right con-
tact of cam 1520, lower right contact of cam
1521 to ground until sequence switch 1500
reaches position 18%4. As soon as sequence
switch 1500 leaves position 1874 the battery
connected to the ring conductor is discon-
nected. 1In positions 1814 to. 1914 the tip
conductor is opened and the ring conductor
is connected to ground from positions 1834
to 191/ over the contacts of cam 1509. The
next transmitting period, that is, from 1914
to 2014 finds the tip conductor grounded over
cam 1509 from positions 1934 to 201/, while
the ring conductor is connected as before over
the contacts of cam 1508 to battery through
registance 1510. In this manner the pulses
corresponding to the stations’ digits are
transmitted. :

As sequence switch 1500 passes from posi-
tion 20 to position 2 of the next revolution
ground is supplied to cam 1509 over the outer
right front contact of relay 1502. In posi-
tions 2034 to 114 the ring conductor is
grounded over cam 1509 and the tip condue-
tor is open as previously described. In po-
sition 134 to 21/ the tip conductor is ground-
ed over cam 1509 and the ring conductor is
connected to battery through high resistance
1510 over cam 1508. A parallel circuit ex-
tends over the right back contact of relay
1511, upper left and lower right contacts of
cam 1519, lower front contact of relay 1222,
middle lower front contact of relay 1224, up-
per contacts of cam 1515, inner upper back
contact of relay 1001, left front contact of
relay 1502, left contacts of cam 1516, resist-
ance 22925, to battery over cam 2205. 1In po-
sition 2384, plus 31/ the ring conductor is
grounded and the tip conductor is opened
while in position 834 to 414 the circuits above
traced are closed to fransmit a second heavy
negative impulse. Thus two heavy negative
impulses are transmitted to correspond to the
thousand digits of the numerical designa-
tion. The remaining digits are transmitted
in a similar manner. When sequence switch
1500 reaches position 10 in the second revolu-
tion, relays 1503 and 1504 release. The tip
conductor then is controlled exclusively by
cam 1507 and the ring conductor by cam 1508,
while relay 1503 prepares for the final posi-
tive pulse. * The hundreds digit is transmit-
ted in positicns 3 to 8; the tens digit in posi-
tions 9 to 12 and the units digit in positions
13 t016. 1In positions 16 to 1614 the tip con-
ductor is connected over the left back con-
tact of relay 1503, lower contacts of cam 1522,
to ground over inner lower back centact of
relay 916 and the upper left contacts of cams
2218 and 2201.
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When sequence switch 1500 reaches posi-
tion 1734 the tip conductor is connected over
the left back contact of relay 1503, upper con-
tacts of cam 1516, through resistance 2225 to

battery over cam 2205, while the ring con-

ductor is connected over the right back con-
tact of relay 1508, upper left and lower right
contacts of cam 1521 to ground, thus trans-
mitting a heavy pulse in the direction oppo-

site to that formerly transmitted, that is, a .

heavy positive pulse. Sequence switch 1500
is advanced from position 1 at the end of its
first revolution by a circuit closed over its
local cam, outer right front contact of relay
1504 to ground at the outer right contact of
cam 1502. Since relay 1504 is released at the
time sequence switch 1500 completes its sec-
ond revolution, the sequence switch comes to
rest having completed that revoluticn. 1In
positions 19 and 20 the fundamental circuit is
opened since relay 1503 is now released.

When sequence switch 1500 reaches posi-
tion 1834 a circuit is closed from ground over
the right front contact of relay 1502, right
back contact of relay 1504, contacts of cam
1523, inner lower back contact of relay 1007,
winding of relay 916 to battery. Relay 916
functions in the manner described for panel
calls to bring about the advance of the dis-
trict and the release of the sender.

If the call is to be completed through a sec-
ond tandem office, relay 2002 is operated
alone to indicate that the whole designation
is to be transmitted. With relay 2002 oper-
ated a circuit is ciosed from battery through
the winding of relay 1511, left back con-
tact of relay 1502, outer upper back con-
tact of relay 2001, uppermost front contact
of relay 2002, to ground over the lower right
and upper left contacts of cam 2201, when
sequence switch 2200 reaches position 5. Re-
lay 1511 prepares a locking circuit for itself
over its middle left front contact, upper right
and lower left contacts of cam 15922, inner
lower back contact of relay 916, to ground
over the upper left contacts of cams 2218 and
2201. This circuit is completed when se-
quence switch 1500 has been advanced to its
starting position and the sequence switch
2200 is ready to make the test of the outgo-
ing trunk. With relay 1511 operated a cir-
cuit is clesed from ground at its outer right
front contact, lower left contact of cam 151,
to the winding of sequence switch magnet
1500 and battery, advancing sequence switch
1500 to its starting pesition 5 for the trans-
m'ssion of tandem call indicator impulses.
When sequence switch 1500 reaches position
5 a circuit is closed for operating relays 1503
and 1504 over the left contacts of cam 1505
and the inner left contact of relay 1511 to
the operating circuit of that relay. Relay
1504 locks over its left front contact as
above described.

The transmission of impulses starts with
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sequence switch 1500 in position 5. In posi-
tionsHto8the tandem hundreds digit is trans-
mitted under control of register 1100. In po-
sitions 9 to 12 the tandem tens digit is trans-
mitted under control of register 1110 and in
positions 13 to 16 the tandem units digit is
transmitted under control of register 1200.
The transmission of positive pulses is con-
trolled during these positions over the outer
left front contact of relay 1511 and cam 1524
and the transmission of negative pulses is
controlled over the inner 1'ight front con-
tact of velay 1511 and cam 1525. Relay 1511
is held operated until sequence  switeh 1500
leaves position 17 at which time the circuit
assumes the condition it was in while making
a direct call indicator call and the call pro-
ceeds from that point as above described.

Completion of call, using call announcer
machine

If the call is to be completed at a manual
office equipped for recaiving call announce-
ments from the sender, the route relay oper-
ated by the decoder indicates this fact to the
sender by operating relay 2004. The call an-
nouncer mechanism is shown in Fig. 26 and
comprises fourteen units for generating voice
currents, each unit corre snowhno toa mﬁer
ent chmt or letter. Each unit comprises a
drum on which is mounted a plurality of pho-
tographic voeal records of the particular dig-
1t, a light source, a lens system, a photoelec-
tric celL a repeating coil and an amplifier.
The drums are constantly votated by a com-
mon shaft which also earries certain synchro-
nizing cams. As the drums rotate, the rec-
ords are translated by the phObOGlGLtI‘IC cells
back into voice enrrents which take the place
of an operator’s voice. With relay 2004 op-
evated relay 2155 also operates in turn op-
erating relay 2151, In addition relay 2004
closes a circuit from battery through the
windings of relays 2508 and 2509 in par allel,
outer upper front contact of relay 2004, lower
back contact of relay 2003, lower contacts
of cam 2208 to ground at the lower front
contact of relay 1142. With relay 2508 op-
erated a circuit is closed from battery
throueh the winding of velay 2508, inner-
most contact of relay 2508, upper right con-
tact of cam 2218 to ground at the upper left
contact of cam 2201, when sequence switch
2200 reaches position 15 following the selec-
tion of the distant office.

Assuming that the trunk circuit of Fig. 3
ig the first idle trunk of the group ou’c-going‘
to the wanted manual office, a cireuit is close
as 8001 as lhn trunk is foand which may be
traced from battery through the right wind-
ing of relay 800 at the manual ofiice, lower
left winding of 1ﬂpeatm° coil 301. lower back
contact of velay 302 to the ring brush of the
district selector 200, 1*1011u conmcm of cam
251, lower back contact of relay 223, upper
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left and lower right contacts of cam 208, con-
ductor 231, brush ¢ 622, through the link circuit
to brush 625 over the fundamental rin 1, Up-
per back contact of relay 916, upper contacts
of cam 2217, upper back contact of relay 2024,
resistance 2043, upper front contact of relay
2023, lower back contact of relay 2302, lower
left and upper right contacts of cam 2216,
through the lower left winding of repeating
coil 2500, lower back contacts of relays 2501
and 2502, lower back contact of relay 2401,
lower back contact of relay 2301, inner up-
per hack contact of relay 2501, back contact of
relay 1400, upper winding "of relay 2161,
winding of polarized relay 2510, upper front
contact of relay 2503, upper left winding of
repeating coil 2500, outer upper front contact
of relay 2151, upper back contact of relay
2152, upper left and lower right contacts of
cam 2209. inner upper front contact of re-
lay 1142, lower back contact of velay 916 to
the fundamental tip, brush 626, through the
link cireuit to brush 608, and conductor 214,
upper right and lower left contacts of cam
202, upper back contact of relay 223, upper
left and lower right contacts of cam 230, to
the tip brush of the district selector 200,
upper back contact of relay 302, upper left
winding of repeating coil 301, to the left
Wmdmo of relay 300 and ground.

Tt the fundamental circuit is complete
through the sender, relay 300 operates, clos-
ing a cireuit from battery throueh the wind-
ing of relay 803. front contact of relay 300 to
ground at the lower back contact of relay
304. Relay 303 in operating cleses an oper-
ating circuit for relay 805 which in turn ex-
tends its operating ground by way of its inner
lower front contact, and the upper back con-
tact of relay 401 to the upper winding of
relay 400 and battery. Relay 305 also closes
a substitute eround for holding relay 3503
operated. TRelay 400 in operating closes a
locking circuit for itself extending from bat-
tery through the lower winding of relay 401,
lower winding and inner lower front contact
of relay 400, winding of relav 324, lower-
most front contact of relay 305 to or ound at
the inner lower back contact of relav 307.

Relays 324 and 401 operate in this circuit
while relay 400 remains operated. Relay
400 closes a circuit from ground through
resistance 403, outer lower contact of relay
400, outer lower contact of relay 401, to lamp
308 and hattery, causing that lamp to light
as a ouard smnal Rehv 400 also closes a
circuit from ground over its middle lower
contact, thr "OUOh the winding of relay 402 ta
batterv through the position splitting cir-
cuit. Relay 402 in turn closes a circuit from
battery through the winding of relay 404.
inner upper front contact of relay 402,
through the splitting circuit to the winding
of 1ﬂlay 405, and ground at the back con-
tact of relay 406. Relay 405 locks over its
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lower front contact and operates relay 406
to remove the operating ground from the
circuit of relay 404. Relays 402,404,405 and
406 function to cause the connection of the
operator’s telephone with trunks in a prede-
termined order, but since this forms no
part of the present invention the splitting
relays belonging to other trunks have been
omitted.

When the operator occupies her position,
she inserts the plug of her headset 500 into
jacks, such as jacks 502 and 508, thereby
closing a circuit from ground through the
right winding of repeating coil 501, tip of
jack 502, through the transmitter of the head-
set 500, tip of jack 503, winding of relay 504
and battery. Relay 504 operates closing a
circuit for relays 505 and 506 in parallel over
the front contact of relay 504 to ground
through the splitting circuit. Relays 505
and 506 prepare the circuits of the operator’s
telephone equipment. The operation of re-
lay 404 closes a circuit from ground through
the winding of relay 507, inner left front
contact of relay 505, outer lower front con-
tact of relay 404 through the winding of the
supervisory relay 309 to battery and ground.
Relays 507 and 309 operate in this circuit.
At the same time a circuit is closed from
battery through the winding of relay 304,
winding and upper back contact of relay 310,
lower contact of relay 402, inner lower front
contact of relay 404, outer left front contact
of relay 505, winding of relay 520, winding
of relay 510 to ground at the outer right
back contact of relay 509. Relay 304 oper-
ates in this circuit but relay 310 being mar-
ginal doesnot. Relay 804 in operating closes
a circuit from ground over its outer front
contact, lower back contact of relay 810, to
the winding of relay 302 and battery. Relay
302 reverses the connection of the windings
of relay 300 to the tip and ring conductors
leading to the sender, causing the operation
of relay 2510 and a series of other operations
which will be described hereinafter. Relay
304 also provides a locking circuit for re-
lay 324.

Relay 507 in operating closes a circuit from
ground at the back contact of relay 528, front
contact of relay 507, left normal contact of
relay 509 to the winding of relay 508 and
battery. Relay 508 in operating closes a cir-
cuit from ground through resistance 403,
outer lower contacts of relays 400 and 401
upper front contact of relay 404, winding
of pilot relay 407, which lights the pilot lamp
408, outer left front contact of relay 508, left
back contact of relay 524, winding of relay
521, back contact of relay 523 and battery.
This circuit causes relay 521 to operate in
parallel with the lamp 308, Relay 521 closes
an obvious circuit for relay 522, and relay
522 closes a circuit for relay 523. Relay 522
in operating connects direct battery to the

21

circuit of relay 521 in shunt of lamp 808
which is darkened by this shunt. The oper-
ation of relay 523 disconnects battery from
the winding of relay 521 and that relay re-
leases in turn releasing relay 522 and relay
523. As soon as relay 523 closes at its back
contact, relay 521 reoperates and the cycle of
operations is repeated to flash lamp 308. All
of these relays are slow to release and relay
522 1s in addition slow to operate to cause the
timed flashing of the lamp.

Relay 508 in operating closes a circuit from
ground at the left back contact of relay 510,
left back contact of relay 511, fourth left
contact of relay 508, right back contact of
relay 512 to the winding of relay 513 and bat-
tery. Relay 513 in turn closes a circuit for
relay 515 which extends its operating ground
to the winding of relay 517 and this relay in
turn operates relay 516, which operates relay
518. Relay 518 closes a circuit from battery
through the winding of relay 512, inner right
contact of relay 518 to ground at the right
contact of relay 510. Relay 512 closes a hold:
ing circuit for relay 516 over its outer right
front contact, the fourth left contact of relay
514, left back contact of relay 511, left back
contact of relay 510 to ground. This chain
of relays with the exception of relays 508
and 512 are all slow to operate. When relay
508 operated it connected the secondary
winding of repeating coil 514 over the left
back contacts of relay 512 to the tip and ring
conductors including condenser 529. It also
closed a circuit from a source of tone through
the primary winding of coil 514, first left
contact of relay 508, to the contact of relay
518. Relay 513 in operating extended this
circuit over the left normal contact of relay
515 to ground at the left normal contact of
relay 516. When relay 515 operated it
opened the circnit; when relay 517 operated
1t reclosed it and relay 516 finally reopened
it thus causing the transmission of two im-
pulses of tone to the originating office. How-
ever, since the originating office is a panel
office, these tones have no effect at the present
time.

The operation of relays 402 and 404 also
close a locking civeuit for relay 401 from bat-
tery through its lower winding and inner
lower front contact, upper front contact of
relay 402, inner upper front contact of relay
404, outer right front contact of relay 506,
right back contact of relay 525, winding of
relay 526, to ground at the outer right back
contact of relay 509. Relay 526 locks over
its outer right contact to ground directly.
It also connects ground over its front contact,
the winding of relay 519 and battery. When
relay 518 operates Just prior to the operation
of relay 512, a circuit is closed from ground
over the inner left front contact of relay 519,
outer right front contact of relay 518, to the
winding of relay 520, in shunt of the winding
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of relay 510. This reduces the resistance in
series with relay 810 to such a point that that
relay now operates connecting the tip con-
ductor over the front contact of relays 805
and 810 to the front contacts of relay 512
and thence to the operator’s telephone, so
that the operator may receive the announce-
ment. The operation of relay 512 opens the
circuit of relay 513 and that relay releases
which in turn releases relay 515 and relay 517.
Relay 516 is held operated as previously de-
seribed. The operation of relay 512 closes
a circuit from battery over the inner
right front contact of relay 512, wind-
ing of relay 509 and its right back con-
tact, to ground at the right front contact of
relay 526. Relay 509 locks over its right
front contact and removes ground from the
circuit of relay 526 hut that relay holds over
its own front contact. Relay 509 closes an
obvious circuit for relay 528, and also closes
a circuit from ground over the front contact
of relay 526, inner left front contact of relay
509 to the winding of relay 508 to hold that
relay operated. The operation of relay 310
opens the circuit of relay 302 and restores
the direction of battery and ground through
the windings of relay 800 to the inter-office
trunk.

The direction of current flow over the in-
ter-office trunk and the fundamental cireuir,
when first established is such that relay 2510
operates in turn closing a cirenit from ground
over its front contact, inner upper back con-
tact of rvelay 2506 to the winding of relay
2505 and battery. Relay 2505 locks over ifs
middle upper front contact, conductor 2507,
upper contacts of cam 2201 to ground, and
also connects this same ground to the wind-
ing of relay 2506 which also operates. When
relay 302 operates reversing the current flow
over the fundamental circuit, relay 2161 op-
erates, and relay 2510 releases. The opera-
tion of relay 2161 under these conditions
closes a circuit from grounded conductor
1129, over the front contact of relay 2161,
inner lower front contact of relay 2505, up-
permost front contact of relay 2508, lower
normal contact of relay 2511, inner lower
back contact of relay 2308, to the winding of
relay 2501 and battery. Relay 2501 in op-
erating connects reversed battery to the fun-
damental circuit to meet the reversed bat-
tery on the trunk circuit for the purpose of
operating a relay in a two-wire office selector
circuit if such an office selector is included
in the circuit. Although no such two-wire
office selector was included in the present con-
nection, the sender must be prepared to take
care of such a selector.. Relay 2501 therefore
connects ground over its outer lower front
contact to the fundamental ring and battery
over the contacts of cam 2505, through low
resistance 2525, and the inner upper front
contact of relay 2501 to the fundamental tip.
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Relay 2501 also closes a circuit from bat-
tery through the winding of relay 2511, outer
upper front contact of relay 2501, to ground-
ed conductor 1130. Relay 2511 loc]\s over its
inner lower front contact to ground over con-
ductor 2507 and the upper contacts of cam
2201. Relay 2511, in operation, opens the
circuit of relay 2501 which releases. Relay
2501 will remain operated long enough, how-
ever, to perform the desived function.

When the connection of battery over the
trunk is restored just before the operator’s
telephone is connected with the inter-office
trunk, relay 2161 releases and relay 2510
again operates. When relay 2503 operated
it closed an obvious circuit for relay 2512
and this relay in turn connected the winding
of relay 2513 over its front contact to the
interrupter contacts carvied by the shaft of
the call announcer machine. Iach time that
this interrupter contact closes the circuit of
relay 2513 is closed to ground over interrupt-
ers 2610 and 2611 and relay 2513 is inter-
mittently operated. After relay 2506 op-
erates a cireuit is closed from ground over the
front contact of relay 2513, outer lower con-

tact of relay 2506, middle lower front contact:

of relay 2509, to the winding of velay 2514
and battery so that relay 2514 also operates
intermittently. Relays 2512, 2513, and 2514
are common to a group of five sender s, each
sender having a separate make contact on
relay 2514.

When direct battery is restored to the
fundamental circuit, and relay 2510 reop-
erates, a circuit is closed from ground over
the front contact of that relay, lower front
contact of relay 2511, lower contact of relay
2509, to the winding of relay 2515 and bat-
tely Relay 2515 initiates the operation of
the call announcement. Assummp that the
numerical designation of the called subscrib-
er is the same as for the first call traced,
no station designations will be provided and
none of the station relays will be operated.
Therefore after the thousands digit has been
recorded as indicated by the opelatwn of
relay 1227, and relay 2509 operated as above
described, a circuit is closed from ground
over the upper front contact of relay 1227,
inner upper front contact of relay 2509, the
upper back contacts of relays 1214, 1213 1219
and 1211, winding of relay 2402 to battew,
as an indication that no stations digit is to
be pronounced. When the tens dlmt has
been registered as indicated by the operation
of 1elay 1817, and sequence switch 2200 has
reached position 15, a circuit is closed from
battery through the winding of relay 2403,
outer lower back contact of relay 2404, outer
upper front contact of relay 2509, over the
front contact of relay 1317, to ground over
the upper right contact of cam 2218, and
the upper left contact of cam 2201.
as relay 2514 operates following the opera-
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tion of relay 2515 a circuit is closed from
battery through the winding and normal con-
tact of relay 2518, front contact of relay
2514, outer upper front contact of relay 2515,
lower back contact of relay 2517, conductor
2516, to ground at the lowermost front con-
tact of relay 2403. Relay 2518 locks over
ifs upper front contact to the lower back
contact of relay 2517 and grounded condue-
tor 2516. The operation of relay 2514 which
causes the operation of relay 2518, also con-
nects ground to the uppermost back contact
of relay 2519, to resistance 2522 and battery
in shunt of the winding of relay 2519. When
relay 2518 operates a circuit is closed from
battery through resistance 2522, winding of
relay 2519, lower front contact of relay 2518,
to conductor 2516 and ground. When relay
2514 opens the shunt around relay 2519 that
relay operates. This prevents the prema-

“ture starting of the announcement and the

mutilation of the first digit. )

The operation of relay 2519 also connects
condenser 2523 between the left windings of
repeating coil 2500 to care for the transmis-
sion of the announcement. Relay 2519 con-
nects the right windings of repeating coil
2500 over the back contacts of relay 2524, in-
ner upper and lower front contacts of relay
2519, to the armatures of relay 2620 and
thence over contacts of relays 2621 to 2627,
to the announcer units according to the set-
ting of the sender registers. When relay
2403 operated it closed a cireuit from ground
over its lowermost front contact, to conductor
2405. Assuming that the numerical desig-
nation of the called party is the same as that
first described, this ground will be extended
over the inner upper front contact of relay
1222, to the winding of relay 1604 and bat-
tery, and over the inner upper contact of re-
lay 1224, to the winding of relay 1602 and
battery. When relay 2519 operated, a circuit
was closed from battery through the wind-
ing of relay 1601, middle lower front contact
of relay 2403, lower back contact of relays
2406 and 2407, upper back contact of relay
2408, middle upper front contact of relay
9519 to grounded conductor 2516. With re-
lays 1601, 1602 and 1604 operated a circuit
is closed from ground over the inmer front
contact of relay 1602, back contact of relay
1603, outer front contact of relay 1604, inner
front contact of relay 1601, outer upper back
contact of relay 2409, to the winding of re-
lay 2620 and battery. The circuit of the
right winding of repeating coil 2504 there-
fore extends over the front contacts of relay
2620, back contacts of relays 2621, 2623, 2625
and 2627 to the call announcer unit prepared
to speak the digit 5. At the end of the silent
period this digit will be pronounced and
will be heard by the operator whose head set
is shown in Fig. 5.

During this announcement relay 2514 is
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again operated, closing a circuit from battery
through resistance 2410, winding of relay
2411 and its normal contact, conductor 2525,
outer upper front contact of relay 2519, con-
tact of relay 2514, outer upper contact of re-
lay 2515, lower back contact of relay 2517, to
ground over conductor 2516. Relay 2411
closes a locking circuit for iiself over its
upper front contact, to grounded conductor
2516, It also closes a circuit from battery
through resistance 2412, winding of relay
2408, upper front contact of relay 2411 to
ground over its locking circuit. However,
relay 2408 cannot operate since it is shunted
by ground from the operating circuit of re-
lay 2411 which is connected to the winding
of relay 2408 over its lower back contact. At
the end of the pronouncement relay 2514 re-
leases and permits relay 2408 to operate in the
circuit above described.

The operation of relay 2408 opens the cir-
cuit of relay 1601 and closes a circuit from
battery through the winding of relay 1305,
inner upper front contact of relay 2403, outer
upper back contact of relay 2413, upper back
contact of relay 2414, inner upper front con-
tact of relay 2408, middle upper front contact
of relay 2519 to grounded conductor 2516.
With relay 1305 operated ground is supplied
to the armature of relays 1301 to 1304. It
will be remembered that relays 1801 and 1304
were operated heretofore, therefore ground
is connected over the inner upper front con-
tact of relay 1301, outer lower back contact
of relay 2409 to the windings of relays 2621
and 2624 in parallel, and over the inner up-
per front contact of relay 1304, upper back
contact of relay 2409 to the winding of relay
2620. With relays 2620, 2621 and 2624 oper-
ated, the announcing circuit extends over the
front contacts of relay 2620, front contacts
of relay 2621, back contacts of relay 2622, to
the number 6 announcer unit, ready to pro-
nounce the digit 6 as soon as the silent period
is finished.

The next operation of relay 2514 connects
ground to conductor 2525 as above described.
Since relay 2408 is operated, ground is ex-
tended over the lower front contact of relay
2408, to resistance 2411 in shunt of the wind-
ing of relay 2411 which now releases. When
relay 2411 releases, relay 2408 is held oper-
ated over the upper normal contact of relay
2411 to grounded conductor 2525, as long as
relay 2514 remains operated. When relay
2408 operated a circuit was closed from
ground at the lower front contact of relay
2403, conductor 2516, outer upper front con-
tact of relay 2408, normal contact and wind-
ing of relay 2407, resistance 2415 to battery.
Relay 2407 operates and locks over its inner
upper contact to conductor 2516 independent
of the contact of relay 2408 and also closes a
circuit from battery through resistance 24186,
winding of relay 2414, upper front contact of
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relay 2407, to conductor 2516 and ground, but
relay 2414 is shunted by a branch of the orel-
ating circuit of relay 2407, When relay 2514
releases the second time the holding circuit
for relay 2408 is opened and that 1L1‘1V Te-
leases removing the shunt from relay 2414,
and pelmuuno that relay to operate. The
operation of relay 2414 closes a circuit from
battery through the winding of relay 2406,
inner upper front contact of 1cla3 9414, outer
lower ba d\ contact of relay 2413, to 01ounded
conductor 2516. Relay 2406 closes a locking
cireuit for itself through the winding of re-
Lly 2413, upper front contact of 1eLw 2406
to 01oundﬂd conductor 2516, but velay 2413
ispre revented from operating due to the closure
of a shunt around its Wmdlno over the oper-
ating circuit of relay 2406. Vith relays 2406
and 2414 operated and relay 2408 released no
talking circuit is closed so that a pause is in-
troduced to simulate the customs a1y method
of splitting the number between the hun-
dreds and tens digits.

When relay 2514 operates for the third
time, a circuit is again closed for relay 2411
which locks and prepares a civeuit for relay
2408 as abovedescribed. Whenrelay 2514 re-
leases at the end of the third talking period,
during which no announcement was trans-
nutted relay 2408 operates and closes a cir-
cuit from or oundcd conductor 2516, upper
front contact of rel ay 2408, lower front con-

tact of relay 2414, to resistance 2415 and bat-
tery, shunting the winding of relay 2407
which releases but closes a holding circuit
for relay 2414 over its upper normal contact
as long as relay 2408 remains operated. A
civcuit is then closed from battery through
the w m\hno of relay 1815, inner upper back
centact of 1elay 2417, 1nne1 lower front con-
tact of relay 2403, inner lower front contact
of 1el<w 2406, inner upper back contact of re-
lay 2413, outer upper front contact of lelay
2414, uppe1 front contact of relay 2408, to
Ol'ound over the middle upper front contact
of rel ay 2519 and conductor 2516, Relay 1315
provides ground to the inner upperarmatures
of relays 1311 to 1314, With relays 1312 and
1314 operated, civenits arve closed from
01ound over the inner upper front contact of
relay 1812, inner lower back contact of relay
2409, to the windings of relays 2622 and 2625
n pamlkl and over the inner upper front
contact of relay 1304, upper back contact of
relay 2409 to the wmdmg of relay 2620 and
battery. The announcing circuit is therefore
prepared over the front contacts of relay
2620, back contacts of relay 2621, back con-
tacts of relay 20623, front contacts of relay
2625 to the seventh a
nouncmn the digit 7.
Vhen 1e1fw 9514 operates for the fourth
thne a shunt 1s closed to the winding of relay
2411 which releases and closes a holdmg cir-
cuit for relay 2408 as above described. Dur-

announcer unit for an- .
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ing this time the digit 7 is being announced.
At the end of the peuod when rela v 2514
releases, relay 2408 also releases and opens
the holding circuit for relay 2414 which now
releases and permits the operation of relay
2418 in the locking circuit of velay 2406.
At this time a circuit is closed from battery
through the winding of relay 1325, inner
lower back contact of relay 2417, uppermost
front contact of relay 2403, outer lower
front contact of relay 2406, back contact of
relay 2407, upper back contact of relay 2408,
middle front contact of relay 2519 to
grounded conductor 2516. Relay 1325 sup-
plies ground to the inner upper armatures
of 1‘clays 1321 and 1824 and since relays
1821, 1322, and 1324 are operated, circuits
are closed over the front contacts of those
relays to operate relays 2621, and 20624
in parallel, 2622, and 2625 in pamlld and re-
lay 2620. A circuit is therefore prepared
from the secondary winding of the repeat-
ing coil 2500 over the front contacts of relay
2620, front contacts of relay 2621, front con-
tacts of velay 2622, to the No. 8§ announcer
unit.

During the next, fifth, announcing pe-
riod 101ay 2514 is opelated opemtmo lelay‘
2411, and relay 2408 operates when relay-

9514 veleases. The opemtlon of relay 2408
closes a civeuit for relay 2407 as above de-
scribed which prepares a circuit for relay
9414 in the same manner. During this pe-
riod the digit 8 is pronounced.

With relays 2413 and 2407 operated and

relay 2408 released a circuit is closed from-

battery through the upper winding of relay
2517, inner lower front contact of 101&3 2505,
inner lower front contact of relay 2509, out-
er upper back contact of relay 2402, lower
front contact of relay 2413, lower fr ont con-
tact of relay 2407, inner quer back contact
of relay 2408, middle upper front contact of
relay 2519, to grounded conductor 2516.
The operation of relay 2517 opens the lock-
ing circuit of relay 2518 which releases in
turn releasing relay 2519. Tt also closes an
obvious circuit for relay 2524 which opens
the connection between the repeating coil
2500 and the call announcer machine. Re-
lay 2517 closes a cirecuit from battery
through the winding of relay 904, outer up-
per front contact of relay 2517, conductor
2507 to ground at the upper contqcts of cam
2201. Relay 904 in operating performs the
same function as described heretofore.
Heowever, since 1'61&_*)7 916 is not operated, the
fundamental circuit is held closed until the
advance of the district closes a substitute
circuit for relay 800. The advance of the
district and the release of the link and
sender take place in the manner above de-
scribed.

When the operator at the manual office has
received the announcement she disconnects
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her position equipment from the trunk by
operating release key 409. The operation of
key 409 closes a circuit from ground over
the contact of that key, inner right front con-
tact of relay 506, left back contact of relay
525 to the winding of relay 527 and battery.
Relay 527 closes a locking circuit for itself,
from battery through the right winding of
relay 524, inner right back contact of relay
525, right winding and right contact of re-
lay 527, to ground at the left front contact of
relay 528. Relay 524 locks through its left
winding to this same ground and extends its
locking ground to the left winding of relay
525, which also operates. Relay 525 locks
through its right winding and left front con-
tact to ground at key 409. Relays 527 and
525 close a circuit from ground at the left
contact of relay 528, right front contact and
winding of relay 527, right front contact of
relay 525, outer right front contact of relay
506, inner upper front contact of relay 404,
outer upper front contact of relay 402, to the
right front contact and lower winding of
relay 401 in shunt of the winding of relay
400. Relay 400 therefore releases opening
the circuit for relays 402 and 403 which in
turn open the circuit for relay 401. Relay
524 opens the circuit over which lamps 308
and 408 were flashed. Relay 525 opens the
circuit of relay 526 which in turn opens the
circuit of relay 508 permitting relays 516,
518, 512, 509, 528, 524 and 527 to release in
succession. Relay 525 remains operated un-
til the operator releases key 409. The re-
lease of relay 400 also opens the circuit of
relay 324 and that relay releases. With re-
lay 324 released, a circuit is closed from bat-
tery through lamp 308 middle upper front
contact of relay 306, upper back contact of
relay 324, through the resistance 321 to
ground at the back contact of relay 307 un-
til the plug is inserted in the jack acting as
a guard signal. The release of relay 324 also
opens the locking circuits of relays 804 and
310 and these relays also release. Relay 304
recloses the original operating circuit for
relay 303. After operating key 409, the op-
erator closes one of the ringing keys accord-
ing to the designation received, for example,
key 314. She then tests the subscriber’s jack
in the usual manner and if the subscriber’s
line is idle inserts plug 311 in jack 312. Re-
lay 307 operates in series with relay 313.
The operation of relay 307 completes the tip
conductor from the tip of the plug 311 to
the upper armature of relay 315, and also
closes a circuit from ground over its lower
front contact, inner upper front contact of
relay 306, over the right back contact of re-
lay 816, upper back contact of relay 817, to
the winding of relay 315 and battery. Relay
315 extends the tip conductor to ground at
the upper back contact of relay 318, and ex-

5 tends the ring conductor over its lower front

25

contact and alternate contact of key 314,
right winding of relay 316 to source of ring-
ing current 319.

When the receiver is removed from the
switchhook at the called station, in response
to the ringing current, the resistance of the
ringing circuit is decreased sufficiently to al-
low relay 316 to operate. The operation of
this relay opens the shunt around the wind-
ing of relay 817 which is now included in
the circuit of relay 815. This relay in oper-
ating closes battery over its front contact in
shunt of the winding of relay 815 thus lock-
ing under the control of relay 307. Relay
315 releases extending the tip and ring con-
ductors over its back contacts to the wind-
ing of relay 309 and the right windings of
repeating coil 301 and battery. Relay 809
therefore operates closing a circuit from bat-
tery through the winding of relay 302, front
contact of relay 309 to ground at the lower
front contact of relay 306, reversing the flow
of current through the windings of relay
300. This reversal causes the operation of
relay 243 and the operations controlled there-
by as described.

If the automatic connection of the operator
to the trunk is not followed by the announce-
ment, or the operator does not understand the
pronouncement as transmitted from the send-
er, she can get the correct number from the
calling subseriber by inserting plug 311 in an
emergency listening jack 322. The insertion
of plug 311 in jack 822 closes a circuit from
battery through the winding of relay 3807,
overthesleevesof plug 811and jack 822,upper
and lower windings of relay 450 to ground.
Relay 450 operates but the resistance of this
relay is so high that relay 307 is not operated
atthistime. The operation of relay 450 closes
in a circuit from ground over its front con-
tact, winding of relay 452 to battery at the
inner lower back contact of relay 451, At
the same time a circuit is closed from battery
through the winding of relay 323, upper back
contact of relay 307 over the ring of plug 311
and jack 322, upper back contact of relay 453
to the winding of relay 454 and ground. Re-
lay 328 locks in a circuit from battery through
its lower winding and lower contact of relay
305, upper contact of relay 303 to ground at
the upper front contact of relay 823. It also
closes the operating circuit of relay 806 in
parallel with this locking circuit. Relay 306
connects ground at its inner front contact to
the locking circuit of relay 323 thus holding
both relays operated. Relay 306 prepares
the ringing circuit as before. Relay 454 locks
over its lower contact, winding of relay 455,
and battery. Relay 455 in turn locks over its
upper contact to ground at the lower contacts
of relay 450, in turn connecting ground over
its lower front contact, to the winding of re-
lay 458, which opens the circuit of relay 454
and connects the ring conductor through to

70

75

80

85

90

100

105

110

115

120

125

130




(23

10

15

20

[\e]
ot

30

.
[

50

T
(1

60

26

the armature of relay 452. Relay 453 also
closes a shunt around the high resistance up-
per winding of relay 450, permitting relay
307 to operate and extinguish lamp 308. Re-
lay 453 also closes an obvious circuit for relay
456 which connects alternating current retay
457 across the tip and ring conductors by way
of the front contact of relay 456, and the outer
lower back contact of relay 452.

Ringing was started by the operation of
relay 307 as above described and relay 457
responds thereto, closing a circuit from
eround over the front contact of relay 451,
front contact of relay 457, upper winding of
relay 458 to battery. Relay 458 locks through
its lower winding to ground at the front con-
tact of relay 451 independent of relay 457.
Tt also connects ground over its lower front
contact, lower front contact of relay 456 to
the winding of relay 459 and battery. Re-
lav 459 in turn closes an obvious circuit for
relay 452 which connects the ring conductor
through to the contacts of relay 459. Relay
459 opens the civenit of relay 451 which re-
leases after an interval. Relay 459 also con-
nects the ring conductor to battery through
rvesistance 460, and the tip conductor to
ground through resistance 461. This pro-
“ides a cirenit for operating relay 316 which
cuts off the ringing current and causes the
operation of relay 817 as above described. It
also extends the tip and ring conductors
through to the windings of relay 809. In ad-
dition relay 459 closes an obvious circuit for
relay 470 which closes a holding circuit for
relay 458. Relay 452 operates relay 462 which
connects the tip conductor through to the sec-
ondary winding of tone coil 462. When relay
451 releases, relays 458, 459 and 470 release,
transferring the tip and ring from battery
and ground to the armatures of relay 465 and
the secondary of the tone coil.

The primary circuit of tone coil 463 is
closed over the outer lower front contact of
relay 462, the back contact of relay 458, outer
lower back contact of velay 465 to ground at
the normal contact of relay 464. Relay 462
in operating also closes a circuit from battery
through the winding of relay 464, lower back
contact of relay 465, inner lower front con-
tact of relay 462 to eround at the back con-
tact of relay 458. After an interval relay 464
disconnects ground at its upper front con-
tact from the primary winding of tone coil
463, Tt also closes an obvious circuit for relay
466, wheh in operating extends the tone cir-
cuit over its upper front contact to ground
at the upper back contact of relay 467. Tt
also causes the operation of relay 467 which
operates extending its operating circuit to
the winding of relay 468 and battery. In ad-
dition relay 467 opens the tone cireuit hav-
ing completed the transmission of two im-
pulses of tone back over the trunk of Fig. 3.
These impulses of tone are of course ineffec-
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tive in the present case but this emergency lis-
tening circuit is also used in the case of
straightforward calls, or relay call indica-
tor calls. Condenser 469 permits the operator
at the position to hear that the tone has been
transmitted. The operation of relay 468
causes relay 465 to operate and extend the tip
and ring conductors through to the operator’s
telephone 500. Relay 465 locks over its outer
lower front contact, inner lower front con-
tact of relay 462 to ground at the middle
upper contact of relay 458, and extends this
ground to the winding of relay 464 holding
that relay as well as relays 466, 467 and 463
operated.

The connection of the secondary winding
of tone coil 463 across the tip and ring con-
ductors causes the operation of relay 309 to
again operate relay 302 and bring about the
reoperation of relay 2161 if the sender has not
been released. With relay 2161 operated a
cireuit is closed from grounded conductor
1129, front contact of relay 2161, inner lower
‘ront contact of relay 2505, uppermost front
contact of relay 2508, middle lower front con-
tact of relay 2515, the lower winding of relay
2517 and battery, thus causing the series of
operations previously described to talke place,
resulting in the advance of the district and
the release of the sender and link.

"The operator may now ask the calling sub-
scriber for the wanted number.

If the number to be pronounced had been
greater than 9,999 then the stations digit
would have been 1 and relay 1211 of the sta-
tions register would havebeen operated. Un-
der this condition when relay 2509 operated,
a circuit is closed from battery through the
winding of relay 2404, upper front contact of
relay 1211, outer upper back contacts of relays
1212, 1218 and 1214, inner upper front con-
tact of relay 2509, to ground at the upper-
most front contact of relay 1227. With relay
9404 operated a circuit is closed from battery
through the winding of relay 2418, lower
front contact of relay 2404, outer upper front
contact of relay 2509, outer upper contact of
relay 1317, upper right contact of cam 2218
to ground at the upper left contact of cam
2901. The cycle of operations of relays 2408
and 2411, 2407 and 2414, 2406 and 2413 prog-
resses in the manner above described, but the
digits to be pronounced in the various posi-
tions are changed. The first digit to be pro-
nounced is the stations digit 1 and therefore
a cireuit is closed from battery through the
winding of relay 1215 over the inner upper
front contact of relay 2418, lower back con-
tact of relay 2406, lower back contact of relay
2407, upper back contact of relay 2408 to
ground over the middle upper front contact
of relay 2519 when all of the transfer relays
are in normal condition, instead of through
the winding of relay 1601. :

The circuit of relay 1601 is now closed over
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the lower front contact of relay 2418, upper

back contact of relay 2413, upper back con-

tact of relay 2414, over the upper front con-

tact of relay 2408, and the thousands digit is
5 therefore pronounced in the second perlod
after relays 2411 and 2408 have been operated.
Similarly with relays 2407 and 2414 operated
and relays 2408 and 2411 released, the circuit
extendsto relay 1305 of the hundreds register.
When relay 2408 and relay 2411 have reoper-
ated relay 2407 is shunted down and relay
2414 held operated and none of the registers
is effective, thus introducing the pause be-
tween the hundreds and tens digit as before
described. During the next interval relays
2411 and 2408 are released and the tens regis-
ter relay 1315 is operated over the inner up-
per back contact of relay 2417, next to the
outer upper front contact of rehy 2418, outer
lower contact of relay 2406, lower back con-
tact of relay 2407, and the upper back contact
of relay 2408. The release of relay 2408 also
releases relay 2414 permitting relay 2413 to
operate in series with relay 2406. In the next
period, therefore, with relay 2408 reoperated
relay 1325 is operated, and 1n the period fol-
lowing that with relay 2408 released, relay
2517 will operate to initiate the release of the
sender.

If the called number is under 9,999 and has
a stations digit neither relay 9404 nor relay
2402 will be operated Relay 2403 operates
under the control of relay 2509. Under this
condition the digits are pronounced as first
35 described. However , following the announce-
ment of the units dlﬂ‘lt with relays 2406, 2413,
2407, 2408 and 2411 operated the circuit of
relav 2417 is open at the contact of relay
2408, and a circuit is closed from battery
through the winding of relay 1215, inner
lower back contact of relay 2402, outer lower
back contact of relay 2417, middle upper front
contact of relay 2403, upper front contact
of relay 2418, upper back contact of relay
2414, to ground over the upper front con-
tact of relay 2408. A circuit is also closed
from ground over the upper front contact
of relay 2408, upper back contact of relay
2414, upper front contact of relay 2413,
middle upper front contact of relay 2400,
outer lower back contact of relay 2417, inner
upper back contact of relay 2402, upper back
contact of relay 2304, to the windings of re-
lays 2626 and 2627, to transfer the announc-
5 ing circuit from the numerical digit announc-
ing units to the letter announcing units. As-
suming that relay 1212 is operated, the opera-
tion of relay 1215 closes ground over the
inner upper front contact of relay 1212 inner
lower back contact of relay 2409, to the wind-
ings of relays 2622 and 2625. Therefore a
circuit is prepared from the right winding of
repeatino coil 2500, over the back contacts
_ of relay 2620, back contacts of relay 2623,
5 front contacts of relay 2622, back contacts of
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relay 2624, front contacts of relay 2626, to
the W announcing unit causing the announce-
ment of the stations designation W. The
subsequent release of relay 2408 causes the
operation of relay 2517 and the initiation of
the release of the sender.

Completion of call to step-by-step dial office

If the call is to be completed by step-by-
step switches, the decoder causes the opera-
tion of a route relay which in turn causes
relay 2005 to be operated alone if only the
numerical designation is to be transmitted,
and relays 2004 and 2005 to be operated to-
gether it the complete designation is to be
transmitted. In the establishment of such a
call, directive pulses are generated by means
of interrupter 2307. Interrupter 2313 which
is carried by the same shaft but is open when
interrupter 2307 is closed, and vice versa,
controls the counting relays to determine the
number of pulses to be transmitted. The
same transfer relays are used for rendering
the registers successively effective as in the
call announcer type of call.

" The transfer of the complete designation
will first be described. With relays 2004 and
2005 operated, a circuit is closed from bat-
tery through the windings of relays 2417,
2304 and 2409 in parallel, fourth upper con-
tact of relay 2005, lower contacts of cam
2208 to ground at the lower front contact of
relay 1142. Relay 2155 is operated over the
third upper contact of relay 2005 to the same
ground, and in turn operates relay 2151.
Under these conditions when sequence switch
2200 reaches position 16, for making the test
of the outgoing trunk, the fundamental cir-
cuit extends from the fundamental tip, over
the lower back contact of relay 916, inner
upper front contact of relay 1142, lower
right and upper left contacts of cam 2209,
back contact of relay 2152 upper front con—
tact of relay 2151, upper back contact of re-
lay 2508, winding o relay 2510, upper wind-
ing of 1e1ay 9161 back contact of relay 1400,
inner upper back contact of relay 2501, lower
back contact of relay 2301, lower back con-
tact of relay 2401, outer lower back contacts
of relays 2502 and 2501, lower back contact
of relay 2503, upper right and lower left con-
tacts of cam 2216, back contact of relay 2302,
through the compensating resistance 2043 or
2042 depending on *he setting of this regis-
ter, upper contacts of cam 9917, outer upper
back contact of relay 916 to the fundamental
ring. When the outgoing trunk has been
selected and is ready to functlon, direct bat-
tery is received over the fundamental circuit
by relay 2510 which operates, in turn oper-
ating relay 2505 and relay 2506 as previously
described.

The step-by-step office is arranged when
receiving calls from a panel office to remove
battery and ground and connect a bridge
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across the trunk. When this occurs relay
2510 releases, but relays 2505 and 2506 are
Iocked up as described in connection with
the call announcer call. The release of re-
Iay 2510 closes a circuit from ground over
its back contact, middle lower front contact
of relay 25006, inner lower contact of relay
2304, to the winding of relay 2301 and bat-
tery. IRelay 2301 closes obvious circuits for
relay 2805 and wvelay 2302. The operation
of these relays indicates that the step-by-step
trunk is ready for receiving pulses. These
relays in operating short-circuit the wind-
ings of relays 2510 and 2161 so that the
fundamental circuit extends from the link as
above traced over the fundamental tip to the
upper front contact of relay 2151 and thence
over the outer lower front contact of relay

2301, inner upper back contact of relay 2501,
outer upper front contact of relay 2302, in-
ner lower back contact of relay 2501, inner
upper back contact of relay 2502, outer lower
front contact of relay 2302, outer upper back
contact of relay 2501 to grounded conductor
1130, and over the fundamental ring to the
upper right contact of cam 2216 as pre-
viously traced, lower back contact of relay
2508, outer lower back contacts of relays
9501 and 2502 , back contact of relay 2401,
middle lower front contact of relay 2301
back contact of relay 2308 in parallel with
interrupter 2307, resistance 2225, to battery
over the contacts of cam 2205.

With relay 2301 operated a circuit is
closed from battery through the winding of
relay 2421, upper back contact of relay 2401,
imer lower front contact of relay 2301 to
ground at the inner lower back contact of
relay 2502. Relay 2421 in opemting closes
a circuit for 1elay 2420. Relay 2302 also
closes a circuit from battery through resist-
ance 2309, winding of relay 2310, outer up-
per back contact of relay 2311, inner lower
back contact of rehy 2312, inner lower front
contact of relay upper back contact of
relay 2501 to grounded conductor 1130. Re-
lay 2310 operates only if the contact of in-
terrupter 2313 is open. If not, a circuit is
closed from battery through resistance 2809,
over the lower back contact of relay 2310,
upper back contact of relay 2312, middle
back contact of velay 2311 over the inter-
1upt01 2318, lower front contact of relay

2302 to ground over the upper back contact
of relay 2501 and conductor 1130. This
shunts the winding of relay 2310 and pre-
vents its opemtlo‘l. for the purpose of pre-
venting a mutilated first pulse. When in-
terrupter 2313 opens relay 2310 operates,
preparing a cireuit f1 om battery through the
winding of relay 2315, back contact of re-
lay 23 03 outer lower front contact of relay

2310, upper back contact of relay 2312, mid-
dle upper back contact of relay 2311 to in-
terrupter 2313 so that when the interrupter
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again closes relay 2315 operates. Relay 2315
closes a locking civeuit for itself through the
winding of Lelav 2308, upper front contact
of 1‘elay 2315, outer lower baclc contact of
relay 2312, left contacts of cain 2226 to
ground at the back contact of relay 1420.
Relay 2308 cannot operate until the inter-
rupter 2313 opens the shunt around its wind-
ing to the operating cireuit of relay 2315.
With relay 2808 operated the connection of
battery to the fundamental circuit is under
the control of interrupter 030’7

If relay 2013 had Dbeen operated frem the
decoder, indicating that the 1()00 ohm re-
sistance 2044 should be ineluded in the funda-
mental cirenit during pulsing to a step-by-
step office, the operation of relay 2302 opens
a second shunt around resistance 2044 which
was held closed at the lower back (,ontact of
relay 2302 until that relay operated.
sistance 2044 would now be included in the
fundamental circuit. The operation of re-
lay 2805 also connected 500 ohm resigtance
2306 between the tip and ring conductors of
the fundamental circuit.

Following the operation of 1eL1y 2304 and
relay 1227, relay 2402, or relay 2404, or neith-
er, are opemted chCOIdH]O to the stations
dlmt recorded on 1e<)1stu 1210. Fot the
plecent call it will be assimed that no sta-
tions digit has been recorded and relay 2402
Is oper ated. When seqmncc switch 2200
reaches position 15 following the operation
of relay 1317 a cireuit is closed from bwttely
through the winding of relay 2403, outer low-
er back contact of relay 9{0{ outer lower
front contact of 1elf1v 2304, outer upper front
contact of relay 1317 to omund over the up-
per right contact of cam 79218 and the upper
left contact of cam 2201.

As soon as relay 2403 operated a circuit
was closed from ground over its lower front
contact, second upper front contact of relay
2003, inner npper front contact of relay 2004,
conductor 2046, lower back contact of ]OL‘IV
24992, to the wmdmg of relay 1105 and bat-
tery. Relay 1105 supplies ground to the
armatures of relays 1101 to 1104. Assuming
that the tandem hundreds digit for the pres-
ent call was nine, relays 1103 and 1104 will
be operated and cireuits closed from ground
over the inner upper front contact of Lday
1103, inner upper tront conLaCL or relay 2409,
to the winding of relay 2316 and bt tttel v, and
over the inner upper nont contact of umu
1104, upper outer front contact of relay 2409
to 1el‘Ly 2317 and battery. These relays in
operating determine the numlmr of pulses to
be transmitted to the step-by-step office.

In pulsing to a panel office the digit zero
is the first digit and the number of pulses
transmitted for that digit is one, so that the
pulses for the remaining digits are trans-
mitted as one more than the number actually
recorded. In step-by-step pulsing on £he
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other hand zero is the last or tenth digit and
the number of pulses transmitted is the same
as the number recorded. Therefore in the
present case preparation should be made for
transmitting nine pulses. The first opening
of the contact of interrupter 2307 following
the operation of relay 2308, transmits a pulse
to the step-by-step office. At this time, inter-
rupter 2813 has its contact closed, completing
a circuit from ground over the inner lower
front contact of relay 2802, contact of inter-
rupter 2313, middle upper contact of relay
2311, upper back contact of relay 2312, lower
front contact of relay 2310, lower front con-
tact of relay 2808, inner upper back contact of
relay 2419, inner lower back contact of relay
2314, inner lower front contact of relay 2816,
upper back contact of relay 2423, conductor
2150, lower back contact of relay 1403, wind-
ing of relay 1413 to battery over conductor
2206. When relay 2307 closes its contact at
the termination of the first impulse, inter-
rupter 2313 opens its contact allowing relay
1408 to operate in the locking circuit of re-
lay 1413, in the usual manner. Therefore as
each pulse is sent out to the step-by-step office,
one of the pairs of counting relays is oper-
ated and locked. The locking circuits for
the even and odd counting relays extend over
conductors 1424 and 1423 to the upper front
contacts of relay 2310, inner upper normal
contact of relay 2311 to grounded conductor
1180. Since relay 2317 is operated, a circuit
is closed from battery through the winding
of relay 1421, inner upper front contact of
relay 2317 to ground at the inner lower front
contact of relay 2310. Therefore when relay
1401 has been operated following the third
pulse, the circuit is extended over the lower
front contact of relay 1421, to the lower back
contact of relay 1409, winding of relay 1419
and battery, so that during the next five
pulses relays 1405 to 1409 and 1415 to 1419
inclusive are operated. During the ninth
pulse the circuit extends over the front con-
tact of relay 1405, inner front contact of
relay 1421 to the winding of relay 1410. At
the end of the ninth pulse relays 1400 and
1420 operate in the locking circuit of relay
14]0.

Relay 1400 has no function during step-
by-step calls. Relay 1420 in operating opens
the locking circuit of relays 2315 and 2308
and closes a circuit from battery through the
winding of relay 23812, and its lower normal
contact, next to the inner back contact of
relay 2311, upper front contact of relay 2305,
to ground at the front contact of relay 1402.
Relay 2312 further opens the locking cir-
cuit of relays 2315 and 2308. Relay 2312
closes a circuit from battery through resist-
ance 2318, winding of relay 2319, upper front
contact of relay 23812, to ground at the inner
upper back contact of relay 2310, but relay
2819 is prevented from operating by ground

=3

from the front contact of relay 1420, con-
nected over the lower back contact of relay
2319 to resistance 2318 in shunt of the wind-
ing of relay 2319. The release of relay 2308
connects the shunt over its upper contact
around interrupter 2307 to prevent the trans-
mission of further pulses to the step by step
ofiice. Relay 2312 also opens the operating
circuit of relay 2315 to prevent its prema-
ture reoperation. Relay 2312 closes a lock-
ing circuit for itself over its lower front con-
tact, inner back contact of relay 2811 to
grounded conductor 1130. Relay 2312 also
opens the operating circuit for relay 2310

which in releasing recloses the shunt around-

itswinding. Relay2310alsoopensthelocking
circuits for the counting relays permitting
them to release. Assoon as relay 2310 releas-
es, the circuit above traced for relay 2319 is
closed but relay 2319 does not operate until
relay 1420 has released opening the shunt
around the winding of relay 2319.

In order to allow time for the step-by-step
selector to hunt and seize an idle outgoing
trunk it is necessary to count off a period
of time between digits. For this purpose the
operation of relay 2319 closes a circuit from
battery through the winding of relay 1414,
back contact of relay 1404, conductor 2158,
lower front contact of relay 2319, next to the
outer upper back contact of relay 2311, in-
terrupter 2313, inner lower front contact of
relay 2302, upper back contact of relay 2501

to grounded conductor 1130. Relays 1414,

1413,1412, 1411 and 1410 as well as 1404, 1403,
1402, 1401, and 1400 and 1420 are operated.
The circuits controlling relay 1421 are opened
by the release of relay 2310 so that five
pulses only are transmitted. When relay
1420 operates it closes a circuit from ground
over its front contact, upper front contact
of relay 2305, inner lower front contact of
relay 2319, outer lower back contact of relay

2308 to the winding of relay 2311 and battery.

Relay 2311 operates, disconnecting interrupt-
er 2313 from the counting relay circuit, open-
ing the locking circuit for the counting relays
extending over the upper contacts of relay

2319, inner back contact of relay 2811 to

grounded conductor 1130, opening the lock-
mg circuit of relay 2312 and locking to
ground at the front contact of relay 1420 to
insure the release of that relay before relay
2311 also releases. The release of relay 2312
also releases relay 2319 and relay 2311 re-
leases as soon as relay 1420 releases so that
the circuit is now ready to transmit another
set of impulses.

When relay 2315 operated it closed a cir-
cuit from ground over its lower contact, fifth
upper contact of relay 2005, middle upper
front contact of relay 2004, conductor 2045,
upper back contact of relay 2492, winding
of relay 2424 to battery. Relay 2424 closes
a locking circuit for itself through the wind-
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ing of relay 2422, front contact of relay 2424,
conductor 2046, inner upper front contact
of relay 2004, second upper contact of relay
2005, to 010und at the outer lower front con-
tact of rehy 2408. Relay 2492 is prevented
from operating in this locking cirenit by the
operatmo ar and of relay 9494 which is in
shunt of the winding of relay 2422. When
relay 2315 releases LO].IO\V]DO the transmis-
sion of the first digit, 1elay 24292 operates.
Relay 2422 in operating opens the circuit of
relay 1105 and closes a circuit for relay 1115
over the upper back contact of relay 2495,
Relay 1115 connects ground to the armatures
of relays 1111 to 1114 of the tandem tens
register and, assuming that relay 1113 alone
is opemted a circuit is closed from ground
over the inner upper contact of that relay,
inner upper front contact of relay 2409, to
the winding of 1*elay 2316 and battery.

‘When rel%ys 11 and 2312 have both re-
leased the circuit of relay 2310 1s 1eestab—
lished and as soon as interrupter 2513 opens
the shunt around the winding of that relay,
relay 2310 operates. As before it closes a
circuit for opemting relay 2315 which locks
in series with relay 2308, relay 2308 opemt—
ing following the next ononmn “of interrupter
2313. Since 1el‘w 9316 alone is operated the
counting relay circuit extends from ground
over mteuuptm 313, next to the outer back
contact of relay 2311, upper back contact of
relay 2312, front contact of reiay 2310, front
contact of relay 2308, inner back contact of
relay 2419, inner lower back contact of relay
2314, inner lower front contact of 1elay 2316,
upper back contact of relay 2423, to conduc-
tor 2150, back contact of rélay 1&00 winding
of rel‘w 1418 and battery plepulno for the
transmission of four impulses. At the end
of the fourth impulse relay 1420 operates per-
forming the functions above described.
‘When 1e1'L§, 2315 is operated the second time,
it again connects ground to conductor 2045,
which is now connected over the upper front
contact of relay 2422, lower back contact of
relay 2425 to the winding of relay 2426 and
battery. Relay 2426 Tocks through the wind-
ing of relay 2425, front contact of relay 2426,
front contact of 1‘elay 24922, to ground ov er
conductor 2046. At the end of the second
digit relay 2425 is permitted to operate, trans-
ferllno the circuit controlled over connector
2045 to the upper back contact of relay 2427
and the winding of relay 2428. Tt also opens
the circuit of relay 1115 and closes the circuit
of relay 1205, over the back contact of relay
2427, upper front contact of relay 2425, lower
front contact of relay 2422, to ground over
conductor 2046.

The remaining pulses are controlled in a
similar manner by the interrupters, the count-
ing relays and the register relays. During
the third digit relay 2428 is operated and a
circuit prepared for relay 2427. When re-
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lay 2427 operates at the close of the third
digit, the transfer relay circuit controlled by
relay 2315, is extended over the front contact
of relay 9497 to conductor 2525 where it con-
trols relays 2411 and 2408 in the manner de-
seribed for call announcer calls. It also ex
tends connector 2046 to the inner upper arma-
ture of relay 2408 so that relay 2408 now con-
trols the operation of the register grounding
1e1‘tys
fourth digit IeLW 2411 is operated after
wwhich 1elav 2408 is operated. During the
transmission of the fifth digit relay 2411 is
shunted down and at the end of that digit ve-
lay 2408 is released. During the sixth digit
relay 2411 is reoperated followed by relay
2408 and during the seventh digit relay 2411
1@ again shunted down and rela ay 2408 re-
eased. The first operation of relay 2408 op-
erates relay 2407 and the first release operates
relay 2414, which in turn operates relay 2406.
The second operation of relay 2408 shunts
down relay 2407 and its second release per-
mits the release of relay 2414 and the opera-
tion of relay 2413 in the locking cirenit of re-

lay 2400, in the manner previously described.

When relay 2408 releases, following the com-
pletion of the seventh digit a circuit is closed
from battery through the winding of relay
2303, and its upper back contact, lower back
contact of relay 2820, cuter lower front con-
tact of relay 2402, inner lower back contact of
relay 2404, inner lower front contact of relay
2417, outer upper front contact of relay 2408,
outer lower front contact of relay 2406, lower
back contact of relay 2407, upper back contact
of relay 2408, lower front contact of reluy
2427, upper front contact of velay 2425, lower
front contact of relay ‘)LQ, to oround over
conductor 2046. Relay 2320 oper atgs folloyr-
ing the operation of relay 2803, from battery
through the winding of relay 2820,lower front
contact of relay 2303, lower back contact of
relay 2320, and thence over the circuit traced
for operating relay 2303, to ground. Relay
2308 locks over its inner upper front contact
to ground at the upper contacts of cam 2201.
Relay 2320 also locks to ground at the upper
contacts of cam 2201, and opens the operat-
ing circuit of relay 2303,

Relays 2312 and 2319 operate as pr ewonsly
described and relay 2310 releases to count oif
an interval measured by five pulses similar
to that included between digits. This is for
the purpose of allowing the step-by-step of-
fice sufficient time to recognize that pulsing
is completed. When 1elfw 1420 operates a
circnit 1s closed from ground over the front
contact of relay 1420, front contact of re-
lay 2805, inner lower front contact of relay
2319, outer upper front contact of relay 2320,
outer upper back contact of relay 2502 to
the winding of relay 2501 and batter v. Re-
lay 2501 in operating opens the shunt ex-
tending over its inner upper back contact
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and the outer lower front contact of relay
2301 around the windings of relays 2161 and
2510. It also connects battery from cam 2205
through resistance 2225, over its inner upper
front contact to the fundamental tip in place
of the ground supplied over its outer upper
back contact, and connects ground to the
fundamental ring over its lower front con-
tact, in place of the battery formerly sup-
plied over the lower front contact of relay
2301.

The reverse battery on the fundamental
circuit causes relay 2161 to operate in turn
operating relay 2401 over the inner upper

5 front contact of relay 2302 and the inner low-

er front contact of relay 2503. Relay 2401
releases relays 2421 and 2420. With relays
2320 and 2501 operated and relay 2420 re-
leased, a circuit is closed from battery
through the winding of relay 2502, lower
back contact of relay 2420, outer lower front
contact of relay 2320, outer upper front con-
tact of relay 2501, to grounded conductor
1130. Relay 2502 in operating releases re-
lay 2501. When relay 2501 releases a circuit
is closed from battery through the winding
of relay 916, upper front contact of relay
2502, upper back contact of relay 2501 to
grounded conductor 1130. Relay 916 func-
tions in the manner previously described to
cause the advance of the district selector and
the release of the link and the sender.

If the outgoing call is to a step-by-step
office using five digits, the call will be made

5 in essentially the same manner as the seven

digit call just described, except that relay
2005 alone is operated. Therefore the first
operation of relay 2315, causes the operation
of relay 2428 over a circuit which may be
traced from battery through the winding of
relay 24928, back contact of relay 2427, outer
upper back contact of relay 2004, fifth up-
per contact of relay 2005, to ground at the
lower front contact of relay 2315, instead of
operating relay 2424. The first digit trans-
mitted is controlled by the tandem units reg-
ister 1200. Only the digits two to nine are
used for a first digit in calls to a five digit
area.

If the call is to be completed to a step-by-
step office employing only four digits, the
class relay 2005 is operated alone as in the
case of a five digit class. However, the tan-
dem units digit set up in such a case will
be zero or one. In case this digit is zero or
one, as soon as relay 2403 operates, a circuit
is closed from battery through the wind-
ings of relays 2428 and 2427 in series, over
the outer upper back contact of relays 2314,
2316 and 2317 which will not be operated
with such a setting of the tandem units reg-
ister, outer upper front contact of relay
2301, inner upper back contact of relay 2004,
second upper front contact of relay 2005 to
ground at the outer lower front contact of
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relay 2408. The immediate operation of re-
lays 24928 and 2427 transfers the conductors
controlled by relay 2427 directly to the ar-
matures of relay 2408 causing the transmis-
sion of the thousands pulse first.

If the stations register is set for the digit
11it is an indication that a call for a number
over 9,999 is to be made. In this case relays
2404 and 2418 are operated while relays 2402
and 2403 remain normal. After the first
three digit pulses have been sent in the case
of a seven digit area call or after the first
digit pulses have been sent in the case of a
five digit area call, or before any digit has
been sent in the case of a four digit call, the
stations digit will be sent, which will be a
1, followed by the thousands, hundreds, tens
and units digits. Otherwise the call will be
made as described heretofore,

If the call is to a subscriber having a
party line number, the pulses are sent as de-
scribed for a seven, five or four digit call
until the pulses of the units digit have been
sent. Relay 2403 will have been operated
but neither relay 2404 nor relay 2402 nor
relay 2418 will have been operated. In this
case after the transmission of the units digit
a circuit will be closed from battery through
the winding of relay 1215, outer lower back
contact of relay 2402, inner lower back con-
tact of relay 2404, inner lower front contact
of relay 2417, outer upper front contact of
relay 2403, outer lower front contact of relay
2406, lower back contact of relay 2407, upper

back contact of relay 2408 to ground over the 1

front contact of relay 2427 as previously de-
seribed. Relay 1215 will supply ground to
the inner upper armatures of relays 1211
to 1214, causing the operation of correspond-
ing relays 2314, 2316, 2317 or 2419, in accord-
ance with the setting of the register. As-
suming that the stations designation is R,
relays 1211 and 1212 will have been operated
and therefore relays 2419 and 2314 will have
been operated. A circuit is also closed from
battery through the winding of relay 2423,
outer upper front contact of relay 2804, over
the inner upper, inner lower and outer lower
back contacts of relay 2402, inner lower back
contact of relay 2404, inner lower front con-
tact of relay 2417, outer upper front contact
of relay 2403, outer lower front contact of
relay 2406, and thence to ground as traced
hereinbefore. With relay 2423 and 2314 oper-
ated, a circuit is closed from battery through
the winding of relay 2429, lower front con-
tact of relay 2423, outer upper front contact
of relay 2314 to the outer upper front contact
of relay 2304, and thence to ground as traced
for the circuit of relay 2423. With these re-
lays operated the counting relay circuit ex-
tends from ground over interrupter 2813, next
to the outer back contact of relay 2311, upper
back contact of relay 2812, front contacts
of relays 2310 and 2308, upper front contact
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of rehy 2419, outer lower front contact of
relay 2314, inner lower front contact of relay
2429, to conductor 2156, and dlence thlough
the Wllldan of relay 1411 to batte A cir-
cuit is closed from battery thr ouoh the wind-
ing of 1421, inner upper “front contact of re-
lay 2429, to ground at the inner lower front
contact of rela vy 2310, so that after two im-
pulses have been tr ansmitted the civeuit will
be transferred to the winding of relay 1419,
and five more impulses will be transmitted in
order to operate relay 1420 and bring the
pulsing to a close.

It may be noted at this time that relays
2314, 2315, 9317, 2419 ave operated in accord-
ance with the setting of the incoming reg-
isters which arve set according to a panel code
while the outgoing pulses are fransmitted a
cording to the step-by-step code which calls
for zero as the last digit. Therefore relay

2317 is operated alone to indicate the digit
5 but oniy five Pulb(,b are to be tr ansmitted.
By the panel code the operation of relay 2517
indicates that more than five pulses are to
be transmitted and the operation of relay
2317 is normally employed to operate relay
1421 and add five pulses to the number of
pulses indicated by the other register relays.
The circwt of relay 1421 extends from bat-
cew through resistance 14 20, winding of re-

w 1421, inner upper front contact of relay

2317, to glo.md 1t the lower front contact of
1eL1y 2310. This circuit is closed whenever
relay 2317 is operated. With relay 2317 alone
operated, the counting relay eircuit extends
from bqttuy thr OUOh the winding of relay
1414, back contact of relay 1404, “onductor
2158, outer upper back contact of relay 2429,
inner lower back contacts of relays 2316 and

2314, inner back contact of 1emy 2419 to
ar ound over the front contact of 1@1&37 2308.
In order to prevent the operation of relay
1421, since only five pulses are to be trans-
mitted, a cirenit is closed from battery
through resistance 1122, middle upper front
contact of relay 2317, upper back contacts
of relays 2316, 2314, QJJE) and 2429 to ground
at the inner lower front contact of 1el:1y 2310
in shunt of the winding of relay 1421 to pre-
vent its opomt'o n under this condition.

Most of the relays of Fig. 10 are employed
in responding to the i improper completion of
a connection and in controlling a trouble re-
corder. Since this trouble recorder and its
operation forms the subject matter of a
copending a ;)phcatmn these opﬂmtlons will
not be described in the present specification.

Returning now to the (mu)del, it will be
remeinbered that when relay 2801 operated
it connected ground to condictor 2910, oper-
ating relay 3506 5, relay 3506 in turn supply-
ing locking ground for relay 0501 1f that
relay is operated. The winding of relay 3501,
s connected to baltery at one side and to
conductor 3120 at the other side. Conductor
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8120 is connected over the back contacts of
relays 3126, ete., to the conductors outgoing
to th(, sender which are not used to control
registration. For example, consider the com-
Dul?atlno resistance rvegister. In that reg-
ister 1el‘1y 3110 was opelflted and closed a
circuit from oround through the winding of
relay 8114, lower front contact of relay 3110
upper back contact of relay 8116, lower back
Con'tftct of relay 3117, lower back contact of

relay 8118, to conductor 3119. Conductor

3121 is connected over the upper back con-
tacts of relays 3118, 3124, lower back contact
of relay 3125, to the lowermost armature of
relay 3126 and conductor 3120. Conductor
3199 is connected over the lower back con-

tacts of relays 3124, 8116, 3127, and 3128,
to the inner armature of 1e1ay 3126 and con-
ductor 3120, while conductor 3123 is connect-
ed over the upper back contact of relays

1% and 3127, lower back contact of relay
3129, to the second armature of relay ul%
Therefore each of the unused conductors is
connected through contacts of relay 3126, to
the winding of 1elf1y 3501, Ifa false ground
is connected to any one of these conductorh,
relay 8501 will be operated. Ifa short circuit

xists between two of these conductors, the
Olovnd properly connected to the one con-
ductor will be transmitted back over the other
one through the winding of relay 3501 caus-
ing it to operate. Inspu,tlon of the remain-
ing decoder registers will show that a similar
condition exisis in them so that relay 8501
acts as a detector of false ground or cross
connections.

Tt will be remembered that the circuit of
relay 3110 extended through the winding of

relay 8112. If, due to crosses at the con-
necting rack or in the cable between the cross
connecting rack and the register, two of the
opcmtmo circuits are orounded relay 3112
which is marginal will operate ‘md connect
ground to conductor 3120 to operate relay
3501, It relay 3501 is operated, the ground
by which relay 3500 operates relay 1003 is
disconnected. “If any of the operative cir-
cuits are open, 1e1ays such as relays 3114
or 8113 connected to the operative conductor
cannot operate and the chain circult traced
above for relay 3500 is not closed.

The chain circuit of relay 8500 is arranged
to check the fact that all of the circuits con-
trolled by a particular relay have been closed.
Referring again to the compensating re-

sistance 18015‘0@1 those relays which ground
one conductor to the sender cause the opera-
tion of velay 3114, those which ground two
conductors operate relays 3114 and 3131.
The operating circuits of the register relays
extend either through relay 3111, in which
case relay 3113 is also operated or through
relay 8132. The operation of either relay
8118 or 8132, indicating that the register
relay circuit is complete, closes one point in

‘0

75

80

85

90

100

105

110

12C




1,840,132

SO

the link of the chain controlled by this regis- tact of relay 3519, right front contact of

ter. The operation of one of the relays which
grounds only one lead closes a second point
in the link which is completed at a third
point by relay 3114. If one of the relays
which grounds two leads is operated relay
3113 closes the second point. Relay 38133
which grounds none of the conductors, closes
a substitute for the second and third points
in the link. Fach of the registers completes
its corresponding link in the same manner.
The district group register has one relay
which grounds three leads and in that case
an extra relay is necessary to complete that
particular link. Therefore if a register relay
fails to close the proper number of conduc-
tors, the chain circuit cannot be completed.

When relay 8506 operated it closed a cir-
cuit from ground over its inner contact, left
winding of relay 8507 and battery. Relay
8507 extends its operating ground over its left
front contact to interrupter 3509. When in-
terrupter 3509 closes its left contact a circuit
is closed from ground connected to its con-
tact over the right back contact of relay 3511,
winding of relay 8510, to battery. Relay
3510 locks under the control of relay 3507.
When interrupter 8509 closes its right con-
tact ground is extended over the front con-
tact of relay 8510 and the back contact of
relay 8512 to the winding of relay 3511.
When interrupter 3509 closes its left contact
again a circuit is closed over the left front
contact of relay 8511, to the winding of relay
3512 and battery. When relay 3511 oper-
ates, it locks under the control of relay 3507
and connects ground over its left front con-
tact to relay 38513 which operates, in turn
connecting ground to relay 3514 and battery.
Relay 3514 operates relay 3515 over the back
contact of relay 8516. With relay 3512 op-
erated the next closure of the right contact
of interrupter 3501 extends a circuit from
ground over the front contacts of relays
3510 and 3512, back contact of relay 3516 to
the winding of relay 8517. Relays 3512 and
8517 also lock under the control of relay
3507. Since all of these relays 3510, 3511,
3512 and 8517 lock under the control of relays
8507 and 3506 they release at any time that
the decoder is released. '

If, however, the decoder is not released by
the time that these operations have taken
place, when relay 3515 operates it connects
» battery to conductor 3518 to cause the asso-
ciation of a trouble indicator with the de-
coder. When the trouble indicator has been
connected with the circuit, relay 3519 is op-
erated over conductor 3520 and closes a lock-
ing circuit for itself from battery over the
right front contact of relay 3515, right wind-
ing and right front contact of relay 3519 to
ground. With relay 3519 operated a circuit
1s closed from ground at the outer left front
65 contact of relay 3517, outer right front con-
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relay 3514, outer left front contact of relay
3506, to the windings of relays such as re-
lays 3126 and 8220 associated with each of the
registers. These relays disconnect relay 3501
from the conductors outgoing to the sender
to permit the sender relays to release and re-
lay 3220 connects ground to the right wind-
ing of relay 8502 and battery, supplying a
substitute holding ground for the relays of
Fig. 35, and over conductor 3130 through the
decoder connector, conductor 2830, upper
back contact of relay 1140, winding of relay
1141, resistance 1149 to battery.

Relay 1141 in operating opens the start
circuit of the decoder connector causing the
release of the decoder connector and decoder.
Tt closes a locking circuit for itself through
the upper winding of relay 1140, inner upper
front contact of relay 1141, to off normal con-
ductor 1129, but relay 1140 cannot operate
until the decoder has been disconnected from
the sender.

Relays 3515 and 3707 together supply
ground over the normal contact of jack 2912
to the winding of relay 2911. When relay
2702 releases, a circuit is closed from battery
through the upper winding of relay 2905,
normal contact of relay 2702 to ground at
the contact of relay 2911. Relay 2905 is
therefore held operated under the control of
relays 3515, 3506 and 3507, holding the de-
coder out of service for an interval. When
the decoder is released relays 3506, 3511, 8513,
3514 and 3515 release but will be slow enough 100
in doing so to prevent the reselection of this
decoder by the sender. When relay 1140 oper-
ates following the disconnection of the decod-
er the start circuit is extended over the lower
front contact of relay 1141, inner lower front 105
contact of relay 1140 to battery as previously
traced. This causes the reselection of a de-
coder which takes place in the manner pre-
viously described, except that a circuit is
closed from ground through the left winding 110
of relay 8430 over conductor 3440 through the
decoder connector, conductor 2730, outer
lower front contact of relay 1140, outer up-
per front contact of relay 1206, conductor
9906, to battery over cam 2205, operating re- 115
lay 8480 at once and eliminating the check
of the conductors connecting the code regis-
ters with the incoming registers of the de-
coder as described for a first trial. If the
decoder does not operate correctly on the sec- 120
ond trial the ground connected to conductor
2830 shunts relay 1141, again opening the
start circuit. Since relay 1140 is locked in-
dependently, the start conductor is held open
and no additional attempt is made to com- 125
plete the call. These circuit features of the
decoder form the subject matter of an appli-
cation in the name of W. W. Carpenter,
Serial No. 423,313, filed January 25, 1950.

If the decoder is not released promptly the 130
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operation of relay 3517 causes an alarm to be
sounded.

If it is desired to make a peg count of the
use of the decoder, key 3530 is operated sup-
plying ground to the left armature of relay
3500. Ten successive operations of relay 3500
causes a cycle of operations of relays 8521 to
3528. Relay 3528 which is the last to operate
grounds conductor 8529 to operate a meter.

What is claimed is:

1. In a telephone system, an automatic
switch, a register sender, means for recording
the designation of a called office and the num-
ber of a called subscriber at that office, means
in said sender for controlling said automatic
switch to extend a connection to a wanted of-
fice and means to transmit the number of the
called subscriber to said office by directive
pulses, code pulses of varying strength and
polarity or voice currents 1n accordance with
the nature of the office to which the call has
been extended.

2. In a telephone system, a first office, a
second office employing operators, a third
office employing step-by-step switches, a plu-
rality of registers in said first office, means
to record wanted subscribers numbers on said
registers, means to extend connections to said
second and third offices, means to generate
voice currents representing the elements of
called numbers, means to generate directive
pulses, means for connecting said voice cur-
rent generating means or said pulse generat-
ing means to an extended connection in ac-
cordance with the office to which said connec-
tion has been extended and means common to
said two generating means for bringing either
of said generating means under the successive
control of said registers.

3. In a telephone system, a first office, a
second office employing operators, a third of-
fice employing step-by-step switches, a plu-
rality of registers in said first office, means
to record wanted subscribers numbers on said
registers, means to extend connections to said
second and third offices, means to generate
voice currents representing the elements of
called numbers, means to generate directive
pulses, means for connecting said voice cur-
rent generating means or said pulse generat-
ing means to an extended connection in ac-
cordance with the office to which said connec-
tion has been extended, means common to said
two generating means for bringing either of
said generating means under the successive
control of said registers, and separate means
for determining the numerical value of the
currents or pulses to be transmitted.

4. In a telephone system, a first office, a
second office employing operators, a third
office employing step-by-step switches, a plu-
rality of registers in said first office, means to
record wanted subscribers numbers on said
registers, means to extend connections to said
second and third offices, means to generate
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voice currents representing the elements of
called numbers, means to generate directive
pulses, means for connecting said voice cur-
rent gererating means or said pulse generat-
ing means to an extended connection in ac-
cordance with the office to which said connec-
tion has been extended, means common to said
two generating means for bringing either of
said generating means under the successive
control of said registers, separate means for
determining the numerical value of the cur-
rents or pulses to be transmitted, and means
common to said two generating means oper-
ated under the control of the registers for op-
erating said separate determining means.

5. In atelephone system, a first oflice, a sec-
ond office employing operators, a third office
employing step-by-step switches, a plurality
of registers in said first office, means to record
wanted subscribers numbers on said registers,
means to extend connections to said second
and third offices, means to generate voice
currents representing the elements of called
numbers, means to generate directive pulses,
means for connecting said voice current gen-
erating means or said pulse generating means
to an extended connection in accordance with
the office to which said connection has been
extended, and a relay sequence switch com-
mon to said generating means for bringing
either of said generating means under the
successive control of said registers for caus-
ing the sequential transmission of the digits
of a number.,

6. In a telephone system, a first office, a sec-
ond office employing operators, a third office
employing step-by-step switches, a plurality
of registers in said first office, means to record
wanted subscribers numbers on said registers,
means to extend connections to said second
and third offices, means to generate voice
currents representing the elements of called
numbers, means to generate directive pulses,
means for connecting said voice current gen-
erating means or said pulse generating means
to an extended connection in accordance with
the office to which said connection has been
extended, a relay sequence switch common to
said two generating means for bringing either
of said generating means under the successive
control of said registers for causing the se-
quential transmission of the digits of a nuin-
ber, and means common to said generating
means for varying the order of transmission
of said digits.

7. In a telephone system, a first office, a
second office employing operators, a third
office employing step-bv-step switches, a plu-
rality of registers in said fivst office, means to
record wanted subscribers numbers on said
registers, means to extend connections to said
second and third offices, means to generate
voice currents representing the elements of
called numbers, means to generate directive
pulses, means for connecting said voice cur-
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rent generating means or said pulse generat-
ing means to an extended connection in ac-
cordance with the office to which said con-
nection has been extended, a relay sequence
switch common to said two generating means
for bringing either of said generating means
under the successive control of said registers
for causing the sequential transmission of
the digits of a number, means under the joint
control of said sequence switch and said voice
current generating means to introduce a pause
between certain digits and means under the
joint control of said sequence switch and said
pulse generating means to cancel said pause.

8. In atelephone exchange system, an auto-
matic switch, means for recording the num-

‘ber of a wanted subscriber, means to generate

pulses, means to assoclate said pulsing means
with said automatic switch to operate said
switching means under the control of said
recording means, means for counting the
number of impulses transmitted, means con-
trolled by said counting means for disabling
said pulsing means and means to reoperate
said counting means to measure a time inter-
val following the operation of said switch.

9. In a telephone exchange system, a plu-
rality of automatic switches, means for re-
cording the number of a wanted subscriber,
means to generate pulses, means to associate
said pulsing means with said automatic
switches to operate said switches, means un-
der the control of said recording means for
counting the number of impulses transmitted,
means controlled by said counting means for
disabling said pulsing means and means to
reoperate said counting means to measure a
time interval following the operation of each
of said switches.

10. In a telephone exchange system, an
automatic switch, means for recording the
number of a wanted subscriber, means to gen-
erate pulses, means to associate said pulsing
means with said automatic switch to operate
said switch, means under the control of said
recording means for counting the number of
impulses transmitted, means controlled by
said counting means for disabling said puls-
ing means, and means to reoperate said count-
ing means to a predetermined extent to meas-
ure a time interval following the operation
of said switch.

11. In a telephone exchange system, an
automatic switch, means for recording the
number of a wanted subscriber, means to
generate pulses, means to associate said puls-
Ing means with said automatic switch, a plu-
rality of counting relays, means to operate
said plurality of counting relays under the
control of said recording means for count-
ing the number of impulses transmitted,
means controlled by said counting relays for
disabling said pulsing means, and means to
reoperate a predetermined number of said
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counting relays to measure a time interval
following the operation of said switch.

12. In a telephone system, a first office, a
plurality of other offices, means at said first
office to register the digits of a wanted sub-
scriber’s number including an office designa-
tion and a numerical designation, means for
generating directive pulses, means at said
first office operated under the control of said
office designation to extend a connection to
any one of said other offices, means thereupon
effective to operate said pulse generating
means to transmit a plurality of said record-
ed digits to said other office to control the
completion of the connection and means also
under the control of said registered office
designation to determine how many of said
digits shall be transmitted to said other office.

18. In a telephone exchange system, a first
office, a plurality of other offices, means at
said first office to register the digits of a
wanted subscriber’s number including an of-
fice designation and a numerical designation,
means for generating directive pulses, means
at said first office operated under the control
of said office designation to extend a connec-
tion to any one of said other oflices, means
thereupon effective to operate said pulse gen-
erating means to transmit a plurality of said
recorded digits to said other office to control
the completion of the connection, and means
also under the control of said registered office
designation to determine whether the digits
of said recorded office designation shall be
transmitted to said other office.

14. In a telephone exchange system, a
first office, a plurality of other offices, means
at said first office to register the digits of a
wanted subscriber’s number including an of-
fice designation and a numerical designation,
means at said first- office operated under the
control of said coffice designation to extend a
connection to any one of said other offices,
means thereupon effective to transmit a plu-
rality of said recorded digits to said other
office to control the completion of the connec-
tion and means also under the control of said
registered office designation to determine
how many digits of said recorded office desig-
nation shall be transmitted te said other of-
fice.

15. In a telephone exchange system, a first
office, a plurality of other offices, means at
said first office to register the number of a
wanter subscriber including an office desig-
nation and a numerical designation, means at
said first office operated under the control of
said office designation to extend a connection
to any one of said other offices, means there-
upon effective to transmit a plurality of said
recorded digits to said other office to control
the completion of the connection, means also
under the control of said registered office des-
ignation to determine how many digits of
the office designation shall be transmitted to
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said other office, and means under the control
of a particular part of said office designa-
tion to prevent the transmission of any digits
of said office designation.

16. In a telephone exchange system, a first
office, other offices, automatic switches at said
other offices, a plurality of registers at said
first office, means to operate said registers to
record the digits of a called subscriber’s office
designation and numerical designation,
means under the control of said office desig-
nation to control the extension of a connec-
tion to one of said other offices, pulse gen-
erating means, means to associate said pulse
generating means with said extended connec-
tion to transmit sets of pulses to control the
antomatic switches at said other office, means
to successively associate said generating
means and said registers to control the num-
ber of pulses in each set to be transmitted to
said other office, and means also under the
control of said registered office designation
for determining which registers shall be as-
sociated with said generating means.

17. In a telephone exchange system, a first
office, other offices, automatic switches at
said other offices, a plurality of registers at
said first office, means to operate said regis-
ters to record the digits of a called subserib-
er’s office designation and numerical designa-
tion, means under the control of said office
designation to control the extension of a con-
nection to one of said other offices, pulse gen-
erating means, means to associate said pulse
generating means with said extended connec-
tion to transmit sets of pulses to control the
automatic switches at said other office, a
chain of relays to successively associate said
generating means and said registers to con-
trol the number of pulses in each set to be
transmitted, and means also under the con-
trol of said registered office designation for
determining which of said chain of relays
shall be initially energized to control the
number of sets of impulses to be trans-
mitted.

18. In a telephone exchange system, a first
office, other offices, automatic switches at said
other offices, a plurality of registers at said
first office, means to operate said registers to
record the digits of a called subscriber’s office
designation and numerical designation,
means under the control of said office desig-
nation to control the extension of a connec-
tion to one of said offices, pulse generating
means, means to associate said pulse generat-
ing means with said extended connection to
transmit sets of pulses to control the auto-
matic switches at said other office, a chain of
relays to successively associate said pulse
gcnerating means and said registers to con-
trol the number of pulses in each set to be
transmitted, means also under the control of
said registered office designation for deter-
mining which of said chain of relays shall be
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initially energized to control the number of
sets of impulses to be transmitted, and means
under the control of a particular one of said
registers for canceling the corresponding set
of tmpulses.

19. In a telephone system, a first office, a
second office, a register sender for said first
office, means to record the designation of a
wanted subscriber on said register sender,
means under the control of said sender to ex-
tend a connection between said first office and
said second office, means in said sender to
generate voice currents corresponding to the
elements of telephonic designations, means
responsive to the establishment of said con-
nection to transmit to said second oflice the
voice currents corresponding to the recorded
designation, means automatically responsive
to the completion of said transmission to dis-
associate said generating means from said
connection, and means controlled at said sec-
ond office for disassociating said generating
means from said connection.

In witness whereof, I hereunto subscribe
my name this 29th day of September, 1930.

THOMAS H. ROBERTS.
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