1,855,779

5 Sheets-Sheet 1

tig

LEEr S.Thar’}:.
H

V. S. THARP
TELEPHONE SYSTEM

April 26, 1932.

Filed July 21, 1930

o 61

¥S

T | sl o] |
val . 0y zof Y510 :
T TIN9IS OL. _ b h«.&, . :
s i D ) 3 L
W51 2 4hE r 1
-8 . . . # & &N/ wm \@
29/ q E . 1% symg
| 25/ ﬁ M% .68 8¢ s w\. f INOL s
\.wv\ % INLASHE T [ IW0L TVIG =1~
z = z6/
5 ,\/ Wetl ;w
LN, 5/
1/
EM\\ 02/
£e/\ %/
i = V4
2 \N Tm\ 0 | |
, #41 =04/ 43214V T0d Sl sz iod
el /S
o/~ 80 D = 20" o ”
= T A Nm\\w\g ol e .l
vl A2 - s ]
—= %\
czy



1,855,779

V. S. THARP
TELEPHONE SYSTEM

April 26, 1932.

5 Sheets-Sheet 2

Filed July R21,.1930

7 .Y AT73 , n
A ™ B e 7 ._ ,_‘ &
PV 7 1 B0
V9 |57~ CH dizevias — ——.92 | |E
L92” — N ) Lt +m |
oo | 56z 6/Z ol
922’ r | =
=~ 7% L
L.w v .\\“NN
ez’ o |, ] —
—T . X ]
$% | A w% & = W ] 2 &
. Mmun. H” : \,F__ ih %% % &_,w Pz § 1 %&WN“ n@xw& T \&wﬂ :
\ \N x] ] 4\ XL 4J u L . Qm, /< ng y
ve %_eo Gz 1 wr 3|2} « Lol
£92 252 7 17 R ) VIAA
% (= N ) 922
/7 nw\m €70
o5z P
) 474 .l 0zZ L —
T &~/ 17 (g2 el 3
. \ : X z . (2 JAJ
19 152 opf — 21z
z S = Ui J
74
96/ w7
/4 _. A
_ |« «/

At



1,855,779

V. S. THARP
TELEPHONE SYSTEM

April 26, 1932.

5 Sheets—-Sheet 3

Filed July 21, 1830

= &

\"Slivr 23110 Of

~N
l\\ i

Ao ol L ™y O
—

ASH
2

JED

LN 3302

“!Q\\

N72

7 ~LE

II'LUEH or—

gl 90

-'LE.‘-DI" 5 ThEI‘P

196 7%

. m\n
wwﬁ.ww_lﬂ&p
A g :
g ( £ :w oiy||E
/

\ et 1

(YA

1T 14%

] cox”

ZI—.

=L 197"

29" /
19" o9t



1,855,779

V. S. THARP
 TELEPHONE SYSTEM

April 26, 1932

Filed July 21,

5 Sheets-Sheet 4

1930

Z.

/. J

/AR YA : h\v/ ,
_ PP \5 ot ~——
L0 9*
(26 Kt | a3z 704
: gp| |
0 wf A&.;_.w&rﬂw wrfly | AR 1R
s AR A —Tzr o
D 52# 224 1
. ro—"07%
7 e /2 7
2 I I rmmwn%
AL s
4 Vi 4 Q\w\.ul...l
= I ] ls = | IS
| T . ...|IVI : Iv-.. ™ O
Al
¢l
A www\ R e ) -~ ¢S
cr’

[FTenier
el B 7"harju




1,855,779

V. S. THARP
TELEPHORE SYSTEM )

April 26, 1932.

Filed July 21,

5 Sheets-Sheet 5

1930

—
3 - 2 2 a
zy =1 s P 7
N1 ms
y il L +m
o o
- ——dp [ | B4 H.\.Q\ Mgnln 5
200 7700 .
0207 7701 \Iww -
=
e _ o
= = =
T
J /67
- " - : \\ 7 o
- / : £65° zo¢ \ 1L
9203 710 r 13 (V> , s ___
625 : m\%gﬂl/lj Xovg owiy
: %
5 14 s T G T g U5
- %N.m./ < | < “N«u\.ﬂl.__
\ -
4 w
— ld _
Hy- ———0 o [V 1He m
o7 206 0 = .
M\ N - L(“,Nuﬂn \ﬂ.I 4 . m.\\- Nm.* ~
. N —— e — RSB
| 25—«

L&



40

45

Patented Apr. 26, 1932

UNITED STATES

1,855,779

PATENT OFFICE

VICTOR 8. THARP, OF ELMHURST, ILLINOIS, ASSIGNOR, BY MESNE ASSIGNMENTS, TO
ASSOCTATED ELECTRIC LABORATORIES, INC, OF CHICAGO, ILLINOIS, A CORPORA- -

TION OF DELAWARE

TELEPHONE SYSTEM

Application filed July 21, 1930. Serial No. 469,530.

This invention relates to telephone systems

i general, particularly to muiti-office tele-

phone systems which include satellite or sub-

exchanges and in which connections are com-
6 pleted through the medium of automatic
switches. The invention has for its object
the provision of new and improved cireuits
and apparatus for intercennecting the va-
rious exchanges of such systems to provide
reliable and efficient local, toll and auxil-
lary services.

It is common  practice in present day tele-
phone systems of the above type to centralize
the toll and auxiliary service switchboards
in one exchange of the system and to connect
this exchange with the other exchanges of the
system with a separate group of trunk lines
for each class of service. Trunking arrange-
ments of this type are entirely satisfactory
when the exchanges are close together and
the inter-connecting trunk lines are relative-

v short. When long and expensive trunk
lines ‘are required, however, economic con-
siderations require that these be reduced to
a minimum. This may be accomplished by
increasing the eficiency of the trunking sys-
tem, for example, by carrying all traffic over
one - large trunk group instead of over a
number of separate, smaller trunk groups.

There are numerous obstacles in the way
of using a single group of trunk lines for all
classes of calls, particularly when a satellite
or sub-éxchange is involved. This is due to
a large extent to the inter-connection of the
sub-exchange and the associated main ex-
change for the purpose of maintaining a uni-
form numbsring arrangement in the system.
Hurther difficulties arise when it is necessary
to discriminate bhetween different classes of
calling lines 'as is usually the case when toll
service is handled on the se-called C. L. R.
basis. The desirability of using the more or
less gtandard numbering codes for the va-
rious auxiiiary services such ss information,
complaint, toll, ete., must also be considered
in designing the trunking system.

The foregoing difficulties and others have
been overcome in the present invention of
which one of the main- features is the ar-
rangement whereby all traffic between a sub-
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exchange and a main exchange may be han-
dled over a single efficient group of trunk
lines while maintaining a uniform number-
ing arrangement throughout the system. -

Another feature provides for identifying
both the class of a calling line and the origi-
nating exchange on calls to the toll recording
position. ‘

Another feature is the arrangement where-
by a repeater may be automatically inserted
in a connection extending to the toll record-
ing position to increase the transmission ef-
ficiency in case the call is to be further ex-
tended on a C. L. R. basis.

A further feature resides in the novel
switching selector repeater for use in sub-
exchanges of a multi-office system.

A still further feature is the arrangement
for controlling the coin mechanism of pay-
station  lines on calls extended over long
trunk lines.

An incidental feature is the arrangement
of the code ringing party line connector for
automatic hunting when such is required.
This feature is particularly desirable in
small exchanges in which few subscribers
have more-than one line listed under a single
directory number. ‘

The foregoing features together with
others not specifically mentioned will be dis-
cussed in detail, reference being had to the
accompanying drawings which disclose the
invention in one of its narrower phases.
These drawings, comprising Figs. 1 to 5, in-
clusive, show, by means of the usual circuit
diagrams, sufficient apparatus in a system
embodying the invention to permit the in-
vention to be readily explained and under-
stood. Fig.1showsapparatus at the satellite
exchange including a switching selector re-
peater. Fig. 2 shows a repeater associated
with a trunk connecting the satellite ex-
change with the main exchange. Fig. 3
shows a connector associated with the re-
peater of Fig. 2. Fig. 4 shows various
switching units of the main exchange, of
which only the repeater associated with the
trunk extending to the satellite exchange is
shown in detail. Fig. 5 shows the manual eir-
cuits for the toll operator’s position.
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Referring now to Fig. 1, there is shown an
ordinary automatic substation T associated
with a subscriber’s line terminating in line-
switch LS. Lineswitch LS is of the well
known rotary type arranged for class of serv-
ice tone. This lineswitch together with
other similar lineswitches associated with
other subscribers’ lines in the satellite ex-
change have access to the trunks terminating
in switching selector repeaters, of which the
trunk terminating in selector repeater SR
is shown. In case there are paystation lines
in the system there will be a repeater of the
type disclosed in United States patent to
Wicks, No. 1,649,430 of November 15, 1927
connected in the primary trunk over which
such lines have access to the selector repeat-
er SR. Selector repeater SR is of the well
known Strowger type and associated there-
with is a- rotary lineswitch 1.S1, which in
common with other similar lineswitches has
access to outgoing trunks to the main ex-
change. The switching selector repeater
likewise has access to these trunks by way of
the first level of its banks, and over other
bank levels has access to local connectors in
the satellite exchange. One or more levels of
these switches are set aside for switching
purposes according to the usual practice.

Repeater B shown in Fig. 2 is associated
with a trunk incoming from the main ex-
change and also with an incoming connector.
This trunk and other similar trunks are ac-
cessible to the rotary lineswitches, sucl as
L:S1, and to the switching selector repeaters,
such as SR. Repeater R and the associated
connector IC of Fig. 8 are similar in general
to the corresponding switches disclosed in
the co-pending application of Tharpe et al.,
Serial No. 250,232, filed January 28, 1928,
Patent No. 1,792,452, Feb. 10, 1931, modified,
however, in accordance with the require-
ments of the present invention.

Incoming connector IC of Fig. 8 is asso-
ciated individually with the incoming re-
peater of Tig. 2 and functions in both local
and toll calls. The connector shown ig of
the. ten-party code ringing type, although
obviously a single party or rotary connector
may be employed if required. The local
connector C shown in skeleton form in this
figure has access to various subscribers’ lines
of the satellite exchange in common with
connector IC, and may be of the general type
disclosed in the United States Patent to Ray
et al., Serial No. 1,606,446 of November 9.
1926, modified for automatie hunting as
shown in connector IC.

Fig: 4 is concerned primarily with the
trunking arrangements of the main exchange.
Outgoing repeater TR is associated with the
previously mentioned trunk connecting the
main exchange and the satellite exchange.
A branch of this trunk extends to incoming
selector S3 through which access is had e

1,855,779

the switching apparatus of the main ex-
change. Substation T2 is an ordinary auto-
matic substation whose associated line ter-
minates in lineswitch LS2, through which
access is had to the exchange first selectors,
such as 81. Lineswitch LS2 may be similar
to lineswitch LS previously referred to. The
banks of the incoming selector $S3 are mul-
tipled with those of the local first selector Si,
so that these switches have common access to
the main exchange switching apparatus. Se-
lector 54 is a so-called special second selector
which is accessible in the first level of the
banks of the preceding rank of switches.
These special second selectors have access to
special third selectors through the first level
of their banks, while the remaining levels ave
multipled back with correspending levels of
the preceding rank of switches. The special

third selectors, such as 85, have access to

special service trunks, such as information,
complaint, toll recording, ete. Only the toll
recording trunk is shown since the others are
not particularly concerned with the inven-
tion. The special service trunking arrange-
ment described above is more or less standard
in present day telephone types, and is shown
and described in Automatic Telephone Prac-
tice by H. E. Hershey, third edition published
in 1920, pages 208 to 210, inclusive.

The incoming selectors and local first se-
lectors also have access to the regular selec-
tors of the main exchange of which selector
S2is shown. The selectors. such as $2, have
access to connectors, such as Cl. which in
turn have access to the main exchange sub-
scribers’ lines. The selectors-and connectors
may be of the ordinary Strowger type similar
in general to those shown on pages 60 and
38, respectively, of the above referred to
Hershey publication.

Repeater TR of Fig. 4 is a well known type
of impulse repeater associated with the
trunks extending to the satellite exchange.
This repeater functions to repeat the dialled
impulses over the trunk on local calls.

In Fig. 5 is shown a recording trunk RT
and a toll dialling trunk TT. The recording
trunk is arranged for the so-called C. L. R.
service, that is, requests for toll service com-
ing in over this trunk may be forwarded di-
rect without requiring a new connection to
be set up over the toll switch train. The
trunk is accessible in the banks of the special
third selecters and is reached by diailling a
special code number, for example the number
110, which is set aside for this service and
listed as such in the directory. The trunk is
equipped with a tone cut-off key and the
usnal jack and signal Jamps.

The toll trunk is equipped for dialling over
a separate dial jack and is arranged for the
usual supervision. A dialling cord smitable
for operation of the trunk is shown in the
previcusly referred to Tharpe et al. patent.
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The trunk circuit is individual to the inter-
coffice trunk extending to the satellite ex-
change, a branch of the trunk extending di-
rectly to the toll trunk for incoming calls.

Both of the above trunk circuits are old
and well known and have been shown to
more clearly illustrate the operation of the
invention. The trunk circuits are arranged
to operate with the ordinary manual toll cord
circuits commonly used for this type of serv-
ice. : -

The operations involved in setting up va-
rious connections of this system will be de-
scribed briefly in the following paragraphs.
A call originating in the satellite exchange
ig extended to an idle switching selector re-
peater. The rotary lineswitch associated
with the switching selector repeater operates
to select an idle trunk to the main exchange
terminating in an incoming selector thereof.
The switching selector repeater and the in-
coming selector operate in synchronism in re-
sponse to the first digit of the called number.

n case this number indicates that the call
is for a subscriber in the satellite exchange,
the trunk to the main exchange is released
and the selector repeater connects with a
trunk terminating in an idle local connector.
The lecal connector responds to the remain-

¢ ing digits of the called number and extends

a connection to the called line in the usual
way. :

In the case of a call directed to a sub-
scriber in the main exchange, the switching
selector repeater is stepped to a level assigned
for main exchange calls. The switching test
wiper on finding the special switching condi-
tion, disables the selector from further oper-
ation and the ecall then proceeds over the
trunk line and main exchange switches to the
called subscriber.

A satellite exchange subscriber on calling
the tool recording operator initiates a call as
in the previous case but dials the usual code
number, for example 110." The selector re-
peater and the incoming selector at the main
exchange operate in synchronism, the latter
switch selecting an idle special second selec-
tor. The switching selector repeater then
automatically sets its wipers on the contacts
1 with the trunk over which the-call

an

associated
was extended by the rotary lineswitch, but
does not connect with the trunk at this time.
The Hueswitch associated with the selector
repeater marks the particalar interoffice trunk
selected inthe bank of the switching selector
repeater so that the wipers may be positioned
as above described. The subscriber then
dials the final digits of the code number; op-
erating the special second selector and the
special third selector to extend a connection
to an idle recording trunk. This trunk is
so arranged that the battery and ground con-
nections to the trunk conductors are opposite
to corresponding connections of the selectors

3

and connectors. Thus when the special third
sélector seizes the recording trunk, battery is
reversed over the interoffice trunk and cer-
tain switching operations are initiated in the
selector repeater causing this switch to seize
the trunk previously selected. The calling
line is then extended to the trunk by way of
the selector repeater and the trunk repeater
R, and the previous connection by way of the
Lineswitch 191 is released: Repeater R now
sends out an impulse of ringing current which
operates the ring-down relay of the toll trunk
TT. The signal associated with the toll
trunk is operated and the branch of the trunk
over which the connection was originally ex-
tended to the recording trunk is disconnect-
ed, thereby releasing the switch train in the
main office and also the previously connected
recording trunk.  The call will be answered
by the tool operator and completed by means
of a toll cord in theusual way. The routing
of this incoming call to the toll position indi-
cates to the operator that the call has origi-
nated in the satellite exchange and may,
therefore, be handled in the manner required
by local conditions.

Ordinary toll recording calls originating
in the main exchange are trunked over the
special switch train to the recording position
and answered at that position. The lines
may be arranged for discriminating service,
in which case a tone will be connected to
the release trunk conductor to mnotify the
operator of the class of line originating the
call. The operator may remove this tone by
operating the tone removal key, and the call
may - be extended over a regular cord circuit
in the usual way.

Subscribers in the main exchange may call
subscribers in the satellite exchange by dial-
ling the regular directory number. The call
is extended over a level in the first selector
and by way of an outgoing repeater, an in-
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teroffice trunk line, incoming repeater, such -

as R, and an incoming connector IC.

Toll connections to subscribers in the satel-
lite exchange are set up over the toll trunk
circuit T'T, outgoing repeater TR, trunk line,
incoming repeater R and connector IC. The
toll operator connects with a trunk line by
means of 2 regular toll cord inserted in jack
J. The dialling cord is then inserted in jack
J1 and the number of the called subsecribers
dialled. - Connector IC vesponds to dial im-
pulses and extends the connection to the
wanted line. In casethe called line is a pay-
station line the toll operator may refund
or collect coins by applying either refund or
collect current to the talking conductors of
the trunk in the usual way. This special cur-
rent. controls a polarized relay in the in-
coming repeater R which in turn applies cor-
responding current to the talking conductors
of the called line.. This arrangement is nec-
essary when the interoffice trunks are rela-

110

120

125

130



30

35

40

(973
[~}

o

4

tively long, in which case the resistance of
the trunk renders the operation of the coin
control apparatus somewhat unreliable when
the source of the current is at the distant
exchange. .

Having briefly described the apparatus
and the operations involved in setting up
various connections in the system, a detailed
description of the operation will now be
given. It will be assumed firgt that the sub-
scriber at substation T calls the subscriber
at substation T1. both of which are located in
he satellite exchange. When the receiver
islifted at substation T a loop circuit is closed
over the calling line, and lineswitch LS op-
erates in the well known manner to select an
idle trunk, for example the trunk compris-
ing conductors 7—9. The calling line loop is
extended to a switching selector repeater,
such as SR, over wipers 4 and 6 of the line-
switch, trunk conductors 7 and 9, normally
clesed contacts 126 and 164, normally closed
contacts 131 and 133, through the upper and
lower windings of relay 103, respectively, to
battery and ground. Relay 103 operates,
completes a circuit for relay 104 at contacts
135, and completes a circuit for lineswitch
L.S1 at contacts 187.  Relay 104 operates and
connects a holding ground to release trunk
conductor 8 at contacts 138, prepares the im-
pulsing eircnit at contacts 139, opens a point
in the release magnet cireuit of contacts 140,
and prepares the switching circuit of the
lineswitch LS1 at contacts 141, Line relay
72 of lineswitch 151 operates over a circuit
extending from ground, winding of relay 52.
contacts 56 and 137, lower winding of polar-
ized relay 102, normally closed contacts 120
of the shaft springs, contacts 145, 59 and 84,
to battery. Polarized relay 102 does not op-
erate at this time since its upper winding is
energized from ground at contacts 138 and
opposes the Jower winding which is energized
in series with relay 52. The operation of re-
lay 52 completes 2 number of circuits, only
the test circuit through contacts 60 being ef-
fective, however, at this time. ~Assuming
that the wipers of the lineswitch are standing
on contacts associated with a busy trunk at
this time, wiper 67 will encounter a ground
from contacts corresponding to contacts 84’
of the associated chain relay. This ground
extending by way of contacts 54 and 60, in-
terrupter contacts 66, through the winding of
the stepping magnet to battery, energizes
the stepping magnet which interrupts its own
cirenit contacts 66, The magnet on deener-
gizing advances the wipers to the next set
of contacts which are tested in the same man-
ner, and if these contacts also are busy, the
wipers are advanced a step further. This
operation is repeated until an idle trunk is
found which will be assumed to be the trunk
comprising conductors 72—74. Relay 51,

' which was prevented from operating during

1,855,779

the hunting since its winding was short-
circuited by the ground on wiper 67, ener-
gizes when an idle trunk is encountered over

a circuit extending from ground at contacts

141, winding of relay 51, interrupter contacts
66, winding of stepping magnet 53, to bat-
tery. The stepping magnet does not ener-
gize in series with relay 51 due to the high
resistance of the relay. Relay 51 upon ener-
gizing completes 1 holding cireuit for relay
52 in series with the stepping magnet at con-
tacts 55, and extends the previously traced
lcop, over which relay 52 was operated, to
conductors 72 and 78 by way of contacts 57
and 58 and contacts 61 and 62. Chain relay
82 associated with the frunk is energized
from ground at contacts 64 and wiper 70, and
the particular trunk in use is marked in the
first level of the selector repeater banks, by
ground at contacts 65, wiper 71 and conductor
157. Ground on conductor 74 also extends
by way of contacts 237 and 241 to relay 202,
which energizes and completes a cireunit for
relay 201. Relay 201 energizes and discon-
nects repeater R from the trunk. The pre-
viously referred to lcop from the selector re-
peater is extended cver conductors 72 and 73
of the trunk connecting the satellite exchange
with the main exchange and through contacts
410 and 413 to the line relay of incoming se-
lector 3. The line relay of the selector ener-
gizes in the usnal way and prepares the se-
lector to respond to the dialled impulses.
The foregoing operations take place re-
sponsive to the initiation of the call. When
the subscriber dials the first digit of the
called number, relay 103 responds the usual
way and with each retraction of its arma-
ture completes a circuit from ground, con-
tacts 136, 130 and 189, through the winding
of relay 105, to battery, and in parallel there-
with, through contacts 155, winding of ver-
tical magnet 110, to battery. The vertical
magnet responds and raises the wipers step-
by-step to the called level, which will be
assumed to be the level in which the trunk
comprising conductors 160-162 is accessible.
Relay 103 also interrupts the loop extending
to the main office at contacts 137 and selector
S8 operates in synchronism with the selector
repeater SR and raises its wipers to the cor-
responding level. Relay 105 energizes in re-
sponse to the first impulse transmitted to the
vertical magnet, and, due to its slow-to-
release characteristics, remains operated
throughout the series of impulses. The
lower winding of relay 102 is short-circuited
by the closure of contacts 144 to improve
impulsing over the trunk. A circuit for
stepping relay 107 is prepared at contacts
142 and the circuit of the rotary magnet is
opened at contacts 143. Cff-normal contacts
115 and 116 close when the wipers are stepped
from normal position, the latter contacts
completing a circuit for relay 108 which
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energizes and completes a circuit for relay
107. Relay 107 operates and completes a

locking circuit for itself which may be traced:

via contacts 150 and ‘154, eleventh position
cam contacts 118, interrupter contacts of the
rotary magnet, contacts 148, to ground on
release trunk conductor 8. Relay 107 also
prepares a circuit for the rotary magnet by
closing contacts 149. Shortly after the last
impulse of the series, relay 105 releases and
closes a circuit for the rotary magnét at con-
tacts 143. The magnet operates and steps
the wipers of the switch in on tie first set
of contacts of the called level, at the same
time opening the locking circuit of relay 107
at the interrupter contacts. Relay 107 re-
stores and opens the circuit of the rotary
magnet. In case the t{runk encountered is
busy, wiper 128 will find a ground which
extends by way of contacts 153 and 128, inter-
rupter contacts of the rotary magnet, cam
contacts 118, contacts 154 and 150, winding of
relay 107, to battery to reoperate relay 107
which repeats the cycle of operations pre-
viously described for stepping the switeh to
the next set of contacts. It will' be noted
that the circuit for relay 107 also extends
through the winding of relay 101 to ground
on the release trunk conductor. Relay 101,
however, is prevented from operating at
this time since it is shunted by the ground
on the test wiper. When an idle trunk is
encountered, for example the trunk compris-
ing conductors 160—162, the shunt will be
removed from relay 101 and that relay will
operate in series with relay 107." Relay 107
is prevented from operating due to the high
resistance of relay 101. Relay 101 in oper-
ating disconnects the calling loop from line
relay 108 and extends it by way of contacts
127 and 163, wipers 122 and 125, conductors
160 and 162, to the line relay of connector C
which operates. Relay 103 restores and
opens the circuit of relay 104 which likewise
restores after a slight delay to allow time
for the connector to return the holding
ground on the release trunk. Relay 103 on
restoring also opens the circuit extending
to the main exchange, thereby releasing
selector 83 and relay 104 opens the holding
cireuit for relays 51 and 52 of lineswitch
.51, which restore. Lineswitch LS1 and
the trunk are now in normal condition, and
the trunk is available for other calls. -The
subscriber then dials the final digits of the
called number, operating connector C in the
well known manner to extend a connection to
the called subscriber’s line, which is sig-
nalled in the usual way.

When the subscribers finish talking, the
subscriber at substation T on hanging up the
receiver opens the loop circuit and the line
relay of the connector deenergizes. Ground
is removed from the release trunk which per-
mits relay 101 of selector repeater SR to re-

5

store and complete the circuit of the release
magnet at contacts 130. Release magnet 112
operates to restore the switch wipers to nor-
mal position in the usual manner and line-
switch LS, of course, restores in the usual
manner likewise.

It may be noted at this point that the
incoming selector at the main exchange is
arranged to apply dial tone to the calling
loop. This tone is audible to the calling
subscriber who is connected to the loop
through the talking condensers of the selector
repeater SR. In the évent that all trunks
to the main exchange are busy, it is necessary
that the subscriber receive a dial tone so that
local calls may be completed if desired. A
call originating under these conditions will
operate selector repeater SR as in the previ-
ous instance. However, relay 81 will operate
over a circuit including contacts 83, 83’ and
83" of the chain relays, such as 82, associated
with the outgoing trunks. The previously
traced operating circuit for relay 52 will be
incomplete due to the opening of contacts 84,
hence, relay 52 will not operate as in the
previous connection.  Relay 51, however,
will operate as hereinbefore explained and a
circuit may be traced from the dial tone gen-
erator, contacts 152, 63, 58 and 145, upper
talking condenser, to the upper talking con-
ductor of the trunk, and thence to the called
subscriber. The tone will inform the sub-
scriber that an idle switch has been taken into
use and the dialling may proceed. The call,
if for a local subscriber, will proceed as previ-
ously described with the exception that no
circuit will be completed for the incoming
selector at the main exchange. If the call
is for a subscriber in the main exchange, how-
ever, further switching operations are: in-
volved which will be deseribed in later para-
graphs.

A call from the subscriber T in the satellite
exchange to subscriber T3 in the main ex-
change will now be considered. Initiation of
the call operates selector repeater SR and
lineswitch SL1 as in the previous case. The
subscriber dials the fivst digit and the selector
repeater and incoming selector S3 respond as
in-the previous connection. In this case,
however, the wipers of the selector repeater
are raised to a switching level, and, when
the switch rotates on this level, wiper 124
encounters a grounded contact which com-
pletes a circuit for relay 109. Relay 109 in
operating disconnects test wiper 123 at con-
tacts 153, opens the circuit of relay 107 at
contacts 154, and disconnects the rotary mag-
net at contacts 155.  The wipers of the
switch, therefore, remain on the first set of
contacts of the called level, but switching
relay 101 is prevented from operating due to
its circuit being open at contacts 154. Relay
108 responds to subsequent digits of the called

-number and repeats the digits over the trunk

70

75

80

86

00

96

100

105

110

115

120

130



. connection to the called line.

15

30

40

45

50

60

6

line to operate selector $3, a main exchange
seconid selector, such as selector 82, and a
connector, such as connector C1, to extend the
Connector {1
will signal the called subscriber in the usual
way and on the subscriber answering will
reverse battery over the trunk. Polarized
relay 102 of selector repeater SR operates
since its two windings will now assist each

' other, and reverses the connection of line

relay 103 to the calling subscriber’s line for
metering or other purposes.

When the subscribers finish talking and
restore their receivers, the opening of the
calling loop permits relay 103 to deenergize,
and this relay in turn opens the loop extend-
ing to the main exchange. Selector repeater
SR releases in the usual way followed by the
release of lineswitch LS1 and the switches in
the main exchange.

In case all trunks to the main exchange are
busy when a call is initiated as above, selector
repeater SR operatesas previously described,
but lineswitch 1.1 remains unoperated. Fol-
lowing the dialling of the first dinit which
designates the call as for main exchange sub-
seriber, relay 109 operates and relay 107 de-
energizes as previously described, and a busy
tone returned to the calling subscriber by way
of contacts 151, 63, 58 and 145, and the upper
talking condenser of the selector repeater.
This tone may be the same as the tone applied
by the connector on encountering a busy line
and will inform the calling subscriber that
the connection cannot be completed at this
time, after which the connection will be re-
leased in the usual way.

Since the present system employs a uniform
numbering arrangement, subscribers in either
exchange will dial the same code numbers to
call the special service operators. The sub-
scriber at substation T, for example, to call
the toll recording operator will dial the digit
110. Lineswitch LS will operate in the usual
way on the initiation of the call and seize an
idle selector repeater which may be assumed
to be selector repeater SR. Thi§ switch op-
erates exactly as in previously described con-
nections and a branch connection is set up by
way of lineswitch LS1 and the interofiice
trunk to incoming selector 83 at the main ex-
change. The subscriber then dials the first
digit of the code, that is, the digit 1 and relay
103 responds. Vertical magnet 110 is ener-
gized once and raises the wipers of the selector
repeater to the first level at which point the
shaft springs are operated. The operation of
the shaft springs closes a short-circuit around
relay 101 and completes a circuit for relay 107
independent of the test wiper at contacts 119,

and at contacts 120 and 121, respectively, the
lower winding of polarized relay is connected
in the loop extending to the main exchange
and the lower winding of polarized relay 102

isshort-circuited. The loop circuit to selector
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S3 is interrupted in the usual way and that
switch operates to select an idle trunk accessi-
ble in its first level, for example the trunk
terminating in special second selector S4.
Referring now to the selector repeater, relay
108 operates responsive to the closure of off-
normal contacts 116 and completes a circuit
for the relay 107. Shortly after the impulse,
relay 105 restores and completes the rotary
magnet cirenit. The rotary magnet ener-
gizes, steps the wipers in on the first set of
contacts of the first level and opens the circuit
of relay 107. Relay 107 deenergizes and in
turn opens the circuit of the rotary magnet
whichalso deenergizes. A circuitisnow com:-
pleted for relay 107 extending by way of con-
tacts 150 and 154, cam contacts 118, inter-
rupter contacts of the rotary magnet, contacts
198, shaft spring contacts 119, and contacts
146 and 138, to ground. Relay 107 re-operates
and again closes the rotary magnet circuit
which steps the wipers to the next set of con-
tacts and again opens the circuit of relay 107.
This action is repeated until the wipers reach
the set of contacts marked by lineswitch L51
which correspond to the trunk line over which
the connection has been extended to the main
office. Inthis position a circuit is closed from
ground at contacts 65, wiper 71 of lineswitch
L81. conductor 157, test wiper 124 of the
selector repeater, contacts 165, winding of re-
lay 109, to battery. Relay 109 operates and
opens the circuit of relay 107 at contacts 154
to prevent further stepping action. Relay
109 also disconnects the rotary magnet at con-
tacts 155. No connection is extended over the
wipers of the selector repeater at thig time,
since relay 101 is unable to operate due beth
to the short-circuit around its winding at
shaft spring contacts 119 and since its series
connection with relay 107 is open at contacts
154.

The subscriber now dials the second digit
of the code, again the digit 1, and selector 84
is operated to the first level on which it se-
lects an idle trunk leading to a special third
selector, such as the selector S5. Selector S5
responds to the third and last digit of the
code, which in this case will be assumed to be
the digit 0, and selects an idle trunk terminat-
ing in the recording position, for example
the trunk comprising conductors 431—433
terminating in trunk relay group RT. The
calling loop is thus extended over conductors
431 and 438, left-hand windings of the re-
peating coil, through the upper and lower
windings of relay 504 to ground and battery,
respectively. It will be noted that in this
circuit ground is connected tc the upper talk-
ing conductor and battery to the lower talk-
ing conductor, whereasin the regular switches
the connection is reversed. This results in a
reversal of the direction of current flow in the
loop from selector repeater SR.

Referring back to the selector repeater it
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will be noted that with the switch wipers
operated to the first level the lower winding
of polarized relay 102 is short-circuited at
contacts 121 and the short-circuit around the
5 lower winding of polarized relay 106 is
opened at contacts 120, In other words, the
lower winding. of relay 106 is substituted
for the lower winding of relay 102 in the
conirol circuit extending to the main office.

10 Relay 106 does not operate initially, how-
ever, since its upper winding is differentially
energized in- series with resistance 114,
When the recording trunk is seized current
flow over the loop is reversed as described

15 and relay 106 operates, since its two windings
now assist each other. Relay 106 closes's
locking circuit for itself at contacts 147,
opens the short-circuit around relay 101 at
contacts 146 and opens the circuit of relay

20 109 at contacts 165. Relay 109 restores and
completes the series circuit for relays 107
and 101 at contacts 154 and again connects
up the test wiper at contacts 153. There
will be no potential on the contacts engaged

25 by wiper 123, hence relay 101 will operate
in series with relay 107 and switch the call-
ing line locp straight through by way of
wipers 122 and 125, conductors 156 and 159,
contacts 257 and 260, contacts 249 and 256,

30 right-hand windings of the repeating coil,
through the upper and lower windings of
relay 205, respectively, to battery and ground.
Relay 205 energizes over the calling loop,
completes a circuit for relay 204 at contscts

35 235 and a circuit for relay 206 at contacts
236. Relay 208 on operating disconnects re-
lay 202 from conductor 74 and connects a
busying ground to that conducter to mark
the trunk busy after the lineswitch LS1 is

40 released. Relay 206 also connects a holding
ground to conductor 158 at contacts 239 to
hold the selector repeater and preceding line-
switch operated following the restoration of
the line and rslease relay of the selector re-

45 peater.

In the selector repeater, line relay 103 and
release relay 104 restore to normal freeing
lineswitch LS1 as in a local connection. The
loop circuit exztending to the main office is

50 opened fcllowing the release of relay 103,
consequently the switch train including se-
lectors 83, 84 and S5 in the main exchange
is released, thereby freeing the recording
trunk.

i - Referring now to repeater R, relay 202
restores following the operation of relay 206
and opens the circuit of relay 201. Relay
201 is slow-to-release and maintains contacts
213 and 214 closed a short time after its cir-

60 cuit is opened. During this interval ring-
ing current is {ransmitted over the trunk
from generator GEN, contacts 227, 219 and
914, trunk conductor 72 to toll trunk TT,
and via contacts 562, 574 and 578, winding

68 of alternating current responsive relay 554,

t.hrdugh the condenser and contacts 560,

trunk conductor 73, back to repeater R and
by way of contacts 213, 216 and 220, to
ground. Relay 554 operates and is mechani-
cally inter-locked with relay 555 and main-
tains its armatures in actuated position until
restored by the interlocking airm 596 con-
trolled by relay 555. The operation of relay
554 completes a circuit to relay 552 at cou-
tacts 576 and also a circuit for lamp L1 at
contacts 577. Relay 552 operates and com-
pletes a circuit for the visual busy signal
V at contacts 5635, and at contacts 566 con-
nects ground to conductor 430 to operate to
mark the trunk line busy to the main office
first selectors. Relay 401 operates and dis-
connects the trunk from the incoming se-
lIector at.contacts 410 and 413, thereby in-
suring the release of these switches in case
the previous open interval has been insuffi-
cient for this purpcese.. The lighting of sig-
nal Iamp L1 indicates to the toll operator
that a call has come in from the satellite
exchange.

Referring now to repeater R, relay 201 on
deenergizing disconnects the ringing current
source from the loop to the main exchange at
contacts 213 and 214 and at contacts 212-and
215 extends the loop to line relay 301 of con-
nzetor IC (Fig. 3). This circuit may be
traced from trunk conductor 78, contact 212,
221, 217, 230 and 253, cenductor 285, lower
winding of relay 301, conductor 264, lower
winding of impedance 208, to ground, and
from trunk conductor 72 by way of contacts
215, 223, 232 and 251, conductor 262, upper
winding of relay 301, to battery. Relay 301
does not energize at this time due to the con-
denser in series with relay 554 at the toll
position.

It may be assumed, for example, that the
calling line is restricted in regard to toll
service, in which case a characteristic tone
will be connected to the release trunk con-
ductor through the cut-off relay of the line-
gwitch. - This tone by way of wiper 5 of the
lineswitch, release trunk conductor' 8, con-
tacts 129 and 153, wiper 123 of the selector
repeater, conductor 158, contacts 239, and
upper winding of impedance 208, to ground,
induces a similar tone in the lower winding
of the impedance through which ground is
supplied to the lower winding of relay 301
of connector IC. It will be recalled that re-
lay 301 is bridged across the loop extending
to the toll trunk, hence this tone will be trans-
mitted over the trunk line to the operator:

The operator on noting the lighted condi-
tion of lamp L1 will answer the call by insert-
ing the plug of a regular toll cord in jack J2
and operate the associated answering key.
The insertion of the plug into the jack com-
pletes an operating circuit for relay 557 over
the talking conductors of the cord, ring and
tip ‘springs of jack J2, right-hand winding
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of the repeating coil, contacts 586 and 587,
upper and lower windings of relay 557, re-
spectively, to battery and ground. Relay 557
operates and at contacts 585 completes a cir-
cuit from ground, winding of relay 855, to
battery via the sleeve of the jack and plug.
A parallel-circuit is also completed from the
ground at contacts 585, contacts 569, winding
of relay 595, to battery. Relay 595 upon op-
reating connects an additional holding
ground to the busy marking cireuit at con-
tacts 571, completes a circuit for slow-acting
relay 558 at contacts 572, complates a locking
circuit for itself at contacts 573 to maintain
itself operated after relay 553 is energized,
and at contacts 574 disconnects relay 554
from in bridge of the trunk. Relay 555 on
operating restores the contacts of relay 554
to normal by means of the mechanical inter-
connecting link 596, completes an additional
circuit for itself and relay 595 at contacts 579,
at contacts 580 connects ground to conductor
499 to maintain relay 401 of repeater TR op-
erated, and at contacts 581 extends the incom-
ing loop through the left-hand winding of
the repeating coil to relay 558. It will be
noted that the loop circuit is still open at
contacts 582. The tone current from the
calling line will pass through the condenser
separating the two windings of the repeating
coil and will induce similar current in the
right-hand winding of the repeating coil.
This current will be audible to the operator
who is thereby informed of the class of the
calling line and if necessary may deny toll
service thereto. In case toll service is per-
mitted the line, the operator will clear the
tone by operating key K2, thereby closing the
cireunit for relay 556 which operates and com-
pletes the loop circuit at contacts 582. Re-
Iay 556 locks 1tself to ground at contacts 579
by closing contacts 583 and at contacts 584
connects an additional ground to conducter
429. Referring now to the sub-exchange
switches, relay 301 operates over the loop
to the toll board following the closure of the
direct current circuit at contacts 582 and
completes a circuit for relay 302 at contacts
324" Relay 302 operates and closes various
circuits, the only effective one in the present
instance being that from ground at contacts
327, conductor 263, winding of relay 207, to
battery. Relay 207 on operating completes a
circuit for relay 203 at contacts 243, connects
the two left-hand windings of the repeating
coil at contacts 244, short-circuits impedance
208 by closing contacts 245 and 247, and at
contacts 246 completes a holding circuit for
relay 206, therzby maintaining the relay op-
erated independent of line relay 205.

The toll operator may now converse with
the calling subseriber and determine his re-
quirements. If the call is to be further ex-
tended the operator will insert the calling

‘plug:of the toll cord used for .answering the
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call, into the jack of a toll line (not shown)
and extend the call in the usual way. It
will be recalled that relay 207 in operating
completed a circuit for relay 203. Relay 203
operates and prepares the talking circuit by
cutting the left-hand windings of the repeat-
ing coil into the loop circuit. This circuit
now extends by way of contacts 212, upper
left-hand winding of the repeating coil, con-
tacts 2292, 217, 230 and 253, conductor 265,
lower winding of relay 301, conductor 264,
to ground at contacts 247, and also by way of
contacts 215, lower left-hand winding of the
repeating coil; contacts 224, 232 and 251,
conductor 262, upper winding of relay 301, to
battery. Relay 203 also closes a locking cir-
cuit for its lower winding in parallel with
relay 211 via contacts 225 and 236. Relay
211 operates and reverses the incoming trunk
conductors with respect to relay 205 by open-
ing contacts 257 and 260 and closing contacts
258 and 259.

The loop circuit at the toll position is the
same as previously described and includes
polarized relay 558, which is not operated at
this time due to the direction of current flow
in the loop. The toll operator extends the
call, if such is required, by means of the
answering toll cord and a toll line (not
shown).

‘When the subsecribers have finished talking
and restore their receivers the operator re-
ceives supervision from the called line in
the usual way. The calling subscriber on re-
storing opens the loop circnit for relay 205
and this relay restores and opens the circuit
for relay 204. Relay 204 restores and re-
verses the connection of relay 301 to the
trunk by opening contacts 230 and 232 and
closing contacts 229 and 231.  Thereversal of
current flow in the trunk deenergizes relay
558 which was previously operated in series
with the line relay of the connector. Relay
558 connects relay 557 to the cord circuit
loop, thereby operating the supervisory lamp
of the cord 1n the well known manner. The
operator may then release the apparatus by
removing the plug from the jack whereon
the circuit for relay 555 is opened and that re-
lay restores.
ground from conductor 430 at contacts 579,
thereby removing the busy condition from
the trunk and opening the circuits of relays
556 and 595, which restore. Relay 595 opens
the busy visual circuit at contacts 571, opens
the circult of relay 553 at contacts 572, re-
connects relay 554 across the trunlk condue-
tors at contacts 574, and completes a circuit
at contacts 575 for maintaining ground on

conductor 429 until slow-to-release relay 553 izt

has restored to normal. Relay 556 opens the
loop cireuit from the satellite office and relay
301 of connector IC restores and opens the
circuit of relay 802. Relay 302 disconnects

holding ground from conductor 268, whereon .1

Relay 555 removes the busying 11
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relay 207 of repeater R restores and opens
the holding circuit of relay 206. Relay 206
restores, removes the busy marking ground
from conductor 74 at contacts 238, and dis-
connects the holding ground from release

“trunk conductor 158 by opening contacts 239.

Selector repeater SR and lineswitch restore
in the usual manner following the removal of
ground from conductor 158.

in the event that a call such as has just been
described originates at a paystation line, the
discriminating tone will inform the toll op-
erator to this effect. In connections of this
type it will be necessary for the operator to
refund the coin in case it has not been pos-

sible to complete the desired connection or to

collect the coin in case the connection has been
completed. In either case the operator wiil
insert the plug P of the dialling jack into

o jack J1 of the trunk and operate the refund

key or collect key as required. Relay 551
operates over a circuit completed via the
sleeve of the dialling cord and extends the
trunk conductors to the cord via contacts 561

o1 and 563 and conductors 591 and 593.

If the refund key is operated, high voltage
current of one polarity is applied to the
trunk. This current operates high resistance
relay 209 of repeater R which is'connected to
trunk conductor 72 by way of contacts 226.
Relay 209 connects- the trunk conductor
through to three position relay 271’ at con-
tacts 248, Relay 271/, incidentally, is a relay
of the type disclosed in United States patent

¢ to Field No. 1,672,976 of June 12,1928, having

a normal position and two operated positions.
Relay 271" closes its contacts 268 and 269 at
this time thereby completing a cireuit for re-
lay 210 and connecting up the high voltage
current required for refunding the coin.  Re-
lay 210 operates and applies the refunding
current to the two incoming talking conduc-
tors in parallel by closing contacts 250 and

5 255. This current serves to operate the pay-

- station repeater associated with the calling

a0

60

85

line which refunds or collects the coin in the
usual way.

The reversal of current on the calling line
when the toll operator answers the call serves
to position the paystation repeater so that

the coin will be automatically collected or re- -

funded as required in case the operator neg-
lects to apply the control current as-set forth

2 above.

When the collecting or refunding opera-
tion is successfully completed, relay 272 op-
erates to signal the operator to this effect by
shunting relays 209 and 271’ by a relatively
low resistance. This increases current flow
over the trunk and operates a signal lamp at
the toll board in the well known manner.

The operation when collect current is ap-
plied to the trunk is substantially the same

9

as described in the foregoing paragraphs ex-
cept that in this case relay 271’ operates to
its alternate position and closes contacts 270
and 271. Relay 210 is operated as before and
high voltage current of the polarity required
for collecting the coin is applied to the line.
Calls to the recording position from sub-
scribers in the main exchange are handled in
a somewhat different manner than the calls
just described. Subscriber T2, for example,
i inltiating a call operates the lineswitch
L5352 to seize an idle first selector, such as
selector S1. The toll recording code number
110 is then dialled, operating selectors S1 and
4 to the first level and selector S5 to the tenth
level on which an idle trunk, such as trunk
comprising conductors 431—433, is connected
with. The calling line is thus extended over
conductors 431 and 433, through the left-
hand windings of the repeating coil, upper
and lower windings, respectively, of relay
504, to ground and battery. Relay 504 oper-
ates, completes a circuit for relay 503 at con-
tacts 522, disconnects battery and ground
from the right-hand windings of the repeat-
ing coil at contacts 521 and 528 and prepares
the line lamp circuit at contacts 520. Relay
503 is slow-to-operate and after an interval
completes a circuit for relay 502 at contacts
518, and opens the line lamp circuit at con-
tacts 517. Relay 502 which is also slow-to-
operate, after an interval completes a locking
circuit for itself by way of contacts 514 and
522, apens the circuit of relay 503 at contacts
513, closes a point in the line lamp circuit
at contacts 512, and connects ring back tone
to a talking conductor of the trunk via con-
tacts 511 and 516 to inform the calling sub-
scriber that the operator is being signalled.
Relay 5038 is also slow-to-release and after an
interval restores and completes the line lamp
circuit at contacts 517. The line lamp L is
thus lighted after a delay to inform the op-
erator of the incoming call. The purpose of

this delay arrangement is to prevent the op-

eration of the line lamp on calls extended
from the satellite exchange, as previously de-
seribed.

On noting the lighted condition of the line
lamp, the operator will answer the call by
inserting the plug of a regular toll cord cir-
cuit into jack J, thereby completing a circuit
from battery over the sleeve of the plug and
jack, resistance 531, contacts 528, lower wind-
Ing of relay 501 to ground. Relay 501 oper-
ates and at contacts 508 complete a locking
circuit for its upper winding, opens the cir-
cuit of the line lamp at contacts 507, and re-
moves the short-circuit from the lower wind-
ing of induetion coil 505 at contacts 510. - Tt
will be noted that release trunk conductor
432 now extends through the lower winding
of induction coil 505 to ground at contacts
524 and 509. In case the calling line is a re-

stricted line; there will be a characteristic tone
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on the release trunk, as previcusly described,
and this tone will induce a similar tone in the
upper winding of induction 505 which is
bridged acrcss the talking conductors of the
trunk. The operator on actuating the list-
ening key of the asscciated cord circuit will
be informed by this tone as to the character
of the calling line. To remove the tone the

~operator actuates key K, thereby closing a
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" circuit for the upper winding of relay 506.
o 4

Relay 506 on operating removes the short-cir-
cuit from its lower winding by opening cen-
tacts 528, and short-cireuits resistance 531 to
complete a holding circuit for its lower wind-
ing in series with relay 501 at contacts 527.
Relay 506 also disconnects the upper wind-
ing of induction coil 505 by opening contacts
525 and 530, and ab contacts 526 and 529 ex-
tends the connection through the right-hand
windings of the repeating coil.

The recording operator may now extend
the call by means of the regular toll cord in
the well known manner. At the end of the
conversation the called subscriber on hang-
ing up will operate the usual supervisory sig-
nal of the cord circuit, and the calling sub-
scriber on hanging up will open the circuit of
relay 504. Relay 504 on restoring connects
battery and ground to the two windings of
the repeating coil at contacts 521 and 523,
thereby operating the disconnect lamp of the
cord circuit in the well known manner. Re-
lay 504 also opens the locking circuit of re-
lays 501 and 502 and disconnects ground from
the release trunk at contacts 524. Relay 501,
however, remains operated in series with re-
lay 506 over the sieeve of the toll cord and
maintains the holding ground on the release
trunk at contacts 509. To release the con-
nection the operator removes the plug from
the jack thereby opening the circuit of relays
501 and 506 which restore. Relay 501 dis-
connects the holding ground from the release
trunk, thereby permitting the preceding
switches to restore in the usual way.

A subscriber in the main exchange may
call a satellite exchange subscriber over the
same group of trunks used for the previously
described connections. A subscriber at sub-
station T2, for example, calling the sub-
scriber at substation T1 on initiating the call
is connected an idle first selector, such as the
selector S1. Selector S1 responds to the first
digit of the called number and selects an idle
cutgoing trunk on the called level, for exam-
ple, the trunk terminating in the repeater TR
which is associated with the interofiice trunk
comprising conductors 72 and 78. The call-
ing loop is extended over the upper and lower
wipers of the selector, normally closed con-
tacts 425 and 427, upper and lower windings,
respectively, -of relay 405, to battery and
ground. Relay 405, operates, closes a circuit
for relay 404 at contacts 423, and prepares the
impulsing circuit at contacts 424, Relay 404,
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operates, closes a point in the impulsing cir-
cuit at contacts 418, connects ground to con-
ductor 430 at contacts 419 to hold up the pre-
ceding switches and to mark the trunk busy
at the toll board, completes a circuit for relay
401 at contacts 420, and prepares a circuit for
relay 403 at contacts 421. Helay 401 operates
and at contacts 411 and 412 extends trunk con-
ductors 72 and 73 to the control loop of the
repeater which may be traced from the above
referred to contacts of relay 401, contacts 424,
low resistance left-hand winding of imped-
ance 407, contacts 435, lower winding of po-
larized relay 402, contacts 418 and 418.

Referring now to the toll trunk TT (¥i
5) ground on conductor 430, extends by w
of contacts 567 and 569, winding of relay 595,
to battery. Relay 595 operates and at con-
tacts 571 completes a circuit for operating the
busy visual signal to mark the trunk busy at
the toll board.

The closure of the loop circuit at repeater
TR completes a circuit for relay 301 of con-
nector IC (Fig. 3) at the satellite exchange.
The circuit extends from trunk conductor 72,
contacts 215, 223, 231 and 253, conductor 265,
lower winding of relay 301, conductor 264,
lower winding of impedance 208 to ground,
and from trunk conductor 73, contacts 212,
291, 217, 229 and 251, conductor 262, upper
winding of relay 301, to battery. Relay 301
operates and completes a circuit for relay 302
at contacts 824. Relay 802 operates and con-
nects ground to the local holding circuit at
contacts 326, completes a circuit for relay 207
of repeater R via contacts 327 and conductor
263, prepares the impulsing circuit at contacts
328, and prepares the ringing circuit at con-
tacts 330, Relay 207 of repeater R, operates,
connects a busying ground to conductor T4
at contacts 242 to mark the trunk line busy
to lineswitches, such as lineswitch LS1, closes
a circuit for the upper winding of relay 203 at
contacts 243, connects the upper and lower-
left-hand windings of the vepeating coil at
contacts 244, prepares a holding circuit for
relay 206 at contacts 246, and at contact 247
connects direct ground to the lower winding
of line relay 301 via conductor 264. Relay
203 operates, its only function at this time
being the switching over of the loop circuit
to include the left-hand windings of the re-
peating coil and the reversing contacts of
relay 204,

The calling subseriber now dials the s
digit of the called number and line relay 405
or repeater TR responds. A circuit for relay
403 is closed each time relay 405 drops back
and the relay operates to short-circuit im-
pedance 407 and the lower winding of relay
402, contacts 417. Relay 405 interrupts the
previously described loop circuit at contacts
4924 and relay 801 of connector IC responds
accordingly. When relay 801 drops back in
response to the first impulse, a circuit is closed
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from ground, contacts 825, 382 and 328, off-
normal contacts 815, winding of relay 304,
winding of vertical magnet 312, to battery.
Magnet 312 operates and raises the wipers
one step. Relay 304 operates in series with
the magnet and prepares a new impulsing
circuit at contacts 333. On the first vertical
step of the wipers off-normal contacts 816
close and contacts 315 open, thereby trans-
ferring the impulsing circuit to contacts 333
of relay 304 which operated responsive to the
first impulse and remains operated through-
out the series due to its slow-to-release char-
acteristics. Subsequent impulses are trans-
mitted over the new impulsing circuit and the
wipers of the connector are thus stepped to
the level corresponding to the digit dialled.
Relay 304 deenergizes shortly after the last

impulse of the series and extends the im- -

pulsing circuit by way of contacts 834 and
348, winding of slow-acting relay 307, con-
tacts 367, W1nd1no of rotary magnet 313 to
battery

The calling subscriber now dials the third
digit of the called number, relays 405 and 301
responding as in the previous case and a cor-
responding series of impulses are transmitted
over the previously described impulse circuit
to rotary magnet 318 which operates to step
the wipers of the connector onto the contacts
of the called line. Relay 807 operates in
series with the rotary magnet and, due to its
slow-to-release characteristics, remains op-
erated throughout the series of impulses.
During the rotary operation of the switch, a
circuit is closed for relay 308 at contacts 349

and an auxiliary path around contacts %u of .

busy test relay 306 is provided by way of con-
tacts 350 in order to prevent momentary in-

erruption of the impulse circuit as the wip-
ers of the switch pass over busy lines.” Relay
808 operates and prepares the busy test cir-
cuit at contacts 353.

It may be assumed, for example, that the
called line is busy at this time, in which case
wiper 374 will encounter a ground on the test
contact of the line. A circuit is thereby
closed for busy relay 806 extending from
ground on the test wiper, contacts 363, 353
and 371, winding of relay 306, to battery.
Relay 808 operates and prepares a locking
circuit for itself at contacts 342 which will
become effective following the release of relay
308 which occurs after a slight delay and re-
sults the closure of contacts 352. Relay 306
also opens the impulsing circuit at contacts
843 and closes a point in the busy tone cir-
cuit at contacts 346. Relay 308 on restoring
as stated, completes the circuit for applying
busy tone to the line by way of contacts 369,
355 and 346, This tone is transmitted over
the trunk line and informs the calling sub-
scriber that a connection cannot be obtained
with the called subscriber at this time, where-
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on the subscriber is expected to release the
connection.

Assuming that the called line is idle at the
time the wipers are set on the associated con-
tacts, wiper 374 will find battery potential
through the cutofl relay of the associated line-
switch, and relay 806 consequently does not
operaté.  When relay 308 restores shortly
after the last impulse of the series, a circuit
is closed from battery on test wiper 874, con-
tacts 363:and 351, lower winding of 1ehy 311,
contacts 841 and 326, to 5)round Relay 317
operates and completes an energizing circuit
for the upper winding at contacts 365 to
ground on the local holchn@ conductor. The
talking conductors of the sw witch are extended
thr oucrh to wipers 372 and 375, respectively,
at contacts 361 and 37 0, test Wlp“l 373 is dis-

connected at contacts 362, test wiper 874 is.

disconnected from the winding of relay 811
and connected to the grounded holding con-
ductor at contacts 364, the impulsing circuit
is disconnected from the rotary magnet at
contacts 367 and extended to stepping magnet
319 of the ringing current selecting switch at
contacts 366, a point in the eircuit of relay 309
is closed at contacts 868, and the busy tons cir-
cuit is opened at contacts 369.

The calling subscriber now dials the final
digit of the called number to select the ring-
ing enrrent code to be ap phed to the line. Re-
lays 405 and 301 respond as before, and im-
pulses are transmitted over the impulsing cir-
cuit to stepping magnet 319 which advance
wipers 821 and 322 to the proper contacts.
Relays 307 and 308 again operate during the
series of impulses and when relay 808 1cstore
shortly after the last 1mpulsa of the series, a
circuit is closed from ground, off-normal con-
tacts 820 which cloge on the first off-normal
step of the wipers 321 and 322, contacts 854,
winding of relay 306, to oattew Relay 306
operates and connects the pickup conductor
through to relay 309 by way of contacts 345,
368 and 357. The point in the busy tone cir-
cuit previously referred to is also closed but
this 1s not effective at this time since the 01r—
cuit is opened at contacts 369. . The pickup
lead is associated with the ringing current in-
terrupter in such a manner that a ground im-
pulse is transmitted thereover at the start
of each ringing code. This ground impulse
operates relay 309 which locks to the local
holding conductor at contacts 358 and pre-
pares a ringing circuit by closing contacts
356 and 376. Assw ming that the final digit
dialled is the digit-3, wipers 821 and 322 en-
gage the third confact of their respective
banks. Ringing current of the proper code
is now transmitted to the called line over a
circuit extending from wiper 822, cortacts
856,-855 and 361 wiper 372, conductor 1,
throuOh the bells and condensers of the sub-
stations adapted to be signalled over this side
of the line, to ground. This current oper-
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ates the substation bells, the code identifying
the particular station wanted. When the
called subscriber answers a direct current loop
is closed for operating relay 305 in the usual
Relay 305 opens the ringing circuit at
contacts 835 and 339 and extends the called
line loop via contacts 336 and 338, conduc-
tors 261 and 267, contacts 249 and 256, upper
and lower windings, respectively, of relay
205, to battery and ground. Relay 205 oper-
ates over the called subscriber’s loop and com-
pletes circuits for relays 206 and 204 which
also operate. Relay 206 has no particular
function to perform in this connection but
connects a busying ground to conductor 74
at contacts 238 in place of the ground previ-
ously connected to the conductor at contacts
249, Relay 204 reverses the trunk conduc-
tors with respect to line relay 301 of conneec-
tor JC. Current flow being reversed over the
trunk, polarized relay 402 of repeater TR op-
erates and closes a circuit for relay 406. Re-
lay 406 connects the high and low resistance
windings of impedance 407 across the trunk
to improve transmission and reverses the di-
rection of current flow over the calling line
loop.

The calling and called loop are connected
for talking through the repeating coil of re-
peater R. Relay 301 of connector IC sup-
plies talking current to the calling loop and
relay 205 supplies talking current to the

-called loop.

At the termination of the conversation
both subseribers will restore their receivers.
The opening of the calling loop releases re-
lay 801 which opens the circuit of relay 302.
Relay 302 removes ground from conductor
263 and from the local holding conductor,
and completes a circuit-for release magnet
308 via off-normal contacts 317 which close
when the wipers are out of normal position.
Relays 305 and 311 restore following the
removal of ground from the local holding
conductor. A branch of the previcusly
traced release circuit extends by way of con-
tacts 344 to release magnet 318 of the ringing
current selecting switch. This magnet oper-
ates in parallel with the release magnet of
the connector, and the wipers of the con-
nector and of the ringing current selecting
switch are restored to normal position. The
circuit of magnet 814 is opened at contacts
317 when the wipers reach normal position

" and the cireuit of relay 306 is opened at con-

tacts 320 when the wipers of the ringing cur-
rent selecting switch reach normal position.
Relay 3806  consequently deenergizes and
opens the circuit of magnet 318 at contacts
344. In repeater R relay 207 restores follow-
ing the release of relay 302 and this relay
opens the circuit of relay 203. The opening
of the called loop permits relay 205 to re-
store and open the circuit of relay 206 which

5 removes ground from conductor 74 to render
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the trunk selectable to lineswitches, such as
LS1. In repeater TR at the main exchange,
relay 405 restores and opens the circuit of
relay 404 which removes the busying ground
from conductors 429 and 430. Relay 401
restores and agaln extends the trunk to in-
coming selector 33. Selector S1 and the line-
switch release in the regular way and all
apparatus is returned to normal in readiness
for the next call.

It will be noted that connector IC is pro-
vided with an additional test wiper 373
which performs no function whatever in the
connection just described. This wiper is used
to provide a rofary hunting feature when
some subscribers in the system have several
Iines listed under one number. In large sys-
tems it is customary to provide a separate
group of rotary connectors for this purpose.
In small exchanges, however, the number of
subscribers having a plurality of lines is
sometimes not enough to warrant the instal-
lation of a separate group of connectors, in
which case a connector of the present type
is used. When there are several lines in the
group the two tests contacts of the line en-
gaged, respectively, by wipers 278 and 274
are strapped for each line except the last in
the group, these contacts being left uncon-
nected as shown. Thus when a call is ex-
tended to the first line of a group and this
line is in use, busy relay 306 will operate ex-
actly as described in the previous connection,
and when relay 307 restores shortly after the
last impulse of the series, a ecircuit will be
closed from ground encountered by wiper
3738, contacts 362, 347 and 340, interrupter
contacts 371 of the rotary magnet, winding
of relay 310, to battery. Relay 810, operates,
completes a holding circuit for itself at con-
tacts 859 and closes a circuit from ground at
contacts 330, contacts 360 and 367, winding
of rotary magnet 813, to battery. The ro-
tary magnet operates and steps the wipers
to the next set of contacts and interrupts the
circuit of relay 810 at interrupter contacts
871. Relay 310 restores and in turn opens
the circuit of the rotary magnet which also
restores. With each step as above described
a parallel circuit is closed by way of contacts
348 to maintain relay 308 operated. Relay
308 maintains the testing circuit so that in
case the next set of contacts is also busy re-
lay 306 will again operate as will relay 309
and the wipers will be advanced another
step. When the last set of contacts of the
group is reached the test comtacts are not
strapped as stated, hence, wiper 373 wiil en-
counter no ground even though the line is
busy, and relay 810 will not be operated. In
this case the busy tone will be returned to
the calling subscriber in the same msanner
as if it were a call to a busy individual line.
In case any of the lines are idle busy relay
306 will.not operate but switching relay 311
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will; and a connection will be extended as
previously described. '

It will beappreciated of course,that linesof
the foregoing type will ordinarily not be pro-
vided with more than one substation and code
ringing will not be required in this case, the
calling subscriber will merely dial a digit,
such as 1, which selects the simplest code,
possibly a single ring code depending on the
particular code used.  On single party lines
of this type, the bells will usuaily be bridged
across the two line conductors instead of to
one line and ground as for party lines. The
ringing circuit previously traced over con-
ductor 1’ will extend over conductor 3’, wiper
875, contacts 370, 339 and 876, wiper 321,
lower winding of relay 305 to ground at con-
tacts 30. The operation in other respects
will be exactly the same as for previously
described connections.

Toll calls to subscribers’ lines in the satel-
lite exchange will be completed over the reg-
ular interoffice trunk lines and toll trunk ap-
paratus TT. The toll operator will insert
the calling plug of the toll cord used for
answering the call over the toll line into the
jack J2 of an idle trunk. Relay 557 oper-
ates over the cord circuit loop and connects
ground to a local holding conductor at con-
tacts 585. This ground by way of contacts
567 and conductor 430 marks the trunk line
busy in the banks of the main exchange sec-
ond selectors. = A circuit is also completed
via contacts 569 for relay 595 which operates,
closes the busy visual circuit at contacts 57 1,
closes a cirenit for relay 553 at contacts 572,
completes a holding circuit for itself at con-
tacts 573 and opens the bridee across the
trunk conductors at contacts 574 Relay 553
operates and prepares certain circuits which
will become effective at a later stage of the
connection. Relay 555 operates from ground
at contacts 585 and battery via the sleeve of
the jack and plug, and closes a point in the
control loop at contacts 581. o

To extend the call to the wanted line. the
operator will insert the plug of a dial-
ling cord into jack J1 and then dial the
number of the line. The dialling cord
which as before stated, may be of the
type disclosed in the Tharp et al. patent
previously referred to, is so arranged that
the off-normal movement of the calling de-
vice completes a circnit over the ring contacts
of the plug and jack and conductor 592 for
relay 551. Relay 551 operates and remains
locked over the above circuit which is main-
tained by a relay in the cord circuit ener-
gized in series with relay 551. The trunk
conductors are disconnected from the trunk
relay group at contacts 560 and 562 and at
contacts 561 and 563 are extended by way of
conductors 591 and 593 and the tip and
sleeve contacts of the jack and plug to a con-
trol loop in the dialling cord which includes

13

the impulse contacts of the calling device.
Relay 551 also closes a circuit at contacts 564
for relay 556 which operates, completes the
control loop at contacts 582 and locks to the
local holding conductor at contacts 583.

The extension of the trunk conductors to
the lcop of the dialling cord completes an
operating circuit for relay 301 of connector
IC (Fig. 3) asin a previously described local
call. When the calling device rotates back to
normal position, the loop circuit is interrupt-
ed in the usval manner and relay 301 responds
accordingly. Three digits are transmitted
in this manner as connector C operates. in
exactly the same manner as described for a
local connection to set the wipers on the con-
tacts of the called line. If the line is busy,
the connector will apply the busy tone to the
trunk. If the line is idle, the connector will
send out ringing current in the usual manner
and, when the called subscriber answers, will
reverse the direction of current flow over the
trunk line. '

Referring now to the trunk relay group
T'T, after the connection has been set up, the
operator will withdraw the plug of the dial-
ling ‘cord from. the dialling jack, thereby
opening the circuit of relay 551. This relajy
restores and transfers the trunk circuit back
to the loop including contacts 581, left-hand
windings of the repeating coil, contacts 582
and windings of polarized relay 558. The
line relay of the connector at the satellite ex-
change is now energized in series with polar-
ized relay 558 of the trunk relay group. This

latter relay does not operate at this time,’

however, due to the direction of
over the trunk line,

In case the called line is busy, the busy
tone applied to the trunk by the connector
will be audible to the operator. If the called
line is idle, the operator will hear the usual
ring-back tone which indicates that the called
subscriber is being signalled. When the
called subscriber answers, the direction of

circuit flow

current flow over the trunk is reversed, as

previously stated, and relay 558 operates to
disconnect relay 557 from the tip and ring
conductors extending to the cord circuit.
The disconnection of relay 557 operates the
usual supervisory apparatus of the toll cord
to give the operator answering supervision.

When the call is terminated, the subserib-
ers will restore their receivers. The connect-
or at the satellite exchange reverses the di-
rection of the current flow back to normal
when the called subscriber hangs up, and re-
lay 558 restores. Relay 557 is again connect-
ed to the tip and ring conductors of the trunk
to give the usual disconnect supervision.
The operator may then release the connection
as previously described by withdrawing the
plug of the toll cord from the jack.

Toll calls to pay station lines may be com-
pleted in the same manner as calls to regular
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subscribers’ lines. The coin apparatus is con-
trolled over the dialling cord substantially as
described for incoming calls from lines of
this class. Inthis case, however, the two posi-
tion relay in repeater R connects the coin
control current directly to the line conductors
via the wipers of the connector, since the
pay station repeater is not included in con-
nections of this kind. '

What is claimed is:

1. In a telephone system, two exchanges, a
recording switchboard and a toll switchboard
in one of said exchanges, subscriber controlled
means for extending connections from calling
lines in either exchange to the recording
switehboard, and means automatically opera-
tive when the calling line is in the other of
said exchanges for releasing the connection
to the recording switchboard and for estab-
lishing a connection to the toll switchboard.

2. In a telephone system, a main exchange
and a branch exchange, a recording switch-
board and a toll switchboard at the main ex-
change, a train of automatic switches at the
main exchange for extending calls originat-
ing in either exchange to therecording switch-
board, and means for automatically releasing
the switch train on calls extended from the
branch exchange and for transferring such
calls to the toll switchboard.

3. In a telephone system comprising 2 main
exchange and a branch exchange, a trunk line
connecting the exchanges and having two
branches at the main exchange, means at the
branch exchange for extending a connection
over the trunk line and one of said branches
to a subscriber’s line or to a manual switch-
board in the main exchange, and means re-
sponsive to establishment of a connection to
the switchboard for disconnecting said one
branch of the trunk line and for extending a
connection over the other branch of the trunk
line.

4. In a telephone system, & trunk line con-
necting two exchanges and having two
branches in one exchange, an automatic switch
terminating one of said branches, a manual
cireuit terminating the other of said branches,
means for directively operating said switch
over the trunk line to extend a connection, and
means responsive to the extablishment of the
connection for transferring the connection to
said manual circuit and for releasing said
switch.

5. In a telephone system, a trunk line con-
necting two exchanges and having two
branches in each exchange, means for estab-
lishing a connection over the trunk line and
one branch in each exchange, and means for
transferring the connection to the other
branches of the trunk line and for exclud-
ing said first branches therefrom.

6. In a telephone system, a trunk line ac-
cessible over one path via a non-numerical
switch and over another path via a numerical
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switch, means for establishing a connection
over the trunk line via said first path, and
means controlled over the trunk line for dis-
connecting said first path and for re-estab-

lishing the connection over said second path. "

7. In a telephone system, a trunk line hav-
ing two branches, means for extending a con-
nection to the trunk line over the two branches
simultaneously, means for controlling switch-
ing mechanism over the trunk line and ono
branch to further extend the connection, and
means for excluding said one branch from the
connection and for establishing a talking con-
nection over the other branch.

8. In a telephone system, a numerical
switch and an associated non-numerical
switch, means responsive to the seizure of the
first switch for initiatine the operation of the
second switch to connect with a trunk line,
means for operating the first switch to connect
with the same trunk line, and means con-
trolled over the trunk line for disabling said
first connection and for rendering said sec-
ond connection effective.

9. In a telephone system, a calling line, a
numerical switch and an associated non-
numerical switch means responsive to the
initiation of a call for seizing said first
switch, means responsive to the seizure of
said first switch for operating said second
switch to connect with a trunk line, means
controlled over the calling line for setting
up a connection via said second switch and
the trunk line and for operating said first
switch to establish an auxiliary connection to
the trunk line, and automatic means for ex-
cluding said second means from the connec-
tion and for rendering said auxiliary con-
nection effective.

10. In a telephone system, a selector re-
peater having access to a trunk line via an
associated lineswitch and also via a set of
wipers, means responsive to the seizure of
the selector repeater for operating said line-
switch to extend a connection to the trunk
line, means for operating the selector repeat-
er to establish a connection with the same
trunk line, and means controlled over the
trunk line for determining which of said two
connections shall be effective.

11. In a telephone system, a trunk line
having two branches accessible, respectively,
to a selector repeater and to a lineswitch.
means in the selector repeater for operating
the lineswitch to establish a connection with

he trunk line over one branch, and means for
operating said selector repeater to establish
a connection with the trunk line over the
other branch and for releasing said first con-
nection,

12. In a telephone system, a selector re-
peater and an associated lineswitch, a trunk
line accessible to both switches, means for
setting up a connection over the trunk line
and said lineswitch and excluding the wipers
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of the selector repeater, and means for ex-
cluding the lineswitch from the completed
connection and for including the wipers of
the selector repeater therein.

13. A partially established connection in-
cluding a primary lineswitch, a selector re-
peater, a secondary lineswitch, a trunk line,
and a train of switches, an auxiliary connec-
tion including the same primary lineswitch,
selector repeater, trunk line, and a trunk re-
peater, and means responsive to the comple-
tion of said partially established connection
for disabling the same and for rendering said
auxiliary connection effective.

14. In a telephone system in which the
dialled impulses for operating a switch are
repeated simultaneously over a trunk line by
means of the switch, means responsive to a
particular digit for disabling the switch,
means responsive to a different digit for dis-
abling the impulse repeating means, and
means responsive fo a still different digit for
operating the switch to establish a new con-
nection with the same trunk line over which
the impulses are repeated.

15. In a two-coordinate switch having a
directive primary. movement and an auto-
matic secondary movement initiated re-
sponsive to the completion of the primary
movement, means for stopping the secondary
movement when the wipers of the switch en-
counter a trunk of one class marked by the
absence of potential on an associated test con-
tact, and means for stopping the secondary
movement when the wipers of the switch en-
counter a trunk of another class marked by
the presence of potential on an associated test
contact.

16. In a two-coordinate switch having a
directive primary movement and an auto-
matic secondary movement initiated respon-
sive to the completion of the primary move-
ment, two test wipers, means responsive when
the switch is primarily operated to a certain
extent for rendering one of said wipers ef-
fective to stop the secondary movement of
the switch when a contact marked by the
absence of potential is encountered, and
means responsive when the switch is primari-
ly operated to a different extent for disabling
said one wiper and for rendering the other
wiper effective to stop the secondary move-
ment of the switch when a grounded contact
is encountered.

17. In a two-coordinate switch having a
directive primary movement and an auto-
matic secondary movement initiated respon-
sive to the completion of the primary move-
ment, a relay for controlling the secondary
movement of the switch, a test wiper, a cir-
cuit for said relay including said wiper
closed when the switch is primarily operated
to a certain extent, and a circuit for said re-

5 lay independent of said wiper closed when
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the switch is operated primarily to a different
extent.

18. In a telephone system, two associated
automatic switches, a trunk line accessible to
both switches, means responsive to the seizure
of one switch for operating the other switch
to connect with said trunk line and the mark
the same in the banks of said one switch, and
means for directively operating said one
switch to hunt for and connect with the
marked trunk line.

19. In a telephone system, a numerical
switch, a non-numerical switch, a control
circuit connecting said switches, a relay in
the first switch normally connected in said
circuit, a second relay in the first switch nor-
mally excluded from said circuit, and means
in the first switch responsive to the receipt of
a particular directive digit for substituting
said second relay for said first relay in said
circuit.

20. In a telephone system, two automatic
exchanges, subscribers’ lines in both ex-
changes, a toll switchboard in one exchange,
a trunk line over which connections may be
established from a subscriber’s line in the
other exchange to subscribers’ lines or to the
switchboard on said one exchange, and means
in said other exchange for applying a dis-
tinctive tone to the trunk line only when a
connection is established with the switch-
board.

21. In a telephone system, two automatic
exchanges, subseribers’ lines in both ex-
changes, a toll switchboard in one exchange,
a trunk line over which connections may be
establish from a subseriber’s line in' the
other exchange to subscribers’ lines or to
the switchboard in said one exchange, means
in said other exchange for applying a dis-
tinctive tone to the trunk line only when a
connection is established with the switch-
board, and means controlled over the trunk
line from said switchboard for removing the
tone from the trunk line.

22. In a telephone system, a two-way trunk
line extending from an automatic exchange
to a manual switchboard, means for estab-
lishing a connection over the trunk line in
either direction between a subscriber’s line
in the automatic exchange and the switch-
board, a relay associated with the trunk line
at the automatic exchange, said relay having
a normal position and two different operated
positions, means at the switchboard for con-
trolling said relay over the trunk line, and
means controlled by said relay for connect-
ing either of two sources of characteristic
current to the subscriber’s line depending on
the position to which the relay is operated.

23. In atelephone system, » main exchange
and a branch exchange, a recording switch-
board and a toll switchboard in the main
exchange, a two-way trunk line connecting
the exchanges, switching apparatus in the
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main exchange controlled by calling sub-
scribers in either excha wnge for extending
connections to the 1‘@(:01‘0111;; swmuooard,
- means automatically operative on calls ex-
5 tended over the trunk line for re leaging the
connection to the recording position and for
establishing a connection to the toll switch-
board, and means at the branch exchange
 controlled over the trunk line from the toll
“10 switchboard for connecting a source of char-
acteristic current to the calling subscriber’s
line.

24. Tn a two-motion party line connector
switch, an auxiliary ringing current selecting

15 gwitch, two test wipers adap‘cef1 to engage
contacts aqsocmfen W 1’fh called lines, means
for directively operating the switch in both
its primary zmd s)condq“v movements to set
the wipers on contacts associated with a line,

20 means vesponsive when both wipers en-
counter contacts marked by a busying po-
tential for further advancing the wipers of
the connector in search of an idle line, and
means respousive when said ‘wipers engage

25 contacts assccinted with an idle lme for con-
necting up said auxiliary switch.

25. In a telephone system, a connector
switch equipped with primary and secondary
stepping magnets, groups of lines accessible

50 to said switch, an anxilias vy switch associated
with said first switch, means for successively
directively operating said magnets to select
a group of lines, means for further opev"t“w
said secondary magnet to select an idle line

5 in the group, means for thereafter directive-
Iy (‘pemtmg c‘hd auxiliary cW“‘chn and means
including said ‘.v\ﬂmrv switch for applying
signalling current o e selected Hrne.

In witness whereof, I hercunto subseribe

49 my name this 2d day of Tuw, A.D. 1930,

VIC TOP S. THARP.
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