Oct. 7, 1930.

V. S. THARP ET AL 1,777,420

AUTOMATIC TOLL SERVICE TRUNKING SYSTEM

Original Filed Oct. 19, 1927 5 Sheets-Sheet 1

. 0
N
| R A
o
)
N R Hil = N\
' \Q N
~ N -
-

’E )

'l

&S I
f1.

Y0

Lielor 5 Tharp and John Ificls




Oct. 7, 1930. V. S. THARP ET AL 1 ,777,420
AUTOMATIC TOLL SERVICE TRUNKING SYSTEM

Original_ Filed Oct. 19, 1927 5 Sheets—-Sheet 2

' _,:??M
/

[ % r L]
= .

_ N
[ATenior

LitEter 5 Tharp and Jokn Iiicks




1,777,420

V. S. THARP ET AL

AUTOMATIC TOLL SERVICE TRUNKING SYSTEM

Oct. 7, 1930.

Original Filed Oct. 19, 1927

{24
ELE

1242

/44

O Sheets-Sheet S

57

/4

 u NISTL1T \.—
t JIL ¥ 5E
ﬂ. SIETE = : : :
=i || B 8T e o -
‘ o /£ B
Ge? Zd VIIJ,- v.v\ & wlu. L ELEER 4 MF N
%\mﬂ s M%%Hﬁ.ﬂ% & TEEN T ¢ S | alﬁulﬁﬁ& )
=659 | l&e ZEET |77 m
P S _ Y £ M_.“ ) e
14 ._ gy, _. S OEE | N T 33 (¢7 m-,,.w\% - —d
‘ ™~ o équﬂ.\m‘.ﬁ% (55 .,J& P&
OLE | T 5 B a7
/99 oA e 77 Wz M
Vs i 7252907 Bt ———
Ry _w. ﬂw\\m.__ kn‘%\\.mm‘%;: - —— =
o6L A
| [/
xor muﬂﬂ..
10/ ‘M
75 SO

oL

o

LOE
GO

205
O

[AUETGTE

LAEler 3. T harp and John [nli .c ks

/<.




1,777,420

o Sheets-Sheet 4

V. S. THARP ET AL
AUTOMATIC TOLL SERVICE TRUNKING SYSTEM
Original Filed 0ct. 19, 1927

Oct. 7, 1930.

S
S

— [MUEnlor S ——

Lhgler 5. Tharp ang John Dficks

T
964
SF 06¥
T g

+ . e o |
= f [ — V<7 4 \\\\ t KA

AT N 44 - 209
Ww& vy et 997 ar |
Pullﬁuwllﬁ|$“§Q‘

N - | 5w LG8
| n.wlwhm 65F| .98
_ Wm qE
i

SO’ 68V 48¥ 99F

lor g = 7 o S
0L | _ | -
Uh,.“h.. vy m.wm S6¥ Sy m | NK
S64 . 164 <
H@&N‘ | 7. g | 4 _ = " §- -
s Hi wd T e, 3 Y
1. . &2 * _ Bt b ' ¥ i _
uy AT U Amme wegspe dwmudma AL

FITH TANOEL O NTNM UNRLY 18407

AT

i



V. S. THARP ET AL 1,777,420

AUTOMATIC TOLL SERVICE TRUNKING SYSTEM

Oct. 7, 1930.

Original Filed Oct. 19, 1927

5 Sheets~Sheet O

L] .
- 4

AT N
)
Y e Y
L=

\

Ez
N
i

w/fﬂaﬂmrsxh

— [AUenlors ———

- LhEler 5. Thar'F and Johullicks

SN aetane— FITT



Patented Oct. 7, 1930

UNITED STATES PATENT

1,777,420

OFFICE

VICTOR S. THARP, OF ELMHURST, AND JOEN WICKS, OF OAK PARK, ILLINOIS, AS-
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PORATION OF DELAWARE

COMPANY, OF KANSAS CITY, MISSOURI, A COR-

] AUTOMATIC TOLL-SERV.CE TRUNKING SYSTEM

Application filed Qctober 19, 1927, Seﬁal,ﬂo. 227,130. . Renewed April 4, 1930,

This invention relates to telephone systems
In general, but is more particularly concerned
with automatic telephone systems in which

both local and toll connections are established

5 by means of automatic switching mechanism,

controlled by the calling party in a local con-

nection and controlled by the toll operator in
a toll connection. o o
The object of this invention is the provision
of new and improved switching mechanisms
tor competing toll and local connections
whereby the toll operator in extending a toll
connection to a local subscriber is informed
whether the wanted subscriber is busy or idle,

10

16
1n a toll connection, and whereby, if the want-
ed subscriber is busy ina local connection
with another subscriber, she may cut in on
the conversation and complete the toll con-
nection and then release the unwanted sub-
scriber from the connection. '

A particular feature of this invention re-
sides in the production of a new and improved
rotary connector tor extending connections to
25 private branch exchanges, which will select
an 1dle one of a group of trunks extending to a
wanted branch exchange providing an idle
one exists, and will select the first trunk en-
cgaged 1n the local connection, when all the
trunks of the group are busy either in local
connectrons or toll connzctions.  The toll op-
crator 1s signalled as to whether the connee-
tion has been extended to an idle trunk or a
locally busy trunk, or whether no connection
has been extended at all by reason of all the
trunks being busy in toll connections. If a
connection has been extended to a locally busy
~trunk, the operator is likewise able to cut in

on the conversation and complete the toll con-
nection and release the unwanted subscriber
from the connection. I

- The various features of the invention will
be described 1n detail in the following specifi-
cation with the aid of the accompanying
drawings comprising Figs. 1 to 6, which shows
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30

38

40

by means of the usual circuit diagrams a

schematic layout of a telephone system em-
bodying the principles of the invention. The
drawings-to be most easily understood should

59 be placed as follows: Fig. 2 to the right of

and 1f busy, whether in a local connection or

Fig. 1, Fig. 3 underneath Fig.- 2, F1g 4 un-

~derneath Fig. 3, and Fig. 5 to the left of

Fig.4. :
In Fig. 1, a subscriber’s station A is shown

whose line terminates at the exchange in the g

individual lineswitch LS and is accessible in
the banks of a group of connectors. The line-
switch LS may be of any suitable type, such
as the well-known rotary type having no nor-
mal position and moving ‘in one direction g)
only. The lineswitch LS, together with other

similar lineswitches, has access to a oroup of

first selector switches such as the first selector
switch S§’. - |

Mechanically, the selector S’ is of the well. 65
known Strowger vertical and rotary type.
The circuit arrangement of the selector S’ i«
similar to that of the selector shown and de-
scribed in detail in the application of Johu 1.
Bellamy and Rudolph F. Stehlik, Ser. No. 7¢
167,908, filed Feb. 14, 1927, with the modifica-
tion of an additional relay, the function of
which i1s peculiar to this invention and will he
described in detail subsequently. The selec-
tor S” together with other similar first selec- 75
tors has access to a number of groups of local
second sclectors, a separate group being acces-
sible in each level. o

The local second selector S?, indicated by =

- rectangle in Iig. 2, is accessible to the group so

of first selectors containing selector S’ by way

ot the trunk comprising conductors 201 fo 208,
Mechanically and also 1n circuit arrangement,
the selector S* may be of any suitable type
such as shown and described 1n detail in the ss
Wicks Patent No. 1,520,268. In the banks of
the second selectors, access is had to the num-
ber of groups of individual line connectors
(each group containing both local connectors
and combination toll and local connectors) 9o
and also to one or more groups of local ro-
tary connectors, a separate group being ac-
cessible 1n each level. '

The local rotary connector LRC is accessi-
ble to the group of local second selectors con- 95
taining selector S? by way of tie trunk com-
prising conductors 211 to 213. Mechanically,
the local rotary connector LRC is of the well-
known Strowger vertical and rotary type,
and 1n circuit arrangement it is similar to 100
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the rotary connector shown and de501'ibéd in
detail in the Wicks Patent 1,644,968, granted

Oct. 11, 1927, with certain modifications

which will be described in detail subsequent-
ly. ‘The local rotary connector LRC together

with other connectors has access to a nur_nber_'_
private

of groups of trunks extending to
branch exchanges. - .' _
The trunk line comprising conductors 271

and 274 is one of a group of three trunks ex-
tending to the P. B. X. “N” and accessible to

the connector LRC. This trunk line termi-

nates at the main exchange in the lineswitch

'LS? which may be like the lineswitch LS
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and may have access in common with' the line-

switch LS to first selectors. .

In Fig. 8, a combination toll and local con-
nector TLC is shown which is-accessible to
the group of local second selectors containing
selector S? by way of the trunk comprising
conductors 301 to 303, and 1s accessible to a
group of toll second selectors (to be men-
tioned subsequently) by way of the trunk

comprising conductors 304 to 807. Mechani-

cally, the toll and local connector TLC 1s
of the well-known Strowger vertical and ro-
tary type. The circuit arrangement of the
connector TLC forms a particular part of this

invention and will be described in detail sub-

sequently. The connector TLC, together
with other connectors, has access to individ-
ual subscriber’s lines, such as the line com-
prising conductors 101 and 103 extending to
substation A, and the line comprising con-
ductors 61 and 63 extending to substation A’.

The line of substation A’ also terminates in-

a lineswitch (not shown) which may be sim-
i1lar to the Iineswitch IS and may have access
to first selectors in common therewith.

In Fig. 5, the calling end of the toll oper-

ator’s cord circuit O, terminating in the plug
P and equipped with a listening key K’ and

a dialling and ringing key K, is shown. The
dial D may be associated with cord circuit O
by operating the key K to the right. The
cord circuit O may be of any suitable type
and is therefore not shown in full; only
those elements which concern the invention
are shown. o o

The toll operator has access to a group of
toll transmission selectors by way of trunk
lines accessible at jacks at her position. The
toll transmission selector TTS is accessible
at the toll operator’s switchboard at jack J
via' the trunk line comprising conductors 3
and 4. Mechanically, the toll transmission
selector TTS 1s of the well-known vertical
and rotary type, and has access in its bank to
a number of groups of toll second selectors, a
separate group being accessible 1n each level.
The circuit arrangement of the toll trans-
mission selector TTS forms a particular part
of this invention and will be described in de-
tail subsequently. U '

The toll second selector TS, indicated in

in each level.

g to the private branch exchanges.

1,777,420

Flg 5 by a dotted rectangle, is accessible to

the toll transmission selectors by way of the
trunk comprising conductors 505 to 508.
Mechanically, and also in circuit arrange-
ment, the selector TS may be of the well-
known vertical and rotary type similar to the

local second selector S?%, except that the ring-
“ing control conductor of the trunk terminat-
in& therein is connected to a fourth- wiper

upon the completion of the operation of the

‘switch. In the banks of the toll second se-

70

75

lectors access is had to a number of groups of

combination toll and local connectors, and
‘also to one or more groups of toll rotary

connectors, a separate group being accessible

The toll and local connector
TLC shown in Fig. 3 is accessible to the

80

oup of toll second selectors containing se-

ector TS by way of trunk conductors 304
to 307. | T
" The toll rotarv connector TRC is accessible

ing selector TS by way of trunk conductors
405 to 408. Mechanically, the toll rotary
connector TRC is of the well-known vertical

and rotary type. The circuit arrangement of

the connector TRC forms a particular part of
this invention and will be described in detail
presently. "~ The banks of the toll rotary con-
nectors are multiply connected with the banks

of the corresponding local rotary connec-
‘tors. . Thus the toll rotary connectors have

to the group of toll second selectors contain- .

90

95

access 1n common with the local rotary con-

nectors to the groups of trunk lines extend-

Fig. 6 comprises five diagrams 6* to 6F
which show the various test potentials exist-
ing on the test contacts of the trunks to a

private branch exchange under different cir-

cumstances. | | -
With this -general description of the ob-
jects of the invention and the apparatus in-

© 100

105,

volved in mind, a detailed description of the

operation will now be given. For this pur-
pose, it will first be assumed that the sub-
scriber at substation A desires connection
with the subscriber at substation A’. To com-

plete this connection, the subscriber at sub-

station A removes his receiver and dials the

directory number of the subscriber at sub-

station A’. Responsive to the removal of
the receiver at substation A, lineswitch LS

QQel'ates_in the usual manner and extends the
connection to an idle first selector which will

be assurned to be selector S’. Responsive to
the dialling of the first digit of the called

number, selector S” operates to raise its wip- -

ers opposite the level of bank contacts cor-

responding to the digit dialled, and then au-
tomatically selects an idle trunk accessible
"in that level.

the vertical and rotary operation of a selec-

(A detailed description of

tor similar to selector S’ is given 1n the ap-
plication of John I. Bellamy and Rudolph

F, Stehlik, Ser. No, 167,908, referred to

110
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above.) The windings of relay 21 of selec-
tor 8" are included in the talking circuit, but
are wound differentially so that relay 21 is
not operated when current flows through both
its windings in series with the line relay of
the succeeding switch. |

Responsive to the second digit dialled by
the  calling subseriber, second selector 82 op-
erates 1n the regular manner and .extends the
connectron to the first idle connector of the
group accessible in the level of bank contacts
corresponding to the digit dialled.

It is assumed that the connecctor selected
1s the toll and local connector TL.C shown
1in Fig. 8, accessible by way of trunk conduc-
tors 301 to 303. When the connection is ex-
tended to the connector TLC, Line relay 811
operates and prepares the connector for op-
eration. Responsive to the dialling ~ the
third digit, vertical magnet 821 operate. and
raises the switch wipers opposite the corre-
sponding level of the bank coniucts under the
control of line relay 3811, series relay 319
operating in series with magnet 821. At the
end of the vertical movement, relay 319 deen-
ergizes and by closing contacts 389, closes
the circuit for the combination changeover
and meter control relay 314, the circuit in-

~cluding vertical off normal springs closed

upon the first step of the switch wipers. Re-
lay 814, in.operating, places rotary magnet
322 in the impulsing circuit instead of verti-
cal magnet 321 by closing contacts 345 and
separating contacts 346, and by separating
contacts 342 and closing contacts 843
pares the circuit over which the booster bat-
tery BB will later be applied to the release
conductor 302. | _

Responsive to the dialling of the last digit
by the calling subscriber, rotary magnet 822
operates and rotates the switch wipers into
engagement with the set of contacts terminat-
g the line to substation A’. If the line is
busy, busy relav 318 operates in the usual
manner (over its lowei winding—its upper
winding has no utility in this type of call)
and gives the calling subseriber the busy sig-
nal. If the line is idle, switching velay 320
operates when relay 319 falls back and per-
forms its usual cirenit changes, including the
closing of the si

signalling eircuit at contacts
391 and 398, and the connection of ground po-
tential to the private contact 6127, in this
case. through contacts 336 of relay 312 there-
bv shunting resistance R’. - |
When the subseriber at substation A’ an-
swers, ring cutoft 221 operates and trips the
ring and completes the talking circuit, after
which back-bridge relay 310 is energized in
sertes with the windings of differential re-
lay 313. Relay 813, being differentially
wound, coes not operate at this time. Back-
bridge relay 310, however, operates and opens
the holding circuit for relay 314 by separat-

mg contacts 331, and by closing contacts 324,

1,777,420

‘bridge relay

pre-

3

causes the booster battery BB to be connected
to the release conductor 302, thereby causing
the operation of the subscriber’s meter M.

Shortly after its circuit is opened, relay 814
- 70

releases, after which direét ground potential
15 connected again to release conductor 302,
via contacts 335, 342 and 324. In this type

o1 connection, relays 315 and 316 are not

operated, and the operations of the connector
TLC are similar to the general connector of-
erations well-known in the art, with the ex-

5

ception of the operations concerning relay

314 which have been described in detail. The
release of the connection at the termination
2T the conversation takes place in the usual
manner responsive to the replacement of the
receivers of the two subseribers.

From the foregoing description, it should
>e noted that when one subscriber completes
 call to another subscriber, the private nor-
ial contacts of both the eailing ine and the
called line are grounded directly and accord-
ing to this invention are thus marked “local-
ly busy”; that talking current is furnished to
the calling subscriber through the windings
ot the line relay of the connector used in the
connection in series with the windings of a
differential relay in the first selector, the
latter relay by reason of its differential char-
acteristic not being operated; and that talk-
ing current is furnished to the called sub-
scriber through the windings of the back-
in the connector in series with
the windings of a differential relay in the
connector, the latter of which likewise by rea-
son of its differential characteristic is not op-
erated.

To further describe the invention, it will
now be assumed that the toll operator has re-
cerved a-toll call from a distant point for the
subscriber at substation A’. To combplete

the call, the toll 'operator inserts the calling

plug of a cord, plug P of the cord O for ex-
ample, into the jack of an idle trunk such as
Jack J. Imserting plug P into jack J places
a bridge across trunk conductors 3 and 4,
thereby closing a circuit for the upper wind-
ing of line relay 24 which extends from
ground at contacts 33 and includes trunk
conductors 3 and 4 and contacts 36, 35, 69 and
98 1 series. Line relay 24 operates and
closes a point in the talking circuit at con-

tacts 88 and closes the circuit of release relay

25 at contacts 89. Relay 25 operates and
grounds the release conductor 99 at contacts
91, prepares the impulsing circuit at contacts
92, and closes a circuit for the lower winding
of switch-over-control relay 13 at contacts
94, this latter circuit also including contacts
(8, 49, 84 and 40. Relay 13 operates and

opens a point in the circuit of switch-over

relay 12 by separating contacts 43 and pre-
pares a circuit for relay 14 at contacts 42.

- After inserting plug P into jack J , the toll
operator throws key K to the dialling posi-
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" tion and then dials_the difectofy numbei' of

the subscriber at substation A’, after which
she again restores key K to normal’
Responsive to the first digit dialled, verti-
cal magnet 29 of the toll transmission selec-
tor T'I'S operates and raises the. switch
wipers opposite the corresponding level of
bank contacts, after which rotary magnet 30

- operates under the control of stepping.relay

10

16

27 and rotates the wipers into engagement
with the set of bank contacts termnating an
idle trunk. After the trunk selecting oper-

ation, switching relay 23 operates and per-

1,777,420

pr_ising cenductmg 304 _Xto, 307, -._'tllerrﬁinating
in the toll and local connector TLC. When
this trunk line is seized, the line relay of the

‘toll second selector TS is disconnected from

the talking conductors (by the operation of
the switching relay of the selector T'S) and a

new circuit 1s established for'the upper wind-
‘ing of the relay 13 through the windings

of the line relay 311 of\connector TLC.
Thus relay 13 1n the toll transmission selec-
tor TTS i1s now maintained energized over
its upper winding in series with the line re-
lay 311 of connector TLC. Line relay 311

forms its usual circuit changes including the also operates over this circuit and prepares

“closing of points in the talking circuit at con-

tacts 80 and 87, the connecting of the ground-
ed release conductor 79 to test wiper 502 at

- contacts 82, and in addition, grounds the
~ ring control 100.by closing contact 83, opens

20

" ing of relay 13 by separating contacts 84 and

~ the 1nitial holding circuit for the lower wind-

. prepares another circuit for the lower wind-

.'25_-

30

- windings

40

ing of relay 13 by closing contacts 85. 'The
operation of the toll transmission selector
TTS in regard to its vertical and rotary
movement 1is similar to the regular selector
operation well-known in the art. ~ A detailed

description is therefore deemed unnecessary.

Tt is assumed that the trunk selected 1s the
one comprising conductors 505 to 508, termi-
nating in the toll second selector TiS. W hen
this trunk line is seized, a circuit for the line
relay (not shown) of the toll second selector
TS 1s closed, which includes the upper wind-
ing of relay 13, contacts 38, the two right hand
of the repeating coil RC, contacts 46
and 44, conductors 8 and 6, and couductors 505
and 508 in series. Relay 13 is now held oper-
ated over this circuit, the initial circuit for 1ts
lower winding having been opened at contacts
84, Relay 13 is made slow-acting to prevent

its dropping back during the short interval

60

il

60

65

after the circuit of its lower winding is opened

“and before the circuit including 1ts upper
‘winding and the line relay of the toll second

selector TS 1s established.

Line relay 24 again operates responsive to
the dialling of the next digit, and at each de-
energization opens the circuit of the line re-
lay of the toll second selector TS at contacts

88. The toll second selector TS operates in

the usual manner and raises its wipers oppo-
site the level of bank contacts corresponding
to the digit dialled and then selects an 1dle
trunk in that level. A circuit is also closed
for the lower winding of relay 13 each time
line relay 24 deenergizes, this latter circuit
including contacts 90, 92, and 85. Thus re-
lay 13 is maintained energized over its lower
winding during the intervals when the cir-
cuit of its upper winding is opened to operate
the toll second selector TS so that relay 24 1s
maintained energized continuously.

It is assumed that the trunk selected by

the toll second selector TS is the one com-

connector TLC for operation as described
previously. -

Line relay 24 of the toll transmission selec-
tor TTS again operates responsive to the
dialling of the third digit, opening the cir-
cuit of line relay 311 of connector TLC a cor-
responding number of times, causing the
operation of vertical magnet 321 to step the
wipers of the switch opposite the correspond-
ing level of bank contacts. Series relay 319
again operates in series with vertical mag-

‘net 311, and at the end of the vertical move-

ment deenergizes, again closing the circuit ot
relay 314 at contacts 389. Relay 314 oper-
ates, closing a locking circuit for 1itself at
contact 844 and disconnecting the vertical
magnet from the impulsing circuit by sepa-
rating contacts 346.and connecting the ro-
tary magnet thereto by closing contacts 345,
and in addition thereto, closes a circuit for
the reverting control relay 316 by closing con-
tacts 841, ground being present on the ring
control conductor 306 (connected via con-
ductor 507 to conductor 100). Relay 316
operates and opens its initial energizing cir-
cuit by separating contacts 367 and closes
a locking circuit for itself to the grounded
toll release conductor 305 by closing contacts
366, prepares a circuit for energizing the
two-step >converting relay 315 to its first
step by closing contacts 369, closes a circuit
for the upper winding of ring cut-off relay
317 at contacts 368, and prepares the holding
circuit for the ring cut-off relay 13 by clos-
ing contacts 364. Ring cut-off relay 317
energizes and closes its holding circuit to
the ring control conductor 306 at contacts
371’, opens points in the ringing circuit by
separating contacts 370 and 377, and per-
forms other circuit changes which will be de-
scribed presently.

Responsive to the last digit dialled by the
toll operator, rotary magnet 322 operates and
rotates switch wipers into engagement with
the bank contacts terminating the line to sub-
station A’. During the rotary motion, re-
lay 319 operates In series with rotary mag-
net 322 and connects the test relay 318 to the
test wiper 602 at contacts 385 and closes the
energizing circuit of the lower winding of

the two-step converting relay 317 at contacts

70
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388, the latter circuit also inéluding con-
tacts 839, 356, and 369. Relay 315 operates

to 1its first step to close contacts 855, there-

by -preparing the circuit over which it en-

ergizes to its second step when- contacts 888

are again opened. R _

The called line may be busy in a toll or local
connection, 1 which case test relay 818 en-
ergizes, but it will fivst be assumed that the
called Ime is idle at this time. At the end

of the rotary movenient, relay 319 falls back

~and by separating contacts 388 causes relay

315 to operate to its second step to perform

~ the following changes: By the separation of

15

20

30

contacts 347 and 360, back-bridge relay 810

andl differential relay 313, whose windings

are connected in series with the windings of
the back-bridge relay 810, are disconnected
from the talking conductors. By the separa-

tion of contacts 349 and 361, line relay 312 is

disconnected from the talking conductors.
By the closure of contacts 848 and 859, points
i the talking circuit are closed. A point
in the circuit of release magnet 823 is opened
by the separation of contacts 850. Release
conductor 302 extending.to the banks of the
local selectors is grounded at contacts 851.

A circuit is closed including the two wind- |

L ]

ings of test relay 318 in series at contacts

352, but relay 818, beiug differentially

wound, Is not operated. A circuit over

which the operation of the toll tone re-

lay 18 in the toll transmission selector TTS

~1s controlled is prepared at contacts 355; and

a circuit for the lower winding of switching

relay 320 1s closed to releasa conductor 305
at contacts 354. Switching relay 320 oper-
ates and performs its usual circuit changes

“including the closure of points in the talking

40

Co

L3

circutt at contacts 391 and 898 and the plac-
ing of ground potential on the private nor-
mal contact 612" of the called subsecriber’s
line by the closure of contacts 892. In this
case, however, ground is connected to the
private test contact of the called line through

- resistance R’ rather than being connected di-
‘rectly, since line relay 811 and then release

relay 312 restore after relay 311 is discon-
nected from the talking conductors, as a re-

- sult of which contacts 336 are opened. In

this manner the line at substation A’ is mark-
ed “toll busy” as distinguished from being:
marked “locally busy” when direct ground
1 connected to the private normal contact,
the purpose of which will be deseribed sub-
se(fuently. = - |

When line relay 311 1s disconnected from
the talking conductors, the circuit over which
the upper winding of relay 13 in the toll
transmission selector TTS is held energized
1s interrupted. This relay thereupon deener-
g1zes and completes the circuit for the switch-
over relay 12 by closing contacts 43, off-nor-
mal springs 10 having closed upon the first
vertical step of the switch wipers. Relay 12

ey

energizes and by separating contacts 33 and

50 and closing contacts 34 and 36 reverses the

direction of current flow over trunk conduc-
tors 8 and 4, the upper and lower windings of
the line relav 24 now being connected to trunk
conductors 3 and 4, respectively. At con-
tacts 40 a point in the circuit of the lower
winding of relay 13 is opened. By the sep-

aration of contacts 38, another point in the

circuit of the upper winding of relay 18 is
opened and by the closure of contacts 39, bat-

tery feed relay 20 is connected to trunk con-
ductor 8 via the upper right hand winding of

repeating coil RC. By the closure of con-

Lacts 41, eround feed relay 21 is connected to
trunk conductor 6 via the lower right hand
winding of repeating coil RC. By the sep-

aration of contacts 87, the short circuit
around the upper left hand winding of re-
peating coil RC is removed, and by the clo-

70

"

85

sure of contact 37" the upper and lower left

hand windings of the repeating coil RC are

connected via the condenser. Due to the re-

versal of current flow over the trunk condue-
tors 3 and 4, polarized relay 2 in the oper-

ator’s cord circuit O energizes and causes the

hghting of the lamp L. -
The lighting of the lamp L. at this time

indicates to the toll operator that an idle line

has been connected with and that she may
‘signal the called subscriber as soon as she is

reacly. To signal the called subscriber, the

90

93

toll operator throws the key K to the left to

apply ringing current to the trunk conduc-
tors. Ringing relay 11, which is brideed
across the trunk conductors 8 and 4, responds
to ringing current and closes the circuit of
relay 22 at contacts 32, Relay 22 operates
and by separating contact 78, disconnects
ground from the ring control conductor 100

100

105

connected via conductor 507 to the ring con-

trol conductor 306 to which ring cut-off re-

lay 817 in the toll and local connector TLC =

15 locked. As a result, ring cut-off relay 817
deenergizes and by permitting contacts 370
and 377 to close, starts the regular automatic

interrupted ringing to signal the called sub-

scriber. Relay 22 in operating also closes a
local holding ecircuit for line relay 24 by
closing contacts 76 to maintain relay 24 ener-
21zed while ringing current is applied to
trunk conductors 3 and 4.

1106

115

‘When the called subscriber answers, ring

cut-off relay 317 operates, being energized
over 1ts lower winding over the called line
loop in the usual manner, and again closes its
locking circuit to conductor 306 at contacts
3717, and closes points in the talking circuit
at contacts 371 and 376. After the ring cut-

off relay 317 is operated, both relays 20 and
21 of the toll transmission selector T'TS ener- |

gize over the called line loop. The operation
of relay 21 is of no consequence at this. time.
Relay 20, in operating, disconnects the wind-
ings of line relay 24 from the trunk conduc-
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 tors 3 and 4 By separating contacts 67 and 69,

924 by closing contacts 68. - The disconnection

- Relay

closing a local holding circuit for line relay

of the windings of line relay 24 from the
trunk conductors 3 and 4 interrupts the cir-
cuit of polarized relay 2 in the cord circuit O.
9 thereupon deenergizes and extin-

- guishes the lamp L. The extinguishment of

10

lamp L notifies the toll operator that the

called subseriber has answered. After receiv-

ing this signal, the toll operator takes neces-
sary steps to complete the talking connection

~ between the calling and the called subscriber,

15

after which the two may hold conversation.
When the subscriber at substation A re-
places his receiver at the termination of the
conversation, the circuit of relays 20 and 21
is interrupted. Relay 20, in deenergizing, re-

~ connects the windings of line relay 24 to trunk
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- the invention, the operator in attempting to

conductors 3 and 4, thus again establishing
the circuit of polarized relay 2 in the oper-

ator’s cord circuit. O. Relay 2 in energizing

lights lamp L. The lighting of the lamp 1.
at this time indicates to the tool operator that
the called subscriber has replaced his receiver

whereupon she will remove plug P from jack

J, to release the switches used in the connec-
tion.

Removing plug P from jack J opens the

circuit of line relay 24, which thereupon de-
energizes and opens the circuit of release re-
lay 25. Relay 25 deenergizes and disconnects
ground from release conductor 99 by separat-
ing contacts 91, thereby opening the circuit
of switching relay 23, the switching relay
of selector TS, and the holding circuits of re-
lays 815, 316, and 320 of the connector TLC,
whereupon these relays deenergize and re-
store to normal. Switching relay 23, in de-
energizing, disconnects ground from ring
control conductor 100 by separating con-
tacts 83. The removal of ground from ring
control conductor 100 opens the holding cir-
cuit of ring cut-off relay 317 of the connec-
tor TLC. Relays 315 and 320, 1n restor-
ing, close a circuit for release magnet 323

by closing contacts 850 and contacts 397, re-

spectively. Release magnet 323 thereupon
operates and restores the switch wipers to
normal. The release of the switching relay

of the selector TS also initiates the release of
" the wipers of the selector TS. The closure of

contacts 90 by the release of line relay 24 also
closes the circuit of release magnet 31, ver-
tical off-normal springs 9 having closed upon
the first vertical step of the switch wipers.
Magnet 31 operates and restores the switch
wipers to normal. All the switches used 1n
the above-described connection are now In
their normal condition and are ready to be

used in the establishment of other connec-

tions. _
In accordance with one of the principles of

establish a toll connection is able to complete

1,777,430

the connection even though the wanted sub-
scriber is busy, providing he is busy in a
local connection. To further describe the
operations of the toll and local connector
TLC when used by a toll operator to set up a 7q
toll connection, let us assume that the toll
operator has again extended a toll connec-
tion to the connector TLC via the cord cir-.
cuit O, toll transmission selector T'I'S, and
toll second selector TS, and that the wanted 45
line to substation A is busy at this time. As
soon as the wipers of the connector TLC are
rotated into engagement with the contacts

_ terminating in the line to substation A’ test

relay 318 is energized over its lower winding gy
from ground potential -'geither direct, or
through a resistance as R’, depending upon

‘whether the line is locally busy or toll busy)

on the test contact 612°. Relay 318 operates
and prepares a locking circuit for itself at gs
contacts 379, opens a point in the circuit over
which switching relay 320 will later be en-
ergized by separating contacts 381, connects
conductor 308 connected to interrupter I
(Fig. 4) to the trunk conductor 307 at con- gy
tacts 383, and prepares the circuit over which
the operation of the tone control relay 18 in

the toll transmission selector TTS 1s con-

trolled at contacts 378. -

- Shortly after the termination of the rotary gz
motion,. relay 319 deenergizes and permits
converting relay 815 to operate to its second
step and perform the circuit changes, as pre-
viously described, closes the locking circuit
for the lower winding of relay 318 to the ring -4
control conductor 306 by permitting contacts
386 to close, and further prepares the cir-
cuit over which the operation of tone control

relay 18 is controlled by permitting contacts

384 to close, that 1s, connects test wiper 602,

_ 103
via contacts 378 and 355, to trunk conductor }

- 804. Both relays 317 and 318 are now locked
“to the ring control conductor 306. 1t should

be noted that no current flows in the upper
winding of relay 13 at this time, since ground
is connected to both terminals thereof. .
The disconnection of line relay 311 from
the trunk conductors again causes the deener-

it0

‘gization of relay 13 in the toll transmission
gelector TTS and as previously described 135
causes the current flow over the trunk con-

ductors 3 and 4 to be reversed, and causes re-

Jays 20 and 21 to be connected to conductors

8 and 6 respectively, the former operation re-
sulting in the lighting of the lamp I.. Since 120
oground potential is intermittently applied to
trunk conductor 308 at the toll and local con-
nector TLC by the interrupter 1 connected
thereto as previously described, a circuit is
intermittently opened and closed for relay 1

f
i |

90 in the toll transmission selector TTS. Re-

lay 20 therefore operates accordingly, discon-

‘necting the windings of line relay 24 from
the trunk conductors 8 and 4 by separating
~contacts 67 and 69 each time it energizes, thus

130



" Intermittently opening and closing the cir-
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- cutt of the polarized relay 2 in the operator’s

10

15

20

cord cireuit O.  This causes the lamp L to
flash, which signal indicates to the toll oper-
ator that a busy condition has been encoun-
tered. - -
Relay 20, in operating, also closes a circuit
for relay 19 at contacts 69 via the normally
closed contacts 72 of relay 21. Relay 19, in
operating, closes a locking circuit for itself at
contacts 64 from' ground at the vertical off-
normal springs 10 via contacts 59, and closes
a holding circuit for relay 14 at contacts 66
to maintain this relay energized, its initial
energizing circuit being opened by the sepa-

ration of contacts 42 when relay 18 deener-

o1zes. By the separation of contacts 62 and
the closure of contacts 63, relay 15 instead of
relay 22 1s placed under the control of ringing

relay 11. At contacts 65, relay 18 is connect-

ed via contacts 57 and 48 to the lower trunk

- conductor 6. '

[ I
e |

- other toll connection.

30

- 40
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If now the called line is busy in a local con-
nection, direct ground potential is present on

5 -the test contact 612’ engaged by test wiper

602, which is now connected via contact 384
and 378 to trunk conductor 804 connected to
trunk conductor 6. Thus relay 18 is short
circuited and remains unoperated. But if
the line to substation A’ is busy in a toll con-
nection, ground potential is connected to the
test contact 612" through a resistance such as
resistance R’ in the connector used in the
In such case, sufficient
current 1s caused to flow through relay 18
from battery via resistance R connected to
trunk conductor 304 via contacts 363 to cause

it to operate. Relay 18, in operating, con-

nects conductor 9, to which a characteristic
tone current is applied, to the trunk condue-
tor 6. This tone current, passing through

the lower right hand winding of repeating

coil RC and through the winding of relay 20,
s induced in the left hand windings of re-
peating coil RC. - | B

The toll operator upon perceiving the

flashing of the lamp L, operates her listening
key K1, providing it is not not already oper-
ated, to connect her headset across the trunk
conductors for the purpose of determining
whether the wanted line is busy in a toll con-
nection or in a local connection. If she hears
the special tone, she understands that the
wanted line is busy in a toll connection where-
upon she will remove the plug P from the
jack J to release the connection she has set up,
with the intention of attempting to establish
a connection at some later time. o
11, however, the toll operator hears no tone,
1t indicates to her that the wanted line is busy
in the local connection. The toll operator
thereupon momentarily operates the key K to
the left, thereby applying Tinging current
to the trunk conductors 8 and 4 and causing

the operation of the ringing relay 11 in the

7
toll transmission selector TTS. Relay 11, in
operating, closes the circuit of relay 15. Re-
lay 15 operates and at contacts 47 closes the
energizing circuit for the lower winding of
relay 16, causing this relay.to operate in its
first step-and prepare an energizing circuit at

- contacts 53 over which it will operate to its
" as soon as contacts 47 are again -
separated. Relay 15 also esta |
‘holding circuit for line relay 24 at contacts

second step
lishes a local

o1 while ringing current is being applied to
the trunk conductors 3 and 4, and opens the

ductor 100. This removes the short circuit
from the upper winding of busy relay 318.

- The values of resistance R5, and the resist-
ance of the up

per winding of ring cut-off re-
lay 317 and each of the windings of test re-
lay 318 are approximately equal, by reason
of which a balanced Wheatstone brid oe is now
tormed with equal values of the current flo-
ing in both the upper and lower windings of
test relay 318. Since the windings of relay
518 are differentially wound, relay 818 now
deenergizes. In deenergizing, relay 318
opens the circuit of its lower winding by sep-
arating contacts 880, disconnects conductor
308, connected to the ground interrupter I,
trom the talking conductor 307 by separating
contacts 383, disconnects wiper 602 and also
battery through resistance R from talking

by closing contacts 381 closes a circuit via con-

- tacts 354 for switching relay 320, Relay 320

now operates and performs the ecircuit
changes previously described, including the
closure of the talking circuit by closing con-
tacts 391 and 398. o - |

After key K is restored, relay 11 and, a
moment later relay 15, restore. Two-step re-
lay 16 operates to its second step and closes
a locking circuit for itself at contacts 53 via
contacts 59 and vertical off-normal springs 10,
prepares an energizing circuit for two-step
relay 17 at contacts 54, grounds

ring control .

70

75

short cireuit around resistaice R5 by sepa- .-
rating contacts 49, thereby removing the direct |
ground potential from the ring control con--

80
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00

- conductor 307 by separating contacts 878, and
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conductor 100 at contacts 58, opens a point in

the circuit of tone control relay 18 at con-

‘tacts 57, and prepares the bridge by which

ground will later be connected to the two
trunk conductors at contacts 52 and 56.

The operator is now able to converse with

the wanted subscriber and will inform him
that there is an awaiting toll call for him,
and will also inform the unwanted subscriber
that he will be disconnected from the connec-
tion. The operator then operates the key IX
momentarily to the ringing position a second

time. Ringing relay 11 again responds, and.

1n turn, causes the operation of relay 15. By
the closure of contacts 46’ and 44’ ground
potential is now applied to both conductors
8 and 6. By the closure of contacts 47, an
energizing circuit for the lower winding of
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two-step relay 17 is closed, céusing this relay

to operate to its first step and prepare an en-

ergizing circuit at contacts 59" over which 1t

will operate to its second step as soon as con-

tacts 47 are again separated. .

.,

busy in a local connection in which he 1s the

called party, the placement of ground poten-

tinl on both conductors 8 and 6 short circuits
n winding of the back-bridge relay and a
winding of the differential relay in the con-
nector used in the local connection corre-
sponding to the lower winding of relay 310
and the lower winding of differential relay
313 of connector TLC. The interruption of
current in one winding of the differential re-
Jay in the connector used in the local connec-
tion causes that relay to operate and close at
contacts which correspond to contacts 340 the
circuit for the release magnet of that connec-
tor. The release magnet operates and restores

the wipers of the connector to ndormal. Thus

the unwanted subscriber is discounected from
he subseriber who is wanted in the toll con-
nection. - -
Finding himself disconnected, the unwant-
ed subscriber will then replace the receiver,
if he did not when informed of the incoming
toll connection for the other subscriber, thus
causing the release of the other switches used
in the local connection. Had the unwanted
subseriber replaced his receiver as seen as the
toll operator informed the two parties of the
awaiting toll call, all but the connector used

5 in the local connection would have been re-

leased at that time. In either case, however,
the connector used i1n the iocal connection 1s
released as above described.

When relay 15 falls back at the end of the
second momentary operation of key K to the

ringing position, two-step relay 17 operates to

its second step, and by separating contacts 59,
opens the holding circuit for two-step 16 and
relay 19. Relay 19, in deenergizing, opens
the circuit of relay 14 at contacts 66, opens

~another point in the circuit of tone controi

relay 18 at contacts 65, opens another point in
its own locking circuit at contacts 64, and re-
places relay 22 under the control of ringing
relay 11. Relay 14, in deenergizing, again
connects relay 21 to trunk conductor 6 by
closing contacts 45. - |

if the wanted subscriber has maintained
his receiver to his ear, as he 1s expected to do,
relays 20 and 21 will now energize, with the

result as previously described, lamp 1. re-

60

6o

maining extinguished. If, however,the want-
ed subscriber has also replaced his receiver,

relays 20 and 21 will not be energized and the

lamp L will light. The toll operator may re-
signal the wanted subscriber by operating key
K to the right a third time and thus cause
relay 22 to operate and remove ground from
ring control conductor 100. This starts the
regular automatic ringing by causing the de-
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en‘ergiiﬁtﬁtion' of the rlng cut-off relay 317 in

the toll and local connector TLC, which relay

‘again operates upon the removal of the re-
ceiver at the called station, whereupon the
- talking connection is completed. o
Assuming that the wanted subscriber is:

In the above case it was assumed that a com-
bination toll and local connector was used 1n
the local connection. It is understood, ot
course, that each group of individual line con-
nectors comprises both local connectors and
combination toll and local conmectors, the
local connectors being similar to the connec-
tor TLC, with relays 315 and 316 omitted. A
local busy connector is released by the toll op-
erator in the same manner as is a combination

toll and local connector when used 1n a local

connection.

In the above case it was assumed that the
wanted subscriber was engaged in a local con-
nection which he initiated. If the wanted
subscriber is busy in a local connection in
which he is the calling party, the toll operator
may likewise intrude and release the unwant-
ed subscriber from the connection. Insuch a
case, the application of direct ground poten-
tial to the two trunk conductors, resulting
from the operator’s actuating her ringing and
dialing key to the ringing position momen-
tarily the second time to release the unwanted
subscriber from the connection, operates on
the first selector used in the local connection
rather than on the connector, -

T'o describe the manner in which a first se-
lector in such a connection 1s operated upon,

let us assume that the toll operator has ex-

tended a8 connection to a subscriber who at

this time is engaged in a local connection
which he initiated via the selector S’. As will

be recalled from the local connection previ-
ously described, the differential relay 121 re-
mained deenergized. The application of di-
rect ground potential to the two toll talking
conductors responsive to the second momen-

tary operation of the ringing and dialing key

to the ringing position in the present case
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short-circuits the winding of differential re-

lay 121 which 1s connected 1n series with the
orounded winding of the line relay of the

connector used 1n the local connection, where-

upon relay 121 operates and closes the circuit
of release magnet 122 at contacts 123. Release
magnet 122 operates and opens points in the
talking circuit of the local connection by sepa-
rating contacts 124 and 125, thereby causing
the release of the succeeding second selector
switch, and also restores the wipers of selector

S’ to normal. Switching relay 120 of selector

S’ is maintained operated over the circuit ex-
tending frrom the release conductor 112 con-
nected to release conductor 102 to which
oround potential is now applied 1n the toll
and local connector used in the toll connection
through a resistance such as resistance R,
through the winding of switching relay 120,

11:
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| vention is the production of the toll rotary
connector TRC, Fig. 4, which, when used by
‘the toll operator to extend a toll connection

10
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contacts 181, 132, through the winding of

stepping relay 119 to battery. The connector
used in the local connection is released when
the called subscriber, finding himself discon-
nected, replaces his receiver. =~
As described in the introduction of the
specification, a particular feature of this in-

to a private branch exchange, selects an idle
trunk line of the group extending thereto,
providing an idle one exists, or selects a

- locally busy line, providing all the trunks are

15

20

locally busy or toll busy, after which the toll
operator 1s able to force the release of the
existing connection over the selected locally

busy trunk line. In order to accomplish the

latter operation, local rotary connectors such
as the local rotary connector LRC shown in
Fig. 2 are required. The manner in which
these operations are accomplished will now be

- described, and for this purpose, it will be
~ assumed that the toll operator wishes to ex-

- 9R

- 30

35

~ transmission selector TTS, closes points in

45

60

tend a connection to the private branch ex-
change N, and has set up a connection via the

cord circuit O, the toll transmission selector
TTS, and the toll selector TS, to the toll ro-
tary connector TRC. S
When the connection is extended to con-
nector TRC, line relay 411 operates and
grounds conductor 406 at contacts 432, and
closes a circuit for the lower winding of ring
cut-off 412 at contacts 433. Relay 412 ener-
gizes and at contacts 437 closes a locking
circuit for itself to the ring control conductor
407, to which ground is applied in the toll

the talking circuit at contacts 436 and 440,

and prepares the 1mpulsing circuit at .con-

tacts 438. | | -
Responsive to the operator’s dialing the

next digit, vertical magnet 421 operates under

the control of line relay 411 and raises the
switch wipers 481 to 484 opposite the level

of bank contacts in which the trunks to the

P. B. X. “N” are accessible. The relay 413

operates in series with magnet 421, maintain-
g the vertical magnet circuit closed at
contacts 442, vertical off-normal springs 472

~opening and springs 472 closing on the first

09

60

45

vertical step of the switch wipers.

energizes in series with ma

At the

end of the vertical movement relay 413 falls
back and prepares the circuit of the rotary
magnet 442 by closing contacts 443. o
Responsive to the dialing of the next digit
by the toll operator, rotary magnet 422 op-
erates and rotates the switch wipers into en-

gagement with the set of contacts terminating

the first trunk in the group of trunk lines
extending to the P. B. X. “N”." Relay 415
] _ onet 422, and closes
a circuit for relay 417 at contacts 449, closes
a circuit for relay 416 at contacts 450, and
opens a point in the circuit of the lower wind-

In operating, opens & point in the circuit of
the stepping relay 420 by.separating con-
tacts 453, prepares a holding circuit for re-
lay 417 at contacts 455, closes a point in the

circuit of the lower winding of relay 418 at

contacts 456. Relay 417 energizes and closes
a pomnt in the circuit of stepping relay 420

at contacts 457, prepares the circuit for the

energizing winding of differential busy re-
lay 414 at contacts 459, and at contacts 416
closes the initial energizing circuit of two-
step relay 410, causing this relay to operate
to its first step and prepare an energizing cir-

~cuit at contacts 426 over which it will operate
“to 1ts second step as soon as contacts 460 are

agaln opened. -
In the system shown in the drawings, it has
been assumed that three trunks i::omprise the

group extending to the P. B, X. “N”, the last
of which comprises conductors 271 to 274

accessible at bank contacts 488, 489, 489”, an

490, and terminating at the P. B. X. “N” in
the jack J. The two test contacts for each
trunk are connected together by resistances,
contacts 489 and 489" being connected by re-
sistance R93. Kach of the upper test con-
tacts, such as contacts 486, 487, and 489, are
connected to a chain relay which is operated
when the trunk is busy. 'When all of the chain
relays of one group of trunks are operated,
a chain circuit is closed to connect battery
through a resistance to the upper test con-
tact of the first trunk of the group. No
trunk 1s connected to the set of contacts im-

mediately following the set terminating the

last trunk of the group, but is equipped as
follows: Contact 491 1s connected to the
ground mterrupter 1, contact 492 is connected

to ground through resistance RA94, and bank
contact 493 1s connected to battery through
resistance R96. o -

Iig. 6 shows the various test potentials
which exist on the test contacts of the trunks
under different conditions. - Resistances “a”

and “b” represent the switching relay of the

lineswitch terminating the trunk and the
chain relay of the trunk, respectively. When
a trunk 1s 1dle, both test contacts are free from
ground potential as shown at 64, Fig. 6.
When a trunk line is busy in a local connec-
tion, direct ground potential is connected to
the upper test contact as shown at 62, Fig. 6.
When a trunk line 1s busy in a toll connection,
direct ground potential is connected to the
upper test contact and ground through a low
resistance 1s also connected to the lower test
contact as shown at 6°, Fig. 6.

To continue with the description of the op-
eration of the connector TRC, it will be as-
sumed first, that one of the lines of the group,

namely, the line comprising conductors 271
to 274, 1s 1dle at this time, the other two trunk

- lines being busy either in a toll connection or

1n a local connection. Since this trunk line is

ing of rﬁlﬁy 418 at contacts 451.. Relay 416 |
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idle, chain relay 496 is in a deenergized posi-
tion, and battery through to resistance k95 is
not connected to contact 486’. Shortly after
the-termination of the rotary muotion, relay

415 falls back and opens the circuit of relay

416 at -contacts 450, opens the initial circuit

of relay 417 at contacts 449, closes a holding.
circuit for relay 417 at contacts 448, and closes
a point in the circuit of the lower winding of

relay 418 at contacts 451. In the case as-
sumed, relay 418 is not sufficiently energized
to cause its operation, and it therefore re-
mains deactuated. Shortly after the circuit
of relay 416 is opened, this relay deenergizes
and a circuit is closed at contacts 453 for
stepping relay 420 which extends from
oround on test contact 486, wiper 482, con-
tacts 461, 457, 453, 471, through the winding
of stepping relay 420 to the battery. Relay
490 energizes and closes a holding circuit for
itself to the release conductor 406 at contacts
469, and closes a circuit for rotary magnet
499 at contacts 470, at the same time closing
a holding circuit for relay 417 which includes
contacts 454 and 448. Magnet 422 operates
and rotates the switch wipers into engage-
ment with the bank confacts terminating the
second trunk. Magnet 422, in operating,
also opens the holding circuit of relay 420 at
contacts 471. Relay 420 thereupon deener-

oizes and opens the circuit of relay 417 and

magnet 422 at contacts 470. Since 1t 1s as-

sumed that this trunk line is also busy,
oround potential is also present on contact
487, and stepping relay 420 again energizes,
again causing the operation of magnet 422 as
previously described, the switch wipers being
rotated into engagement with the bank con-
tacts 488, 489, 489/, and 490. Since no ground
potential is present on bank contact 489, this
trunk being 1dle, stepping relay 420 1s not op-
erated, and the switch wipers are arrested in
this position. _ o
After an interval, relay 417 falls back,
opens a point in the circuit of relay 420 by
separating contacts 457, and by separating
contacts 460, permits two-step relay to oper-
ate to its second step. By the separation of
contacts 424 and 431, line relay 411 is discon-
nected from the trunk conductors. By the
closure of contacts 425 and 430, points In a
talking circuit are closed. At contacts 429
oround through resistance R* is connected
via wiper'483 to test contact 489" (and the
contacts multiply connected therewith). By
the closure of contacts 427, a circuit 1s estab-
lished for the two windings of test relay 414

and for switching relay 419. Relay 414 1s

‘differentially wound, and therefore 1s not op-

erated. Switching relay 419 operates and
connects direct ground to test contact 439 at

~ contacts 466 via wiper 482, and closes points

G5

in the talking circuit at contacts 465 and 468.
The disconnection of line relay 411 from
the trunk conductors again initiates the

lay 412, in releasing,

1,777,420

changeover operation in the toll transmission
selector 'T'T'S, whereupon the toll operator is

signalled by the lighting of the lamp L, which

indicates that connection has been estab-

lished with an idle trunk. To intitiate the |
signaling of the attendant at the private.

branch exchange, the toll operator operates

key K to the ringing position, which causes
the ring cut-off relay 412 1n ‘the connector

"TRC to unlock by removing ground poten-

tial from the ring control conductor 100. Re-
closes the signalling cir-

cuit at contacts 441 and 435, causing the op-

eration of the drop 290 at.thé attendant’s po-
“sition at the

private branch exchange N.

The attendant answers the call by inserting
the plug of a cord into the jack J”. This op-
eration disconnects the drop 290 and closes
a direct current circuit for the upper winding
of ring cut-off relay 412, causing this relay to
operate and again lock to rinﬁ control con-
ductor 407, and also causing the extinguish-
ment of lamp L. The attendant may now
converse with the toll operator, after which
the two take the necessary steps to place the
distant calling subscriber and the called sub-
scriber in connection. . '

At the termination of the conversation, the
attendant removes the plug of her cord from

the jack J’, which causes the lighting of the

lamp L as described above, whereupon the
toll operator removes the plug P from the
jack J, causing the release of the toll trans-
mission selector TTS and the toll second se-
lector TS in the manner previously described.
The removal of ground from the release con-
ductor 406 opens the circuit of relay 410, and
the removal of ground from the ring controi
conductor 407 opens the circuit of ring cut-
off relay 412, whereupon these relays deener-
gize. Relay 410, in deenergizing, opens the

eircuit including the two windings of relay

414 and relay 420, and by closing contacts 428
closes the circuit of release magnet 422, ver-
tical off-normal spring 473 having been closed
upon the first vertical step of the switch wip-
ers. Release magnet 422 operates and re-
stores the switch wipers to normal.

In order to describe the manner in which
the toil rotary connector TRC selects the first
locally busy trunk of a group, providing all
the trunks are either locally engaged or toll
engaged, it will now be assumed that the toll
operator has extended a toll connection via
cord circult O, the toll transmission selector

TTS, the toll second selector TS, to the toll

rotary connector TRC at a time when both

the first and second trunks extending to the
P. B. X, “N” are engaged in toll connections
and the trunk line comprising conductors 271
to 274 is engaged in a local connection, the
local connection having been extended to the
P. B. X. “N” via local rotary connector
LRC. (A detailed description of the opera-
tion of connector LRC is deemed unnecessary
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since its vertical and rotary operation respon-
sive to two digits dialled is similar to that

of connector TL.C when used in a local con--
nection, and its automatic trunk hunting op-

eration 1s well-known, being controlled by
stepping relay 219 which is operable in series
with resistances such as R4 or R91, to be
mentioned later.) - B

11

457, and c.l.o_ses".fhé"_lockiii‘g .éircﬁit for the .
lower winding of busy relay 414 to the ring:
control conductor 407 by permitting contacts

458 to close. By the separation of contacts

460, two-step relay 410 is again permitted to 70

operate to its second step and perform the

-circult changes previously described, includ-
ing the disconnection of line relay 411 from

At this time,-*then;-al'l three of.thé; chain

relays 494, 495, and 496 are operated and the

chain circuit connecting battery through re- -
sistance R95 to test contact 486’ is closed.
Also test contacts 486 and 487 are both

grounded directly and-test contacts 486" and
487’ are grounded through resistances, such

as resistance R4, as shown at 6% and 6°, Fig.

6. The conditions on test contacts 489 and
489" are like that illustrated at 62, ground
being copnected to contact 489 by way of

-wiper 252 and springs 250 of connector LRC.

Now, in this case, when relay 415 falls back
and closes contacts 451 after the wipers of
connector TRC have been rotated into en-

the trunk:conductors.: The toll operator now
receives the busy signal by the flashing of .

lamp L, the interrupter
nected to the up
previously described. L

- The manner in which the toll operator es-

tablishes a talking connection to the engaged

~parties, and then forces a release of the local

gagement with the set of contacts terminat-

Ing the first trunk to P. B. X. “N,” suffi-
~cient current will flow through the lower

winding of test relay 418 via resistance R96

to cause this relay to operate. In operating,

- relay 418 closes a locking circuit for itself at

30
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contacts 463, connects wiper 483 in the circuit

tacts 462, and prepares the circuit
relay 414 at contacts 464. -
An interval after relay 415

Ing operation. Switching relay 420 is op-
erated from ground through resistances, such
as resistance R4, connected to test contact
486", and to test contact 487’. - Consequently,
the switch wipers are rotated into engage-
ment with the third set of bank contacts. As
assumed, the trunk terminating in the third

set of bank contacts is busy in a local connec-

tion, no ground connection appears on con-

'3 and 4 causes ground potential to be app

connection 1n this type of connection is the
same as when extending a connection toabusy
individual ‘subscriber’s line. The operator,

by momentarily applying ringing current to
the trunk conductors 3 and 4 causes the de-

76

now being con-
per talking conductor, all as

80

energization of the differential busy relay

414. Relay 414 deenergizes and closes the

circuit of switching relay 419 which in oper-

ating closes points in the talking circuit at
contacts 465 and 468. A second application
of ringing current to the trunk conductors
o 8 lied
to the two talking conductors 8 and 6 which

- unbalances the differential relay 218 in the

of stepping relay 420 instead of wiper 482 local rotary connector LRC used in the local
by separating contact 461 and closing con-

1-- connection. Relay 218 by closing centacts
of busy

223, closes a circuit for release magnet 2492,
... . - which in operating restores the wipers of con-
falls back, re-

_ _ _ ~nector LRC to normal. The toll operator is
lay 416 falls back and starts the rotary hunt-

-now  connected to the
change over the third trunk line, and the sub-

private branch ex-

scriber who was connected with the private

branch exchange over this trunk line has

been disconnected.

Should the toll operator wish to signal the
attendant at the private branch.exchange,
she may do so in the regular way by apply-

Ing ringing current to the trunk conductors

tacts 4897, but direct ground is connected to-.
bank contact 489. The value of resistance

R93 1s high enough, however, to prevent suffi-
cient current flow through it and through the
winding of stepping relay 420 to cause relay
420 to operate. Relay 420 therefore remains
deenergized, and the wipers are arrested on
this set of bank contacts. Busy relay 414 is
also energized over its lower winding from

5 ground on bank contact 489 via wiper 482

and contacts 464 and 459. In operating, re-
lay 414 connects ground interrupter I to the
upper talking conductor at contacts 444,
opens a point in the circuit of switching relay
419 at contacts 445, and prepares a locking

circuit to the ring control conductor 407 at

contacts 447. - '
Upon the termination of the rotary opera-

tion, relay 417 falls back and opens a point of

5 the circuit of switching relay 420 at contacts

5 and 4, which now causes the operation of
relay 22 in the toll transmission selector TTS.
Relay 22 by closing contacts 77 and 74, ap-
plies ringing current to the trunk conductors

to operate the signal in the attendant’s cord

circuit. o - _ |
In the above case, it was assumed that the
selected locally engaged trunk was busy in

a connection extended to the P. B. X, “N”.
Had this trunk been busy in a local connection

c1nitiated from the P. B. X. “N”, the first se-

lector at the main exchange used in this local
connection would have been operated on (as
previously described) rather than the con-
nector LRC. _ '

- Should all three trunks to the private
branch exchange be busy at the time the toll
operator attempts to extend a connection
thereto, the wipers of the connector used, the

toll rotary connector TRC for example, will -~
130

be rotated past the set of bank contacts termi-
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nating the last _tﬁmk and into engagemeﬁt
with contacts 491, 492, 492/, and 493, and will

‘be arrested in this position, bank contact

4992’ being unequipped. -Busy relay 414 1s op-
erated from ground connected to contact 492
through resistance R94, connecting mterrup-
ter I to the upper talking conductor at con-

tacts444. Since battery potential through re-

sistance R986 is connected to bank contact 493

now engaced by switch wiper 484, the tone
control relay in the toll transmission selector

also operates. Thus the operator not only re-
ceives the busy flash signal, but also receives
2 tone, indicating to her that all the trunks
to the private branch exchange are busy in
toll connections, whereupon she will release
the connection and try again at some later
time.

1t

is possible, after a toll rotary connector,

such as connector TRC, 1s rotated into engage-
ment with the contacts terminating the first

trunk of the group to a private branch ex-
change N, for example, and by its preliminary
tosts has determined that there is an idle line

‘in the group (indicated by the absence ol

battery connected through a resistance R99,
on the test contact 486") that the only 1idle
line existing at that time may be seized by
some other connector before the toll rotary
connector TRC can seize it. This last trunk
will then also test busy, and the toll rotary
connector TRC will continue to rotate over
the other busy contact sets and into engage-
ment with contacts 491, 492, 492’ and 493.
In such a case, of course, the busy relay 414 1s

not operated because relay 418 has remained

deenergized, and switching relay 419 will
operate immediately following the opera-
tion of relay 410. The toll operator now re-
ceives the same busy signals as when all the

trunks are found toll engaged, since the inter-

rupter I will now be connected to the upper
trunk conductor via bank contact 491 and
wiper 481. The operator, as betfore, will
again withdraw the plug of her cord to release
the toll switches operated, and redial the
called number. In her second attempt, since

now all the trunks are busy, she will obtain

connection over the first locally busy trunk.
What is claimed 1s: -
1. In a telephone system, a line which may

be either idle or busy, switches including a

selector and a connector for extending & con-
nection to said line, means for sending an
impulse of ringing current to said selector,
and means in said selector responsive to an
impulse of ringing current, providing said
line is busy in another connection, for causing
the release of said other connection.

9. In a telephone system, a line which may .

be idle or busy, switches including a selector
and a connector for extending a connection
to said line, means in said connector for sig-
nalling over said line, means for sending an

‘impulse of ringing current to said selector,

1,777,420

means in said selector responsive to an im-
pulse of ringing current for starting the oper-
ation of said signalling means, providing the
line is idle, and for causing the release of the
connection in which said line is engaged, pro-
viding said line is busy.

3. In a telephone system, a line which may
be busy or idle, switches including a selector
and a connector for extending a connection to
said line, means in said.connector for signal-
ling over said line, a switching relay 1n said
connector for closing normally open contacts

~in the talking circuit, means for sending 1m-

pulses of ringing current to said selector,
means in said selector responsive to an im-
pulse of ringing current for starting the oper-
ation of said signalling means, providing the

~ line is idle when connection thereto 1s ex-

tended, and for causing the operation of said

switching relay, providing said line 1s busy

when connection thereto is extended, and re-
sponsive to a second impulse of ringing cur-
rent for causing the release of the connection
in which said line is engaged.

4. Tn a telephone system, a line which may
be either idle or busy in another connection,

means including a selector, a trunk, and a con-

nector terminating the trunk for extending
a connection to said line, means for send-
ing ringing current to said selector, and
means in said selector responsive to ringing
current, providing said line is busy in another
connection when connection thereto is extend-
ed, for applying a characteristic potential to
the two talking conductors of said trunk line
to cause the release of said other connection.

5. In'a telephone system, a line which may
be either idie or busy in another connection,
means including a selector and a conunector
for extending a connection to said line, a re-
lay in said connector operative when connec-
tion to the line is extended, providing saic
line is idle, for completing the talking connec-
tion from said selector to said line, means for
sending impulses of ringing current to said
selector, and means in said selector responsive
to one impulse of ringing current for causing
the operation of said relay, providing said
line is busy in another connection when con-
nection thereto is extended, and responsive to
another impulse of ringing current for caus-
ing the release of said other connection.

6. In a telephone system, a line which may
be either idle or busy in another connection,
means including a selector, a trunk, and a con-
nector terminating said trunk line for extend-
ing a connection to said line, a relay in said
connector for completing the talking connec-
tion to said line automatically operative when
connection to the line is completed, providing
the line is idle, means in said selector for caus-
ing the operation of said relay when said line
is busy in another connection and for causing
the release of said other connection, the for-
mer operation being controlled over one con-
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ductor of said trunk line and the latter over
another conductor of said trunk line.

7. In a telephone system, a line, means in-
cluding a selector, a trunk line comprising

5 two talking conductors and a non-talking con-

ductor, and a connector terminating said
trunk line for extending a connection to said
line, a relay in said connector for completing

‘the talking connection from said selector to

10 said line, and means in said selector for con-
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trolling the operation of said relay over said
non-talking conductor, providing said line is
busy in another connection when connection
thereto is extended, and for controlling the re-
lease of said other connection over a talking
conductor of said trunk line. o

8. In a telephone system, a line, means in-
cluding a selector, a trunk comprising two
talking conductors and a non-talking con-
ductor, and a connector for extending a con-
nection to said line, a second connector for
extending another connection to said line,
a relay 1n said first connector operative to
prevent the completion of the talking con-
nection when connection to said line is ex-
tended while the line is busy in said other
connection, and means in said selector for
applying a characteristic potential to said

non-talking conductor to release said relay’

to establish a talking connection to said line,
oven though the line is busy in said other
connection, and for applying said potential
to one of said talking conductors, and means
1n sai1d first connector responsive to the appli-
cation of said potential to one of said talking
conductors for releasing said second con-
nector.

3. In a telephone system, a line, a con-
nector for extending a connection to said
lIine, a selector for extending a connection
to said connector, a ring control relay in said
connector operated when a connection is ex-
tended to said connector, a busy relay in said
connector for preventing the completion of
the talking connection and for controlling
a signal in case the line is busy when a con-
nection thereto is extended, means for send-
ing an impulse of ringing current to said
selector, and means in said selector respon-
sive to said impulse for causing the release of
said busy relay, providing it is operated, and
for causing the release of said ring control re-
lay to signal over said line, providing the
line 1s 1dle.

10. In a telephone system, a line, means
including a selector, a trunk, and a connec-
tor terminating said trunk for extending a
connection to said line, a first relay in said

selector for disconnecting a normally applied

potential from one conductor of said trunk,

~a second relay in said selector for causing

said normally applied poétential to be applied
through a resistance, and means for making
elther relay effective depending upon whether

13

the line is busy or idle when connection

thereto 1s extended.

11. In a telephone systém, a I'i'ne', means

including a selector and a connector for ex-

tending a connection to said line, a first and
a second relay 1in said selector, a ring control

70

relay and a busy relay in said connector, °

means 1n said selector for making either said

tirst or said second relay effective def)ending
on whether said line is busy or idle

when
connection thereto is extended, means con-
trolled by said first relay for controllin
sald ring control relay, and means controlle
b}i cald second relay for controlling said busy
relay. - |

12. In a telephone systém," a2 line, meﬁns |

(f:

80

including a selector, a trunk, and a connec- -

tor terminating said trunk line for extending
a connection to said line, a ring control re-
lay 1n said connector for controlling the sig-
nalling of the subscriber on the line, a busy
relay in said connector for controlling the
operation of a busy signal, and means in
sald selector for altering the character of
the potential on one conductor of said trunk

line differently depending on whether the
‘line 1s i1dle or busy when connection thereto
.18 extended to cause an operation of said ring

control relay in one case and an operation
of said busy relay in the other case.

13, In a telephone system, a line, means
including a selector, a trunk, and a connec-
tor for extending a connection to said line,
means in said selector for altering the char-
acter of one conductor of said trunk differ-

ently depending on whether the line is idle

or busy when connection thereto is extended,
a ring control relay in said connector effected
by one alteration, and a busy relay in said
connector for controlling a busy signal ef-
fected by the other alteration. '
- 14. In a telephone system, a line, means

including a selector, a trunk, and a connec-
tor for ‘extending a connection to said line,
means for sending ringing current to said
selector, means in said selector responsive to
ringing current for altering the character
of one conductor of said trunk line different-
ly depending on whether the line is busy or
idle when connection thereto is extended,
means In sald connector responsive to one

alteration for completing a talking connec-

tion providing the line is busy, and means

- 1n said connector responsive to the other al-

teration for signalling over said line, pro-
viding the line is idle. _
15. In a telephone system, a line, a connec-
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tor for extending a connection to said line,

a busy relay in said connector having two
windings differentially wound, means for op-

erating said relay over one of its windings

providing said line is busy when connection
thereto is extended, and means for decreasing
the current in the one winding and for pro-
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when connection thereto 1s extended,
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ducing a current flow in the other winding to
cause said busy relay to deenergize.

16. In a telephone system, a line, an op-
erator’s switchboard, a connector for extend-
ing a connection from said switchboard to
said line, a busy relay in said connector hav-
ing two windings diﬂy;rentially wound, means
for operating said relay over one of 1ts wind-
ings to prevent the completion of the talk-
ing connection providing said line i1s busy
and op-
erator controlled means for producing equal
values of current in the two windings of said
relay to cause it to deenergize and complete
the talking connection. '

17. In a telephone system, a line, means
including a selector and a connector for ex-
tending a connection to said line, a busy re-
lay in said connector having two windings
differentially wound, means for operating
said relay over one of its windings to prevent

the completion of the talking connection pro-

viding said line is busy when connection
thereto is extended, and means in the selec-
tor for producing equal values of current in
the two windings of said relay to cause 1t

" to deenergize and complete the talking con-
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18. In a telephone system, a lLine, & non-
numerical hunting switch, a plurality of
numerical switches, means for successively
operating said switches to extend a connec-
tion from said line, means for applymng a

characteristic potential to a talking conductor

of said line, and means in the first numerical
switch responsive to said application for re-
leasing said numerical switches while said
hunting switch is maintained operated.

19. In a telephone system, a line, a plurality
of switches, means for successively operating
said switches to extend a connection from sald
line, means for applying a characteristic
potential to a talking conductor of said line,
means in one of said switches responsive to
said application for causing the release of a
succeeding switch while a preceding switch
is maintained operated. |

20. In atelephone system, a line, a plurality
of switches, means for successively operating
said switches to extend a connection from sa1d
line, a differentially wound relay in one of
the switches, means for applying a charac-
teristic potential to a talking conductor of
said line to operate said relay, and means
controlled by said relay for causing the re-
lease of a switch succeeding said one switch
while a switch preceding said one switeh 1s

~ maintained operated.

60
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21. In a telephone system, a trunk com-
prising talking conductors and a release con-

ductor, a connector having two directed
movements for extending a call from said

trunk, a relay in said connector operated at

the end of the first movement for condition-

ing said connector for its second movement,

1,777,420

a second relay in said connector operated
when the call 1s answered, and means jointly
controlled by said relays for momentarily ap-
plying a characteristic potential to said re-

Jease conductor. |

22. In a telephone system, a trunk com-
prising talking conductors and a release con-
ductor, a connector having two directed
movements for extending a call from said
trunk, a relay in said connector operated at
the end of the first movement for condition-
ing said connector for its second movement,
and means controlled by said relay for ap-
Flymg a characteristic potential to said re-
ease conductor when the call is answered.

93. In a telephone system, a toll trunk, a
Jocal trunk, a combination two motion toll
and local connector operable over either of
said trunks, a relay in said connector Op-
erable at the completion of one motion to con-
dition said connector for its second motion,
a two-step relay in said connector, means
controlled by said first relay for operating
said two-step relay to its first step providing
said connector is operated over said toll trunk,
and means operable at the completion of the
second motion for operating said two-step re-
lay to its second step, providing it has pre-
viously been operated to its first step, to con-
dition said connector for toll operation.

94. In a telephone system, a toll trunk, a
Jocal trunk, a combination two motion toll
and local conmnector operable over either of
said trunks, a two-step relay in said con-
nector, and means for operating said relay to

its first step while the connector is executing

its second motion and for operating said
relay to its second step at the completion of
the second motion, providing the connector
is operated over said toll trunk, to condition
said connector for toll operation.

5. In a telephone system, a line which
may be in either of three conditions, a trunk,
means including a connector for exténding a
connection from said trunk to said hine,
means for distinctively marking one talking
conductor of said trunk providing said line
is in the first or the second condition when
connection thereto is extended, means for dis-
tinctively marking the other talking conduc-
tor of said trunk providing said line is in the
first condition when connection thereto 1s
extended, and means operative in accordance
with said markings for indicating the condi-
tion of said line.

96. In a telephone system, a line which may
be idle, locally engaged or toll engaged,
means including a selector, a trunk, and a
connector terminating said trunk for extend-
ing a connection to said line, means for inter-

mittently applying a characteristic potential
to one talking conductor of said trunk pro-
viding the line is toll or locally engaged,
means for applying a characteristic potential
to the other talking conductor providing the
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line is toll engaged, and means in the selector
operative in accordance with the potentials

applied to said talking conductors for indi-
cating the condition of said line. |
27. In a telephone system, an operator’s

switchboard, a line which may be idle, lo-

cally engaged, or toll engaged, means includ-
1ng a selector, a trunk, and a connector for
extending a connection from said switch-
board to said line, means for distinctively

marking one talking conductor of said trunk
providing said line is locally or toll engaged, -

means for distinctively marking another
talking conductor of said trunk providing
sald line is toll engaged, a signal at said
switchboard, means in said selector operative
when one talking conductor is marked for
controlling said signal, and means in said
selector operative when the other talking con-
ductor 1s marked for giving the operator at
sald switchboard a distinctive tone.

28. In a telephone system, a line, a contact
for said line, means for marking said contact
differently to indicate the idle condition, the

locally busy condition, or the toll busy con-

dition of said line, means including a trunk
for extending a connection to said line, a test
relay operative, providing said line is locally
busy or toll busy when connection thereto is
extended, to connect said contact to a con-
ductor of said trunk, and means controlled
over said conductor to indicate whether said

line 1s locally busy or toll busy.
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29. In a telephone system, a line, a test con-
tact for said line, means for marking said
contact differently to indicate the condition
of sald line as to whether it is idle, locally
busy or toll busy, means including a trunk for
extending a connection to said line, a test re-
lay for distinctively marking one conductor
of said trunk and for connecting said contact
to another conductor of said trunk providing
sald line is locally busy or toll busy when

“connection thereto 1s extended, and means

controlled over said two conductors for indi-
cating the condition of said line. .

30. In a telephone system, a line, an opera-
tor’s switchboard, a test contact for said line,
means for marking said contact differently to
indicate the idle condition, the locally busy
condition, and the toll busy condition of said

" line, means including a selector, a trunk, and

55
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a connector for extending a connection from
sald switchboard to said line, an interrupter,

‘& test relay in said connector for connecting

sald 1nterrupter to one conductor of said
trunk and for connecting said contact to an-
other conductor of said trunk, a signal at said
switchboard, means in said selector controlled
over sald one conductor for operating said
signal, and means in said selector controlled
over said other conductor for giving the op-
erator at said switchboard a distinctive tone
providing said line is toll busy.

5 31. In a telephone system, a group of lines,

any one or more of which may be idle, locally
busy, or toll busy, a rotary connector having
two test wipers, and means including one of
sald test wipers for operating said connector
to select an 1dle one of said lines, providing
one 1s 1dle, and including the other test wiper
for operating sald connector to select a locally
busy line providing all the lines are either
locally busy or toll busy. ;

32. In a telephone system, a group of lines,
any one or more of which may be idle, locally
busy, or toll busy, a rotary connector having

two test wipers, means controlled over either

of sald wipers for operating said connector,
sald means being effective to cause the connec-
tor to select an 1dle line, providing one is idle,
when controlled by one test wiper and effec-

- tive to cause the connector to select a locally

busy line, providing all the lines are either
locally busy or toll busy, and means operative
previous to the selecting operation, providing

all the lines are either locally busy or toll

busy, for determining which wiper is to con-
trol the selecting operation. -

33. In a telephone system, a group of lines,
means for marking each of said lines in ac-
cordance as to whether it is idle, locally busy,

~or toll busy, means for further marking a cer-

tain one of said lines when all of the lines are
either locally busy or toll busy, a rotary con-
nector having two test wipers, means con-
trolled over either of said wipers for operat-
1ng sald connector, said means being effective

- to cause the connector to select an idle line,

providing one is idle, when controlled by one
test wiper and effective to cause the connector
to select a locally busy line, providing all the

Dines are either locally busy or toll busy, and

means operative in accordance with the mark-
ing on sald certain one of said lines for de-
termining which wiper is to control the se-
lecting operation. |
54. In a telephone system, a local rotary
connector, a toll rotary connector, lines con-
secutively accessible to said connectors, two
test contacts for each line, means for distine-

tively marking the first test contact of each

line when the line is locally busy, and for dis-
tinctively marking both test contacts of each
line when the line is toll busy, means in said
local rotary connector controlled by the mark-
ings on both test contacts of the lines preced-
ing an idle line for causing the local rotary
connector to select the idle line, providing one
1sidle, and means in said toll rotary connector
controlled by the marking on the first test

contact of the lines preceding an idle line for

causing the toll rotary connector to select the
1dle line, providing one is idle, and controlled
by the marking on the second test contact of

the lines preceding a locally busy line for
causing the toll rotary connector to select the
locally busy line, providing all the lines are
either toll busy or locally busy. o
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35. In a telephone system, a connector, lines
consecutively accessible to said connector,
two test contacts for each line, means for
distinctively marking the first test contact for
each line when the line is locally busy, and
for distinctively niarking both test contacts
of a line when the line is toll busy, and means
controlled by the markings on the first test
contact of the lines preceding an idle line for
causing the connector to select said 1dle line,
providing one is idle, and controlled by the
markings on the second test contact of the
lines preceding a locally busy line for caus-
ing the connector to select said locally busy
line, providing all the lines are either toll
Lusy or locally busy. -

36. In a telephone system, a connector, lines
consecutively accessible to said connector,
two test contacts for each line, means for
marking the first test contact for each line

when the line is locally busy, and for dis-.

tinctively marking both test contacts of a
line when the line 1s toll busy, means includ-
ing a stepping relay normally controlled by
the markings on the first test contacts of the
lines precelciing an idle hine for causing the
connector to select said idle line, providing
one is idle, means operative providing all the
lines are either busy or idle for causing said
stepping relay to be controlled by the mark-
ings on the second test contacts of the lines
preceding a locally busy line and cause said
connector to select said locally busy line.
37. In a telephone system, a group of lines,
a connector having two test wipers, testing
means normally controlled over the first test
wiper for causing the connector to select an
idle line of said group, providing one is 1dle,
means operative rovi(]:fing all the lines of
the group are either toll or locally busy to
cause said testing means to be controlled over
the second test wi

providing all the lines are
ating a busy signal.

38. The method
tically busy a line having two test conductors
which consists in applying a busying poten-

r and cause the connec-
tor to select a locally busy line of said group,
and means controlled over the first test wiper -
toll busy for oper- -

" 7 43. In a telephone system, a plurality of
of rendering characteris- ~lines having a common call number assigned
" thereto, means whereby any one of said lines
'may become involved in a connection of either
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or not depending upon the potential found on
one test conductor of such line, and means for
causing the connectors of the other group to
rotate over a line or not depending upon the
potential encountered upon the other test
conductor of the same line. "
40. In a telephone system, a line having

two test conductors interconnected by a re-

sistance element, means for extending a con-
nection of either of two classes to said line,
means effective when a connection of one class
is extended to the line for placing a guard-
ing potential on only one OF said conductors
so that it is transmitted to the other test con-
ductor through the interconnecting element,

and means effective when a connection of the

other class is extended to said line for placing
a guarding
dependent of the other.

41. In a telephone system, a line having
two test conductors interconnected by a re-
sistance element, means for extending a con-
nection of either of two classes to said line,

otential on each conductor in-.
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means effective when a connection of one

class is extended to the line for placing a
cuarding potential on only one of said con-
ductors so that it is transmitted to the other
test conductor through the interconnecting
element, and means effective when & connec-
tion of the other class is extended to said line

80
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for placing a guarding potential on the other

test conductor independent of said element.

42. In a telephone system, a group of lines
having a common call number and arranged
to be tested over successively by automatic
switching apparatus, means for operating
said automatic switching apparatus to test
said lines in a given way when one line or
more is idle, a test wiper through which said
apparatus tests said lines, and means result-
ing fromn a busy condition of all the lines in
the group and controlled through sald test
wiper for bringing about a circuit change
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within said automatic switching mechanism

so that it applies a different test to said lines.

1ld

of two classes, means including automatic j15
switching mechanism for extending a con-
nection to any one of said lines, said-mecha-
nism being arranged to apply a given test to

tial directly to one test conductor only of said
line when the line 1s involved in a connection
of one class and for applying said busying
potential, directly to both test conductors
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when the line is involved in a connection of
another class. | -

39. In a telephone system, a group of lines
having a common call number, each line hav-
ing two talking conductors and two local test
conductors, two groups of connectors having
access to said lines, each of said connectors
having access to the said conductors of each
line and being arranged to test and rotate
over said lines successively to extend a con-
nection to an idle one, means for causing the
connectors of one group to rotate over a line

said lines successively in case one or more
busy lines are encountered and until it en-
counters one.which is not involved 1n a con-
nection of either of said classes, and means re-
sponsive to the condition existing when all of
said lines are involved in connections of one
class or the other for bringing about a circuit
change in said switching mechanism so that

" it will refuse connection to any line involved.

in a connection of one class and will permit a
connection to a line involved i1n a connection

‘of the other class.
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44. In a telephone system, a line having a
test conductor, means whereby said line
may be included in a connection of either of
two classes, means for connecting a guarding
potential to sald test conductor in case the
line is involved in a connection of one class
and for connecting the same guarding poten-

tial to said test conductor through a resist-

ance element i1n case the connection in which
the line 1s involved is of the second class,
means 1ncluding automatic switching ap-
paratus for extending a connection to said
line, said apparatus being arranged to com-
plete the connection in case the line is idle and
in case 1t is involved in a connection of the

~ first class, and means for preventing the con-
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nection responsive to a test made over said
test conductor and the encountering of the
busy potential through the resistance ele-
ment 1n case the connection in which the line
1s involved is of the second class.

45. In a telephone system, a line having a
test conductor, means whereby said line may
be 1included in a connection of either of two
classes, means for connecting a guarding po-
tential to said test conductor in case the line
1s involved in a connection of the first class
and for connecting the same guarding poten-
tial to said test conductor through a resistance
element in case the line is involved in a con-
nection of the second class, automatic switch-
ing apparatus for extending a connection of
the second class to said line, said apparatus
being arranged to complete the connection in

case the line is 1dle and in case it is involved in
a connection of the first class, means for pre-

venting the connection responsive to a test
made over said test conductor and the en-
countering of the busy potential through the
resistance element in case the connection in

“which the line 1s involved is of the second

class, other automatic switching apparatus
through which connections of the first class
may be extended to said line, and means in
sald switching mechanism for preventing a
connection of the first class to said line in case
tllm line is involved in a connection of either
class. '

46. In a switching system, an automatic
switch having two test wipers, a group of

lines arranged to be tested- over successively
by one of the test wipers of said automatic
switch, and means controlled through the said
first test wiper responsive to a busy condition
of all the lines in the group for causing the

lines to be tested by means of the second test =~

wiper instead of the first.

47. In a telephone system, a group of line_é_'l

having a common call number and arranged

17

tended thereto, and means responsive to all

lines of the group being busy for placing a
third characteristic condition on the first line
of the group. |

48. In a telephone system, a group of lines

having a common call number and arranged

to be tested successively by automatic switch-
ing apparatus, means responsive to any line
of the group being taken for use for marking
the line engaged so that it tests busy to the au-
tomatic switching apparatus, and means re-
sponsive to all 0%
coming busy for altering the marked condi-
tion of the first line of the group.

49. In a telephone system, a group of lines
having a common ¢all number and arranged
to be tested successively by automatic switch-

Ing apparatus, means responsive to any line

of the group being taken for use for marking
the line engaged so that it tests busy to the au-
tomatic switching apparatus, and means re-
sponsive to all of the lines in the
coming busy for altering the marked condi-
tion of one of the lines in the group.

In witness whereof, I hereunto subscribe
my name this 17th day of October, A. D. 1927.

VICTOR S. THARP.

the lines in the group be-

group be-
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‘In witness whereof, I hereunto subscribe

my name this 17th day of October, A. D. 1927.
_ T JOHN 'WICKS.

to be tested over successively by automatic .

switching apparatus, means for extending a
connection of either of two classes to any one

of said lines and for marking any connected
Iine characteristically busy in a manner de-

pendent upon the class of the connection ex- '
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