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My invention relates in general to automatic
telephone systems but is particularly service-
able in such systems as include a plurality of
main exchanges and branch exchanges tribu-
In
such systems the main exchanges are intercon-
nected by trunk lines and each main exchange
is also;connected :to its several branch ex-
changes by trunk lines.. Connections are es-

(10 igblished in thie well known manner by auto-

matic switches under the control of calling de-
vices at -the subscribers’ stations.

.- ‘The branch exchanges may be of any de-

sired capacity but in the majerity of cases

+15 will not exceed one hundred lines. . Connec-

* tions -within- & branch may - then be made

through :the medium  of  connector swi‘tches
which are responsive to two digits.-- This is

only true of local connections, however, for

20 in connections from a maln exchange to a

branch exchange generally at least three dig-
its and perhaps four or five, depending upon
the particular trunking arrangement in use,
will have to be called before the calling sub-
seriber obtains connection with a trunk line
‘leading to the desired:branch exchange, and
if the calling subscriber is located in another
pranch exchange the number of digits to be
called may be greater: still. In any case,

.30 gince only the final connectors-are located at

- eration is performed outside of it.

the branch’exchange, the entire trunking op-

- This fact, when considered in connection

- with the large number of transferred calls

. 38

.50

usual in the present practice, which: it may be
stated are made necessary by the extensive
use of branch exchanges in factories, depart-
ment stores, ete.; where the employees are not
listed by name, and where the duties of the

employees and matters handled by the differ--

ent departments are not widely known out-
sidé of the particular concern, will render ap-
parent the decided disadvantage in prior au-
tomatic operating methods, which it is.the

5 object. of the present invention to overcome;

for it will be seen that if a main exchange sub-
geriber calls a certain official in a branch ex-
change and finds, when a response is secured,

that the person wanted is temporarily in an-.

other department, or, if present, that he is not

the proper person with whom to transact the
business in hand, it will be necessary to release

the entire connection and call the entire num- -

ber:over again.in order to obtain connection
with the proper local station. - The delay thus
caused is a decided.inconvenience and in ad-
dition may result in thé loss of the trunk line
during busy periods. - oo
In manual systems transferred calls. are
handled readily by the operator at the branch
exchange.” The subscriber first called merely
has to signal the operator by working his re-
ceiver hook up and down and when she re.

‘sponds tell her to-whom the call is to be ex-

tended, whereupon the operator merely has to

55.
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shift the plug in which the incoming trunk -

line terminates to a different jack:

- In automatic systems, since there is no

operator, it is desirable that any called sub-
scriber  1n. a. private automatic. exchange
should himself be able to transfer an incom-
ing call to any other'subseriber in the branch,
and the present invention provides an. ar-
rangement by:which this can be.done. Each
incoming trunk line from the main exchange

7

5

terminates in a dual or compound connecétor.

instead of the usual single connector switch.
This dual connector comprises two separate
and distinct switch mechanisms which, how-
ever, ‘are permanently associated with one
trunk and are mutually dependent so far as
their circuits and operation are concerned.
“When a.call' is received over a’certain
trunk line one of the two connectors asso-
ciated therewith, which will be termed the
main connector, is operated first to establish
connection with the desired line in the branch
exchange. After-a response is had, if it i
desired to transfer the-call to another station
the called subscriber at the branch exchange
operates his dial in accordance with the num-
ber-of the third station, (a two digit num-

‘ber), whereupon the other connector asso-

iated with the trunk in wuse, hereinafter
termed the auxiliary connector, is actuated to

80 .
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establish connection with ‘the line to which

the call is.to be transferred. . When the party

thus called answers his telephone.the party -

first called and who has just transferred the
call will replace his receiver, whereupon the

160
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main connector is released and restored to
normal.  That is, the main connector usually

~ releases at this time although provision is

(54
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made whereby when calls are transferred by
certain lines in the branch exchange the main
connector will release immediately upon the
response of the subsctiber to whom' the call
has been transferred, thereby permitting but
two stations ta be connected at one time.

- Tf:1t should be desirable or necessary to
transfer the call to a third station, the second
party called can operate his dial in accordance

with the proper digits and operate the main

connector agiin to coninect with the desired

. third line; and furthermore, the subscriber

on the third line can exfewmd the call to a

fourth by again operating the auxiliary con-

fiector: - Frow: this 1t will be undérstood that

the main and auxiliary connectors which

i)

coristitute the dual or compound - connector

of this invention aré operable dlternately by

local ‘stbscribers at the branch exchange to

transfer calls as -desired, #nd that by this

atrangement an inicoming-call from a distant

£ main exchange can be transferred or switched
- from oné station to'.another at the branch
fvithout it becoming necessary for the main
ékcharige subscriber to réplace his receiver

- and release the trunk connection.

KR

The above is an outline of the operation
of the invention ifi-its simplest form. 1t has
recently beebié the common practice inhigh-

Iy orginized telephone systems fo establish

85
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toll connections ‘automatically by means of

‘4 separate trinking system which is inde-
“penident of {the local trunking system; the two

separate’ systems being required principally
oni dccount of the fact that in toll or long
distance work the signaling and busy test
circuits reqiired  are different from those

“considered theé best practice for local oper-

~ation afid on atcount of the necessity of

‘providing better talking circuits. The em-

bodiment of the invention herein shown is

designed for use in a system of the above

character and it has been considered best to
show all the circuits which have to do_with

. the invention complete although it will be

understood that for straight local service in
systettis where toll confiections are established
manually the circuits may be considerably
simplified. “The apparatus and the circuit

~‘arrangements shown by which the foregoing

and other useful objects are attained will be
tully destribed and explained hereinafter,
reference being had to the accompanying

- draivibgs; Figs. 1,2 and 8, which form @ part

b

‘61 this spécificatioh. For a clear understand-

ing of the drawings Fig. 2 should be placed
below Fig. 1, while Fig. 3 should be placed
to the left of Fip. 2, In stich 4 manner that

~ the lines at the ddjacent edges will be in

alignment.  When thus arranged it will be

seen’ that I' have shown an incoming trutk-
5 lis comprising conductors 146 and 148,

- 1,785,575

which extends from the repeater E (Fig. 3)
in the main exchange and terminates in the
dual or compound connector comprising main

and auxiliary connectors F and H at the

branch exchange. These main and auxiliary
connectors are both peérmianently agsociated
with the incoming trunk lne and have access
to the local lines in the branch exchange, two
of which, the lines extending te substations
A-and A’, are shown in Fig. 1. In Fig. 1 are
also shown line switches C and ¢’ which are
associated, respectively, with the lines ex-
tending to substations A and A’; and the
connector D, which is one of & group of con-
nectors used for establishing local connec-
tions. - .
Substation A: miay be of any suitable com:
mion battery typeé and as shown herein con:
sisty essentially of the receiver 2; transmit-
ter 3, switeh hook 4, ringer 5, and condenser
6. Béing an automatic substdtion theré is
also provided a calling device represented
herein by the impulse springs 7 and 8 and
the impulse wheel 9. This calling device

likewise may be of any suitable or approved |

type as, for example, one in: which a calling
dial is provided which may be: operated by

the subseriber to produce series of interrup- -
. tions in the line circuit in accordamee with
the digits in a number which it is desired to -

call.” A ‘calling device of the above type
and one which is suitable for the purpose is
shown in the British patent:to Dicker, No.
29,654 of 1910. ' T

The line conductors 12 and 18 terminate -

70
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at the switch bodard of the branch exchange

in the individual line or trunk selecting switch
C which is adapted to operate when the re-

ceiver is removed at substation A to initiate - -
“fos

o call to extend connection to a trunk line

extending to a local connector: switch. : The-

line switch C may be briefly described 4s-a

‘rotary -line switch whose Wwipers have no

hormal position, ory in other words, this line

switch is of the type of line switch whose

wipers remain on the contacts of the trunk

“f10 -

line last used and when a call is initiated no -

trunk selecting operation will take place un-

less the trunk line on which the wipers hap-
‘pen to be resting is busy: A rotary line switch

embodying these features is shown in the pats

ent to Lanib, No. 1,198,160, granted August 1,
1916. - Each-local line inthe branch éxehange

115

is provided with 4 line switch similar to the .

Tineiswitch C and the banks of all these line
‘switches are conmnected in inultiple ard form
‘terminals of trunk lines which exteénd to .
‘connector switches; one of which is the cons

nector D. - . .
The connector switch D is mechanicdlly of
the well kilown Strowget vertical and rotary

120

s

type which is disclosed in the patent to Keith, -

Erickson and Ericksoni; No. 815,176, grantéd -

March 18, 1906. The ¢ircuits dreé inodified t6

a great extent; however; principally in order

150
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to permit the switch to be operated in accord-
ance with the two wire system of control and
also because of certain features desirable in

a private branch exchange of the type herein .

described. . The banks of all the local connec-
tors are connected in multiple in the usual
way and form terminals of normal conduc-
tors -over which- access is had to the various
local lines. Not all the levels are used for
this purpose, however, for where the branch
exchange is connected by trunk lines to a
main exchange, as in the present case, one
or more levels must:be reserved: for these
trunk lines. Thus in Fig. 1 T have shown the
first contact sets in certain levels, to-wit, the
first, second, ninth, and tenth, and it will be
seen that the normal conductors associated
with substations A and A’ terminate in the
first contact sets of the first and second levels,
réspectively, while in the first contact set o
the ninth level there is terminated a trunk
line comprising conductors 152, 153, and 154,
which may be considered -as normal:con-
ductors associated. with the conductors of

the trunk line extending to the main exchange. .

From this it appears that the contact sets
of the first eight levels of the local connec-

" tors are assigned to the local lines, while

the contact sets of the ninth level are reserved
for trunk-lines extending to the main ex-
change. - The tenth level is also reserved for
trunk lines which, however, extend to a dif-
ferent exchange: The provision of this last
group of ‘trunk lines involves a somewhat

novel operation in-the connector D which

will be explained fully hereinafter.

+The main and auxiliary connectors F and
H: are similar in mechanical construction to
the connector D. The circuits; of course, are
radically different -and will be described in
detail in' the “description of the operation
which is to follow.  The main exchange end
of the trunk line comprising conductors 146
and 148, has two branches, one of which ter-
minates as before mentioned in the repeater

K (Tig. 8); and the other of which terminates

|

€o

<

in the line switch C2. The repeater E com-
prises the eight relays 100 to 107, inclusive,

“whose functions will be described later; and

is accessible to selectors of the toll trunking
system and also to selectors of the regular
main exchange trunking system, thus form-
ing the means by which selectors of both kinds
are given access to the trunk line. In the

5 case of the toll selectors connection may be

extended to the repeater E by way of the
bank contacts 136 to 140, inclusive, and simi-
lar multiply connected contact sets; while in
the case of the selectors of the regular. ex-
change trunking system access is had there-
to by way of bank contacts 130 to 132, in-
clusive, and their multiples. Thus it will be
seen that a connection may be extended to the
repeater E-over two different routes, depend-

5 ing on whether it is to be used by a local sub-

scriber in the main exchange or a toll or long
distance operator. - At this time reference is
had to the patent of Winfred T. Powell, No.
1,356,010, granted October 19, 1920, which
shows. a similar arrangement. -
The line switch C? affords means whereby
connection from the branch exchange may
be extended to subscribers in the main ex-
change by way of the regular main exchange
trunking systems. The line switch C? 1s
similar to the line switch C, (Fig. 1), already
dezeribed, and has access to selector switches
over a group of trunk lines one of which is
partially shown just to the left of the line
switch. R :
For supplying current for operating and
talking purposes I have shown throughout
the drawings a plurality of batteries, but it~
is to be understood that thiere is preferably
but one battery for each exchange, each of
which has its positive terminal grounded.
In order not to encumber the-drawings ref-
erence characters hive been omitted from
the. various. batteries therein shown, and to
avoid any confusion on this account itisnoted
that when in the specification a circuit 18
traced “to battery” it will be understood as
extending to.the ungrounded or live pole
of a common exchange battery. The refer- .
ence character IR in Fig. 2 indicates an in-
termittent ringing machine of the usual type’
common to automatic. telephone systems.

g

99
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There is also :provided -a busy signaling

machine shown at several places in the draw-

ings and indicated by the reference char- i

acters Q and @Q’. o . ,
Having described briefly the general lay-

out of the system and the chdracter- of 4ap-

paratus employed, I will now proceed to. ex- -

plain in-‘a more detailed manner the ‘opera- ‘19:
For this purpose it will -~

tion of the circuits.
first- be assumed that a subseriber .in the
main-exchange desires to establish connection:
with 4 certain subscriber at the branch ex-

change who ig ordinarily to be reached at 1

the substation A’, and will be further as-
sumed that the calling subscriber has’op-.
erated a series of selector switches of the
regular main exchange trunking system in

the usual way to -establish connection’ at I

terminals 180, 181, and 132 with the repeater
E, and therefore with the trunk line shown
in the drawings. As soon as the conductors
of the calling line are extended:to bank con-
tacts 180 and 132 by the selector switch a :
bridge which may include either the calling
subseriber’s loop or an inductive winding in
an intervening repeater, is closed across the
conductors 133 and 135 and the line relay 100
of the repeater It is energized over the follow-
ing ‘circuit: ground at G’, lower winding
of line relay 100, normally closed contacts .
controlled by armature 109 of relay 101, con-

.ductor 135, bank contact 182 and the seléctor

wiper in engagement therewith, through the

125
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calling subscriber’s . locp, and back to the -

selector wiper in engagement with the bank

" contact 130, conductor 133, normally closed

(o3

10

‘contacts controlled by the armature 108 of

relay 101, and the upper winding of the line
relay 100" to battery. Upon: attracting its
armature the line relay completes a circuit
for the slow acting release relay 105 as fol-
lows: ground at G?, armature 116 and its
resting contact; armature 111 and its work-
ing contact, and the winding of the relay 105
to battery. Upon energizing, relay 105 com-
pletes a” holding circuit for the operated
switches in the main -exchange trunking
system which may be traced as follows:
ground at G? armature 120 and its working
contact, conductor 144, and conductor 134 to

“the bank contact 131, and thence by way of

20

- switches: inthe usual manner.

30

-85

the test wiper of the last selector switch to
holding magnets or relays in the various
Conductor
184 being grounded, a ground potential will
be placed upon the multiples of contact 131
with the result that repeater E is made busy
to other selectors in the regular main ex-
change trunking system. A Dbranch of the
above traced holding circuit extends from
the junction-of conductors 144 and 134 to test
confact 189 and its multiples in the banks
of the idle. toll selectors wihich have access
to the repeater & where, by a ground poten-
tial on these test contacts, the repeater I is
made busy to these selectors also. A second

branch may be traced by way of conductor

147 and the switching relay 150 of the line

switch: C? to battery. . By the energization
of relay 150 the braiich conductors 149 and
151 of trunk line are disconnected from their
normal battery and ground connections in
Line ‘switch: C2.  Another -circuit -closed by

_the energization of relay 105 extends from

.45

50
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ground G* by way of arimature 118 and its
working:contact and the upper winding of
telay 107 to battery. Relay 107 is not op-
erated, however, for its upper winding 1s
merely a polarizing winding, being composed

of German silver wire, and does not energize
the core of the relay sufficiently to enable it

to attract its armature. Relay 105 also pre-
pares a cireuit for the relay 103 at- itg arma-
fure 119 which ‘will be traced later, and final-
ly at its armature 121 closes 2 bridge across
the trunk conductors 146 and 148, and there-
by causes the energization of the double
wound line relay 200 of the main connector

" F (Fig. 2) at the branch exchange. The en-

. 60

ergizing -circuit-of relay 200 may be traced
as follows: ground at G*°, lower winding of
relay 200, resting contact of armature 229
and the said armature, conductor 159, arma-
ture 321 and its resting contact, conductor

- 157, trunk conductor 148, armature 121 and

jts working contact, armature 117 and its
vesting contact, armature 114 and its rest-
ing contact, spring 170 and its resting con-

1,785,575

tact, upper and lower windings-of relay 10%
in parallel, conductors 171 and 172 in par-
allel, lower winding of electropolarized re-
lay 107, armature 110 and its working con-
tact, resting contact of armature 112 and. the
said armature, trunk conductor 146, con-
ductor 155, armature 319 and its resting con-
tact, conductor 158 armature 228 and. its
resting contact, and the upper winding of
he relay 200 to battery. Upon- energizing,
the line relay 200 closes the usual energizing

- eircuit for the slow-acting release relay 201,

70

75

and this latter relay, upoen energizing.in turn, -

at its- armatures 221 and 224 connects: the in-
coming trunk conductors 146 and. 148 direct
to the upper and lower windings of the line
relay 200, respectively, by way.of the arma-
tures 228 and 229 of the relay 202. - As-a

80:

further result of its energization relay 201 -

prepares -at: its armature 223; the usual.-op-
erating cirenit for the rotary and vertical
magnets 211 and 212, and at its armature 222

conneets gronnd G** to conduetor 153 with

the result that ground potential is placed
upon the test contact 97 and its multiples

00

in the banks of the local connectors in order -

to render the trunk line busy. .Greund G*

also extends by way of conductor 156  and- "~

the winding of the cut-off relay:302to.battery;
The cut-off relay~302 is-accordingly -ener-

gized and its armatures’318 and 820 discon-
nect the windings of the double wound relay

301 from the conductors of the incoming .

trunk line. At armatures 319-.and 321 the

‘original energizing circuit for the line relay

200 is broken also, but this latter -operation
is without effect because.of the fact that
another  circuit for relay 200 has already

100

been ‘closed by the relay 201 as explained; -

It should be mentioned at this:point-that the
relay 801 of the auxiliary connector H-is
normally bridged across the conductors 146
and 148 in parallel with the line relay 200
of ‘the main connector F.  Relay 301 does
not energize when the bridge is-closed at the

repeater E, however, because it is differen-

tially wound. . ,

The foregoing operations-have . oceurred
automatically’ upon the seizure of the re-

peater E by the selector in the main exchange.
The calling subscriber may now call the last

110

two digits in the number for the purpose of

operating the main-connector F to complete
the connection in-the branch exchange. By
the operation of the calling ‘dial in accord-
ance with the next digit a series of interrup-
tions is produced in the energizing-circuit
of the line relay 100 of the repedter E, and

this relay is‘accordingly deenergized a cor-

responding number of times to produce at
its armmature 110°a series of interruptions in

the circuit of the line relay 200 of the main
~connector F at the braneh exchange,
sach deenergization relay 100 also completes

a circuit for the slow acting relay 103, which

At

130
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- and its resting contact, armature 223 and its .-
_cuit extending as -follows: .ground on test
contact 265, test wiper 261, side switch wiper-:

40
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extends as follows: ground .at G2, armature

116 and 1its resting contact, armature 111

and its resting contact, working contact of
armature 119 and the said armature, and the

winding of relay 103 to battery. Relay 103

is energized, and being slow acting, remains
in operated position during the series of im-
pulses to- ground the conductor 144 at its
armature 113, (without function  at this
time), and to.close at its armature 114 a
direct bridge across the trunk conductors 146
and. 148, which may be traced over the fol-
lowing path: conductor 146, armature 112

- and its resting contact, working contact of
armature 110 and the sdaid armature, work- -
ing contact of armature 114 and the said-
“armature; resting contact of armature 117

and the said armature, working contact of
armature 121 and the said armature, to con-
ductor 148. This direct bridge of course in-

cludes the armature 110 of the line relay 100,
“and it will be understood that the principal

function of the relay 103 is-to cut out the 1m-
pedance of relays 101 and 107 while the line

are produced -at the répeater It the line relay

200 of the connector F is deenergized a-num-"

ber of times and at each deenergization trans-
mits an impulse through the vertical magnet
211 as follows: ground at G*°, armature 225

working contact, winding of the low resist-

_ance slow acting private control relay 203,
winding of the vertical magnet 211; and the

side switch wiper 215 in first position. to
battery. In response ‘to these impulses the
vertical magnet is operated to raise the switch
shaft step by step until the wipers 260 to
263, inclusive; arrive opposite the horizontal
level of bank contacts in-which is located the
contact set assigned to the line-of substation
A’. The relay 208 energizes in series with

45 the vertical magnet and remains operated
- during -the series of impulses to close: at its
armature 230 parallel energizing circuits for -
the lower-winding of relay 204 and the left

 hand winding of the -private magnet 210.

the deenergization of the relay 203 at therend .
5 of the series of impulses, permits the side-
-Switch wipers

T
ot

The operation ¢f relay 204 at this time is

- without function. = The private magnet, how--

ever, controls the side switch -in the usual
manner, and upon deéenergizing following

to advance to their second po-

“The - calling- subscriber ihay now ,operatef

. his dial in.accordance with-the final digit in

]

“the-called number, or the digit 1, (the line

- of-substation A’is connected to the first set

- of contacts in. the-second level), thereby pro--
~ducing’ a- single "interruption .in the.circuit

~of thé line Telay 100 of the repeater E. . Ac-

cordingly it -follows ‘that the “Jline relay 100

. ~energizes; and the side switch wipers are
relay 100 is transmitting impulses to the line -
relay 200 at.the branch exchange. In re- ;-

. sponse to the interruptions in its circuit which

will be deenergized once momentarily to in-:

terrupt the circuit of the line relay 200. of
the main connector F. - Now, however, the.

being traceable -over -the " following - path:

k=3

.line relay 200 transmits an impulse of cur- -
rent to the rctary magnet 212, the circuit:

70

ground at G, armature 225 and its resting

contact, armature 228 and its working con-
tact, winding of relay 208, resting contact of
armature 236 and the said-armature, winding:

75

of rotary magnet 212, and the side.switch

wiper 215 in second: position, to battery. By
the operation of the rotary magnet in re-

“sponse - to the. impulse of current which it
receives, the switch shaft is rotated one step..

and- the wipers 260 to 263, inclusive, are
brought into engagement, respectively, with
bank contacts 264 to 267, inclusive, compris-

‘ing the ‘contact set assigned to the line of
substation A’.  The relay 208 and the private. -

magnet 210 are energized as before, and in
case the called line is idle ‘when the relay
208 deenergizes, the private magnet also de-
advanced to. their third position. -

line of substation A/, when called as above

80

85

, %0
Tt will be first assumed, however, that the

deseribed, was busy. In this case there would -

-be a potential upon the test contacts 264 and
265:with. the result that the private magnet.-
. 210 ‘would not deenergize when the circuit

of its left hand winding: is broken at the
relay 208, but is maintained over a test cir-

916 in second position, contact springs con-
trolled by the armature 235 of reldy 205, right
hand winding of the private magnet 210, and

the side switch wiper 215 in second position -
to battery. ~Also relay 205 is energized over.
the following circuit: ground on test. con- .

tact 264, test wiper 260, armature 231 and its
resting contact; side switch wiper 217 in see-

205, to. battery. ~On energizing relay 205.:

closes-a locking circuit for.itself and the pri-
vate magnet. independent of the test wiper

961 which extends from ground: G'2 by way

of the upper winding of the said relay 205,

the resting contact. of spring 227" and the-
'said spring, the upper winding of relay 204,

armature 285 and: its working; contact, the
right hand winding of the private magnet
210, and-the side switch wiper 215 in secoud

‘position, to battery. = Relay 204, being in-:1f

cluded 1in the above locking circuit, is ener-
gized and its armature 233-connects a lead

from the busy signaling machine Q' to the
conductor 148 of the trunk line. Tt is to be -
noted that by the attraction of.armature 236 !

95

100

105

‘ond position, and the lower winding of relay

110

S

120 .

of relay 205 the circuit of ‘the Totary magnet o

-.212 is opened to prevent the calling subseriber
_from rotating ‘the connector on to another. -

“line. The operation of-armatures 237 and
984 of relay 205 and 232 of relay 204 is with--
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“out function-at this time. “When ‘the calling
subscriber hears_ the busy signal he will un-

: deromnd that the ‘desired line is for the time
‘Lem inaccessible, and will replace his re-
cewer The -disconnection of the 5W1tches'
Whlch follows will‘be deecrlbed later on.

‘Having described the- -operation of the-con-"

“neetor F when the called line is busy, it will

‘now -be “assumed that when the connection "t

'»10 stherewith “was -attempted the line of substa-
“tiontAlwasidle.
“when the slow acting relay 208 deenergizes at
“the -end -ofithe "inal impulse or ‘series “of im-
‘pulses,the private:magnet 210 is deenergized

15 -algo-and the side switeh wipers are advanced

“to their ‘thivd position. By the advance of
the side switch wipers to their third ;position
~wo rcirciiits are-closed simultaneously. The

o first -of thess extends from ‘ground G,

<90 throughside switch wiper 216.in 1tsthird po-
smon, and has two-branches, the first branch
being traceable by way of thetest Wlper 261,
st “comtact 265, private normal conrmcto“
084 the \Wlndmcr of ‘the-cut-off velay 15" of

25 line switch. 7, zmd the winding -of stepping -

“nagndt 167 to battery. "The: current flow in

thisibranch servesito energize’the cut off relay c

157, the low.resistance st epph‘b “magnet 167
< o remaining’ deunefro ized; andithe line “condue-
30 ‘tors 127 and 13’ are- bhereoy ‘disconnected

from théir normal ‘battery and. ground -con-

neetmnb Anttheline switch 1C7.
~mentioned that when: the Telay: 15’ is ener-

. ~gizédas above, itis prevented from complete-
-85 ly attracting its armatureby veasen of an-in-
- torlodlmng mechamsm controlled by the arm-
ﬂture of theline: el‘w 147, Accordnwly the
~wvipers -of ‘the line‘switch €’ remain discon-
nected. -
= 40 seribed in the patent 'to Lamb previously re-
?felred to. :Greund: at ‘(2. of course,-also ex-
terids to miltiples ofitest
wtdren’der the dine-of :substation A ‘busy to
‘other'connéctor switches:
eircuit ‘extends from ithe Junction -of side

- qvut(‘n :
wway of the -winding -of the-switching ‘relay
,and the gide- svitdh - Wiper 245 an- third
ition, to battery.  Deferving for a moment

45
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<energizing of relay 209, the second circuit

avhi ch 1s’before nentlone\l wasclosed simniilta-

Imousﬂy with the; clogure-of the cireuit extend-
yonid {32 mayy ‘e traced over the
ath: grou'nd at ‘G*, (line switch
! jrestinpssontact-ef: the! lower arma-
Ctures ok t 43c8 cvt'off relay 15" and:#he said arma-
“itare; nermal-conductor 285, hank contadt 266,

Wlpel 962, armatuare 247 and #ts resting- con—w
¢h-wiperi217 in third. pocsmon,'

sﬁo 'tact sifle imsvit

Tl 1the Tower wmdmo rof: relay 205, to bat-
terv :

V'm and also by the energization -
g relay 209 Nevertheless, a

Under these circumstances

it should be-

"This:locking mechanism is tﬁdly de--

‘contact 265 in order
The-seeorid branch-

iper 216 withiithe test swiper 261 -by

planmwp ot:the effedt prodaced by the

The above circutt is broken an instant -

oY co*upleted by the operation-of the .
] ‘the tallun(r cireuds
W hmh 15 brldged aCross: tne tﬁlxmg condue- ¢

1,785,575

momentary flow of current: will be produced
in the lower winding of relay 205, suflicient
to-enablethis relay to ) attract its armature 234.

" An energizing and Tocking ‘¢ircuit is there-
as follows: . ground at G**,
rmature 234 andits working contact, rlght

upon completed

hand armature ‘of ‘private magnet 210 and
its resting contact, side switch wiper 217 in
third-posi tlon, and the lower- winding of re-

lay =205, to battery. ‘The opera ation of the.»
xmatures 285-and 236 of relay 205 is'without -

p&ltlcumr effect at this time, but the opera-
tion ¢f armature 237 ‘epens a circuit of the
case magnet 213 for a purpose ‘which w111
befully described hereinafter, - -
Returning to the switching relay 209, When

this relay enemmed a s1onahng ‘circuit ds-

comp%LeJ over the following -path:

3
(444

180

G, generator (Gen., contact contr rolled by

the intermittent ringing-equipment IR, nest-
ing contact of armature 246 and the said ar-
mature, working - contact ol ammature 248
and the said armature, wiper 263, bank.cen-

tact 267, normal:conductor 283, lins conductor

1275 th“mmh the ringer-and: conc’censer at:sub-
station A’ Jine cenductor‘ 18’, novmal ~con-
ductor 285, b‘mk contact:266 Wlper 262, arma-

dure 247 and its working contact -armature

243 and its restmg contaet ‘apper i 1ding of

the ring cut off relay 808, and the exchange
‘ba ttery to-ground at/GY.

By the: ‘operation
of the ringing apparatus IR the-abeve circiit

85

':.1'90

.95

is:closed mtermmtently to-operate:the ringer -

at the called substation. " It-will :be ;dbéerved

“that whenever the generator (fen:is-diseon~

nected fromthe circunita’ smallbooster battery

is-substituted therefor in-order to-enable the

100

seut -off relay 208 to be - energwed duting the -

silent periods. Fhis relay 208-is-s0 adjusted

that ‘it-will not -energize as long as the-re- :
célver remains-en the hook at ‘the ‘called sub- -

station. VVhen the recelveris 1Pmmed ‘how-"".

ever, the relay 208 is ingtantly: ‘ene"glzed
ei'ther by:

from the booster battery -and ‘the ‘rain ex-

change bmttery in‘series, and:upen:atirasting

its armatire 244, closes alocking cireunit: for
itself as follows .‘gronnd at: G“‘ off normal
«contact 219, (closed at'the first: upw*u‘d meve-

‘ment of the switch shafft) -armature 244 and
ts working contdct, and the lower wmdmml

_.of the relay 208 %0 batielv Thie above cir-

cuit also supplies.ground %o ithe lower. Wlnd-

ing of theback bridge ‘re‘ay 207 “Furt
sults-of the: energlzatlon of relay208 a

urrent fromigenerator Gen.-and the
main e\ch‘mﬂe b%ttery in series,’or bysclrrent.

110

closure of a: contact in-the release.cirenit: at

armature 245, and the ‘closure-of fthe talking
cireuit fxt the working - contact of armatures
243 and 246, the upper Wmde of relay 208 1

and ‘the lesd to the ‘ringing. maohme being

~dlsconnectef1 at the ‘back :contacts’ of ‘these»

armatures, rereotlvely “Upon:the closureiof
the back bridge relay 207
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‘energizing preparesat its armature 238 a
rcuit for the vertical and rotary magnets 310
-and 311 of the auxiliary connéctor I ,opens g

“ing trunk conductors
'thelr connections to the windings of the line
relay 100. The direction of current flow. in’

“nently

1,735,575

tors in series with the battety is‘energized in

the usual manner and completes a circuit for
the slow acting relay 206. Relay 206 upon
a, cir-

contact in the release circuit ab its armatur
240, and at-its’armature 239 closes an ener-

-gizing circuit for the upper winding of relay

202. Relay 202, upon energizing, reverses
the incoming line conductors 146 and 148 as
regards thelr connections to the windings of

‘the line relay 200, thereby reversing the di-
‘rection of current flow in the copductoxs of

the incoming trunk line. The operation of

“armature 226 of relay 202 1 is without function
‘at this time. By the-reversal of the current
in the line, the relay 107, whose lower winding

is included in the bndge at the repeater and

“which until now has remained inoperative be-
“cause of the opposing magnetizing effects of
and -
‘upon attracting its armature, changes the

its windings, 1s opemtlvely energized,

circuit-of the brld(re at the rereater in such

“manner-that the two windings of the relay

101 are connected in series rather than in par-
allel. Thisoperation increases the impedance

“and resistance of the bridge to prevent trans-
also causes the

mission loss; and of course,
energization of the relay 101. Upon attract-

ing its armatures 108 and 109, relay 101 con--

nects an additional pair of condnnserq in the
’mlklno mrcuu ‘and rLlso reverses ‘the incom-
133 and 135 as regards

the calling line is accordingly reversed in
the usual manner for the purpose of opera at-
ing a meter or collecting a-coin,
" The required connection has now been es-
abl1shed, and assuming that'the calling sub-
scriber has obtained the desired party at sub-

“station A’ the conversation can proceed as

desired. Current for the transmiiter at the

called substation A’ is'supplied through the

windings of the back bridge relay 207 "of the

‘main connector F, while current for the tra s~
“mitter at the caﬂmor substation may be’ sup
‘plied through the w mdmdg of the line 1'eiwy
100 of the repeat& E.
“take the path shown in heavy.lines which

The voice currents

will be unders tood wi uhout 1°Urth01 eyplana-

“tion. ..
~ When the conversation is ﬁméhed both sub- £
: scr]bels will replace their receivers.

By the

replacing of the receiver at tne calling sub-

“station’ the energizing civeuit-of the hne Te-
: l‘w 100 of the Ieneatei E is broken and this

reiay deﬁ'lelox?es to open the circuit of the
slow acting relay 105. The deenergization of
these two 1e1‘1v3 causes the brvdce across the
trunk conductors 146 and 148 to be perma-
,peﬂed with . the result that the line
relay 200 of the main connector T is deencér-

2 mzeJ “The resulting deenermzatlon of the

“ner.

7

slow acting release relay 201 causes the clo-

sure of the following circuit for the release

magnet 218: ground G°, armature 225 and:

its resting confact,-armature 228 and its rest-

ing contact, off normal springs 218, and .the -

winding of the release magnet 213, to battery.
By the operation of the: release magnet 213

the main connector F is restored to normal
position in the usual manner,
the 1releéase magnet being opened at off mor-
‘mal springs when the shaft reaches its lowest

the -circuit of

position. - At the repeater E when the slow-
acting relay 105 was deenerglzed ground was

‘disconnected from conductors 144 and 147,

thereby - permitting the operated selector 56"

gwitches in the main exchange trunking sys-

‘tem to be released and also permitting the cut

off relay of the line switch C? to deenergize.
The apparatusis thus all restored to normal

position when the receiver is repmced at the
‘calling substation.

It will now be assumed that when the uub-.

station A" was called,as described in the fore--
-going, the particular person wanted was ab-

sent from the department temporarily, having
gone for some purpose or other to the.depart-.
‘ment served by the substation A. - The party

who answers the'telephone at substation-A’

will ordinarily know where the party wanted

has gone and will ask the calling subscriber

to wait a minute while he ls,bemg called.
This is accomplished by operating the auxil-
iary connector H'to establish connection with
the local line extending to the substation A.

Tt will be'recalled Lh‘tt when the receiver was

removed at substation A’ the relays 207 and
206 were energized, the latter reldy prepdring
a circuit for the operating magnets 310 and
011 of the auxiliavy conaector. When now

the dial at substation A’ is operated in ac- '

cordance ‘with the digit 1 the relay 207 is
deenergized--momentarily and transmits an
nupulsc of current to.the vertical magnet 310
as follows: ground at G*°, armature 941 and
its vesting r‘ontact armature 238 and ‘its

“working CO'lt‘lCt, Wlndmg of the low resist-.
‘ance.slow acting private conirol relay 304,

winding of the vertical magnet 310, and the
side switch wiper 313 in first position,to bat-
tery.. By the operation of the vertical madnet
the shaft of the auxiliary connector H is

raised one step whereby the wipers 850 to 853,

50
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inclusive; are raised oppoate thefirst horizon- .

tal level of bank contacts. The slow acting

relay - 304

the deener gization of relay 304 and the pri-
vate Tha gnet the side switch wipers are ad-
vanced to second position in-the usual man-
‘The dial at substation A’ is now opet-
ated in accordance with' the final digit 1 of

is accordingly ‘again ‘momentarily deener-

“gized. "\Tow however the side switch wiper 12

is “energized 'in series with the i
-vertical magnet and closes the usual energiz-
ing cireuit for the private magnet 309. Uponf

o1

j1s)

“the number of substation A and the relay 207
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-318 being in its second position, the rotary

magnet 811 is operated and the syitch shaft

is rotdted to bring.the wipers 350 to 353, in-

clusive, in engagement with the first set of
contacts in the first-level, this'being the con-
taet set allotted to the normal conductors of
the line of substation A. - The slow acting re-
lay 804 and the private magnet 309 are ener-

gized as-before, and agsuming that the line

of substation A is idle when the relay 804
deenergizes, the private magnet will deener-
gize also, and the side switch wipers will be
advanced to third position. - . i

By the advance of the side switch wipersto

their third. position circuits are closed simul-
taneously .for-the relays 806 and 308 of the
-auxiliary connector H and for the cut-off re-

~ lay 15 of the line switch C. These circuits are

49
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the same-as corresponding circuits in the main
connector H and need not be described -in de-
tail. By the energization of the cut off relay
15 the line condiictors 12 and 13 are discon-

neéted from their normal battery and ground

‘connections in line switch C. Relay 806, upon

energizing, closes a locking circuit for itself

at +ts aymature 385 and at its armature 337

-opens a contact in the release circuit. - Relay,

806 corresponds to the relay 205 in connector

F and the reason for eperating these two re-
‘lays when .connection to the called line is

completed: will be explained fully later on.

By theenergization of the switching relay 308

a signaling eireuit 1s completed for actuating

the ringer at substation A: -This circuit is
.similar to:the one already described in .con-
- necton with substation A’

~In order to permit of a full explanation of
the release it will now be. assumed that no
response 1s secured from substation A.  Un-
der:these circumstances the party -at substa-

tion A" may offer to try another number, per-
‘haps having in mind some station at which

the desired ‘party is likely to be. If this is

‘agreeable -to the calling subscriber at the . i :
.main connector release magnet which may be
_traced as follows: ground at G*?, working

main exchange the party at substation A’

will now hang up his receiver-in order to
release the eonnector H. preparatory to- call-
~ing the -new number.

By the replacement
of the receiver on the hook relays 207 and

206 of the main connector I are deenergized
-and a.eircyit is completed for the release mag-

net 312 of the suxiliary connector H as fol-
lows: ground .at G**, armature 239-and its

-resting contact, armature 330-and its resting
-contact, armature 340 and its resting contact,
‘the off nermal springs 316, and the winding

of the release magnet 312, to battery.. By the

.energization of the release magnet 312 the

auxiliary connector is restored to normal po-

_sition -in -the usual.manner, after which it
.may be again operated:by the party at sub-
station ‘A" under the control.of the relay 207
~of the main conneetor to establish connec-

_tion -with anether local station.

_ Having explained the release of the aux-

1,785,575

iliary connection under the above circum-

_stances, it will now be agsumed that the party
-at substation A is present when the signal

is received and that he answers the telephone.

When the receiver is removed the ring eut
off relay 807 is energized and at its arma-
ture 839 completes a locking circuit for. itself

in a readily understood manner.

also. supplied: by . way of -armature 339 -to
the lower winding of the back bridge relay
300. -Asa further result of the energization

of .relay 307 certain contacts in.the release

circuits are shifted at armatures 340 and 341;

and at armatures 338 and 342 the line.wip-
ers are disconnected from the upper winding -,

of relay 307 and from the generator-lead, re-
spectively, and are connected instead to the

‘heavy talking conductors. Back bridge re-

lay 800 is now energized over the called line

circuit and upon attracting its armature com- .

pletes an energizing cireuit for the slow act-
ing relay 303, This latter relay, upon en-
ergizing, prepares.a cireuit for the operat-

‘ing magnets of the main connector at.its
‘armatures 328, opens a -release.circuit con-.
tact at-its armature 330, and at-its armature

329 conpects ground (G*-to.the upper wind-

ing of relay 202 of the main connector, there-

by providing -against the deenergization of

this relay, should the relays 207 and 206 be

deenergized to release the main connector..
The call has now been transferred through
the medium of the auxiliary connector-I to
substation A and since the talking conductors
of the two connectors are connected. in mul-

- tiple, the calling subscriber at-the main ex-

Ground-is

990

)
ot

100 .

change may now converse with the wanted .

_party at substation A as desired. The party

at substation A’ who has just transferred the

_call, upon observing that conyersation is pro-

ceeding satisfactorily will now replace his
own receiver. ‘Upon the resulting deenergi-
zation of relays 207 and 206 of the main con-
nector, a ‘circuit is now completed -for the

contact of armature 329 and the said arma-

‘ture, resting contact of armature 240 and the -
-said armature, armature 245 and its working
‘contact, off normal contact 218, and the wind- .

ing of the release magnet 213, to battery.
By ‘the energization of the release magnet
213 the main connector is restored to normal

as usual, relays 200 and 201 remain energized, -
however, as.long as connection is held at the-
“auxiliary connector H.

202 is also maintained energized,:as. previ-

-ously explained, from ground G* at the aux-
‘iliary connector. . When the conversation is
completed and the relays 200 and 201 are de-
.energized by the replacement of the receiver
at the calling substation, relay 201 breaks the
ccireuit-of. the cut:off relay 302. By the de-

energization of this latter relay a cireuit for

‘the release. magnet 312 of the auxiliary con--

120
The reversing relay -

125
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I_iectdr is.closed as follows: ground at Gz‘-’";
aramature 322 and its resting contact, off

normal contact 816, and the winding of the

release magnet, 812 to battery. It follows
that the auxiliary connector H will then be
released ‘and restored to normal position.

It may happen in the case of the connection
last described that the party at substation A
will find it necessary to refer the calling sub-

. scriber to someone else in the branch ex-

change. Perhaps it is found that the busi-
ness.in hand can best be transacted by some
other department or that it requires the con-
sideration of some other official before it can
be definitely -disposed of. -However, we are
not particularly concerned with the precise
reasons for it will be understood that cir-
cumstances will arise where it is necessary to
transfer a call two or more times before the
calling subscriber finally completes his busi-
ness. We will assume then, that the party
at substation A, after conversing -with the
calling subscriber for a moment, finds it
necessary to transfer the call to a third sta-
tion. The main connector F hasalready been
released and is now operated by the sub-
scriber at station A under the control of the
relay 300 of the auxiliary . connector H.
When the calling device at station A is op-
erated in accordance with the first digit of the
number, a series of impulses is transmitted
to the vertical magnet 211 of the main con-
nector over .the following path:- ground at
(%, armature 827 and its resting contact,
armature 828 and its working contact, wind-
ing of the slow acting relay 203, winding of
the vertical magnet 211, and the side switch
wiper 215, in first position, to battery. . By
the operation of the vertical magnet the

switch shaft and the wipers are raised to the’

required.level of bank contacts, and, as be-
fore exlained, the side switch wipers are ad-
vanced to their second position at the end of
the vertical operation of the switch by the

: private magnet 210 which is controlled by the
When the dial is operated in“ac-

relay 203,
cordance with the next and final digit in the
number, the rotary magnet 212 will be op-
erated in a manner. readily understood, and
the switch wipers will be rotated on to the

contacts of the desired line:. “The main con-'

nector, of course, is operated at this time in
precisely the same way that it was operated
first when the connection was first extended

55" to the branch exchange, with the exception
that its operation is controlled by the relay

300 of the auxiliary. connector H
by the line relay 200. L _

Suppose now, that no response-is secured
from the station just called. This being the

instgad of

‘case the party at substation A will doubtless
vish to-try still another station and will ac-

cordingly. replace his receiver to release the
main connector. - Upon the deenergization of
relays 800 and 308 -a circuit for the release

magnet 218 is completed as follows: ground
at (%%, armature 239 and its resting contact,
armature 330 and its resting contact, armature

340 and its working contact, off normal con-

tact 218, and the winding of release magnet
213, to battery. After the main connector
has been restored to normal by the operation
of the release magnet 213 it may be again op-
erated by the party at substation A as before.
_Suppose, however, that a response is se-
cured from the station to which the call has
been transferred by the party-at substation
A. In ‘this case when' the receiver at the
called station is removed the relays 207

‘and 206 of the main connector are energized.

Under these circumstances when the receiver
is removed at the called station the talking
circuit will be completed: as in the first in-.
stance and conversation-can proceed as de-
sired. The party at substation A will now

replace his receiver and upon the resulting- -

70
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50

85

deenergization of relays 300 and 303 an en-

ergizing circuit will be completed for the re-
lease magnet 312 as follows: ground at G,
armature 239 and its working contact, arma-
ture 329 and its resting contact, armature 841
and its working contact, off normal contact
316, and the winding of the release magnet

00

3192, to battery. The release magnet 312 is

accordingly operated to restore the auxiliary
connector to normal: From the foregoing
explanation. of the release circuits it will be

seen that when a call is transmitted to an- -

other station by way of the auxiliary con-
nector, for example, the replacement of the
receiver at the station from which. the trans-
ferring operation was controlled will result
in the release of the main connector or in'the
release of the auxiliary connector, depending
upon whether a response was secured or not.

In the operation of transferring calls as
described in the foregoing, whenever a paity
at a‘certain station transfers a-call to another

"station  he can remain in-on the connection if

he so desires, as the connector which is stand-
ing on his line is not released until he'replaces
his' receiver. This may be objectionable in

100

105

110

some instances, and in the case of a mercantile -

establishment, for example, it will perhapsbe .~
115 - -

found best to exclude all of the ordinary em-
ployées from being third parties-to connec-
tions, only the higher officials or certain other
designated persons being permitted to remain
in on transferred calls.  In order to accom-
plish this the normal conductors of all those

120

lines whose subscribers are to be denied the

privilege of listening on transferred calls are

reversed. In order to explain the release of

the switches when calls are transferred by
this class of subscribers, let us assume that the

subscribers at substations A and A’ aretobe = - -

prevented from staying in on' transferred-

~calls, the normal conductors being reversed
so that conductors 85 and 285 terminate in the

line relays of the respective line switches C"

125
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and C’ rather than in the normal ground con-
nections.
connector F.is-operated from the main ex-
change to establish-connection with the line of

‘substation A’, when the side switch has ad-

vanced to third position the relay 205 will not

“be energized as in the connection.previously

described for the energization of this relay

~ requires that the line wiper 262 shall find

10

15

- means of the auxiliary connector H to the sub-.

‘20

~which. it comes in -engagement.

ground potential upon the bank contact with

therefore remains deenergized whenever a
line is called whose normal conductors are re-
versed. - This is also true of the relay 806 of
the auxiliary connector H. Now suppose that
the party at substation A’ transfers the call by

station A. “When the party at substation A
responds by removing his receiver the relay
300. of the auxiliary connector is energized
and a circuif is instantly completed for the re-

~ lease magnet 213 of the main connector over
" the following path: ground at G*°, working

25

30

.88

40
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contact of armature 326 and the said arma-
ture, armature 242 and its working contact,
armature 249 and its resting contact, armature
937 and ifs resting contact, (relay 205 being

.deenergized), off normal contact 218, and the

winding of the release magnet 213, to battery.
Thus it will be. seen that the main connector
F is released and restored to normal position
as soon as the subscriber to whom the call is
transferred answers histelephone.. When the
connector shaft reaches its normal position a
circuit is completed for the relay 214 as fol-
lows: ground at G2°, off normal contact 220,
contact springs controlled by the armature

250 of relay 214, and the winding of the said
‘relay, to battery. Upon energizing, relay 214

at its armature 249 shifts the release circuit
from the release magnet of the main connector

to the release magnet of the auxiliary con-.

nector, and at its armature 250 establishes a
locking circuit for itself as follows: ground

at. G, off normal contact 317, armature 250

~ and its working contact, and the winding of
* the said relay 214; to battery. Now let us as-

sume that the party at'substation A desires to

~“transfer the call to a third party by opérating

i

the main: connector F' again. When the con-

““nection is completed and such third party. re-

moves his receiver the relay 207 of the main

- connector will be energized as is usual under
these circumstances and will instantly close.
- a circuit for therelease magnet 312 which 1s

traceable as follows: ground at G %%, working

contact- of armature 326 and the said arma-

ture, armature 242 and its.working contact,

- armature 249 and its working contact, resting

60

~ontact of armature 337 and the said arma-

ture; off normal contact 816, and the winding

of the release magnet 812 to battery. The

“auxiliary connector H is.accordingly released

and restored to normal, and when the shaft is
at its lowest position the locking circuit of

Now, if we assume that the main

Relay 205

1785575

relay 214 is broken and this relay is permitted
to deenergize. - It will be seen that whenever
the two connectors:are off normal-and their
back bridge relays 207 and 800 are energized
simultaneously, a circuit will be closed either

through the release magnet 312 of the auxil- -

iary connector or the release magnet 213 of
the main connector, depending upon whether
or not the relay 214 is energized. In regard
to- this relay 214, it of course, is energized
every time the main connector is released pro-
viding the auxiliary connector I is in oper-

‘ated position regardless of how the release of

the main connector is brought about.. When
the release occurs in response to the replacing
of the receiver, however, the operation of re-
lay 214 is of no utility, and hence was not de-
seribed before. e i
1t will be observed that the main connector
T, (and also the auxiliary connector H). is
provided with two test wipers and with two

asscciated banks of test contacts. This pro-

vision is made to enable the connector to op-
erate as a rotary connector. . Certain depart-

ments may require more than one telephone’

line, and it is desirable that when one of these
departments is called, the connector in use

will be capable of selecting the first idle line
-extending to such department. - Let us con-

sider a. department served hy three tele-

phones. - 'The test contacts in the upper test.

banks which are associated with the first two
lines will then be.left dead, only.the upper.
test contact which is associated with the last:
line-of the three being connected to the asso-
ciated lower test contact. . The number to be:

called when connection with this particular -

department: is desired will be determined by
the position in the bank of the contact set as-
sociated with the first line of the group.  Or,

in qther words, when the departiment is called-

the number of the first line extending there-
to will -always be called.. Now, supposing

that the main connector F-is operated to es-

tablishi ‘connection ‘with the first line of the
group, and let 1t be assumed further that the

o

80

85

90

95

100

105,

110°

first two lines are busy. Under these cir- -

cumstances there will be a-ground potential

upon the test contact with which the test -~

wiper 261 is:in engagement, while there will

be no ground. potential upon. the test contact.

engaged by the wiper 260, for this latter test
contact, as previously-explained, is- discon-
nected.. It foliows that when the slow act-
ing relay 203 deenergizes at the end of the
final series of impulses directed to the main
connector the private magnet 210 will not de-

energize, but will be held up over the follow-.
ing circuit: ground on busy test contact en-

gaged by the test wiper 261, the said ‘wiper-

115
120

125

261, side switch wiper 216 in second position, -

contact. springs controlled by the armature
235 of relay 205, the right hand winding of

‘the private magnet 210, and the side switch
‘wiper 215 in second position, to battery;  Re-
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lay 208 having deenerﬂzed a circuit maynow,
be traced throufrh the rotaly magnet 212 as
follows: orOhnd at-(329, armature 2‘30 and its:

S resting conwct Worklncr contact of the:left

hand armature of the pr Tvate magnet and the-

. said armature; ICStll’lO contact of armature.
232 and the said almature resting contact of

10- Y

- lower Wlndln") of relay 204 in pfzralld
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* dual connector having been explained, it will
,now be necessary to aevote a httle -space. to a’

65

-been: described. -
the- connector will stop upon-the last trunk

almatme 236 and the sald ‘um‘ltme winding
of the romrv magmnet 212, and si dﬂ svrltch.
viper 215 in se(:'md pos1t10n, to battery.. ‘The
rotary magnet 212 is therefore energized and
the wipers of the connector are advanced one
step in to engagement with the second line of
the desired group. Upon energizing, the ro- -
tary magnst connects ground (oo to the left
hand Wmdmw of the prlvate magnet and-the.
The.
private mfwjlct is thus held energized 1nde-’
pendent of the'test wiper while such wiper is
passing from one contact to another in the
bank and at the same time the relay 204 is en-,
ergized to break the circuit of the r otary mag-.
net. The rotary magnet is then deener mzcd;
and in turn breaks the civcuit thro sugh the left
hand winding of the private magne’c and the.
relay 204. The relay 204 is therefore deener-
gized and since. the test contact upon which
the test wiper 261 is now restmo ig'busy also,
the private magnet is maintained ener gved
and the rotftry magnet mrcmt is again com’
pleted. - The second operation of the rotar
magnet is effective to advance the connecfm :
wipers into engagement with the third line of
the desired group, which. it will be assumed
is” idle. The. parallel energizing : circuits.
through the left hand Wlndan' of the private
m‘umet and the upper ‘vmc’lnw of the relay
204 are closed as before, and the said. relay 204
again opens the cucult of the rotary magnet,
\Tow, when the- rotary magnet: deenergizes
and breaks the circuit of the private m‘umet
and relay 204, since the test wiper 261 is now ;
resting uporn the ungrounded test contact, the .
private magnet will be instantly deeneroued
and will p(,rrmt the side switch wiper: 215 to’
advance to its third position and interrupt
the rotary maouet circuit, thereby stopping:
the rotation of Lhe sw1tch T'rom this point -
on.the operation is the same as has: already
Tt may be mantioned that

line of every group whether it is busy or not,
for since the two test contacts ass ocnted_ Wlth./
the last trunk line of each group sre tied to-
gether the connector will: opesate when- it
lands on the last trunk line, precisely the same:
as it does when calling an individual line.
The-axuiliary connector. H is adaptﬁd to op-
erate as a rotary connector also and its circuits -
are substantially like those of the main con- -
nector: F, hence it will need no detailed dﬂ—
scrlp’mon. o )
‘The 1 11ncma1 featurn of the mve’ltloa tne

11

description of : the operations which. occur. -

when the repeater K is seized by, a toll selec-

tor, rather than by a selector of the regular

trunking system, as under these conditions:

the operation of establishing a connection

with a station in-the brar\ch exchange . is-

70

shi ffhuly different. - Accordingly it will bo ag-

sumed that a long distance operator has ex-.
tended a connec tmn through the medium of

toll first and second selectors to the trunk con-

75,

ductors terminating in the bank contacts 136

to 140; inclusive, - thﬁse contacts being' lo:-

cated in the bank of the toll second selector L

The toll selectors are not operated over-the
two talking conductors in series but over a

separate fourth conductor which, is grounded

at the pomt from which the contrnl of the:

gwitches is to be exercised. - The civcuit thus

formed. i interrupted: by the calling .device:
“to control the first switch of the series, or the

first- selecwr, and as soon as the opel"},tlon of

this switch is comy leted it 1s extended to the
‘When;
therefore, the toll-second selector has com--

controlling relay of the next switch.

pleted its opnmtlon the grounded operating
conductor is ex ctended by way of the selector
wiper and the bank contact 138 to the con-
ductor 143, and thence by way of the winding

80

85

80

of line rel‘w 104 and the winding of slow 'Lct~ o

ing relay 103 connected in pamllel therewith

by way of the armature 119 of relay 105, to -
Dbattery. Relays 104 'md 103 are accordmgly
ter relay, upon attracé-

energized and the la

95"

ing 1fs armature 113, connects ground to the - :

cond uctor 144 thercby est‘xbhshlno a-ground

" potential on test contacts 139 and 101 and -

their multiples to render the trunk line busy.
This.ground potential also extends over con-

100 =

ductor 147 to the line switch C? and operates - |

the cut-off relay 150. -upon the energization

of ‘the line relay 104 a circuit is completed -

for ‘the slow acting relay 105 which, upon

energizing, breaks the circuit of the slow act--
ing relay 103 at its armature 119, and at its

armature 120 connects f*ronnd Gr3 to the con-

ductor 144, in"order to mamtam this conduc-

tor Urounded after the 1elay 103 is deener-

105

110 |

«1zed Relay 108.1s: operated in par‘lllel with:

tha line relay: as described in.order to insure

that the cut off relay of the line switch C? will
be energized: before the operating or control -

115

cir cmt 18 completed over the trunk line tothe )
main exchange. The relay 105 also completes, o

as before, a cn‘cmt for the polarizing winding -
-of relay 107 at its armature 118, (the closure
f of this circuit being merely 1nc1dent11 how-..-
“ever), and at the same armature, the line re-
lay 104 now. being operated, completes an en-
érgizing circuit over the conductor 146 of the’
trurL line for the relays 200 and 801 of the
- main and auxiliary connectors F.and H, re--
-spectively. This circuit, or ratherthe 1)01t10n» :
,.,thereof' which 1ncludes relay. 301
traced.as: follows
118, and -its Workmo contact arnnture 115

eround ‘at.(*, armature

may be .

120

125

130,
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cand 1ts working contact festing contact of

‘armature 112 and the said armature, triunk: .
conductor 146, conductor 155, armature 319’

“eand 1ts 1est1n<r contact; contact Springs con-

10

“ing of the said relay 200 to battery.

- trolled by thc armaturé 318; and thé upper

winding of relay 301 to battely The branch
of the above circuit which includes relay 200
extends from the resting contact of armatiiré
819 by way of conductor 158, armature 298
and ifs résting contact, and the uppér wind-

200 snd 301 are enercrlzed in parallel and

“the former relay closes the tsual circuit for

15"

- 50

the slow acting release relay 201. " Relay 201
upon energizing performs the same functions
as ‘wele descubed before, including the ¢lo-
sure of -an energizing circuit for the cut-off

relay 302. By the operatlon of the relay 302

a locking circuit is established for relay 301 as
follows: ground at G, arméture 239 and its

- resting contact, working contact of armatutre

25
- glzing circuit of relay 301 is broken at arma-

30°

324 and the said armature ¢, armature 318 and
its working contact, and the upper winding
of relay 301 to battery This circuif is; of
coursey established before the original eher-

ture 319. In its enor gized position relay 301
prepares at its armature 323 a circuit includ-

ing both windings of thé reversing relay 202

in the madin connector and at its armature 325
closes a circuit for the ring ciit off relay 208
of the maln connector. It follows that the
ring cut off relay 208 is energized at once be-

“fore the main connector is operated and bé-

a5 comes-locked over thé usual circuit as soon -

S as the shaft of the main ‘connector beglns to

40

rise.
The apparatus isiow in condltlon for the‘
" transmission ‘of impulses:

When, the toll
operator operates her calhncr dévicé in ac-
cordance with the first digit oi the local num-

" -berin the branch eXchandc the line reldy 104

45"

is deenergized a numbér of timés and at each

deenermzatmn interrupts the circuit of the
line rel‘ty 200 of the main connector F. In
response to these interruptions of its circuit

the line relay 200-is deenérgizéd a correspond-

ing number of times arid operatés to rdise

750

the shaft of the main connector F through
‘the médium of the vertical magnet 211 in the
. usual manner, the side switch wibers being

- advancsd "to the second position at the érid

55.

of the vertieal novement. When the sécond

digit-is called” the cohnector rotates tnder
‘the control of the. rélay 104 of the repeater‘

“and - its. line relay 200, and the connéction

60

1o the called: line is completed “Agsuming
- that the called line is idle, the side switch

g w1pere will be advanced to third positiony alr%d
p

the sw1tchmo' relay 209 will enérgize.
automatic ringing- operation takes place;

however, for the rifig cut off relay 208 hasv
already been enef 017ed ‘When: the operator
~desires to signal the called subsciiber, which -
'::ueumly is: 1mmed1ately, she-will ‘throw her .

Relays

Dbattéry:,
s 1n normal condition there will be no eur<:
However, whet the'
reversing relay 202 eneroqzes, conductor 148"

f;"?ﬁs’;é"?si

' rmwmor key and thus prO]ect alternatmo cur-,
rent out over the two talking- conouctors of.

the trunk extending to the toll first selector.
At the toll sécond selector there 1s an. alter-

nating currént rélay bridged across the talk-

7

ing condiictors which responds to this ring- -

,mcr current and operates to gr ound the wiper-. -

of the toll selector which is in ‘engagement

with bank contaét 137. - This operation sérves
to complete a circiit over: the -eonductor 142

75

for the relay 106 of the repeater E. Upon -

efiérgiziig’ thé relay 106 disconnects. the

trunl" conductor 148 from the lower talkan‘- L
cotiductor -exteétiding through the repeater-' L

and ¢onnects it mstead to one side of the
grounded generator. -Ringing current is then

pro]ected by way of coiiductor 148 and the
lower heavy talking conductor extending
through the main connector F and the lower

wiper 263 of the contiector to the called sta-

tion. The-return path fof the rm(rm(r cur-
rent is throuigh the upper w1nd1nors of relays
907 anid 200 of the connector T and the ex:
change battery to ground. Tt will be_ob-
sefved that relays 907 and 200 are bridged

80

85

across the line during the ringing operatmnv ,

and while this is, of coursé; not an ideal con-
dition under which' t6 perform thé signaling

operdation; it has beei found to work satis-

: i'actou]y When the cilléd subscriber an-

swers rclays 207 and 206 at thé main con-

‘nector F are energized and the latter relay
opens the locking mrcmt of relay 301 at its’
armature 2389, Relav 301 theréfore deener-:

gizeés and caniiot dgain be energized during
the ccall now uhder conmderatlon It will be

ieV1dent therefore thaf #ny stations to which
the call may be subséquertly transferred

either by the operation of the auxiliary con-
nector H or by the resperation of the main
conncctor F will be sighaled automatlcally

in the usual way: When the relay 206 ener-
‘gizéd upon the response of the called 'sub-

o5

160

scnber 1t #lso cloged: at its armature 239 the :

energizing circuit for the upper winding of
the reversing relay -202." The opelatron of
this relay dufing a toll connection contiols
the supervision fo the operator

At the toll

110

seécond seléctor there is a doublé wound super-

visory relay bridged across the talking con--
The lowet'

ductors in series with the battery.
winding of this supervisory relay which-is

" conhécted to the lower heavy talking conidue-
“tor and the I6wer winding of the relay 200

are both connected to the samoe pole of the
Consequently, when the relay 200

rent flow over the line.:

is connected t6 the: upper winding of relay

150

125

' 200 wheréupon a flow of current will be sét” -
-up from ground through the lower winding

of thé supervisory relay. at. the toll second :

sélector, over the line wiper of the said se-
lector: (now in- engadement W1th the bank-
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sontact 140), bank contact 140, conductor

145, winding ot low resistance relay 102, (and

the non-inductive resistance in parallel there-
with), resting contact of armature 122 and
the -said armature, ‘truck :conductor: 148,
work'ng ‘contact. of armature 224 and the
said armature, armature 229 and its:working
contact, and the upper winding of the line
relay 200 to battery. By current flow in the
above circuit the relay 102 is energized and
connects conductor 146 with conductor: 141
thereby completing the talking circuit. = The

supervisory relay at the toll second selector - ‘ -
“upper winding of relay 204, armature 235and
=80

may control the supervisory light at the toll
operator’s position in-any suitable manner to
advise her that the called’ subscriber = has
answered.
the branch desires to. transfer thé:-call to
another station it is done in'exactly the same
manner as has been already described. ;-

The apparatus is disconnected when the-

toll - operator : takes cown . the . connection.

This “operation ordinarily - removes. the
ground from the operating. conductor and
permits a relay in the toll second. selector and
the line relay 104 in the repeater E, to.deen-
ergize. By the deenergization of these relays
the apparatus is restored to normal position
in a manner which is similar to the disconnec-
tion of the apparatus in a local call and which
will therefore require no detailed explana-
tion. -~ ' T T

It will now be assumed that a connection is
attempted 4o be set up by a toll operator as

described in the foregoing, and that the called

line is busy. In this case at the end of the
rotary operation of the main connector F the
side switch is not permitted to advance to
third position, but is held in second position
by the private. magnet 210 which:is main-
tained: energizéd temporarily over a circuit
which includes its right hand winding and
the test wiper 261. Relay 205 is also ener-
gized via- test wiper 260 and immediately
changes the temporary energizing circuit of

“the private magnet into a locking circuit

which includes the upper winding of relay
205, the upper winding of relay 204, and the
right hand winding of private magnet. In-
agmuch as the connection now under consid-
eration is a toll connection, however, the
relay 301 of the auxiliary connector will be
energized and since the relay 205 and private
magnet 210.are:now energized also, a circuit
will'be complsted for the reversing relay 202
as follows: ground at G5, armature 234 and
its” working ‘contact, Tight hand armature
of the private magnet and its working con-
tact, lower winding of relay 202, armature
323 and its’ working contact,; and -the upper
winding of relay 202, to battery. The lower
winding of relay 202 is of such high resistance
that the release magnet 213 is not energized,
although it is connected in parallsl ‘with the
uppsr winding of relay 202 in the above cir-

Incase the.called subscriber at

cuit. Relay 202 is energized and ‘shifts the

Jower trunk conductor 148 from ground to

the live pole of battery to control the supervi-
sion. to the operator-as’ before. ~Also at its

‘armature 226 the locking circuit over which

the relay 204 and the private magnet are be-

13

ing energized is altered so that 1t no longer -

includes the upper winding of relay-205, but
instead includes the lower test wiper 261.
After the operation of relay 202 this locking

circuit-extends as follows: grounded test con~

75

tact, test wiper 261, side switch wiper 216 in

second position,. armature 226, spring 227,

its. working .contact, right hand winding of
private magnet, and the side:switch wiper
215 in second position, to battery.: With the
eircuits in this-condition the private magnet

and relay 204 are maintained: energized via,

the test wiper 261, while tlie relay 205 is main-
tained energized via:its:wiper 260, and it fol-
lows, of-course, that when'the called line be-
comes idle these relays and the private mag-
net will deenergize and the side switch wipers
will'be advanced to third position.: The oper-
ator; of course, knows'by the presence qf the
busy signal .on the linie ‘'when the connector is

Leing held up by the busy line and she ig'noti-

fied when the line becomes idle by the lighting
of the supervisory lamp when. the reversing
relay 202 deenergizes. :The foregoing opera-

tions occurring when calling a busy line only

happen when the connector F is opérated for
the first time; ~On transferred calls both con-
nectors lock on busy in the usual manner
whether the call is coming from a.local sub-
seriber in-the main exchange or: from.a.toll
operator’s position. - :. SRR

.- Referring to Fig: 1 a brief description will -
‘now_be given of the operation of the con-

nector ‘D in eompleting 4 local connection.
Assum'mg‘ that -1t 1s desired: to -call substa-
tion A’ from the substation A, when the re-

ceiver is removed at the latter substation an

energizing ciréuit -is completed for the line
relay 14 of the line switch C as follows:
ground .at G*°, resting contact of ‘armature
19 and the said armature; line conductor 13,
transmitter 3, receiver 2, impulse springs 7
and 8, switch hook springs, line:conductor

12, -armature 18-and its resting contact, and -

the winding of line relay 14, to battery. - Upon
energizing, the line relay 14 operates a me-
chanical device which:in its normal condition
prevents the  complete energization -of the

-combined switching and cut-off relay 15 and

its armature 22 completes a circuit for the
said relay as follows: ground at G*, arma-
ture 22 and its working. contact, winding of
the relay 15;and the winding of the stepping

magnet: 16 to battery. At the same time that-

90

195

100

105

110
115
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128

1t completes the above traced circuit the line

relay: connects the test wiper 25 to the junc-

tion ofthe relay 15 and the stepping magnet -

16 sy fallows: test wiper 25, gviatiire 20 and




14

~1ta resting:contact, armature 21 and its work-
ing contact to the junction of the said relay
‘and magnet.  The -operation now  depends

upon Whether the test contact with which

the test wiper 25 is-in enﬂagement is busy
-or not. - Tf this test contact is busy there will
be a ground potential upon it, the switching
relay 15 will be short- mrcmted and the step-

_-ping magnet 16 will he eneroqzed Since the
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stepp1no ma(met 16 1nterrupts its.own circuit
it will be operated mtermlttently to advance
the wipers 23 to 26, inclusive, step by step

as long ag the test wiper 25 continues to en--

gage busy or grounded test contacts. As soon
as the test wiper 25 arrives at an ungrounded
test contact, as for example the test contact
99, the operatlon of the stepping magnet will
ceage, and the switching relay 15, 1be1ng no
longer short circuited, will nnmechately ener-
gize:. Owing to the hlgh resistance of the
switching r_elay the stepping magnet remains
inoper ative. It will be understood of course,
that if the test wiper 25 is’ already standing
upon an idle.or ungrounded test.contact when
the receiver is remioved at substation A no
rotation - of the switch will take place, the
switehing: relay 15- belng energized imme-
diately.. 22Upon energizing, the relay 15 shifts
the cannection of the test wiper 25 from ‘the
Tine relay armature 91 to its.own lower ter-
minal and at armatures 18 and 19 extends
the incoming line conductors 12 and 13 by

" way of the line wipers 24 and 26, bank eon-
tacts 28 and: 30, and contact’ springs 48 and"

49 %o the’ Wlndmcrs of the double wound line
relay. 50 of the eonnector D. Upon energiz-
ing, the line relay 50. completes the usua,l
energizing circuit for the slow acting release
rehy 52, which upon energizing in tirn com-

pletes a holdm«r cireuit extendmg back to the

line switch C as s follows: ground at G¥, work-
ing contact.of armature 65 and the said arma-
ture, conductor 32, bank contact 29, test
wiper 25, armature 20 and its WOI‘klIlO' con-

tact, winding of switching relay 15, and the:

Wmdmrr of the stepping maornet 16 t0 bat-
tery. Tt is understeod that the ‘Lbove circuit
is completed befare the slow acting relay 14
has had time to deenergize. Ground poten-
tial on' multiples .of the test contact 29 ren-

“ders the connector” D busy to other line

switches, and ground potential on its test
contacts 91 and 269 and their multlples (by
way of conductor 36) renders the- line of sub-
station A busy to the local and i mcommg COR-
nectors. -

The dial of the calling device at substa-
tlon A may now be operated in accordance
with the first digit in the number of substa-
tion' A’. = A series of interruptions is there-
by produced in the energizing circuit of the
liné relay 50 of the connector D and at emch
resulting deenergization of -this relay an im-
pulse is transmitted to the vertical magnet
59 as follows: ground at G2, almature 64

1o battery.

- 1,736,876

and ‘its resting eontact, armature 63 and its

resting contact armature 66.and its working

contact, side sw1tch wiper 89 in first posrtlon,.

low resistance slow acting .private control
relay. 53, winding of the vertical magnet 59,
and 'the side switch wiper 87 in first pos1t10n
By the operation of the vertical
magnet the connector shaft is raised step by
step until sipers 40, 41 and 42 stand opposite

the required horizontal level of bank contacts.

Relay 531is energized in serieswith thevertical
magnet and controls the private magnet 57
in: ‘the usual manner to advance the side switch
wipers to their second position at the end
of the vertical movement of the switch. When
the calling dial is operated in accordance with
the final dlgrt in the called number the line
relay 50 is again deenergized momentarily,

and ‘now, since the side switch wiper 87 is in-

second position, the rotary maguet 60 1s op-

-erated to rotate the wipers 40, 41 and 42 into

engagement, respectively, with the bank con-
tacts 93,94, and 95. The relay 53 and the
private. nngnet are energized as before and at
the end of the rotation of the deenerfflzatlon

7o

75

80

85
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of the latter the side switch Wlpers are ad-
vanced %o their third position. ~A circuit is -

now completed for the lower winding of the
switching relay 58 as follows: vround at G+,

working contact of armature: 65 and the sald ;

mmatune, conductor 32, shaft controlled con-

tact springs 82, armature of the private mag:

et H7, lower winding of switeching relay: 58

side sw1tch Yviper -, 88 in third posmon test '

wiper 41, bank contact 94, conductor 284,
winding. of the cut off relay 15’ of line qw1tch
€/, and the winding of stepping magnet 16/,

" to battery Snmultaneously with the closure

of the: above eircuit a cirewit is com]ﬂeted
thraucfh the slow acting relay 53 as follows:

' grounded conduetor 32, armature 78 and its

resting contact, side sztch wiper 89 in third

100

105

position; Nvmdmg of the relay 53, resistance -

85, and the side switch wiper 87, to battery.

The ‘operation’ now depends upon. whether
It
“the line is busy theré will be a grounded po-

the line of substation A’ is busy or idle.

110

tential on the test contaet 94 :md the lower :

-winding.of therelay 58 will be short circuited,

this relay ‘gecordingly . belnor 1n0peratne
When the relay 53 energizes the usual circuit
is.completed for the private magnet 57 which
upon energizing disconnects the lower wind-
ing of the switching relay 58." As a further
result of its energlzatlon relay 53 connects
'Y lead fr om the busy signaling machine Q) to
the lower side of the calhncr hne and therebv
notifies the calhng; subserlber ‘that the de-
s,1red line is for the time Jbeing inaccessible:
The caling: subseriber will therefore replace
his receiver, gnd the switches C and D will
be restored to normal in the usual and-well
undershood ‘Inanner.

- We will: suppose, however, that the line
of substation A’ was idle rather than busy
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when it was called. The switching relay 58
is so adjusted that it will energize slightly
ahead of the slow acting relay 53 and when,
therefore, -the circuits of these: two relays
are closed simultaneously, as already: ex-
plained, the switching relay 58 will operate
1n series with the cut off relay of the called
line and will break the circuit of the slow
acting relay 53 at the resting contact of arma-
ture 78 before the latter relay has had time
to energize. In its energized position the
switching relay 58 connects the grounded con-

ductor 32 to its own upper winding at ‘the

right hand working contact of armature 78
and at the left hand working contact of the
same armature connects this grounded con-
ductor by way of the side switch wiper 88 in

- third position to the test wiper 41, thereby

20

125

30

35

placing direct ground upon the test contact-

94 and its multiples. As a further result of
its energization relay 58 connects the line
wipers 40 and 42 at its armatures 77 and 79,
thereby establishing the usual signaling cir-
cuit for actuating the ringer at the called
substation. Upon the response of the called
subscriber the ring cut off relay 55 is operated
to open the signaling circuit and to establish
the usual locking -circuit for itself by way
of its armature 71 and the off normal contact
83. -The ring cut off relay 55 also connects
the back bridge relay 56 across the called
line in series with the-battery in the usual
way to supply talking current to the called
substation. The relay 56 is of course ener-
oized during the conversation, but the circuit
changes which it produces are of no utility
in connections of this kind. Y

- The release of the connection cccurs when

~ the calling subscriber at substation A re-

40

45

Lo

places his receiver.. This act brings about

the deenergization of the line relay 50 and
the release relay 52 thereby completing a cir-
cuit for the release magnet 61 as follows:
ground at G* armature 64 and its resting
contact, armature 63 and its resting contact,
armature 66 and its resting contact; off nor-
mal contact 84, and the winding of release
magnet. 61, to battery. By the operation of
the release magnet 61 the connector: is re-
stored to normal position, the release magnet
circuit being then opened by the switch shaft
at the off normal contact 84, The deenergiza-
tion of relay 52 also removes ground from the
conductor 32 thereby breaking the circuit of
the switching relay 15 of the line switch C.
By the deenergization of the said switching
relay the line conductors 12 and 13 are dis-

_ connected from the wipers of the line switch

60

oy
G

and the line is placed in idle condition again
ready for calling or to be called. :

The connector D is capable of operating as-

a selector switch on the ninth and tenth levels
and in-order to accomplish this it is pro-
vided with a switching relay 51 and with con-
tact springs 81 and contact springs 82.- These

latter are controlled by a cam on the shaft in -

such a manner that when the shaft is raised
to either the ninth or tenth level the contact
springs 81 will be closed, while if the shaft
is raised to the tenth level the contact springs

82 will be separated. With this understand-

ing a brief explanation will now be made of
the operation of the connector D in selecting
an'idle trunk line such -for example as the
trunk line comprising conductors 146 and
148 which terminate in the first contact set of
the ninth level. This trunk line, it will be
understood, is one of a group of similar trunk
lines which connect the branch with the main
exchange. Since these trunk lines terminate
in the ninth level, when a connection to the
main exchange is desired, the first digit to be

_called will be the digit 9.~ When the receiver

1s removed at substation A line switch C is
operated in the usual manner to extend the

70
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connection to an idle connector switch, which

we will assume to be the connector D. The

dial of the calling device being now actuated

.in accordance with the digit 9, the connector

will be operated under thecontrol of the line
relay 50 to raise its shaft step by step until
the wipers stand opposite the ninth horizon-
tal Jevel. At this time the contact.springs 81
are closed by the shaft and a circuit is estab-
lished for the upper winding of relay 56 as
follows:-ground ‘at. G*%, contact springs 81,
resistance 86, contact springs controlled by
armature 70 of relay 55, and the upper wind-
ing of said relay 56, to battery. .Upon ener-:
oizing, the relay 56 prepares a circuit for the
switching relay 51 at its armature 76, at its

. armature 75 prepares a test circuit including

the private magnet 57, which ds held open
temporarily by the slow acting relay 53, and
at its armature T4 prepares a circuit for the
rotary magnet 60. - When the relay 53 de
energizes at the end of the vertical operation

of the switch, the private magnet 57 is deen-

ergized also and advances the side switch’
wipers to-their second position. A circuit is
immediately completed for the rotary:magnet
60 as follows: ground at G®, resting con-

tact of armature 69 and-the said armature,

working contact of armature 74 and the
said armature, winding of the rotary magnet
60, and the side switch wiper 87 in second po-
sition, to battery. - The .rotary magnet is
accordingly operated and the switch wipers
are advanced into engagement with the first
contact set of the ninth level. 'The rotary
magnet also closes a circuit for the relay. 54
which extends from ground G** by way of
contact springs 81 the armature of the said ro-
tary magnet, and the winding of relay 54, to
battery. Relay 54 upon energizing opens the
circuit of the rotary magnet and permits it
to deenergize thereby breaking the circuit of
the relay 54. The test wiper 41 is now in en-
gagement with the test contact 97 and if we
assume that the first trunk line is'busy there
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will be a ground potentml upon test contact
97 with the result that the private magnet 57

~will be energized over the following CHCHH;

-10
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grounded: test ‘contact 97, test Wiper 41, side
sw1tch wiper 88 in second position, WOlkan'
contact of armature 75 and the said arma-
ture, contact sprmos controlled by armature
67 of relay 53, and the winding of private
magnet 57 to battely By the erergization of
the | private-magnet over the above “circuit the
side switch wipers are held in second position
and the switch will continte to rotate by the
alternate energizations of the rotary magnet
60 and the mtel rupter relay 54. As soon as
the test wiper 41 atrives at an idle or un-
grounded contact the circnit of the private
magnet will be broken and the side switch

wipers will be advdnced to third position, -

thereby breaking the:circuit of the rotary
magnet and stopping the rotation. - If we as-
sume that the first trunk line, which is the one
shown in the drawing, is idle, the rotary mag-

net will only be operated once and the side

switch wipers will be advanced to their third
position immediately. The switching relay
58 is then energized in series with the cut off
relay 302 (I‘lo 2) with the usual results
The relay 56 being energized, a cireuit is

" now completed for the swmchm(r relay 51 as

:30

follows:  grounded conductor 32 armature

T 78 and its right hand working contact work-

11

- switching relay 58 and thence to the line-
~regardless of the fact that the contact springs

40

745

to the conductor 32 to guard against the
release of the switch upon the deenerfrlzauon .
of relays 50 and 52. The dial of substwtmn A

ing contact. of the armature 76 and the said
armature, armature 73 and its resting contact,
and the Wmdmo ‘of the relay b1, to bf:ttery
By the operatlon of the armatures 62 and 63
of the switching relay 51 the incoming line
conductors are extended by a direct metallic
connection to the armatures 77 and 79 of the

wipers 40 and 42 which are now in engage-
ment with the conductors 152 and 154 re-
spectively.: The line switch C? at the main

- exchange is now operated to extend the trunk
"line to an idle ‘selector: switch in the main

exchange. The relay 44 of the connector D,
being in series with the upper line conductor,
is energized at this time and connects ground

may now be operated in accordance with the
digits'in the number of the desired subscriber

~at the main exchange, thereby operating a

6o

65

“to impulses.

series of switches in the main exchange trunk- -

ing system to complete the connection. It
should be noted that the relay 44 at:the con-
nector D is slow acting and does not respond
It is also understood of course,
that the trunk will be clear of all connections

in'the dual connector at this tlme owing to the-

fact that thé cut off relay 302 has been oper-
ated as explained. The release of the connec-
tion occurs in the usual: manner when thie call-
ing- subscriber at substation A replaces his

4,735,578

receiver and will require no detailed explan-

‘ation.

Tt has been mentioned bef01e that there
may be a second group of tr unk lines acces-
sible to the group of connectors of which the

adapted: to be called only by certain sub-
scribers of the branch exchange, the remain-
ing subscribers being denied access thereto.
These trunk lines may terminate in the tenth
level and connection may be extended to .an
idle cne of them by calling the digit 0 in sub-
stantially the same way that co‘nnection is ex~

tended to a trunk line of the other group by -

calling the digit 9. Special means are pro-
vided, eomprising shaft controlled .contact
springs 82 which prevent the operation of the
switching relay 58, when certain subscribers

-are calling, thereby preventing such sub-
scribers” from completing connection with.

one of. these trunk lines. ‘These contact
springs 82 are separate whenever the connect-

or D is raised to the tenth level and serve to
disconnect the grounded conductor 82 from

the lower winding of the said switching relay ;
however, all those lines which are to-be given

. access” to the trunk lines terminating in the

tenth level are provided with means in their
respective individual line switches for closing
an alternative circuit for the switching. relay
of the connector in use. This means com-

- prises a fourth w iper and a fourth set.of bank

contacts.  Referring to the line switch C,
when the switching relay 15 energizes on an
outgoing call the wiper 23 is connected with -
the test wiper 25 and is accordingly grounded.
This being the case, if the connector D should
now be operated to select an idle trunk in the -

: 70
connector D ‘is one, which trunk lines are
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tenth level the relay 58 would be energized

82 are separated, for its lower terminal is
connected to ground by way of the conductor
31, bank contact 27, and the grounded wiper
93 0f the line switeh, Thus it will be seen that
the subscriber at substation A having a line.
switch wired like:the line switch C would
have access to the trunks on both the ninth
and tenth levels. Considering now the sub-
station A” and its associated line. switch C” it
will be seen that the upper wiper 23" is dis-
connected.- It will be readily seen that-if the
subseriber ‘at this latter substation should at-
tempt to obtain a connection with a trunk line
in the tenth level the switching relay of the
connector in use will be prevented from en:

ergizing and. the connection ‘would be pre-.

vented.

110

Having described my invention what I con- .

sider to be new and desire to have protected

by Letters Patent will be pomted out in the !

appended claims.

What I claim as my 1nvent10n is:

1. In a telephone system, subscribers’ lines
of two classes, a trunk line, a pair of auto-
matic sw1tches, means for operatmg one of

00
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said switches over said trunk line to connect
with a called line of either class, connections
between the said switches whereby the sec-
ond switch may be operated over the connect-
ed called line to establish connection with a
second called line, and a release magnet in
said first switch controllable either by the
subscriber on the line first called or by the

. subscriber on the line last called, depending
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“turn,
6. In: a telephone system, a 1
‘cluding -a repeater, a talking conductor nor-
5 -mally closed through said repeater and in-

upon the class to which the said first line be-
longs. o : '

2. In a telephone system, a pair of ‘auto-
matic switches, means for operating said

switches alternately to connect with called

lines, a release circuit comprising a conduc-
tor extending between- said switches, two
branches for said release circuit, a release
magnet in one of said branches for one of
said switches, a release magnet in the other

branch for the other of said switches, a
grounded battery having its ungrounded pole

connected to said release magnets, and means

for grounding said branches alternately over

said conductor to energize said release mag-

nets alternately. : o
3. In a telephone system, means includ-

ing a trunk line for connecting acalling

and called subscriber’s line, a-pair of induc-
tive windings connected in parallel across the
said trunk line during the establishment of

the connection, and means for connecting said’
-windings in series across said trunk line dur-

ing-conversation. - - - o
4. In a telephone system, a trunk line in

‘two sections, a repeater at which said sec-

tions are inductively connected, means for ex-
tending a calling line to the first section,
means Tesponsive thereto for completing a

bridge across the second section, a differential
relay having its two opposing windings con-
mnected in

parallel in said bridge, means for
interrupting ‘said - bridge and -automatic

switches responsive to such interruptions for

completing connection to a called line, and

“means actuated upon-the response of the
‘called subscriber for altering the circuit of
‘said ‘bridge whereby. the windings of said

relay are connected in series’

. 5..In a telephone system, a trunk line ac-

cessible from two different points and termi-

‘nating in an automatic switch, a repeater

in said trunk line, means for seizing sald

trunk line at either point and for transmit- -

ting impulses to said repeater, means in said
repeater responsive’ to impulses from one

point-for repeating impulses over the two.

sides of said trunk line in series to operate
said switch, and means in said repeater re-
sponsive to Impulses from the other point for
reépeating impulses to said switch over one

conductor of said trunk line and ground re-
independent of the other conductor.

‘of trunks.

“tending the connection to a second called sta-
tion, means effective before the connection is

a trunk line in-.

cluding a relay‘.winding, a second talking
conductor extending through said repeater
and normally open at contacts of said relay,

a third conductor over which impulses may be

transmitted to-said repeater, means in said

“repeater for repeating said impulses over one

section of the normally open talking conduc-
tor to-operate an automatic switch to extend

70

a connection to a called line, and means actu- .

ated upon the response ofthe called subscriber

5

to create a flow of current in the normally
closed talking eonductor-to operate said relay -

and close the other talking conductor.
7. In a telephone system, -a branch .ex-

change comprising a grotip of subscribers’ gg

lines, local connectors for- connecting said . -

linés, two groups of trunk lines terminating in.
said connectors' and extending to different
points, means whereby any subscriber in the
branch may operate any idle one of said con-
nectorsas a selector to select and connect with
an idle trunk line in one of said groups, and
means for permitting cértain ones only of said

“ subscribers to’'so- operate an idle connector

to select and connect with an-idle trunk line

“in the other group, the remaining subscribers

being denied access to the said second group.

8. In a telephone syétem, a calling étatio‘h',

automatic means for extending a talking con- «9:
nection to a‘called station, automatic means -

operated from the called station over a por-
tion “of said first” extended connection for,

then extending ‘the connection to a second
called station, and means effective before the

second called line is found whereby apparatus
used in extending an incomplete ‘call toward
such second called station may be restored

from said first called station while said first,
105

extended connection is still maintained:

9. In atelephone system, a calling station,
automatic means for extending a talking con-
nection to a called station, automatic means

185
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operated from the called station for then ex-

7110

established with ‘the terminals-of the second

called station whereby apparatus used in ex-

tending an incomplete call toward such sec- .

ond called station may be restored from said
first called station without releasing its.own
connection, and means controlled from‘the

calling line for releasing both of said ex-
.tended .connections. . o L

" 10. In a telephone system, a calling line, a
first automatic switch for extending a connec-
tion to a first called line, a second automatic
switch controlled from the first called line for

then extending the connection to a”second -
called line, a release circuit for said first atito-

matic switch, a relay in said second automatic
switch for controlling said release circuit, and.

“a relay in said first switch cooperating with
said first relay whereby the first: automatic .
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switch may bn released 1.nde1‘ the contml of
t*he first called line. '
A1, In'a telephonc system,.a trun‘k line ter-

minating in a pair of automatic - switches,

telephone lines -accessible to said pair of
gwitches, means for seizing said-trunk line

-and for operating one switch of said pair into

connection with one of said lines, means for
then operating the other switch of gaid pair
to ‘extend a connection ‘in the- direction of

-another of said lines, and means controlled,

from said first. called line:for releasing said
other' switch before said other switch has
made connection with the terminals of said
other called line while still mamt‘umngg said

first established connection.:

- 12. In a telephone system, a trunk line

te1mmat1ng in a pair of automatic swﬁches,'
telephone lines accessible to -said pair of -

switches, means. for seizing said trunk line
and for operating one ‘switch of said pairinto
connection avith one of said lines, means con-
trolled from the connected line- tor operating
the other: switeh- of said pair to extend a

connection to another of said lines, and means:

controlled from said first called line for re-

leasing only said “other switch before said

other switch has connected with the term1~
nals of said other called line. :

#18: dn" a telephone system, calling 11-nes,
called lines divided: into two classes, means

for extendmc ‘o connection f,l om one of said

ealling lines o a called line in ¢ither of said
c]a%ces means for then extending the connec-
tion to a second called line, means operative
for veleasing: said first ‘extended connection
upon the response of the ‘subscriber.on  the,
seeond-called line when the ‘'said first called
line is'in one'of said €lasses, and means opera-

tive for preventing. the velease of said first
‘established conneetion upon the response of

the- subscriber on-the second called line in

" case the said first called hne is in the other

‘of said classes. .
14. In-a telephone oystem, cﬂhna lines,

“ealled lines divided into two clagﬂes, auto-

“matic switches controlled ‘from one of said

=50

calling lines for establishing a.connection with
a: caﬂed line in either of said two classes,
‘other aitomatic apparatus controlled from

* the ecalled :line for then: extending. the con-

55
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: p;e
-lige 1s a line in the cher of, aLd c]asses

nection to a second called line, means opera-
tive for releasing the first established connec-

tion upon the:response of the second called

subscuber when the first called line is'a line
n one of said classes, and means operative for
ventmo such 1eleas in case the first cegl]ed

15. In o tel ephone system, calling lines,
called lines divided info two classes, auto-
matlc svvltcheq controlled from one of said
calhnﬂr ‘lines for estdbhshlno a ‘connection
with & called line in either of said classes

~other automatic apparatis. controlled” from

the called line for then extending the connec-

1,785,575

automatically releasing.the first -estab-
lished - connection mdependent ot control
from the first called line provided the said

first called line is a line in one of said. classes, ',

and-means operative for preventing such au-

tion to a second -called line, means operative
for g '

tomatic release in case the said first called -

Iine is a line in the other of said classes.

16. In a telephone system, a trunk: line -

termmmtmo in‘'an automatic switch, telephione -,
lines accessible to said switeh, two. groups: of »

=3,

&

trunk hnes accessible to said: switch, means. -
for seizing said first trunk line and for oper- -

ating s nid‘ switch to connect with: one-of said
telnphona lines or to select: and connect with
an idle trunk in one of said o

groups; and’

service restricting means for prevenulno said

switch from connecting Wﬂ:h any trunk line

in said second group.

17. In a telephone system a trunk hne ter—
minating in an automatic switch, ‘telephone
lines accnqule to said switch; two ' groups of
trunk lines accessible to said switch, means
for seizing said first trunk line and for oper-
ating said switch to connect with:ene of said
teleohone lines or to select und .connect with

an 1dle trunk in ome of said groups, - and.-

ervice restricting meansincluding a’ conduec-
tor of said trunk line~for preventmc said

_switch from: connectmg; with any trunk lme ®
in the other of said groups.

18. In a telephonesystem, a four conc'hmtor
trunk line terminating in an - automatic
switch, subscribers’ 11nea accessible to said
5Y udl two groups of trunk lmes accessible
to s md switch; means for seizing: said first

B
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trunk line and for operating said switch to

connect with one of said subscribers’: lines

or to select and connect with an idle trunk

in ong of said groups, and service restricting
means mcluc‘a ng the fourth conditctor of said
trunk line, for preventlncr said switch from

305

connecting with any tri mk 11ne in thn other of -

said groups.-
19. dn-a- telephone qystem, a braneh ex-

‘change ‘comprising a group-of subscribers’

110

lines, local ‘connectors: for connecting said

lines, two groups of truik lines acce531ble to
said connectors, means controlled from any

one of said hnes for operating any idle one 11

of said'local connector switches as 4 selector

eans whereby only the subscribers: on cer-
iam of said lines can connect with-an Ldle
trunk line in the'other of said :groups. -

20, In a telephone system, a-trunk. line

to select and connect with an ldl(, trunk line
in one of said: (Tl‘OupS, and service Lestmctmc

1207

terminating in. an automatic switeh; groups-

of lines accessible to said. switch,. means for
seizing said trunkline. and for operating said 1

switch to select one of said groups of
means for. initiating an automatic seeo
movement of said switch to- select: any idle
line in the selecteéd group of lines, a. Telay
energized when an idle line is found for com-

ary -
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pletmo a connection to sa1cl idle. l1ne, a._cir
cuit for said relay including a conductor of
said trunk line, and means for maintaining
said circuit open to prevent sa1cl relay from
energizing.

21.'In a telephone system, a trunk ‘line
terminating in an automatic switch, telephone
lines accessﬂole to said switch, opemtmo mag-

nets for said switch, means for making one .

of said lines busy, means for seizing -~ said
trunk line and for controlling the operation
of said magnets to.extend a connection to
said busy llne. a slow acting relay energized
in series with said operatmo macrnets for
controlling the operation of said sw1tch and
means for again energizing said relay when
connection is- made with' said busy l1ne to
place a tone.on said trunk line.

22. In a telephone system, . a trunk line
terminating in an automatic switch: telephone
lines accessible to said switch, operatlng; mag-
nets for said switch, means for making one
of said telephone- llnes busy, means. for seiz-

ing said trunk line and for controlling the

operatlon of said magnets to cause said switch
toextend a connect1on to said busy telephone
line, a slow acting relay, an energizing cir-

cuit for said relay including said maonets, a.

seconid circuit for said relay controlled ‘by
the test wiper of said switch, means controlled
by said relay when enercrlzecl over the first

mentioned circuit for controlllncr the oper-

ation of said switch, and means controlled by
said.relay when energized over said second

circuit for placing a busy tone on said trunk

line:
23. In a- telephone system, -a trunk line

accessible over two paths terminating in'a

© pair of automatic switches, . telephone lines

40

‘ ‘means controlled from the connected called

45

70

accessible to said pair of switches, means
for seizing said trunk line over either path
and . for operatlno one switch of said pair
to extend a connection to one-of said lines.

line for operating the other.switch of said
pair into connection Wlth another of said
lines, automatic means in said first' switch

-operative when said trunk line is seized over

one of said paths for connecting ringing cur-
rent to the first called line, and means oper=
ative when said trunk line is seized over said

other path for preventmo the ‘1ppl1cat10n of

salcl ringing ¢urrent.

24, In a telephone system, a trvnk line ac-
cessﬂole over two paths terminating in a pair
of automatic switches, telephone lines acces-
sible to said pair of sw1tches, means. for seiz-
ing said trunk line over either path and for
operatmcv one switch .of.said pair to extend
a connection to one of said lines, means con-
trolled from the connected called line for op-
erating the other switch of said pair into con-
nectlon with another of said lines, automatic
means in said first switch operative when said

5 trink’ hne is seized over one of said paths for

- connecting rlncring onrrent to the first called
line, a differential relay in said first switch

19

for'preventing the appheatlon of said ringing -

ential- relay when said trunk line s selzed
over said other path. .

- 25. In 4 telephone: system, a trunk line ac-.'
cessible over two paths terminating in a pair.
of automatic switches, telephone Tines acces-.

sible to said pair of sw1tches means for seiz-
irig said ‘trunk- line over either path and for

_current, and means for operating said differ-

70

operating: one switch of said pair into con- -

nection with ‘one of said:lines, means con-

trolled from the called line for then operatmff. _

the other switch of said pair into connection o

with another of said lines, means operative
when said trunk line is seized ‘over one path
and when said first line is busy for preventing
the first switch of said pair from connecting
therewith when said line becomesidle Wlthout
releasing said first switch and means op-
erative When said trunk line is-seized over
said: path -and said first line is busy for en-

abling said first switch to connect therewith -

1m1necl1ately upon said line becoming idle. -
26. In a telephone system, a trunk line ac-

cessible over two paths terminating in a pair

of automatic switches, telephone lines ac-

cessible to said pair of ‘switches, means for

seizing said trunk line over either path and
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for operating one switch of said pair into

connection ‘with one of gaid lines, means con-
trolled from the called line for then operating

‘with ‘another of said lines; means operative
when said trunk-line is séized over one ‘path

and said first line is busy for preventing the.

first’ switch ‘of -said pair’ from connecting
theérewith when said line becomes-idle Wlth-

out releasing said first switch and a differen-

tial relay in said pair of switches operative
when said trunk liné is seized over said other
path and said first line is busy for enablmg
said switch to connéct therewith nnmedlately
upon said line becoming idle.

27. In a telephone system, a pair of auto-
matic switches, means for operating -said

-switches ‘thernately to’ connect with called

lines, a release circuit comprising a conduc-
tor extending between said: sw1tches and hav-
ing a branch individual to each switch, a re-

‘the other switch of said pair into connection .
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lease magnet associated with each: of said

branchee, a grounded battery having its un-
grounded pole connectad to said relea‘:e mag-
nets, means for substltutmfr a- ground con-

‘nection, for oné of said branches, and ‘means
for connectlno the -other: brmch to its as-
sociated release macrnet to- enermzo said mag-

net over said conductor.
28. In a ‘telephone system, a “trunk line

terminating in & pair of two motion auto:
‘matic switches, telephone lines accessible to

120

said pair of sw1tches, means for seizing said -

trunk ‘line and for operating one of said
sw1tches in two movements. to: ¢onnect

120




BT
. over one conductor and ground return if the
_call is of the other class, a controlling line

20

with - one . of - said called ",_l.,irnes.‘, -~ means
controlled = from . the said called line for

‘operating the other switch .of said  pair

" ih.a primary and secondary movement

(=

19

to extend the connection in the direction of

another of said lines, and means controlled

“from said first called line for releasing said

other switch at any time before its secondary

the first established connection.

' 29. In a telephone. system, a trunk hne

“terminating in a pair of two motion: auto-
_matic switches, telephone lines accessible to

said pair of switches, means for seizing said

‘trunk line and for operating ome of said

switches in two movements to connect with
one of said called lines, means controlled from
the said called line for operating the cther
switch of said pair in a primary and second-
ary movement to.extend the connection in
the direction of another of said lines, and
means for releasing said other switch during
its. primary or secondary :movement while

‘maintaining said first established connection.

30. In a telephone system, a trunk line
terminating in. a pair of automatic switches,
a-line relay and a release relay controlled

“thereby in the first of said switches, a cut

off relay in the second of said switches, a cir-
cuit including contacts of said cut. oft relay
for energizing said line relay over said trunk

"line when the trunk is taken for use, contacts

" by said release relay.

K
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on said release relay for connecting the trunk
line with the line relay over a direct path in-
dependent of the said cut off relay contacts,

“and a circuit for said cut off relay controlled

= 31. Ina teléphone sys_ftemk,fa truhk line for
handling two classes of calls, an automatic
switch controlled over the two sides of said

trunk in series if a call is of one class and-

ver one conductor and ground return if the
call is of the other class, a controlling line
relay for said switch bridged across. said
trunk line, means-for discriminating between

" the two classes of calls comprising a differ-

ential relay normally bridged across said
trunk lirie in parallel with said line relay,
and means for disconnecting said differential
relay resporsive to the.energization of the

Alinerelay when the trunk line istaken for use.
" 82. In a telephone system, a trunk line for
‘handling two classes of calls,.an automatic
“switch controlled over the two sides of -said

trunk in series if a call 'is of one class and

~relay for said switch bridged aeross . said

" trunk line, a differential relay for discrimi- -

60
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nating between the two classes of calls nor-

~mally bridged across said trunk-line in par-

allel with said line relay, circuit arrange-
ments controlled by the line relay when: en-
ergized over the trunk whereby the line re-
lay is separately connected to the trunk line

jovement is terminated -while maintaining

“control.”

1,785,575

over a mew path, and means controlled hy

the line ‘relay: for opening-the -«circuit con- -
nections by which the line and differential -

relays are normally connected to the trunk.
33. In a telephone system, a trunk line ter-

minating in -a pair of automatic switches, >

means whereby an operator can connect with

70

said trunk line and operate the first of said =

switches toextend aconnection to a called line,
ringing -equipment in said first switeh con-

trolled by the operator at any desired time "

75

after the connection is established -for sig- -

nalling the called subscriber, means whereby
the subscriber on the connected called line
can operate the second of said switches to

transfer the call to a second called line, and =

ringing equipment in the second of said
switches operating automatically as soon as

the call is transferred to signal the second:

called - subscriber independent -of operator

- 34. In a‘t;eljép:hbhe-syrst‘_em,'fi; "c.runk line ter-

‘minating in a pair of automatic switches,

means whereby an operator can connect with

said trunk line and operate the first of said

switches to extend a connection to a called
line, means for temporarily preventing the
completion of the connéction in case the called
line is busy and for aytomatically complet-
ing it when the called line becomes idle,

80
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means whereby the subscriber on 'the con- ™
nected called line can operate the second of .
said switches to transfer the call to a sec- .

ond called line, and locking means for pre- -

venting the completion’ of the connection to
the second called line if busy, said locking

Pl H bk
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means peing unaffected by a.change from busy -

to idle condition.

-~ 35. Tn a telephone system, a main exchange

and a branch exchange; an’ interconnecting
trunk line, automatic switching mechanism
controlled over said trunk line to extend a

105 -

connection to a called line in the branch ex-
change, means for supplying signalling cur- -

rent Trom the main exchange over a conductor
of said trunk line to signal the called sub-
scriber, meéans controlled by the subscriber on

.;110-. -

the connected called line for transferring the

call to a second called line, and means for sup-
plying signalling current from the branch ex-

change to signal the second called subscriber. -

36. In a passing call system, a main con-

“nector and means for operating it to extend a
cennection: to a called line, an auxiliary -con-

nector permanently associated with said main
connector and operable for transferring: the

15

connection to a second called line, a release -

magnet in the auxiliary connector, and a cir-.

cuit for said magnet normally open at ‘said

125

auxiliary connector and maintained closed in =

said main connector until the subscriber on
the first called. line answers the call. -~~~

37. In a passing call 'system, a main con-
nector and means for operating it to extend

130
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a connection to a called line, an auxiliary

connector permanently associated with said
main connéctor and operable for transferring
the connection to a second. called line, a re-
lease magnet in the auxiliary connector, and
a, circuit for energizing said reléase magnet
in case the auxilisry connector is accidentally

moved off normal while the main connector-

is in operated position and before the sub-

scriber on said first called line has answered. .

38. In'a passing call system, a pair of auto-
matic switches for transferring calls under
called subscriber comtrol, a release ‘magnet
in each switch, a Telease circuit normally as-
sociated with one of said magnets, a switch-
ing relay for transferring said circuit to the
other magnet; a back bridge relay in each
‘switch, contacts on each of said back bridge
relays included in said release circuit, an
initial energizing circuit for said switching
relay including contacts on the back bridge

relay of the second switch and off normal con-

tacts of the first switch, and a locking circuit
for said switching relay including off normal
contacts of the second switch. ,

89, In a passing call system, a pair of

‘switches, circuit arrangements whereby said
‘switches may be controlled by called sub-
‘seribers to pass calls, a release magnet in each
‘switch, & back bridge relay in each switch, a
cireuit for said release magnets including
‘serially related contacts on said relays, a re-

lay for switching the said circuit from one

.40

45

.50
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Telease magnet to the other, off normal con-
‘tacts in each switch, an initial energizing cir-

cuit for said switching relay including the

‘off normal contacts in one switch, and a lock-

ing circuit for said relay including the off

normal contacts in the other switch.

40, In a passing call system, a main con-
nector switch and  an’ auxiliary connector

switch for completing and transferring calls,

an operating magnet for each switch, a back
bridge relay for each switch, a circuit for the
operating magnet of the main’ switch con=

‘trolled by the back bridge relay of the auxil-
Hary switch, and a separate circuit for *txhe
.operating magnet.of the auxiliary switch con-

trolled by the back bridge relay of the main.
switch, the said second circuit being exclusive

of any conductor or conductors, included in
the first circuit excepting the ground and
battery feed conductors which extend to the
two poles of the exchange battery.

41, In a passing call system, a main switch
‘and means for operating it to extend & con-
"nection to a called line, an auxiliary switch
, - permanently associated with said main switch

2580 X
" lcalled line to transfer the call to a second
“called line, an operating magnet for each

controlléd by the subscriber on the connected

switch, circuit connections whereby one ter-
‘minal of each magnet is connected to one pole
of the exchange battery, the other terminals

of said magnets beihg normally disconnected
from each other; and -¢ircuit ‘conmections
‘whereby the said other terminals of said mag-

21

nets may be separately connected to the other -

pole of said battery.

42. In a passing call system, a main switch
and means for operating it to extend a con-

0

nection to a called line, an auxiliary switch

“temporarily associated with. the connected

¢alled line controlled ‘by ‘the subscriber” on

the connected called line to transfer the call -
to a second called line, an operating magnet-

“for each §witch, terminals for said  magnets

normally disconnected from each other, ter--

‘minals of said magnets connected to a
grounded. source of current, and means for
separately grounding said normally discon-
nected terminals to energize the magnets and
operate said switches as set forth. -
743, In a passing call system, a main switch
and means for operating it to extend a con-
nection to a called line, an auxiliary switch
temporarily associated with said main switch
controlled by the subscriber on the connected
called line to transfer the call to a second
called line, and an operating magnet for each
switch, said first mentioned operating means
comprising a relay in the main switch and

a circuit whereby a series of operating im- .

pulses may be transmitted to the magnet of
the main ‘switch by the calling subscriber
while the current flow through the magnet

75
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of the auxiliary switch is maintained at zero -

during the entire time said impulses are be-
ing transmitted. o )
44. In a telephone system, a duplex con-
nector, first and second' lines leading from
the connector bank, a trunk terminating at

the indoming end_of the connector, said con-

nector being operable to transfer a call ex-
tending over the trunk from one line'to the
second line, and means for impressing one of
two kinds of signalling current over a called
line depending upon whether the call is over
the trunk or a transferred call.

100
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45. Tn a telephone systém comprising a

local trunking system’ for use by local sub-
scribers and a toll trunking system for use
by toll operators, an automatic switch com-
mon to both said trunking systems, means in-
cluding said switch for extending a toll con-

nection or a local connection to a called line; -
automatic ringing equipment associated with .
“gaid switch, a ring cut-off relay in said switch,

means effective only during the establishment
of a toll connection for energizing said relay

‘to disconnect said ringing equipment before
the connection to the called line is completed,

and a locking circuit for maintaining said re-
lay energized. B o

46. In a tclephone system, a subscriber’s

115
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line, means including an automatic switch for -

extending a connection to said line, automatic.
ringing equipment associated with said switch, 1
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a rlno cut off lelay in said sw1tc}1 ‘means for
gnergizing said relay during the estabhshment
of the conneetlon and a loekmtr ‘circuit for

' malntalmng said relay enerclzed to prevent

' l1ne, means including an automatic switch for.
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sald ringing equipment, flom signalling the
said line When the connection thereto i is com-
pleted :

. In a telephone system, a subscriber’s

~xtending a connectlon ta said line, a ring cut-
off relay in said switch, a ringing cirenit in-
cluding contacts of said ring cut-off relay,
means For energizing said relay to open said
ringing (;1rcult before the said line is connected
Wlth and a locking circuit for said relay com-
pleted during the operation of said swﬂich to
maintain the relay energized.

“48. In a telephone sy stem, a subscr 1be1 s
line, means including an automatic switch for
extendlncr a, conneetlon to said line, a ring cut-
oft- 1e1ay in said switch, a ringing circuit in-
cluding contacts of said ring cut-off relay,
means for energizing said 1elay to. open said
ringing circuit “when the switch is taken for
use,’ and means for locking sald relay in ener-
gized position while the switch is bemc oper-
ated .

49, In a telephone system, a subscriber’s
line; means jncluding an automatic switch for
extending a conne‘ctio‘n to said line, a ring cut-
off relay in said switch, a rlncr‘no 01rcu1t in-

- cluding - contacts of said ring cut off relay,

85

means For energizing said relay to open said

ringing cir¢uit during the establishment of
the connectlon and a self- locking circuit for
maintaining said relay in ener01zed position.

50. In a telephone system comprlsulo a

local trunking system for use by local subscrib-

0

Tds

ers and a toll service trunking system for use
by toll operators, a final conmeotor switch-com-
mon to both trunking systems, means. for oper-
ating said connector to complete a toll connec-

tion or a local connection to a called line, au-

tomatic ringing equlpment normally  con-
nected: to automa atically ring any called line

- -connected with in either type of connection, a
~ring cut-off relay in said connector, and means

50

for energizing said relay and lockmo the
same electrlcally while the connector is bemo

operated to complete a toll connection Wh11e~

permitting said relay to remain deenergized
to start the automatlc ringing at once when

‘the connector 1is operated to complete a local

connection,

- 51. In a telephone system, lines, automwhc
switch. mechanism, means for operatlnd said
switch méchanism in order to connect a call-

“ing to a called one of said lines, means for

60

reversing the direction of current projected -

over the calhnd line consequent to-a response

. oii the said. called line, méans of control on
the called line for restoring the direction 6f
current on the calling line, alternative means

for extending the szud connectlon to a second

.nections, means in the connector for-ap

' 1,7’3‘5,5‘73:

called Tine to form a Y connectlon between

the lines, means for disconnecting the first

called - line - without restoring "the current
direction over the calhntr lme. and means

“thereafter controlled aver tha second called ;

line for véstaring the currerit d1rect10n over
the calling line. : L

-52. In a teIephone system, a oalhnfr' line
termunating in & pair of switch elements,

lines, mechamsm for reversing the current
traversing the ealling line, mieans for operat-

ng.a ﬁrst one -of szud switch eléments into
connectwn with a first one of gaid " lines,

L]

manually controlléd means on ‘the said ﬁrst_

line to operate the said reversing mechan

means for operating the second of said swi ch ,

elemmerits, into: connection with a second one

of said lines tormma a Y connéctiofi between

the calling and the said first called and seeond
called hnes, means for thereafter disconnéct-

ing the said first lirie without restoring the -
'dlI'eCthIl of current onithe calhna line,; means

for then: operating the said first ‘element into
connection with a third said line forming

-a. Y connection betweén the caIlmv and . the

said second and third lines, means, for thére-
after disconnecting the said second line with=
out restoring the d1rect1on of ‘ciifrent on.the

8
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calling line, and means manually controlled

from the said third line for restering the
direction of current. traversing the. ealling

line. :
. 53: In a telephone system, a: subscrlbers‘ ‘

line, an automatic switch operated to Se
said line, a ring cut-off rélay in said switch,
& ringing circuit extending. through conta¢ s
of said relay; and means effective in certain
instances to. energize said relay to opén. the

Zringing eircuit. before the line is. vconnected
«Wlth and means effective. in' other 1nstances
to energize said relay after the line i Is eoni-

nected w1th

95
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54. In atelephone system compmsmg a

local tlunkmo system: and a toll trunking

system, an ‘Ltltom‘ltlc switch cominon to both -

systems, means including said switch for ex-
tendmg a toll or local connectlon to a called
line, automatic ringing equipment associated
with said switch, sald equipment operated in
a local call to 51gna1 a’called subscriber, and

-means effective only during the establishment

of a toll connection for preventlng the oper-
ation of any ringing equipment in said con-

- nector to signal a called subscriber.

55. In a telephone system, a local and a

toll trunking system for signalling & called -
subscriber 1nc1ud1n0“ a ﬁnal connector switch
for seizing a called 11ne, said switch operated _

125 -

by a toll operatm of a subscriber to ex

-elther a toll or local connection, a. toll: trink

line leading to said switch used in toll
bplying
signalling, current to a- called subscriber in
a local connection and for dlsconnectmg the

110 -
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same, and means effective in toll calls for
always preventing the application of ringing
current from the connector and for applying
signalling current over said trunk line to
‘signal a called subscriber. '
Signed by me at Chicago, Cook County, -
Illinois, this 9th day of October, 1917.
' EMIL JACOBSEN.




