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To ail whom it ma Y COncern.
. Be.it known' that I, BErRNARD" D WVILLIS,
a citizen of the . United States of America,

and . State of Illinois, have mvemed certal

new and useful Impr ovelm,nt% in- Autom dtlc |

Telephone Systems, of whlch the following

- 18 2 specification.
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'1111@--. or 1:111&] lmes

My invention relates to' antomatic: tele~
phone systems, and involves ‘a number of .

separate features,. many of whmh are ap-

plicable to automatic systems in' general,

but which are especially valuable in a par-

flLU]al type of system . which I term 2
‘ mixed service system.” The distinguishing
characteristics 0%7 such systems togethey with
the improvements prmnded by my invention,
their fuctions and  operation, wﬂ] be. de-=
scribed fully hereinafter, reference bein
had to the accompanying drawings.
In the drawings, Figure 1 is a sahem&tm
diagram or hunlrmg hj,rmit of a typlml
mixed service system; Figs. 2, 3 and 4 are

circult drawings of the essential features of
the system shown in Fig. 1; while Fig. 5

1s a detatl of a poruon of the rnwmfr eqmp-
ment. ¥ -
Referring tO Fig. 1 an fmtoma,t]c exX-

clmnﬂ'e Such as the one- shown withiny the
1‘9‘5’tfm“’19 .:md indicated by the reference

characi”er X is suitable for a small town of
1}91*11{1135 thousand inhabitants, which m: Ry
be the center of a well populcxmd rural com-
munity. Within the town and within 2
Timited mdlus outside there may be a num-
ber of rlmté or individual lines, such as

the 111191 2, and'a number of four party lines;’

such as the line 1. Persons. hvmﬂ' at re-
moter points are not usudlly given such.a
high quq,htv of service, being geneml} COn-
noetgd in larger 1]111nber== on so called farmer
Two such hines as tius
are the eight party lines 3 and 4. While
only-a I(m 11116.:} ire shown it will be undeys-

stood thdl there will be many more radiat-
ing i’ all directions. from the exch'mﬁ'e X

ag 4. cOmMmMon cen’cer

At stﬂ] oreater . distances’ there may be

other small L@Iltel% of population, each with
its systein of telephone lines diverging from

2} eentm s emmnwe : and. there will ine ﬂtal}ly -

aiso. be 1: p‘frgr centers of popitlation or cities
within ' Tinge of felephonic communication.
The smaller towns may be supplied with
tekphone service by mlxed service auto-

Sﬂemﬁca tion of Lettera Eatent

- more ehchanﬂ'e

- ‘trunk selectors.

COMPANY, OF CHICAGO, ILLINOIS, A CORFORATION OF ILLINOIS.
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matic systems such - as the one disclosed
“herein, or they may have small manual ex-
chazwes Elther large multiple manual
SWlt(,h boards, or moder full automatic sys-
tems may be ‘used in the citles, depending

apon the stage of development that has been

reached by the company operating in she
pmhwlar community. Whatever the char-

acter of the equipment used, these other ex-

changes may be connected with the exchange
X by means of trunk lines, two of *\F’*hl’“il,,

fehtﬂﬂdlnif to two different exchanges, are

shown in  the dmwmg There may be many
than the two shown, and a
plurality of tr unk lines extending to each,
out since the trunks may all be included m
‘two classes, manual and automatie, the &

‘shown will he sufficient for purposes of 11]115 |

tration. Thus the trunk line 5 is one of o
group of trunks connecting the exchange X

with the small manual emhﬁi ge X, while the

¢5

70

trunk line 6 is one of a group which eztends

to the large automatic exchange &.

A1l lines entering the exchange X, whe hm'

“mndividual lines, party hnes, or tr mlh hines,
terminate in individual line switches or
 These switches ars indi-
cated in the drawing by rveference characters
C* to C% inclusive. The line swituhgs have
common  Aceess to« 3 group of trunk liney
extending . to frst ._-:eTecml switches, tnree of
which are i,he %wetms B OIS 00 and B?, anc
have the well known funmmu ot extending
callinig 1ines to idle ones of these selectors.
“The 1}&111{*-‘: of the selectors are all multipled
tooether ‘and form terminals of trunk lines
extending to connector switches which have
access to called lines.  The . connectors are

85 -

divided into two groups, whether the num-

ber of hlte‘s in the system exceeds the capac-
ity of a single group of connectors or-not.
‘Thus Lhﬁ, connectors B! and T2 are included
in one
are me]uded in the SﬁLO‘Pd oroup. The
trunk lines terminating in one group of con-
nectors preferably extend from the first 1ex el

D&

oroup, Whlie connectors ¥® and F¢ .

100

of the selectors while the second level may be

ASST ﬂfped to the trunks terminating in the

other group. JE will he
(30111*5{1 ﬂmt the “lev alg?
bank hum 0.f the wel mez’a
type of switches. 01“4? the
selector levels are shown in the

the five upper connector levels,

under &taedﬁ of

PLTOW ger
three lower

The

referved to ave-the

drawing and
3

rangement of these latter is as follows: The

110



= 2 1,318,004

upper or tenth leve] ip one or both ‘groups | H: and H?, and common single motion
of connectors. i reserved fop the- groups of FIging switch, indicated by reference char-
- trunk .lines extending. to other antomatic acter I. The ring back Switches may be
- exchanges. These tunk line groups must accessi > subscribers’ lines vig the third
rmj tar level or leve]g level of the £y as shown, .
On account of g gwitehs: 8 operation neces- It 15 believed that-the foregoing descrip.
sa1y to be. performed ut the connectops on tion wij] he sufficient, tq enable the _
calls tg other-automatic eXchanges, and this layout of the system to be understood, A
switching Operation is 1ot Convenient at - brief description of the
L The groups of trunk Lines '
extending to pii

70

apparatus indicated
I the circuit drawings will now be given, 75
_ 1& to miinual cXchanges may ter- - after which the operation will be explained
minate indiscrimina.tély In any of the con- n detaj], . | '
Tector levels not. otherwise - gocs

cupted; they . T
may bé assioned to part;

| .9 comprising con-

! 0 particular Jevels Separate  ductors 3¢ and 31 is an ‘e1oht party line gnd

15 from the other lines, or g Sroup of trunk the substations Alto As, Inclusive, are con- gg
L1 ay occupy the saine leve] with indi- nected in bridge thereof in the usual man-

Or party lineg. ‘However, for con- ner, Of these: eight:subf_sta_timls_ only sub-
it will be- gs; umed that the In; ' 1s shown complete, the othey seven
In the ninth leve] of cated imply by a ringer gang con-
| denSer t;l'idge_ ACL'08S | | 8

6, except that
use in g common,
Prises essentially the 90
ansmitter 11, switels hook 12,

3, coridenser . 14 and mduction cojf -

y ) listen and de-

. S termine whethep or not the line ig ip ‘use

: > O connectors gg above men- Iy the line is idle the locking lever 19 ig re-

40 tioned. he ringing equipment assoclated = Fegseq by and’ and the switel, hook is per- 105
With one of the lnector groupg ig adapted mitteq to, I1se 0 ity fini] Position, thus con-
to give the bell at 4 selected gy tation a necting ;thé":tlr}_iinsﬁﬁttér 11 ‘across the line
single Ting repeated at ‘regulap Intervals:. alse. Thig featiire of the Substation is fully
while the rmglpgequipmeﬁt'é:s',sociate’diﬁifh discloséd " in the application of Erickson

45 the oth'er.'grou’p of connectops 1S adapted to  above referred to ng aj

- 81Ve two rings SeParated by a short mtervy] '

and repeateq at ' 1S i

longep Intervalg, This -

_ CUING Springs 17 apa shown hepeip.
en that by a Thic alling daviee N4y be similar tg the one
1 of ds eight sta- disclosed in the batent to Dickep No. 2
' tmlgs on a line may be selectively signaled. ¢ 1910. The .pj

1910. © ringers at the different gyl,.
those - stations are ' '

2,654 115
_ t tuned to ‘eSpond . to different .
are reserved for eight Party  frequencies of ringing current, there being
lineg are multipleq between the "WO . Con- twyo Fingers which ara adapted to respond to o
55 nector £roups, Ip the fémaiming levels in each frequency, Thus the TIngers at sub. 120
each group gre terminated: 41] the other lines statigns A' and Az respond to the 1¢ cycle
ex_lterm?r_, the 6xch-ange,-'inclﬂuding the indji- 1'-ingingi~'current while the ringers gt substa- .
vidual lines gye}, as the line 2 ang the four - tiong A and A* respond 44 33 cycle ringing -
" party lineg Such as the ling 1 S CUlTent, etc. The Subscribers '
60 1In any automatic System which containg - A1 . '
party lines, means must ordina
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switch % This line swilch may
general type disclosed 1D ¢]

gd -1
to James No, 26,301 of 1906 being, however,

' en
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of the particular type shown i U. . Leters
Patent No. 1,078,690, granted January 19,
Through the me-

1912, to Franlt Newfor __

dinm of Dine gwitch e party line shown

i oiven uccess fo-a plurality of selector

switches as has already been explained.
The line switch €% and a plarality of
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cimilar line swibtcheg are controlled in their

crunk selecting operations by mears 6f a

master gwiteh . The master switch B is of

the general type of master switch disclosed
in the above menticned British patent 10
Tames No. 26.301 of 1506, belng, however,
more nearly of the particilar type disclosed
in the Rritish patent to Martin #1419 of
1010, - As is well known the function of the

master switch is fo maintain the plungers o1
a1l the idle line gwitches which it controls.

in position before the terminals of an idle
trunle bne.” o | |

O of the frunk lines to which the line

switch C* has gccess i3 shown in the draw-
ing extended to the first selector K which

may be of the general type of selector switeh
disclosed in 0. 8. Letters Patent Mo, 815,321,

Lk :I LTI . Y iy ,,!'1 - A e ad " - | ‘“ \ -
granted Mavch 31, 1908, to Keith, Erickson
and Trickson., The side switch and private

magnet are omitted, however, and the cir-

cuits are modified in accordance with the
two wire system of eontrol. The operation
of the line switch U

7 will he described during the process ol

expiaining the establishment of connections.

At the right of Fig. 2 three sets of bank
contacts, one in each of three levels, are

shown 'as being accessible to the wipers of
the selector E/. From the first level contact

set comprising bank contacts 83, 84 and 85,

conductors 95, 96 and 97 extend to & con-

nector {not shown) in the first connector
aroup of the exchange. 'lhe second level

¢contact sel comprising bank contacts 86, 87

and 88 ig the terminal.of a trunk line com-

prising donductors 92, 93 and 94 which ex-
tends to the connector ¥* (Fig. 3) in the

second econnector group. A third trunk
line comprising the conductors 88, 99 and

100 extends. from the third level contact set

comprising bank contacts 89, 90 and 91, to
the ring back switch H” (Fig. 4). -
The connector ¥4 may be described briefly

s being of the general type of connector

switeh diselosed in the patent to Ieith,

Erickson and Erickson, No. 815,176, grantec

March 31, 1906, The cremts arve modified
to a Iarge extent, however, both to enable the
switeh 16 operate in accordance with the
two-wire system of control and in order to
carry out the various objects of my Inven-
tion as will be explained fully hereinafter.
Agsociated with the connector ¥° T have
chown a busy signaling machine @, a fre-

he of the
be Of the
e British patent

the connector .
magnet 112 and wipers 142 dwnd 143 which

{1t and the selector switch

“the automatic exchange 4. ere. s
conductors for each:of these trunfc lines, two 120 -

&

quency selecting switch &, and intermittent

ringing equipnent IR. The ousy signaling

‘machine & may be commen to the exchange

and is of the usual tvpe found in other well
nown automatic telephone systems. The 76
frequency selecting switeh 8 is individual to
% and comprises a stepping

are adapted to be operated for the purpose.
of selecting the ringing current: geinerator 7§
. Lo R | ‘13 S L% .
required to signal a desired subscriber.. The
ringing equipment IR is common to thesec-

ond group of connectors. As shown herein

it consists essentially of a rvelay 150, con-

trolied by 2 two segment interrupter, which g

is adapted when energized to conpect the.

~ generators AC to ACH wclusive, simultane-

ously to the four generator leads extending

to the frequency selecting switches associ:.
«tod with connectors of the second group., in 8%
the detnergized position of the relay 150
these four generator leads are connected to
the positive terminal of a booster battery.

Tn Wie. 5 there is shown g modification of
=

the ringing equipment IR which is to -be 90
used in connection with the first group of

connectors. It will be seen that the only
diference between the two sets of ringing .
equipment 1s i the congtiuction of fhe in-

3

terrupters employed. The imterrupter shown 95

in Fig. 5 has but a single live segment while

the cother interrupter has two live segments,

thus providing evidently for the one and
twe bell ringing. - o
At the right of Fig. 3 there is shown a 100

fragmentary portion of the bank of con- .-

nector F2. The lower sets of hanks are line
contacts in the seventh, eighth, ninth and

‘tenth levels while the upper sets of contacts
are private or test contacts In the corre- 1056 -

sponding levels. There is nothing new n

the bank wiring except the wiring of the

private bank contacts on the trunking levels.

 Considering first the tenth level in which

the groups of automatic trunks are termi- 116
nated it has beent assumed arbitrarily, that .-
there, are three groups of trunks with threa
trunks in each of the first two groups and ..~

four trunks in the last. Each group of ..
trunks extends to a aifferent automaticiex- 1§ -
change, the last group including the. trunk .7

comprising normal conductors 260 to 203, .
inclusive, being the group which extends to
There are four . - .

line conductors and two private or test.con- .
ductors. - The division of the trunk lines

into groups 1s deterniined by the inclusion of .

a vesistance in. the second test conductor of.
the last trunk of each oroup. This 1s.clearly 128

shown in the drawing and the function of. .
~the resistance will be explained tully here-.

after. The.wiring of the ninth level . - ..°
which terminate the groups of trunk lineex- .

{ending to manual exchanges 15 somewhat 13¢



1S standard, the second test

10

15 d

20

threeé conductors, two line. con.
_ Grouping of
trunks ig determined by tying together both

test contacts of ege trunk in a group except,
the last. The wiring of the remaming levels

contact of each
contact set being Jeft dead. '

The normal conductors 200 to 203, in-
clusive, extend tq and terminate in g pe.

Peater M. This repeater
tially g repeating coil R and the relays 223
to 229, inclusive, whose functions and op-
eration will pe described. The two con-
uctor trunk line ¢ extends to the distant
automatic ‘eXchange 7 where it terminates

comprises essen-

11 the repeating coil R assoclated with the

repeater M,
a slight circuit

The repeater M’ except for

of the fact that it 1s adapted to he se1zed

by a different type of switch in the main ex-

thange may bhe

25

.30

33

repeatei M, The main exchange may be of the
general type disclosed in the patent to New-
forth #18,901, reissued

from the mixed service exchange
exchange are extended by way of
265" and 266 which
vidual ling switcl.  Calls in the reverse (-
rection which originate at the main exchange
are extended to the trunk 1]
way of conductors 262, 263 anq 2G4 which
may terminate in a selectoy level ‘or in some
level of a groy D of rotary connectops, These
calls are completed at the mixed service ex-
change by way ¢ f conductors‘241".;111(1 249

to the main
conductory

' Which;t_&r@ninate in the Iine switch s (Iig.

40

in- Mechanical constr
in the patent to Kéith, Erickson and -

- modiﬁed?f.g.-howeVei', i order
45 switch to the two
~ being- further Bodified to enable the gwitel
| function of ring back appa-
- ratus. The switeh has bt

50

The ring: back switch H"is a vertica] and
rotary directively contyolled switch similar

| tion to - the switch
shown !
Erickson, N 0.7 815,176, the cf renits lieing:
) to adapt the
wire system of control ang
to perform its

dicated by reference characters 330 an( 331

and only the five lower levels of line contacts
are used. The private or test contacts are

- omitfed entirely,

. The ringing switeh ¥ g o

rotary switch and may be of any suitable

5 construction ; it being necessary orily to pro-

60 -

vide connections for the wipers which permit
their continuous forward me. me;

In the: patent to Lamb No. 1,193,160, oranted
August 1, 1916, 1Ip its preferred form and
as shown diagran'mmtically lierein it com-
prises essentially a stepping magnet 350, an
Interrupter relay 851; the three wipers 354,
895 and 356 and 95 sets of bank contacts

arranged in ‘the are of a.circle. The ‘Wipers
of the switch-'are of the usug] double or

lines 1s old and

change necessary on account
similar in a]] respects to the -
April 18, 1915, Calls

terminate in an jpdi.. ‘
and eomprisess the conductors - 30

hne shown by

connector I on loeal

- 2842. When t

EWOo wipers in- _
switch hook contact

single motion -

movement as shown

By the closure

1,318,004

cngagement with some contaet set, In. the
bank. The generators ACt g ACY in-
clusive, may be the same generators which
are shown in Fig. 3. The wiring of so mueh
of the bank of the ring back switch H’ as is
In use and the wiring of the bank of rmg-
g switch ] 1s shown complete and will he
explained in the description of the opera-
tion. | |

It has not been thought necesSaHy to show

~any ‘of the trunk. lines which extend to
Manual exchanges on

account of the fact that
the equipment assoclated with
of the drawings, Considering for example
the trunk line which is accessible to con-
nector 1 by way of the seventh set of con-
tacts in the. nintl level, the hormal COn-
ductors 207, 208 and 209 extend to and ter-
Nnate in an individual line switch indi-
cated 1n Fig, 1 by the reference character
C5  This line switch is similap in all re-
Spects to the line switch U, the circuits of
which are shown in detail in Fig. 2. Tt wil]
be seen then that N so far as the exchange
cquipment is concerned these trunk lines are
similar to the party line shown ipn F 12, 2
and 31,

At the manua] exchange each trupk Ime ter-

»

minates m the visyai drop, jack, and cut off

relay. - Manua] eqiipment of thig kind 1is
oid and well known
trated, -

“Having described briefly the
Involved in the system its
now be considered.

apparatus

The operation of the
connections will first
be explained and for this purpose it will be
asstimed that the subgeriber at substation At

desires to obtain connection with the sub-
(Fig. 1), the tele- |

seriber at substation A 10
phone number of the latter subépution.being
to’ initiate
hook 12 is permitted to
where it is held by the
19. In this" position of the

the call the switel
rise about half way
locking Jever

separated while contact springs 21 and 922
are - brought into chgagement with each

“other, thereby bridging the ‘condenser 14,
recerver 10 and secondary winding

the twea conductors of the line.

-

The calling

subscriber will now Place the receiver to his

ear

the line is in use. - No conversation. being
i . ., » :

heard the locking lever 19 18 now released

by hand, whereupon the switch hook 12 is

permitted to vise to jts final position. Cop.
lact springs 21,99 4nd 23 are now in en-

agement and the tran smitter 11
Sagen. A1 d :

winding 16 of the Induction coil are bridge
across the line in parallel wit],

and primary

-

-

—

and are continuously in

and need-not De 1llus-

operation. will

- the calling subscriber at sub.
station * A’ removesg his receiver

Springs 20 and 21 gare

70

75

these trunk
1S 10 part shown in Fig, 2

80

85

90

95

100

105

110

116

15 across

120 .
‘In order to determine whether or not

125



ing, the operaling winding

25

20

40

45

50

80

1y
R 3

follows: ground at

43, vespective

at

“where by a ground

1,818,004

flow of current 13 ostablished in the wind-
ing of the line relay 82 of line switch C* as
(1, inner set of cut oft
springs, line conductor
16, transmitter
and 21, Hine conductor 3V, outside set ot cut
off springs and. the windings of the line re-
lav 32 to battery. Upon cttracting its ar-

mature the line rvelay 32 closes a circult ior

36. Upon energlz-
attracts both the
plunger arm 33 and the cut off armature
341 the former through the medium of 1ts

the operating winding

plunger (not shown) forcing the bank
springs 40 to 43, inclusive, 1Mto engagement,

with contacts 44 to
Jatter disconnecting the line
conductors 30 and 31 from the line relay 32
and from the grounded pole of battery.
Bv the engagement of pank springs 40 and
ly, with contacts 44 and 47, the
Tine conductors 30 and 31 ave extended by
way of normally '

cvwitching relay 58 to the impedance coil 51
ud the line relay 50 of the selector .
The line reiay 50 1s accordingly energized
over the closed line cireuit, imﬁtuding suh-

respectively,
sive: and the

gtation A, and upon attracting its armature

Joses a circuit for the slow acting release
relay 52. Upon energizing, rvelay 92 oM~
pletes a holding circuit for the fine _
(% which may be traced as follows: ground
working contact of arnia
the said armature, conductor 61, contact 49,
bank spring 41, holding winding

rerrainal 49 to battery. The line relay 82
is slow acting 1n )

~bove traced circuit has been completed.- A
Lranch of the holding cireuit extends by way
of conductor 37 to nvaltiple test contacts 1
the banks of the connector switches which
have access to the line of substation A’
potential upon these test
contacts the line is made busy. By the en-
oagement of bank spring 42 with contact
48, the master switeh D 1s operated in the
usual manner to
a1l the remaining idle

position betore the terminals of the next

idle trunk hine.
The foregoing

have occurred autematically

Yo removal of the receiver.

in responss Lo

. cubseriber will now operate his callitig de-

“iee in accordance with the first digit in
the desired number,
fwice separating the irnpulse springs 18 and
producing two interruptions in the cireuit
of the line relay 50. In response to these
interruptions of its circuit, the

£ is deénergized a couple

trom ground ix* through the low
Jow acting relay 03 and the vertical magnet

31, primary'winding |

11, contact springs 93, 22 The vertical magnet

posite the

acting, retains- its

47, inclu-
‘ne the stepping relay 54
d conductor 61 by way of the

closed contacts of the

lay 53. In
that at its upper
switch.
gure 60 and
35, and

_ . order that it may retain its
armature in operated position until after the

“ture of relay oz
advance, the plungers oi

line switches into 1ng,

irunk selecting operations .

The dalling b
- relay 54

or the digit 2, thereby

now depends upon whether or not the
. trunk line 1s busy or
line velay line 1s busy
of times and at
aach dedénergization tpansmits an impulse
resistance the ciremit of

again be closed. Upon energizing once

56 in series, slow acting relay 52
in operated position notwithstanding the
interruptions in 1ts circuit produced by the
monientary deénergizations of the line relay.
pulse&transmitted by the line relay and op-
ers 80, 81 and 82 untii
second horizontal level
contacts:. The relay 53 1s
ries with the vertical magnet,

position during the series of jmpulses. At
the first upward movement of the shaft the
off normal springs 59 are closed, thereby

56 responds to the mm-

70

~ orates to raise the «witeh shaft and the wip-
the latter stand op-

of bank
energized In se-
and being slow
armatures in operated

5

80

completing an initial energizing circuit for -

which extends
the grounde

from -

lower armature of relay 53, the off normal

-

springs 59, and the winding of the said
relay 54 to Dbattery. Upon energizing, the
relay 54 locks itself independent of relay
53 at its upper

armature prepares &
magnet 55 which 15
vertical movement of
addition to
slow acting relay 53 has
armature 1t
lower low resistance winding of impedance
coil 51 in parallel with the upper winding.
The lower winding of relay 51 is prefer-
ably non-inductive and its inclusion m

circuit for the rotary
held open during the

those described tl_le

of the control circuit including the line ve-

lay 50, thereby greatly_-ixnpmvmg the op-
eration of the selector switch in response
On long rural telephone lines |

to impulses.
this feature is o1 qmlsidez'able, value.
To proceed with the

of the, vertical movement of
from the grounded
61, by way of tire springs controlied by the
lgwer armature of relay 53, the lower arma-
and the winding o6f the re-

o new function, In
connects the
95

. operation, when Ahe
slow acting relay 53 Jdeénergizes at the end -
the switeh &
circuit is completed for the rotary magnet

55 extending Y lietor

35

armature and at its lower

a8
the switch by the re-

the
line reduces the resistance and impedance '
190

- L]

310

tary magnet 55 to battery.. Upon energie- .

contacts in the second level.

its interrupter contact and thereby
the locking circuit of the stepplng
{Jpon the deénergization of the
stepping relay, the circult of the rotary
magnet 18 I ke
magnet also

opens
breaks

The operation
first
not. If this trunk
the test contact with which the
private or test wiper 31 is in engagement
will have a ground potential upon 1t and
the stepping

de-iénergizes.-

the rotary magnet advances the wipers.
780, 81 and 82 into engagement with the first
get, of bank |
Wear the end of its stroke the rotary magnet

relay 54 will

116

128,

and the rotary

-
ek
&

130
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15

.which may be

20

25

L]
R

‘the circuit of

N7 at 1ty lower armature:

more, the stepping. relay conipletes the a1~
cutt of the rotary magnet as before and tie
switeh wipers

are advanced to the second
set of contacts. Since the stepping relay
o4 and the rotary
the other

the switch wipers will

1t-will be’ seen that
continue to be sd-

vanced step by  step as long -as the test

wiper 81 engages husy or arounded test con-

tacts. When a test contact assoclated with
“an idle trunk line is reached, assumed to

be the test contact 87, the test wiper 81 will
find ‘no ground potential

switching relay 58 which until how has heen
short cireuited is energized - over a circuit
traced briefly as follows ;
grounded conductor 61, winding of the
switching relay 58, interrupter contact of
the rotary magnet 39, off normal

51 to battery. Relay 58 is stifficiently hiel)
1 resistance to render the relay 54 1noper-

ative. - Upon energizing, relay 58 opens a
release magnet
at Ifs upper arma- -

contact in the circeuit of the

- ture shifts the connection of the test wiper

30

them by way of wipers 80 and 8 ]
and 94, and

81 from its
and at. its two inner
the line conductors
connection in the selector I

upper-to its lower terminal;
armatures disconnects
30 and 31 from their

" and extends
2, bank con-
tacts 86 and 88, conductors 92

e contacts controlled by relay 101 and 102 to

40

- energizing, |
the selector K’ and the Iine switch C* ag
- follows
Testing contact, armature 19

45

“the windings of the impedance coil 153 and

the Hne relay 103, respectively, of the Con-

“nector 2. The line relay 103 s accordingly.
energized over the alling subscriber’s loop
and closes the usual civenit for

the slow act-
Ing release relay 104, This'latter relay, i pon
completes a holding . circuit for

ground at (% spring 121 and its

winding 152 of induction coil

Ing contact,
| 23, bank contact Sey wiper 81,

P, conductor

~and the upper armature of relay 58 and its

50

55

60

65

second gt 8 of the
producing

‘mits an impulse teo

working contact to j unction point 62, where
the cireuit divides, one hranch extending by
way of the previously traced circuit through
relays 58 and 54 to battery and the other
branch joining the conductor 61 over

which it supplies holding ground to the line
switeh G, | | |

The calling subscriber may now operate
his ealling device in. accordance with the

toseries of interruptions in the
cireutt of the line relay 103, - Tn response to
these interraptions of its cireuit the Imerelay
103 15 deénergized a corresponding number
of times and at each deénegization trans.
the vertical magnot 114¢
over the following path: ground at (39, wiper
142 of the frequency selector 3, conductor

magnet each interrupt

and the stepping
relay 54 will not be cnergized. Instead the -

Springes -
93, and-the winding of the stepping relay

- of the switeh the
magnet 108 ape defnergized, the latter per-.
forming ity well known function of advanc-

a number of tines,

and its work-

a1
positton to battery.

- erations nfeluding
called number, thereby :

1,318,004

154, armatare 12¢ and its 'II'GS'ting. contact,

armature 128 and its working contact, wind-

mg of low resistance slow acting relay 105
and winding of the verti
the stde switeh wiper 114 in Rpst position
to battery... In response to unpulses received
over the above circuit the vertical magnet,
operates to raise ‘the connector shaft _
by step antif the' wipers 170 to 173, inclu-

sive,. stand opposite the eighth horizontal. |
The relay 105 is -~
energized in series with the vertioal magnet
during the series
_ At 1ts upper arma-
ture 130, relay 105 connects the right hand

level of bank contacts.

and Totains ity arninture
of . impulses as” usual.

step-

al magnet 110, and

70

75

80

winding of the mmpedance: coil 158 in mul-

tiple with the left hand winding in order
to reduce the resistance
the control civeuit of the line relay 103,
this being the same operation that was de-

and 1mpedance of

85

seribed inc the case of the selector E./ In.

addition the relay 105 closes » circuit for
the private magnet 108 as follows: ground
at (i, armature 131, spring 132, and the

winding of the private magnet 108 to bat-

tery. .\t the end

relay 105 and the private

g the side

switch wipers 113, 114 and 115

“to thewr second position.

~The third digit 4 of the desired number
may now be called in the same manner as
the preceding digits, © A series of four in-
terruptions is now produced in the circuit of
the Tine relay 108 and the said relay ac-
cordingly ig again (
‘ Now, however, the side
switch wiper 114 having been advanced to
Its second position,.impulses are transmitted

to the rotary magnet 111 g tollows: ground
selecting

at (% wiper 142 of the frequency

of the vertical movement - |

deénergized momentarily -

90
95
100

105

switeh S, conductor- 154, armature 126 and

1ts resting contact, armature 128 and 1ts
working contact, winding of the relay 103,
resting contact of spring 134

110

and the said

spring, winding of. the rotary magnet 111,

the side switeh wiper 114 in second
In response to mmpulses
over the dbove circuit the rotary. magnet
15 operated “to rotate the connector. shaft
until the wipers 170 to 173, inclusive, arrive
at the fourth set of contacts in the eighth
level.  The slow acting relay 105 is onep-
eized as hefore and performs tho same. op-
the closure of the circuit

]

of the private “mhgnet 108, At the end of
~the rotation ot the switch the refay 105 and
the private magnet decnergizé and the side

switch wipers are- advanced to theirp third

position, it bemg assumed “that the called
line is idle. e

< The normal conductors 210, 211 and 219
wf]i'lffh“?_im‘;;?ll_ll;ltu n the fourth set of con.

. Y KN - ) .
tucts fr the crghth Ievel extend to and ter-

1"15__

120

125

130
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minate in fhe indiviaual line switeh {° {Fi
1) in the same manner that the normai con-
ductors 37, 38 and 29 termi nfztc in the -
dividual line . switch  C* (Fig. 2). When

’?‘?é

the side switeh of fne mm‘w&,m 19 ml”{i need

{0 third ‘*mﬂtmn therefors . i ciretit 12 com-
‘ne‘ted for the cub (‘ﬁ or holding wmﬂmg
o1 the mdeé iine gwiteh  (OF

traced as. follows: ground - dt 3 and the
side switch Wlpﬂf 115 in thard OsIEioT

lower p“w*u@ wiper 173, conauctor :
the cut off xundnw of line
battery. The cut off armature of tiie called
line sw riteh is Jhmeupmt Lwaﬂmi to cleay
the called- line of its normal batiery and

mmme@ connections. Ground G° also ex-

tends to the multiples of the tost confact

vith which the TipE‘I‘ 171 is 1 engagoment
.;md the called line'is thus made pu 18y Lo the
remaining connectors in the group.

The wipers of the connector having been
advanced into eng.,igemem with the set ot
bank contacts asscciated with the desired
called line the mext operation is the estab-
lishment of a signaling circuit for ringing
the bell at the desmac; station on the Tine,
In order fo .«.m(,ompihh thv:, the frequency
selecting . switch 8 must be operated.
calling ,subscmber qr-mmmaﬂ*}r will now op-
erate his calling device for the tinal digit 2
of the ¢ Hsud pumber with the result th 2t tWo

interruptions are pmducad in the circuit of

181@ v 103. The consequent, d::* nergi-
NOW nmuuco tw*{)

the line
zations, m Eiie hm relay

el rrent mpnﬁes m uﬁ@ cirenit of the ﬁ“*f’r*")m |

setoctor
1011 t?l"Tl‘J

ning mag gnet 112 o3 the frequency
This ::;m,uu, may be fraced as
ground at (P, W1f91*' 142, - conductor
arm&tum 126 and its resting contact, ;Li*mf}.—-
‘tuw 128 and its wor Hm-:*r contact, winding of

relay 105, V'mdzfm ot tht,

IMIDTIBES. iL(‘HT’Gd over the shove eircuit the
mngnet 112 15 operated o a dwm@ the
winers 14% {m(t 143 two steps, whereby they
a1 h}:mltmt into engagement with ‘Lhe thu*d
'wntaaef% in their respective banks. he
first movement of the wiper 142 grou 11& {
15 Qimmnmrrui frem- conductor 154,
the relay 105 1s epergized in series with the
magnet 112, ‘qrmevuq the armature 128 of
'éme [gReED z*ﬁ-iw s not - disconnected from
rrotnd, bt the movement of the Wlp@ r 14%
hdq no effect on the operation for arma-
sure 1286 is temporar iy c;up ph&d with or mmca
from (¥ by way of nrmature 131, and ¢ spring
- 132 and iis wozhma contact. Relay
~closes the
W3 as usual ol 1 rhe private magnet 1s bhﬂmmfe

eneryized during the opers dion of the fre-

--?1 n e

quency; selector S in order to disconnect thﬂ'

hne wmm ,' :2 and 173, Af the end of t
final f-;ewes of 1mpulses the. relay 108 ,.:md

the private mmgnet 108 are deen@igwed

‘The s

Cmwost advaneed

which mm By

310, d{ﬂn

S‘W"‘Ldl ST

HOTHIAL

station-AlY, norn ;:ii:;f(}“i}s;_e
y

'Gﬁfhd"mff *Eiutxnuumﬂ{}

ihe' | mqm

‘{fmme{*?'ed to the p

154,
series with
current from the main batte ery in seris

tf“p?)]i’lﬁ' magnet
1192 and the side ﬂ?]tti! wiper 114 m 1“11‘*‘&3.'

position to battery.. In response to the two Tespond to the 33 «

Sines

147

105 also

civeuit of the prz“"ﬂaui‘e magnet 108
172 and 173 from.

ide st 1*“dn having fil“mdy arrived at is
position is not turther at-

fected by the deénergization of the private
A

33% iﬁi’it?‘t A sionaling civenit has now been
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tion, to i ‘ai:%;u'"f
"tmgl ng inter ,upm
the Puwrum* AR
tent l‘fi' ont over *é:ha:‘: 4 ﬁe::

1119{{ aui_,b{:“ﬂrﬂ r, tha ¢

terrupter being such
m-l-wﬁ

ingermii-
I hi]. -..11.(1

3«
1{5_1*, *a;‘::w} 1‘&1?}&%&@-’ Q13 (-
”hif_ L ' )
DrOC m:u;? followed by a s

erol 'timeu tn lengtn (‘;f.ﬁ WS
SWhen, lmwm er, the 1111*'1‘11: 5 c_.r‘- |
vent 1S cut ﬁﬁf from the line by the 49“ N o |
zation of relay 150 the generator laad 155 1
m @ "afﬂa ot 13.?{, booster
utei V mmﬂn just above to the 1ght ot re-
La,.}? The ring {*L;f{* off relay 107 is so ad-
juat&d. that it is not e enermzed by iiw ringing
current while the rﬁ(-_,wﬂr at the &ilw gt
tion is on the hook. ‘When the PRCaI VY i_::
yemaved, however, the retay 3‘{’3* 15 energly
either by corrent from the mam ba tter ry in

the F‘LI"E‘! ’LLGI‘ then 11 ﬂgu oy hﬂ}r

the booster battery.
The ringer at subsiation A% 1s tuned to
cycie and since the %w -
seriber-at this station has been n;.u.nciw
answer when a fwr:a bell ring 38 reeer?m }
will now remove his receiver and lmmedi-
ﬂtelj‘f relense the switch hook to its finai or
talking position. The rn ng cut off relay 107
i*-, diermmﬁn pnergized 4b once 1rre %pmima

.

ot the ?ugﬂ:.mp of ‘%.Er ringing mt &.‘ﬁ"?m}{ef I

",rr'.ef_'-i"l'*
B XL

and -awtmhs s & locking civcuis for
-4 . s "} - £ 4 "{E‘ ] p )
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R 1 Lo 3
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st the frst up-

‘5.":{.?' ]

;1 shaft), arma-

ture 139 fmd ..JL‘-,- Wo 'zing confact and the
lower winding of the ring cut off relay 107
to battery. Asa fuy ther resuit of its eReTEL-

zation IeLw 107 disconnects the e wipers
its upper T"m&i_;:; and

from the generaior lend 1«-’3—& amf‘i conyachs

them instead to the 2P} Yer 1:&9?“;"

taiking conductors, respec ﬁ%wi

tor current for the calied substation is now

gsupph@d &5 mih} we: ground at (*% off noy-
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-associated with {he calling line,

bridge relay 102, resting contact of Spring
119 and the gaid Spring, working contact of

armature 188 and the said armature, arma- f]

substation A norma conductor 211, wiper
172, resting contyet of armature 140 and the
- sard armature, armature 137 and its working

contact, spring 117 and i1ts resting contact,
upper winding of the_a_nswering bridge r -

lay 102, and the winding 151 of induction

The current Aow over the
above circuit Serves to cnergize the relay 102
which at itg armature 1923 short- circuifs the
winding 151 of t}e Induction coi] P and. at
1ts armatures 122 and 1924 reverses the in-

coming line conductors 92 4nq 94 as regards

their “connection ¢ the windings of jp,.
bedance coil 153 and the line relay 103. In
addition, at the. working contact of Spring
125, controlled Dy armature 124, -the upper
condenser is connecte to complete the tuk.
Ing circuit. The reversal of the line contuc-
tors described i Usetul in certiip cases for
controlling a meter or coin collecting device
but since
there is nothing new in thjs operation ngo
measured service devices have heen shown);
The required connection has now been
established. Talking current i supplied to
the transmitter af the called substation
througl the windings of relay 102 as already

explained; whila talking current for. the

transmitter at ], calling  substation 1S
stipplied through the windings of relay 103
and impedance coj] 153.  The path for the
VoIce clrrents throngh the several switches

has been druwn In_heavy lines and will be
readily - underston(d without further ex-
planation, o
When the conversation is finished both
subseribers wil] replace their receivers. By
the replacement, of the receiver gt substation
A’ the line relay 103 of connector F* iy de-
energized, followe by the de¢nergization
of the slow acting relegse relay 104, A
CIrcuit g thereupon established for the re-
lease magnot 104 as follows:
Spring 121 and it resting contact, arma-
ture 129 and jts 1'{%Sting’(tmmlct, off norngml
Spring 146" and 10 contact in engngement

therewith, and the winding of the release

magnet 109 to hattery, By the cnergiz -
tion of the relegse nagnet the switch shaf
and the side switeh Wipers are restoped to
normal position N the usnal manner, the
cireuit of the Anagnet being hroken when
the shaft renches its lowest position. As g

further resnt of the deénergization of I'c-

lny 104 the holding cireyit extending bhack
to the selector 107 and the lne switch "C+
15 hroken. As a resul( (he Switehing relay

baragraphs, ‘was in uge, .
‘cumstances there ig g ground potentia] upon

ground at 35, -

a 1318004

busy signal to the calling subscriber. In
order to explain how this is done it will
be assumed that the line of substation Azo-
when called, ag explained in the foregoing
' Under these cf r-

the Jower test contact of the contact set gsg0-
clated with the called line ejther by way of
the norma] conductor.210 or by way of the
bank mult; ple. Tt tollows therefor

Wwhen the glow acting relay 105 1s deéner-

purpose of transmitting o

85

gized at the end of the sécond series of im- -

Pulses directed tq the'cq-nne_ctox:. K2 that the

Private magnet 108 ig not . deénergized ag
15 the case when the calleq line is idle but
1s held up by current flow over the follow- .
Ing path: gro_tmded'busy- test contact, pri-
vate or test Wiper 171, side switch wiper
115 In secorny] Position; contaet Spl‘ingsuhph-"
trolled by armature 135 of tegst relay 106,

winding “of the ggig test relay, contact

SPrINgs controlled by the armature of. the
rotary magnet L1, resting contact of
SPYIng 132 and the sgid -

are maintained discanrltaci;(:(l,_ at -
armatures 140 and 141 of the private mag-
net. = The test relay 106 18 .energized in

- &

1tself and the sald magnet which extends
from groundg o and ‘which is independent.

0T the. test wiper. “In other words: ground

G is substitited by the operation. of apiyy.

ture 135 for ground on the busy: test con-

tact.  Tn-addition, the test ‘relay 106 opens
the cireuit of the rotary magnet 111 at

SPring contacts controlled hy armatnure 183
and at armature 136 connects a lead from -
the busy signaling maehing Q to the lower -
125

talking conductor, | A distinetive signal 15
thug transmitted to the calling ‘subseriber

to inform him that,, the desi; _
the present inacgessible. As is ysual npder

stich cir(.f:‘frrmtances, ‘the calling” subseriber

will then replace his receiver Whereupon the 13¢ -

_ | Spring, and -the |
winding of .ith_e,_prwate,mﬂgnet 108 to bat-
stery. The private magnet being maintained

100

- 1
F

105

110

Cseries with the private magnet and at its
Armature 135 completes a locking civenit for
115

1

120

ed Tine s for
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ments shown in Fie. 5.

~group. The ope

1,318,004 o . o

automatic switches are-restored as herein-
before described. B

All two bell Stationé-am called from the

second ovroup of connectors hike station AT
The one bell stations, however, are called
from the first group of connectors which
have associated with them the ringing equip-
n ¥ Considering sta-
tion A? which we may assume to be a one bell
33 cycle station, the number of this station
will be 1842 and connection may be extended
thereto in substantially the same manner as

“above described ; except that the selector B,
being operated in accordance with the digit

1 rather than in accordance with the digit 2,
selects an idle connector in the first group
instead of an idle connector in the second

nector is of course the same as has been al-
ready described and the only other differ-
ence occurring in the establishment of the
connection which needs to be mentioned 1S
the substitution of the one bell signal Tor

the two bell signal. Thig it will be readily

nnderstood is accomplished by the use of a
single segment in the common rmging in-

terrupter as is shown clearly 1in Fig. 5.

There is nothing unusual in the manner of

extending connections to straight ov four

party line stations and conseqitently no de-

tailed explanation Will be given.
Having deseribed the operation of the ap-

paratus in completing local connections I

will now explain how connections are oX-
tonded from the local or mixed service ex-
change to a distant automatic exchange as
for example the exchange Z (Fig. 1). The
eall number for each of the exchanges to
which trunk connections may be extended 13
determined by the group of connectors from
which the trunk lines ave accessible and by
the loeation of the first trunk line in the
hanks of the connectors in the group. it

follows therefore that since the trunk lines

extending to the exchange Z terminate In
the last four contact sets 1 the tenth level
of the second group of connectors, the tele-
phone number to be called in order to extend
2 conncetion to an idle one of these trunk
lines is the number 207. Tor convenience it

will he assumed that the subscriber at sub-

station A’ desires to obtain connection with
come subseriber at the exchange 7, and 1t
will be further assumed that the first three

of the trunk lines which extend to the ex-

change 7 ave busy. The operation of the

line switeh C* and the ope

of the first digit of the number are the same
ns was deseribed 1 the explanation of the
ostablishiment of a local connection. Like-
wise the opéeration of the connector I in
response to the calling of the digits 0 and 7
is precisely the same as has already been de-

| a |

seribed except of course that 16 18 oW bHeing

ation of the selected con-

‘net 108 is maintained energizesi thus

tion.

1 _ ation of the first.
‘gselector B’ responsive, respectively. to the
vemovil of the receiver and to the caliing

Cinterrupted and the magnet is theretore d
k

operated to a different level and to o differ-
ent contact set in the selected level. In the
case now under consideration, however, attor
the connector is operated to establish con-
nection with the first trunk line of tho de-
sired group, if this first trunk hine is busy 1t
is necessary to select an idle trunk line of ths

“group, and thereafter a switching o Peration,

is performed by which the line conductors

are extended by divect metailic connection
through to the line conductors of the

o
ol

lected idle trunk iine. These operations Wil
now be described. | -

T we assume as before mentioned that the
frst three trunk lines which terminnie, re-
spectively, in the seventh, eighth and nint)
sets of contacts in the tenth level ave busy
there will be a ground potentiai upon botn
the upper and lower test cotiacts of each
contact set. It follows therefore that when
the connector I3 is operated to bring 1ts
wipers 170 to 178, inclusive. into engagement
with the seventh set of confacts i the tenth
level, and the slow acting series relay 103

=
3

- detnergizes at the end of the tnal series 0F
controlling impulses, a cirewit wiil be es-

tablished throngh the test velay 106 and the
private magnet 108 as follows: ground on

the lower test contact of the seventh contact
sot 11 the tenth level, test wiper 171, side

switeh wiper 115 In second position. ¢o”iack
springs contrelled Ly armature 185, wind-
ing of test relay 106, coutact SPUINES GO
troiled by the armature of the

net 111, resting contact of spring an
the said spring, and the winding of the pei-
vate magnet to butiery.

ment of the above circuit the privete mag-

L"'i"

100

-, r_-r .-h."il

hoda-
ing the side switch wipers Imn second OB
1

au

series with the private magnet and upon
tracting its armature 155 completes-a erreuls

for the rotary magnet 111 as foliows: ground
on the upper test contact of the seventh

contact set in the tenth level, test wiper 170,
armature 133, contact spring 134, winding
of the rotary magnet 111 and the side switch
wiper 114 to battery. By the oneration ot
the rotary magnet the connector wipers
are advanced one step into engagement with
the eighth set of contacts in the tenth level.
Near the end of ifs stvoke the armature of
the rotary magnet connects ground & 10

the private magnet and at the same time

breaks the energizing clreuit of the test
lay 106, the test relay accordingly being

TP, 1. ' - TP SRR GO SNV
energized. . By the Talling back ot the tes
relay the cireuit of the rofary magnet 1s

¥

-

1
L
¥

energized. It being assumed that in vz
line terminating in the eighth conta '
busy, the former circmit thronga

E
relay 106 and the private magnel i

4
L RNY:
-
wr

b
iS5 s

H-l

Olary msg- o

By the establish-

The test relay 106 is energized 1o
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- ninth set of contacts.

10

15

20

1O

£ gaih

- sume to be idle.

vanced in- the

and 113 to their third

lows: grourid at ‘ _
in_thivd position, test wiper 171, conductor

now be reéstablished and the rotary magnet

will again be energized to ad vance the con-
nector ‘wipers into eng _
_ The ninth set of con-
tacts being also busy the same operation s
repeated and the wipers of the con-

¥

. ' v b,y
engagement with the

nector are advanced into engagement with
the tenth set of contacts which we will as-

When_ the rotary magnet
deénergizes for the last time, since there Is
no ground potential upon the test contact

with which the wiper 171 is now in engage-

ment, the test relay 106 will not again be
energized and the private magnet 108 will
be permitted to dednergize. By this latter
operation the side
‘usual manner to their third

position. D E
By the advance .of

side switch wipers 115

switch wipers are ad-

positions a circuit is

completed for the switching relay 101 as fol--

201 contact point.246, spring 245, conductor

25

36

200, resistance 204,

completed for the ring ,
Tollows: ‘ground at (3%, contact spring 121
and its workang-contact,

( 5t test wiper 170, armature
133 and- its resting contact, off normal con-
tact 145 (closed only. on the tenth
winding of relay 101, and the side switch

~wiper. 113 to battery, Upon the energiza-

tion of the switching relay 101 « circuit is

cut off relay 107 as

g of the relay 107 to battery. - Ground at
(G%is also connected by way, of contact SpPring
+21--and armature 126" to conductor 98 in

order to” guard’ against the release of the

- selector B and the line switch C*upon the

40

92 and 94 by way of armatures
-of relay-101, armatures 137

yw

deénérgization of relay 104 which

© of the repeater M

w—rt"

OCCurs an

Instant later. Refays 101 and 107 being in

energized position a direct metallic connec.

conductors

116 and 118
| | and 138 of relay
107; armatures 140 and 141 of private mag-

tion has been established from

net 108 and line wipers-172 and 173 to .the
- trunk conductors 202

and 203, respectively.
that the line relay 297
which is connected in
bridge of conductors 202 and 203 in series
with the battery will be energized over the

It follows therefore

~calling subseriber’s loop;, thereby. closing at

55

1ts armatire 233 an
the slow

energizing.in turn, completes a circuit from
ground (G*° which extends by way of.arma-
ture 232 and the winding of

iIng, has the function

60 nection between conductors 200 and 201 and

- 200,’thereby maintaining the energizing cir-
- ot of the
- nector Fe

of connecting

ground G** to the ‘conductor

switching relay 101 of the COT:-
independent of the former

-

and the lower wind-.

energizing circuit, for,
acting relay 226. Relay 296, upon -

n slow acting re-
lay 225 to battery. Relay 225, upon energiz-
of breaking the con-.

k ground
~connection by way - of the lower test wiper -

G, side switch wiper 115

level),

the right hand windings

11,318,004

171, As a further rvesult of its

energization

relay 225 completes a control-ciretit extend-

ing to-the distant automatic exchange Z
which may be traced ps follows: ground at
G, "winding of the Jine rel 267, .resting
contact of armature 279 and the sald arma-
ture, left hand
R’ in

mg coill R in parallel, armature 231 and its
working contact, working contact of arma-
ture 234 and the said armature, and the
resistance 247 to battery. The line relay 267

13 accordingly energized and completes an.

energizing cireuit for the slow acting relay

268 which relay, upon energizing in turn,

connects ground G*7 by way of its armature
274 to the conductor 263 in order to make
the trunk line 6 busy _
a further result of the operation of relay 268
of the repeating
coll R’ are connected at

275 to the conductors 265 and 266 respec-

tively. Since the line relay 267, in addition

to closing the circuit: of
short circuits the condenser ‘which 1s con-
nected in series with
windings of the repe
tive bridge is

the relay 268, also

now closed across the conduec-

tors 265 and 266 with the result that the line

switch in which these conductors terminate
1s operated in the usual
an 1dle selector switeh. o

The calling subscriber may now

the digits in’ the telephone
number of the subscriber in the ‘automatic
exchange Z with whom he desires to obtain

- connection, thereby Pproducing successive

‘thereby - interrupts .
cluding' the line relay 267 of the

Serles of Interruptions in the eircuit of ‘the
the repeater M. During

lme .relay 227 of
each series of mterruptions the line relay
227 15 deénergized a rnumber of times and

[ ] u

M, thiy latter relay being likewise deéner-

gized mtermittently to interrupt the bridge
1t

N e Interruptions produced
by the calling device at. the calling substa-

and-266. Thig

across the conductors 263
will -be seéen that the

tion will be repeated by the line

~and 267 of repeaters M and M’ in order to

‘conversation

Subscribers will

effect the operation of a series of:switches
In the exchange Z, whereby the connection”

to the line of the called subscriber is com-

‘pleted.. The bell at the called substation is

then rung automatically in the wsual man-

ner and when the called subseriber responds
1 may be held as desired. There

being nothing unusual in the signaling ‘or

talking circuits no detailed

be given. ' o

the two -right hand
ating coil R’. a conduc-

manner to select.

| proceed
.to operate the dial of ‘his calling device in
aceordance with

relays 227

explanation need

windings of repeating coil
parallel, line conductors of trunk line
6 1n parallel, right hand windings of repeat-

75

SOIJ

at the exchange Z, As

85

armatures 273 and

50

100

the control circuit in- -
Tepeater.

110

120

When the Coﬁvelrs ation ‘is ﬁ]llsheaﬁboth  -.

‘ hang' up’ theijr receiver,
When the receiver at substation A’ is re- -
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placed the line circuit is broken and the line

relay 227 at repeater M is accordingly de-

energized. The deénergization of relay 227

“opens the control circuit including the line
relay 267 of repeater M’ and the resulting
deénergization of this latter relay perma-

nently opens, the bridge across-the conduc-
tors 265 and 266. The automatic switches
in the exchange Z are accordingly released
and restored to normal position in the usual
manner. Returning to the repeater M the
deénergization of the line relay 227 also

 breaks the ecircuit of the slow acting relay

15

926 which relay upon retracting its arina-
ture opens the circuit of the slow acting
relay 225 and also disconnects ground G*°

from conductor 200. By the removal of

~ground from conductor 200 the energizing

20

25

30

35

40

50

circuit of the switching relay 101 of connec-
tor T2 is broken and inasmuch  as relay

925 is slow acting this circuit remains open
long enough to permit relay.101, to deéner-

oize. By the retraction of armature 120
of relay 101 ground G° 18 disconniected from
the holding conductor 98 and.is connected

instead to the release magnet 109, thereby

causing the release of the.connector ¥ 1t
should be mentioned that the connector 1s
released and the side switch wiper 115 re-
stored to first position before the slow acting
relay 225 at the repeater M has had tne to
detnergize. By the removal oi ground
from the holding conducter 93 the selector
E’ and the line switch C* are restored to
normal in the usual manuner. -

In calling into a group of trunks on the

tenth level, if all the trunks in the group

are busy the connector in use will stop on
the last trunk anyway, because of the re-
sistance as 204 for instance which is included
in series with the private normal conductor
associated with the last trunk, this resist-
ance being high enough to prevent the oper-
ation of the rotary magnet. In such a case

5 the test relay of the connector and the pri-

-ate magnet are maintained energized until
the connection is released and the caliing

subseriber will hear the busy signal when he

places the receiver to his ear. |
It is understood that the trunk hines con-
necting the exchange X or mixed service

~exchange with the automatic exchange 4

are two way trunk lines and are adapted

to handle conneections in either direction.

bb

- 60

6o

To provide for handling calls from the ex-
change Z to the exchange X the group of
four trunk lines may terminate in a selector
level in the former exchange; and consides-
ing the particular trunk hme number 0
whicl 1s shown in the drawings, the condue-
tors 262, 263 and 264 ‘may terminate in the
first. set of contacts of the level which s
reserved for. this purpose. Suppose now

that a subscriber in the exchange Z desires

to obtain connection with a subscriber in

the exchange X. After removing his re-
ceiver the calling subscriber will first oper-
ate his calling device in accordance with the

a1

proper digits in order to control one or more

selector switches for the purpose of obtain-

ing connection with an idle trunk line. 1t
. we assuimne that the trunk. line number 6 .15

the one with which connection is established

70

the line relay 269 will energize as soon.as .

the connection is completed and will 1in turn

complete a cirenit for the slow acting relay

270. Relay 270, upon energizing, connects
oround G* to the conductor 263 1n order
to maintain the operated selector or selec-
tors in operated position. By the energiza-

79

30

tion of relays 269 and 270 a control circuit.

including the line relay 229 1n the repedter M

is completed ns follows: ground at G*°, wind. -

ing of relay 229, resting contact of armature

931 and the said armature, right hand wind-

ings of repeating. coil R in parallel, line

condctors of trunk line number 6 in paral-

lel. left hand windings of repeating coil R”
. ’. . c IF.I- ¥ “I L | b -
in parallel, armature 279 and its working

contact,working contact of armature 277 and

the said armature, and the resistance to bat-
. The closure of the above control cireunt
is followed by the energization of relays 229

tery

85

90

and 228 in the repeater M, the latter relay

being effective to groand conductors 200

and 201 and thereby render the trunk lmne

‘busy to connector switches such as the con-
nector [ in the exchange X. 'Relays 228

and 229 also close a bridge across the ¢on-
ductors 241 and 242 to operate the lme

“ewiteh (8 for the purpose.of selecting and

connecting with an idle selector switch.

Now when the calling subscriber in the dis-

100

tant automatic exchange operates the dial

of his calling device the iterruptions of
the line circuit which are produced are re-

peated by means of line relays 269 and 229,

and thereby cause the operation of the se-

105

leeted selector and a connector in the ex-

change X in order to complete the requived
“econnection to the desired subseriber’s- hine.

110

Since the connector switeh under these etr-- -

cumstances operates. exactly the same as was
deseribed in the explanation of the estab-

lishment of a local connection no further

details need be given. . When the recerver

115

is replaced at the distant exchange 7. the -

operating or control circuits are broken, in

the order in which  they were established

and the conndetion is released. o
I'n extending a conneetion from the mixed

&

service exchange X to the manual exchange

Y it is only necessary for the calling sub-

seriber. to dial suffictent. digits to obtain

connection with an wdle trunk hine, the con-

120

125

nection being completed to the line of the- -

called  subseriber by the operator.

this kind operates to select an idle trunk

The

sounector T8 onlv used in a connection of

1 '
".I |-l‘

substantially the same as when an. automatic 130 .



_exchange .is' being called. No switching

through operation takes place, however, for

the off normal contact 145 18 ¢losed when on -

the tenth,level and an extra digit must be
b called to operate the frequency selecting
. switch S as when calling a local 1ine. In ge-

- cordance with the location of the Y exchange
frunks in the drawing the proper digits to
“be called would be the digits 2, 9, 4 and one
‘10 2dditional digit,
~ When the operator plugs in to answer the

call and throws the listening key the relay

107 at the connector is energized to cut off
the ring and the calling subscriber is then

15 able to ask for the desired number.
~ attention to a feature in the conpector by
- which the operator at a manual exchange,
-such as the exchange Y for example, is given
a distinctive tone on certain calls to notify
her to rebate the charge. ‘Ordinarily of
course all calls _
manual exchange Y will have to be. pald
and 1t is the duty of the operator at the
26 latter point to charge all mcoming calls
from the exchange X to the proper parties.
It may be, however, that certain subscribers

20

~who are furnished telephone service from

_ the exchange X are in reality located about
80 as close to the exchange Y as they are to
. the exchange X: and therefore
- to. communicate -with subscribers.in the ex-
- change Y free of charge. In order to notify
- 85 ‘she is being called by an X exchange sub-
- _ scriber who is entitled to free service, special
equipment. is . .
_ing device. K at the ggchangg X and com-
prising also an induction coil such as the
‘Induction coil. P which is assoclated with
each of the connectors, such as the connec-
- tor F3,. In.the
- windings of the
- . with lines whose s
45 free calls to
_ nected direct

40

line switches associate

thscribers are ‘entitled to
the exchange Y are not con-
to battery but on the contrary

extend to battery by way of the secondary.
of the signal-

winding of the induction coil
ing: device K. Thus if we assume for the
50 sal%e of illustration that the party line com-
.. prising conductors 30 and-31 extends in the
"direction of the exchange Y as shown in the

- drawing and that the subscribers on this.

~line are located near the end of the line it
- 85 may be that
. titled to free _

-accomplish this-the holding ‘winding of the

- line switeh (¢ is disconnected from terminal -

- .49 and is connected instead to terminal 48,
60 _When connetted in this way if a connection

18 extended by means of

& distinctive tone produced by the signaling

. device K will be transmitted by way of the

. - 65 holdin_g qonductprs 61 "allld e 93, the ndlic:tion

_ ( . the left hand
preferably the digit 2.

At this time it will be appropriate to call

- operator’s head set

102 at the exchange X will therefore
eénergized. . Under these conditions the
operator will be able to hear the tone if it

from the exchange X to the _
‘18 nothing particularl
are entitled

the operator at the manual exchange when

provided comprising a signal-

‘exchange X the holding |

these subscribers. will be en-
service to the exchange' Y. To -

end the selector E’
- - and conductor F* o the manual exchange Y

- radically - different

1,318,004

coll P and the selected trunk line. When
the operator first answers the call her head
divectly in bridge
of the trunk line in order to operate the ring
cut off relay 107 .and thereby stop the ring-
Ing operation. It follows that 1mmediately
energization of relay 107 the baf-

set 1s preferably connected

upon the
tery supply relay 102 will be energized and
winding .
P will be short circuited. The operator: at
the manual exchange, however, may have »

of the mduction coil

0

79

condenser connected in series with her head -

set and normally short circuited through
the contacts of g special listening key.. With
this arrangement the operator is nstructed
to listen in with her special listening key
on all calls incon'ling |
When the special listening key is thrown
the condenser will be.cut in series with the
and the battery supply
rela
be .

15 present on the line and will rebate the
charge for the call accordingly. Since there
y difiicult in the de-
sign of the operator’s cord cireuit it has

from the.exchange X, .

80

85

a0

not been thought necessary to illustrate the

same and any suitable arrangement may be -

used instead of the one herein proposed.

 Attention will now be directed to the ring
the medium of

back "equipment through
which the party line subscriber is ‘enabled to
signal |
This equipment comprises a plurality of ring
back switches one
(Fig. 4) and the ‘common rotary ringing
switch I. In general the method of han-
dling reverting calls in my present system
1s similar to the method disclosed in the
patent to. Hovland No. 1,158,221, wherein
there is described a reverting call or ring
back system in which the calling subscriber
by manipulating his dial in accordance with
the proper digits operates a ring back switch
at the exchange to select the two frecuencies
of ringing current which corresponds to the

~calling and called substations. . The calling
subscriber then hangs up his recelver, where- |
115

upon mechanism in the ring back switch is
operated to effect the application of the se.

lected ringing currents to the calling line al-
ternately, The called subscriber is'thus sie-

naled as-usual; while the calling subscriber

the operation iis

. proceeding properly and
also that he may '

know by the-cessation of

the ringing of ‘the ‘response of: the called

party. Owing to the fact that in the pres-

ent system the. selective ringing is aceom-

1 also signaled so that he may know that

95

another subscriber on his own Iline. R

190

of which 1s the switch H’

106

116G .-

120

125

plished by a combination of the one and two

pell principle, _ ha;
principle alone as in the Hovland system,
the apparatus and

although the general

rather than on the harmonie

circuits employed are

130
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principle of operation. is substantially the
same. T |
Jach party line subscriber 18 supphied

with a st of special numbers which are to

be used in calling the other parties on his

E}
nwn line. These numbers of course con-
Form to Lhe wiring of the bunks of the ring
Lael switehos, which it may be stated 1s
lavgely an arblirary arvangericnt, although
1o considerable care has been taken to devise
ag simbile i scheme as nossible,  The bank
wiring of one of the ring back switches and
the wiring ot the ringing switech 1 15 shown
complete 1 Mg, 4 and the special call num-.
15 hers which correspond to tne wiring shown
are given in the fable below.
Calling siation. Called sialion. Nunber.
A7 calhing A2 or
A® . - 313
L W A 313
A . A 31
Al " A° 33N
A ¢ A% 319
L A a AS 210
b pro ) ¢ 321
AR h | 2 325 v
A3 a A - 385
A3 - A3 327
S 329
A AT 320
AP . AP 331
AP * Ar 335
A5 . AR 335
- AP H A 337
TAD AT IR
AS " 3 330
A 3 AP 341
AT a A% 343
SR . A® 845
AT “ AP 347
AZ - &5 349
A7 - Al 340
A7 . A - 351
a & A _kh AP 3D
A 8 AF 355
N . AF 357
The operation of the apparatns in a re-
verting eall will now be explained, it bemg
53 pesiined for this purpose that the subseriber
ot substuiion A7 (Fig. 2) desires 1o call the
cibseriber at substation A% By referring
tor The tabie it will be seen . that, the number
6 ha ealled in this case is the number 315.
55 1Tpon the removal of the recelver at sub-

stafion .
the manner
fine condnetors 30 and 31 to the trun
Guctors which terminate 1n an d
wesatmed to be the selector ¥, in
alling of the first digic 3
ctor is operited
in the usual manner until
arrive at the third
1 love] of bank contacts, after which

I.nllf- -""':,_ . "' i "..,‘_
'*'j’L" ;-31.'1* I‘i{aiin
- P i . 'd— . L2

oLy GTine LG 'LLL%. L
y ] 1 Y ,
e number the frst

)

[T §

fr ralse ifs Rnait
fhe wipes

L A

05 horiaonte

‘4 1
=]

R

%

w5 B, 81 and 82

' the line switch C* is operated
Adready explained to extend the
v con-
ie selector

the wipers are automatically rotated to pick

i

out an idle set of contacts in the selected

lovel. Assuming that the contact set com-
prising bank contacts 89, 90, and 91 is the
st selected, upon the energizatlon of the
switching relay 58 the line conductors are

further extended into connection with trank
onductors 98 and 100 which terminate in

the windings of the line relay 300 of the
ring back switch H’ (¥ig. 4). The line re-
lay 300 is accordingly energized over the two

sides of the calling line in series in the usual
manner and upon attracting its armature

316 completes an energizing circuit for the
slow acting release relay 301. Upon ener-

oizing in turn, relay 301 connects ground

-

(325 to the holding conductor 99 at its arma-

ture 317, thereby completing the usual hold-
ing eircuit by which the selector ¥’ and the
line switch O* are maintained in operated
position. | o
The calling subscriber at substation A
may now operate his calling device 1n ac-
cordance with the second digit 1 of the
pumber, thereby producing a momentary in-
terruption in the circult of the line relay
900. The line relay 300 1s accordingly de-
energi-ed momentarily and transmits an

impulse of current to the vertical magnet
306 over the following path rground at G*,

crmonture 316 and its resting contact, arma-

ture 318 and its working contact, winding

of the slow acting series relay 302, winding
of the vertical magnet 806, and the side

switch wiper 369 in first position to bat-
tery. In response to this impulse of cur-
vont the vertical magnet is operated to raise

tho «witch shaft one step, the wipers 330

and 331 being thereby brought nto aline-
ment with the first horizontal level of bank
contacts. The slow acting relay 302 1s ener-

gized in series with the vertical magnet and .

operates the private magnet 308 in the usual
manner. Both the relay 802 and the private
magnet are deénergized after the . vertical

coperation of. the switch, the deénergization

70"

75

g9

Bb

g0

g5 .

100

106

110

of the private magnet being effective: to

“cause the advance of the side switch wipers .

from first to second position.

The calling. subscriber will now operate

his cailing device in accordance with the

third digit 5 of the number, producing this
time five interruptions in the cireuit of the
line relay 800. The resulting deénergiza-

tions of the line relay 800 now cause five

impulses of current to ~be transmitted

through the rotar

wiper 309 having been advanced to its sec-

v magnet 307, side switch’

116

ond position. Bv the operation of the rotary

magnet 307 the switch shaft is rotated until
the wipers 330 and 331 come into engage-
qent with the fifth set of bank contacts 1N
the first level, these bank
ndicated in the drawing by the reference
characters 371 and 372. The slow acting

125

contacts being -

130
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16

 upward ‘movement of the switch shaft),
‘armature 315 and its right hand
contact, armature 321 and its resting con-

20

™y

‘25

-
- L]

30

.' 14

l‘ﬁlﬁy' 302 and the private magnet 308 are
operated as before and the latter upon de-

energizing permits the side gwitch wipers

to advance to their third and final position.

The calling subscriber will now hang up
his receiver.
line cireuit the line rela

y 300 1s deénergized
and closes .a circuit for

the relay 312 as

Tollows: ground at (%, armature 316 and
1ts resting contact, armatire 318 and its
-working contact, winding of the slow-acting

serles reliy 302, winding of relay 312, and
the side switch ;wiper 809 in third Pposition

to battery. Upon energizing, relay 812 com-

| T

‘plétes a new circuit for the slow acting re-
lease relay 301 as follows: ground at (x7,

off normal contact 811 (closed. at the first

working

tact, and the winding of relay 301 to bat-

tery.. In addition relay 812 closes a éiveuit
for starting the operation of the ringing

switch- T which extends over the following

path:.ground at G*", off normal contact 311,

armature 315 and its Jeft land working con-
tact, conductor 352, bank contact normally
engaged -by the wiper 355 i

switch I, the said wiper 855, contact SPrings

of the interrupter relay 351, and through the

~said nterrupter relay. 351 and the . motor

-magnet 350 in parallel to battery.
- motor magnet 350 thus.receives
of current by which it is operated, to ad-

85

40

an immpulse

vance the wipers 854, 355 and 306 of the
rmging switch nto engagement. with the

second set of bank contacts, Since all the.

bank contacts which are adapted to be en-

gaged by the wiper- 355, except the first,
are- hultipled -together and connected to

- ground G**-it will-be evident that a ¢irenit

~ has now been established for the motor nmag-
- net' 350 and the Interrupter relay 851, where-

45

50

- normigal position. Of course 1t the I'El&y 319
I will then im-
second revolution and

b6

- tact 372 of the ring back switch,
- upper winding of the ringing relay 804 and

_the tnitial

by the ringing’ switch I will be caused to

Rd, rance its ‘Wlpm‘s 'Successively in:te engage- -

ment. with all of the contact sets in its bank
finally réturning to their first or normal
position. In other words, upon. receiving
1 starting impulse the gwitéh T
makes a complete revolation and returns to

is still energized the switch
mediately startion a
will thus rotate continuously as long as the
conductor 352 is grounded, I

_ When the wipers 854, 355 and 356 of the

- ringing switch arrive at the contact set coni-

prising bank contacts 360, 361 and 862 u cir-

~.ocuit 1s completed for the ringing relay 304
T 60

of the ring back switeh ag follows.:ground
at (3%, bank contact 801, wipers

354,

. ers 353,
bank .contact 860, conductor 309, bank con-

wipoer 331,

Since this operation opens the -

relay 58, wiper 82,

~advance to

305 of the ringing

- at substation A®
The,

-bank contact 367, wipers 355

368 the 16 cycle ring
AC? is included in the cirenit instend of the

the called

1,318,004

the side switch, wiper 810 to battery. - Upon

energizing, the ringing relay 304 completes -

4 signaling circuit for operating the ringer

at substation A* over the following path:

ground at’ G*, ringing current generator
AL the resistance Iamp, bank contact, 362,
wiper 356, conductor 353, working contact of
armature 322 and the said armature, work-

ing contact of armature 818 and the said

armature, conductor 98, bank contact 89,
wiper 80, contacts controlled by the switeh-
ing relay 58 of selector K. bank contuct
+4, spring 40, line conductor 30, through the
ringers at all the party line substations in
parallel, conductor” 31, spring 43, bank con-
tact 47, contacts controlled by the switching

bank contact” 91. con-

70
7B

80

ductor 100, armature 314 and jts working

contact, winding of ring cut off relay 303 and

through the exchange battery to ground (;*°,
As soon as the wipers of the ringing-switceh
the next set of contacts the ringe-

. ' -].;E‘ J . ) ‘s ’ )
Ing relay”304 is of course deénergized and
the above

broken, but is immediately completed again

- when the wipers arrive at the contact set com-

prising bank contacts 363, 364 and 363, these
latter contacts being connected in multiple

‘with the contacts 360, 361 and 362. respee-

tively. It will be seen then that the ringer
will be operated twice for

the ringer at this substation is tuned to po.

~spond to the 33 cycle ¥inging. current deliy-
ered by the rnging current generator AQCe,

Station A*being a two-bell station the two
rings received serve to notify the subseriber
that he ig being called.  When the
the ringing swit¢h arvive at the ‘contact set
comprising banlk contacts .
a circuit 15 completed for the '
304 over the. following path : groumnd at (328,
J and 354, bank
contact 366, conductor 370, bank ¢ontact-37 1,
wiper 330, lower winding of the
relay 304 and the side switch wiper 3810,
The ringing relay 301 is accordingly again
energized and the signaling circuit iy again
completed. This time, however, the wiper
356 being in engagemeént with bank contact
ringing current generator
33 cycle generator AC2 Tt follows accord-
mgly that the ringer |
statlon A’ will be actuated: to notify tiw
calling ‘subscriber that the signaling opeva-
tion 1s proceeding satisfactorily.: In case
subscriber at substation A
not answer immediately the above described

the second revolution

ringing:

does .

deseribed . signaling cirvenit is

90

05

100.

wipers of -

366, 367 and ‘368
1-in'gi.ng;rel-uy. .
105

110 -

115 -

at the one bell 16 cycle

120

. e . . ¢ - : _
signaling operations will be repeated during- - -
of the ringing switch

1 and will continue to be repeated at inter- 125

vals 'until'a'-res_ponse'is made or until the call-

Ing subsecriber again removes his receiver, at

which time a release will occur as presentiy
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sot forth. It is to be noted that in the silent
periods between rings
connected to ground G in order
ring cut off relay 8U3 may be operated 1m-
mediately upon the removal of the receiver

-

at the called substation whether the recelver

is removed during a ringing period or a

silent period. The .ring cut off relay of
course is so adjusted that it will not ener-

gize until the receiver s . removed from the

But as soon as the subscriber at sub-
answers the sald relay 303 oper-
ates, either by current from the exchange
battery alone or by current from the ex-
change battery and the generator in use 1n
series, and closes a
as follows: ground at G*', off normal con-
tact 311, armature 315 and its right hand
working contact, armature 321 and 1ts work-

hook.

ing contact, and the winding of the said

relay 303 to battery. In addition by at-
tracting its armature 320 relay 303 discon-
nects ground G?° from the holding conductor
99, thereby breaking the holding circutt by
which the selector B’ and the line switch
(% are being maintained in operated position.
The line switch C* and the selector E 1m-
and restore to normal in
the usual manner. But since the receiver at
substation A*is off the hook the line switch

Ot will at once operate again to extend the

line conditctors 30 and 31 agaln into connec-
tion with the line relay of the seletor 1.
303 also opens the circuit of the slow acting
release velay 301 and this relay upon deén-
ergizing completes a circuit 1 the usual
ninnner for the release magnet 305. ‘Lhe
operation of the release magnet restores the
ring back switch to normal position and the

- [

locking civénit of the cut off relay 303 and

2lso ithe cirenit of the release magnet are
broken when the shaft reaches its normal po-
sition. The ringing switeh I will complete
‘he revolution upon which it is engaged and
will then stop unless some other ring bacek
switch similar to the switch H’ 1s 1n - use.
When the calling subseriber at substation A’
notices the fact that his bell ' has stopped
ringing he
s answered and he will therefore remove
Lis own receiver also and converse as de-
sired. Talking:current Ic ransn
ot the calling and called substations 1s sup-
plied from the relay 50 and the nnpedance
coil 51 in the. first selector E’. 3

switeh O is restored in the usual manner.
~ What T elaim as my mnvention st

1. Tn a telephone system, - an automatic

switch, a closed control circuit for said

switeh including a source of current, means

for producing a series of interruptions 1
sat(l eireuit to control the operation of sald

the conductor 98 15
that the
tions thereof. —
| system, an automatic

locking circuit for itselt.

At

the ring back switch I’ the ring cut off relay

will know that.the called party
for the transnutters

, | 1ien the
eceivers are replaced on the lihe the line

switch, and automatic means {or increasing
the current fow in said circult to a point
above normal between successive Interrup-

9. In a telephone
switch, a closed cireuit including a source of
enrrent and a control relay for said switch,
means for producing a series of 1nterrup-

tions in said cirenit to cause deénergizations

of said relay for operating said switch, and

automatic means for increasing the current.
Aow in said cireuit after each interruption to.

a point above normal in order to facilitate
the energization of sald relay after each de-
energization. ] |

3. In a telephone system, an automatic
switch and a closed control circuit therefor
including a battery, means for producing a
series of interruptions in said circuit to op-
erate said switch, and means in said switch
for automatically decreasing the resistance
of said circuit while the switch is operating.

4 In a telephone system, an automatic

iK'y

86

70

80

89

switch and a closed control cireyit therefor '

including a battery, means for producing
variable series of interruptions in said cir-
cuit, to directively control

automatically decreasing the resistance of
said eircuit while the switch is operating.
5. In a telephone system, an automatic
switch and a closed control circuit therefor
including & battery, means for producing 2
series of interruptions in said circuit to op-
crate said switch, and means in said switch
tor automatically lowering the impedance of

*gaid cireuit while the switch is operating.

1t to ¢ the operation of
said switch, and means in said switch for

90

100

6. In a telephone system, an automatic
wwiteh and a closed control circuit therefor

including a battery, means for producing
variable series of interruptions in said ecir-
cuit to directively control the operation of
said switch, and meanssin said switch for
automatically lowering ' the = impedance of
suid cirenit while the switch is operating.
7. In a telephone system, an automatic

switch and a control ¢ircuit therefor, means
for transmitting directive current impulses
over said circuit to variably operate said
switch, and means in said switch for auto-

matically lowering the resistance of said cir-

. cuit during the transmission of impulises.
- 8 In a telephone system, an automatic -
switch and a control circuit therefor, means

for transmitting directive current impulses
over said circult to variably operate sald
switch, and means in said-switch forauto-
matically- lowering the impedance of said
circuit during the transmission of impulses.

9. In a telephone system, an automatic
switch and a control circuit therefor, means
for transmitting directive current impulses
over said circuit to variably operate, said
switch, and means in said switch for auto-

105

i16

1318

120

125
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 matically lowering the resistance and imped-

10

- of impulses.

ance ot said circuit during the transmission

10 In a telephone system, g, trunk line, a
main progressively movable switch ndi-
vidual to said trunk line and an auxiliary
progressively movable switch individual to
sald trunk line, means for operating said
switches in- succession, operating circuits
for said switches having a common con-

ductor, means in the auxiliary switch for

opening sald conductor at the ginning of

“1ts operation, and means in the main switch,

18

‘effective until after the auxiliary switch has

completed its operation: for bridging the

- open connection in said conductor,

20

25

3¢

35

- conductive connections between the _
test contacts associated with the last trunk

15 being selected.

- 11, In a telephone system, a plurality of
~subseribers’ lines, a.group of trunk lines,

means for operating said connector to estab-
lish connection with adesired subscriber’s
Tine, or.to select and establish connection
with an idle trunk line, an opetating mag-
net included in said means, and a relay oper-
ating as a busy test relay when a subscriber’s
line 1s selected, and operating as a stepping
relay for said magnet when an idle trunk
12. In a telephone system, an automatic

-connecior switch, a plurality of trunk lines
accessible to said switch and divided into

groups, a pair of test contacts for each trunk

Aine, the two contacts of certain pairs being
“iconductively connected, a pair of test wipers

for sald donnector, and associated testing
mechanismy and circuits in said connector
such that the division of said trunk- lines
nto groups is determined by the absence.of
pair of

L -

line of each group.

13. In a telephone system, an automatic-
connector switch, a plurality of trunk lines -
accessible to said switch and divided into-

groups, a pair of test contacts for each trunk
line conductively connected, a resistance in-

cluded in certain of said connections, a pair
of test wipers codperating with said pairs of

~contacts, and testing mechanism and- eir-

50

55

... cessible to said switch, two series of test con- -

5

last, means for operating sald connector to -
eonncet with the first of said trunk lines if

L

..rﬁfi

cuits associated with said wipers such that
the division of said trunk lines into oTOUPS

1s determined by the presence of a resistance

i the ‘connection between the test contacts

associated with the last trink lne of each

‘14, In a telephone system, an automatic
connector switch,’ a group of trunk lines ac-

tactsin said connector, there being a, test con-

‘tact in each series for eachtrunk line, condie-

tive connections between the test contacts
associgted with each trunk line except the

the same is idle, & test wiper for each seriés
of test contacts, and means controlled by the

matically select

1,318,004

cooperation of said wipers with said test
.contacts for causing said connector to auto-

ically an idle trunk line if the
first is busy. -, . o
15, In a telephone system, an automatic
connector switch, a.group of trunk lines ac-
cesSible:to said switch, two series of test con-
tacts in said connector, there being. a, test

contact in each series for each trunk line,-

conductive connections between the test con-

70

75

tacts associated' with each trunk line except

the last, means
to connect with
1f “the same is idle, a test wiper for each

for qperating said conitector

series of test contacts, and means controlled

by the cobperation of said wipers with said

test contacts for causing said connector to

automatically select an idle trunk line if the

first is busy and effective-to stop said con-:
nector on the last trunk line whether. the

same 1s busy or idle.

16. In a telephone Syétém, '.a,n"'a;ﬁti;m&tic-
connector switch, a plurality of groups of

trunk lines accessible to said switch, two

series of test contacts in said connector COr-

responding to the several trunk lines, con-
ductivé connections between the two test

the first of said trunk lines .

80

85

90

contacts which are associated with each .

trunk line, except that between the test con-.
-tacts associated with the last trunk line of

05

each group the connections are omitted,

means for operating said. connector to con- |
‘ trunk: line of any group .
1t the same is idle, a test

nect with the first |
th __ wiper for each
sertes of test contacts, and means in said eon-

‘nector cofperating with said wipers to cause
an idle

sald connector to automatically select
trunk line if the first is busy.

17. In a telephone system, an automiatic
Pplurality of groups of
lines accessible to said switch, ‘two’
of test contacts in said connector. cor- -
responding to the several trunk lines, con- .

connector switch, a
trunl
series

ductive connections between the two. test
contacts which are associated with each trunk

line, ‘except that between the test contacts

100

105

110

assoclated with the last trunk line of each

group- the connections are omitted, means
for operating said connector to connect with
the first trunk line of any group if the same

contacts, and means in said connector co-
operating with said wipers to cause said con-
nector to automatically select an idle trunk
line if the first is busy and effective to stop
said connector on the last trunk line of the
group whether the same is busy or idle.

18. In a telephone system, an automatic

connector switch, a group of trunk lines ac- .

cessible to said switch, two series of test con-

115

18 1dle, a test .wiper for each series of test |

120

125

takts in said connector corresponding to the

several trunk lines, conductive connections

between the two test contacts associated with
each trunk line, a resistance included in the
connection between the test contacts asso-

130
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ciated with the last trunk line of the group,
means for operating sald connector to con-

nect with the first trunk line of the group it

the same is idle, a test wiper for each series
of test contacts, arid means controlled by the
cobperation of said wipers with said vest

contacts for causing said conmector to auto-

matically select an idle trunk line if the first

is busy.

9. In a telephone _syé‘i&ﬁi; an automatic

connector switch, a group of trunk lines ac-
cessible to said switch, two serles of test con-

tacts in said connector corresponding to the.
several trunk lines, conductive connections

hetween the two test contacts associated with

“each trunk line, a resistance inciuded 1n the

connection between the test contacts asso-

- ciated with the last trunk line of the group,

20

20

b1l

36

- 40

means for operating sald connector to COn-
nect with the first trunk line of the group if
the same is idle, a test wiper for each series
of tests contacts, and means controlled by
the coéperation of said wipers with said test
contacts for causing said’connector to anto-

matically select an idle trunk line 1f the first

is busy, and effective to stop said connector

on the last trunk line of the group whether

the same is busy or idle. - '
90. In_a telephen

and some automatic, a group of trunk lines
extending to each exchahge, an automatic
connector switch having a
seribers” lines-and to said trunk lines, means
for operating said counector to establish

connection with a desired sithscriber’s line or
to automatically select zng-establish connec-

~tion with an idle trunk Hne in any desirved

group, and means for ¢al i said connector

{0 function in three different ways charac-

4B

teristic of the three kinds of lines to which

it has access. .- - L
91. In a telephone system, a plurality of

subseribers’ lines and a

 ~Yines divided into two classes, the trunk hines

Cin-‘each class, being dividedi into groups, 2

- connector switch having- adeess to all suid

50

: 5

- talking- conductors

.-‘I .

‘lines, means for operating said connector to.

establish connection with a “desired Ssub-

scriber’s line, or to automatically select and

connect with an idle trunk line in any de-
sired group, Inductive connections in the

connector, and means for automatically

. closing direct metallic talking conductors
through said connector only when a trunk

ine in a particular class is selacted.

B

4799, Tn a telephdlie system, a”plurality. of
anbscribers’ lines and a plurality of trunk

lines divided into two classes, the trunk lines:
in each class being divided mto groups, &
said

conneetor switeh having access to all
lines, means for operating said connector 1o

8% astablish ' comrnection with a desired . sub-

signaling operation.

class.

‘ e system, subscribers’
lines terminating in a central exchauge, a
plurality of other excfianges, some manual

access to said stub-

plurality of truuk

extending through said - :
stations on sald iine divided nto groups, as

seriber’s line, or to automaticaily select and
connect with an idie trunk line in apy de-

sired group, means associated with saic

connector for antomatically projecting sig-
-'i = -

naling eurrent over any connected line, and

means operated automatically it the con-

nected line is a trunk line in & parheualar
class for preventing the initiation of the

93, In 2 telophone system, a plurailby of
subscribers’ lines and a plurality of trunk
linee divided into two classes, the trunk lines
in each class being divided nio groups, a
connector awitch having access to ail said
jines, means for operating said connector Lo
establish connectlon with a desired sub-
seriber’s line, or to automatieally select pnd
connect with an idle trunk line iv any de-
sired group, a bridged battery supply relay

- %

in said connector for feeding taliing current

to a connected line, and means for atitomati-

cally disconnecting said relay 1f tne con-

nected line is a trunk line in a particular

24. In a telephone system, felephons lnes,

rality of groups of different chiaracteristic
signaling cirenits, the total number of cir-

T - *y 'y =y
cuits being equal to the total number of

‘stations on a line, and means for connecting

» calling line with a catled Iine and for
selectively signaling the desired station,

-comprising selecting riechanism. respons1ve
4o a digit 1n the called number ot seiecting
q group of said circuits, and TeSpORsIVe 50

another digit for selecting the reguired e
cunit in the selected group. - -
95, In a telephone system, a purty line,
vinging current generators of different fre-

quency, & plurality of one bhell stations on

gnid line having ringers adjusted, respec-
tively, to the frequency of said. generators, .
2 plurality of two beli stations on said hne

having ringers similarly. adjnsted, twe
oroups of connectors having access to said
and two bell ringing equipient, frequency
selecting means associated with gach "Con-
nector, and means for connecting with said
line via-a connicctor of either group, together
with means for operating the frequency se-

lector -of the connector in use, whereby the

snid stations may be selectively signaled.
"96. In a tetephone system, a party line,

many groups of connectors having access 10

said line as there are groups of stations on

said line, as many ringing current generators

of different frequency associated with each

group of econnectors as there are stations

in a group, a (different characteristic signal

o

controlling mechanism associuted with each

oroup of connecters, means for selecting
the proper gronp of connectors o determine

: i . ‘11 _"'”"." . T i Il +
the character of the slgnaiing Ooperaiion o &

6%
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s plurality of stations on each line, 2 plua-
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~ be performed, means for selecting an idle.
~ connector in. the selected group and for.

operating. the same to connect with said

line, and a frequency selector in each con-

nector, together with means for operating

the frequency selector of the operated con-
nector to select the proper ringing generator

to signal the desired station on the line..

- 10

27. T 'a telephone system, party lines,

means for performing as many different

 characteristic signaling operations as there

15
- 20

25

‘are stations on a line, the said signaling op-
erations being divisible into ‘classes, a plu-
rality of groups of connectors, the connec--

tors of each group being adapted to per-

form signaling operations of a different’ natety. =~ . - - .
_ 33, In a telephone system, an automatic
~ to the connectors of all of said groups, .
means operated when a connection 1s to be

class, and said party lines being accessible

established for selecting the group of cons
nectors which is adapted to perform the
required class of signaling operations, means
for selecting an idle connector in' the se-

lected group and for operating the same to .

connect with the desired line, and means
for then determining the precise kind of

- signaling operation which 1s to be per-

30

formed In order to signal a wanted substa-

tion on the connected line.

28. In a telephone system, a party line, a

plurality of one bell substations and a plu-

rality of two bell substations on said line,

_ an automatic ring back apparatus at the ex-

35 -

cha'n%e, for enabling one party to selectively
signal the other parties on the same line.
29. In a telephone system, a party line, a

- plurality of one bell stations on: said line,

~ to different frequencies of ringing current,
40

45

50

~ at the exchange for enabling any one party
on the Iine to call any of the other parties,

39

€0

the ringers at said stations being responsive

a similar plurality of two bell stations on
the line, and automatic ring back apparatus

the liné to selectively signal the other parties
on the same line..

30. In a telephone system, a party- line, 2

plurality of one bell stations on said line,

the ringers at said stations' being responsive

to different frequencies of ringing current,

a similar plurality of two bell stations on
the line, and automatic ring back apparatus

sald apparatus comprising means for suit:

~ably projecting the proper frequencies of

ringing current over sald line to signal the
calling and called stations alternately.
31, In a telephone system, party lines, a

plurality of substations on each line, tind

apparatus at the exchange for enabling any
subscriber to signal the other subscribers on

“transmission of impulses.. o
34. In a telephone system, an automatic
switch and a control circuit therefor, means

the same line, said apparatus comprising a -

plurality of ring back switches aceessible to

said lines in common and -a ringing switch

common to said ring back switches and hav-
ing a plurality of ringing positions.
32." In a telephone system, a party line, a

65

trunk line terminating in an automatic -

switch, means for connecting said line with -

said trunk line, and automatic ring back

apparatus including an automatically op-

70.

erated step by step mechanism accessible to -

said.switch and adapted to project while in

back over the said trunk line and party line
to signal a calling and called station alter-

na_t,ely. -

~motlon ringing currents of proper frequency

75

switch and a control circuit therefor, means .

for transmitting directive current impulses -

over said circuit to variably operate said

ing the resistance of said circuit during the

for transmitting directive current impulses
-over said circult to variably operate said

switch, and means for automatically lower-
ing the impedance of said ¢ircuit during the

- .

transmission of impulses. - |
35. In a telephone system, a party line, a .

80

switch, and means for automatically lower- ~

"35 o

90

plurality of one bell stations on said line.’ -

the ringers at said stations being responsive

to different frequencies of ringing current,

~a similar plurality of two bell stations on

95 ..'

sald line, and automatic ring back apparatus
at the exchange comprising means for select-

ing ringing currents of proper frequencies,

and for projecting the selected currents back
over sald line at the proper intervals to sig-
nal a calling and 4 called station alternately.
at the exchange for enabling any party on -

86, In a télephone system, a party line; a

100

plurality -of one bell stations on said line,

- the ringers of said stations being responsive
“to different frequencies of ringing current,
a- similar, plurality of two bell stations on ~
sald line,a trunk line at the exchange termi-
nating ih an automatic ring back equip-
‘ment, means controlled from any calling

station “for extending connection to' said
trunk line, and means for then operating

105

110

sald equipment to select .the ringing cur-"

rents of proper frequency and to project the
selected currents back: over said trunk line
at proper intervals to signal the calling-and

~ called stations alternately. @ =~ =
Signed by me at Chicago, Cook ._count'¥, |

-

Illinois, this 18th day of September, 191
' BERNARD D. WILLIS.
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