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1o all whom it may congern.

Be it known that I, Axpers M. Marassreg,
a citizen of the United States, and a yesi-
dent of Chicago, county of Cook, and State
of Illinois, have invented certain new and
useful hnpwvunen in An tomatic rle}
phone Trunking Systems, of which the fol-
Jowing s a spu-lﬁc ation.

’iy inventlon relates to automabic tele-
phone trunking systems and more particu-
Inaly to those tr unhing gystems in whieh
the talking cireuit is compluiad over & dif-
ferent pn.th from that used in the selection
of the called line. In these systems nomn-
numerical and numerical switches may be
used to extend a connection to a called line;
whereupon certain non-mwmerical switéhes
accessible to the called line ave operated to
connect with the calling line at some inter-
mediate point in the connection, thereby
completing a new connection between the
two fines by a more direct route, and mak-
ing 1t possible, accordingly, to release cer-

to make them aceessible to OLh(‘l ealls.

The ob »ct of my invention is to pmvxf‘te,
in a system of the above character, an im-
prov ed tr unking arrangement whereby such
a systemr may be iddpﬁ&d to gerve a large
nunmber of  subseribers comprising o plu-
rality of exchanges.

A farther ob;e('t of my ]IE\’LHtl()Il 15 the
provision of improved cireuits and trunk-
ing devices whereby the (\ﬁiciency of such,a
system s inereased and the amount of ap-
Jmmtns required Is considerably reduced.

To accomplish these and other useful ob-
jects my invention comprises the means
hm'eim\fter set “forth and claimed.

In the drawings Figures 1, 2 and 3
resent diagr aanmatic 1Hv the 1
phone svstem embodying
my invention.

Figs. 4, 5 and 6 taken together show a
<<>mplote civenit connection between a sub-
station A and a substation A’ in the above
system. .

Referring to Figs. 1,2, and 3, these draw-
ings being are m;zel in order with thevlines
at the sides thereof in alinement; T will de

& rep-
ayout of a tele-
the principles of

S seribe In a general way. the moihod of cauy—

ing out my. invention. The systemn as out-
Iined has a total eapacity of 100,000 Tines
terninating in- fen oflices or exchanges of

A0
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10,000 lines each. In ¥ig. 1 I have shown
one of these 10,000 line exchanges; in Fig
21 have shm\n & ,ecoud lO,bOO line. ex-
change; and in Fig. 3 I have shown a third
10,000 line exchal nge. While these ex-
changes are ‘:\lbnldll“i‘l“j alike, I prefer to
show several of them in order that the
uunkmsz between exchanges may be more
clearly ﬂustmted I 0H<mm<f this phn
furthér T have shown in each 10,000 line
exchung\e thyee- ditferent thousand line
groups. Kach thousand line group is made
up of five two hundred line groups as
hown, one such group Leing vepresented at
A and another at A7, This is as far as the
subdivision goes, the mumber of lines in tho
smallest group being determined by the ea-
pamty of a connector group -which in my
system is two hundred lines.

T will first describe the method of trunk-
ing between a calling substation A and a
called substation A’ the two being in the
shme exchange buﬁ in different thousand
line groups.

Kach substation is connected at the ex-
change to an individual rotary line switch
C wmch upon the initiation of a call, op-
erates to select an idle secondary line switch
D. The secondary line switch D has a
double bank, one leve 1 containing contacts
which are tevminals of trunk lmeg extend-
ing to third selectors M-and the other level

\,

tontammo contacts which are terminals of .

trunk  lines  extending to tertiary line
switches B, these t‘runk lineg being also mul-
tipled in the banks of finder switches O
and F.

When cpm':ated by a calling line, the sec-

switeh D aeleatfs an idle ter-
switch T which in turn operates

ondary line
imry e

to select an idle first selector H. The sub-l

seriber at subui@imng A may now manipu-
Iate his
the desired num‘uor which, since substation
A7 is located in the - first 16,000 line ex-

-chdnge will he 1, thereby raising the wip-

ers of the first selector until they v stand op-
po%lie the first level, whereupon they ave
avtomatically: rofated to select an 1dle sec-
ond selector K.& A’ being located in the
ﬂnM thousand line group the next dmlt
atled will be three, which raises the wip-
ers of the second selector until they stand

opposite the third level, whercupon they are
gt & 3

alling devide for the first digit of
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. selector M. “The normal wires from ‘the .

. group serving the first and second hnn--
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@ .
automatically rotated to select an idle third

two hundred -line group of which substa-
tion A’ is one, are shown multipled in the
banks of the first connector group, -this

dreds. The third digit of the desired - nuni-
ber may therefore, be either one or-two, and
upon operating’ the calling device for this
digit, the wipers of the third selector will
be raised opposite the first or second level
as the case may be, whereupon they are ro-

“tated automatically to select an idle con-

nector N. The connector N, it should be
explained, is provided with a separate hank

for each hundred which it serves and a

double set of wipers, the set rendered active
depending on the level upon which the third

selector wipers are resting.

At this stage of the operation the finder ;

switch T is set in motion and it rotates un-

~til it finds the trunk extending from the
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- to Figs. 2
call, the line switch C'individual to the call-.

88

'secondary “line switch

secondary line switch D to the tertiary line
switch E, which trunk, as has already been
explained, is multipled in the banks of the
finder switches F-and O’ connection
may now be traced directly from the sec-
ondary line switch D, through the finder
switch F to the third selector M, and the
first and second selectors H and K may be
dispensed with, these switches, being, in
fact, disconnected at this time and made ac:
cesstble to other calls.

The subscriber at substation A may now
operate his calling device to select the last
two digits of the desired line, whereupon
the wipers of the connector N arc raised
and rotated until they rest upon the normal

contacts of the line extending to the desired.

substation A’. The line switch C’, individ-
ual to the line of substation A’, is now oper-
ated and selects an idle secondary line switeh
D’. The secondary line switch I)’ then oper-
ates to connect with the third selector M.
The called line being now directly connected
to the third selector M, the connector N is
no longer necessary and may be released
together with the Wipers of the third se.
lector. A complete talking connection has
now been established between substation A
and substation A’ which may be traced as
follows: substation A, line switch C, sec-
ondary lihe switch D, finder switch It , Te-
lays of third selector M, secondary line
switch D’, and line switch ¢’ to substa-
tion A’ -

‘T will now desecribe briefly the trunking
between a calling substation A2 and a called
substation A2, the two being located in
separate 10,000 line exchanges, Referring
and 3, upon the initiation of g,
ing substation A? operates to select an idle
D; which in turn
operates to select an idle tertiary line switch.

“switceh

1,326,680

E; which operates in its turn to select an
idle first selector T, all in a manner which
has heen described.

The called substation A3 is located in the
third 10,000 line exchange and therefore the
first digit of the number to Le called js
3. By manipulating the dial at the calling
substation in accordance with this digit the
wipers of the first selector H will be raised
until they stand opposite the third level,
whereupon  they will " be rotated auto-
matically to select an idle trunk extending
to the distant exchange shown in Iig. 3
and terminating therein in a2 tertiary line
P, which operates to select an idle
second selector K,
(Fig. 2) is now set il motion and rotates
until its wipers rveach the terminal of the
trunk line extending’ ohr the secondary
line switch D to the to ary line switch L,

‘wherenpon the first selector 1T is released
and-a connection is established from the call-
ing substation A2, through line switel C,
secondary line switech D, finder switch 0,
and over the ontgoing trunk to the tertiary

line switch P in the distant exchange, which,
as before mentioned, has already operated
to select an idle second selector K. The

called substation A® being located in the see.

ond thousand line group, the second digit
of the number will he 2; and, by operating
the dial at substation A* in accordance with
this digit, the wipers of the second selector
are raised until they stand opposite the sec-
ond level, whereupon they are automatically
rotated to select a trunk line leading to an
idle third selector M. In the drawing, I
have shown the normal wires of substation
A® as extending to the third connector
group, wherefore the third digit of the num-
ber may be either 5 or 6. Manipulating the
dial at substation A? in accordance with one
of these digits, the wipers of the first sc-
lector M are raised uriti] they stand opposite
the corresponding level, whereupon they
are rotated antomatically to select an idie
connector N, The finder switch IF with
which the thivd selector M is connected, is
now set in motion and rotates until its wipers
reach the terminal of the trunk line termi-
nating in the tertiary linc switch P, this and
other trunk lines heing multipled in the
banks of the finder switch F and other
finders. A direct connection has now been
established from the incoming trunk line,
through the finder switch ¥, to the third
selector M, and the second selector K may
accordingly be released
to other calls. ) .

The subscriber at .substation A2
operate his calling’ device in
with the last. two digits of the desired num-
ber, whereupon the wipers of the connector
N'are raised and rotated until they. rest
upon the normal contacts of the line extend-

may now

Hie finder switch O-
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cand 7 ¢
beug controlled by a finger hole dial in -
sueh a way that by propevly manipulating.

1,328,880

ing to the substation A% The line switeh O/
individual (o the line of the called sub-
station A% is now operated to select an idle
secondary !mc switech D7 which in torn is
operdted to locate and connect with the
third selector M whereupon a direct path is
established from the incoming trunk line
to the called substation A® to the exclusion
of the connector N which may be released
and made accessible to other call% The sub-
station A? and the substation A% are now
connected over a direct path which may be
readily traced without further explanation.

I have not specified the exact number of
trunl lines between the various groups as
the number will vary consukrfxbh in prac-

“tice, but it is to be understood that a suf-
“ficient number of such trunk lines will be
_provided to handle the traffic,

Referring now to Fig. 4, the automatic
substation A comprises the usual receiver 2,
transmitter 3, ringer 4 and condenser 5.
Being an automatic substition it is also pro-
vided with a suitable impulse sending mech-
anism for controlling the automatic swmdm,

“which mechanism 1s represented diagram-

matlcﬂlv by a pair of impulse springs 6
and an impulse wheel 8, the latter

the dial the inpulse wheel will separate the
fmpulse springs a number of fimes cor-

responding to the various digits in the numn-

ber of the called Lines:
Eael substation such as A 1s connected at
the exchiange to- an individual rotary line

switch . C ¢f well known type and constric-

tion. Mechanically these switches may be
simifar to the ones shown in the patent to
Deitl No. 1,126,727, The wipers 33, 84, and

35 ave interided to be rotated by the motor

magnet 15 whose circuit is controlled by the
line relay 13. A line switching relay 14 is
pn'owded whose function it is to connect the
lines 11, 12 to the wipers at the proper time
and also to open the energizing eircult of
the line relay and motor magnet. The

wipeérs 33, 84, 35 nmmdlly rest upon a set of
contacts similay to 36, 37, and 88 and it is
understood that each hne S\Vit@h C contains
sets
in’a number of line switches being -in multi-
ple and connected. to trunk lines (,‘(ten(lnm
to secondary line switches such as D.

- The becondar\ line switch D is similar to
the primary line switch (¢ except that it has
a double bank of contacts and two sets of
wipers; both sets being adapted, under the

1nﬂue‘me of the motor magnet, to trav erse
respective banks of u)mayts at the

their

SAHIL tl]lle But’ one st (}f Wlp"] S })()\\'G\ er,

is rendered active at: 4 given tlme- the set‘

chosen depending upon the oper ation or
non-eperation of the relay 48 which in turm
depends upon whether the switch is being

‘Mu'(h 21, 1906, to Keith, Er 1cl\son and

able. impulses so. delivered to De wpmtod '

B

used by a calling or by a called line. . Sec-
ondary line switches D (Fiw 4} and D
(Fig. 6) ave substantiaily alike. Line switeh |
D s shown, is in use from the calling sub-;
station A and has its wipers 79, 50 and 81 in 4
service, the other set 76, T7 and 78 being
dead. The active set of wiperg is shown, .
resting upon a set of contacts 85, 86.and 87, .
to whicl is conneeted a trunk line extend-
ing, through contacts of the relay 92, to a
tertiary Jine switch 18 and also extending to
multiple contacts in the bank of rotary.
finder switch I, Line switch DY, as shown,
15in use from tho ealled substation A7 and
its wipers 767, 7 : 7 and 78 are in service, the
other set 79, 80" and 81" being dead. The
active set of wqms is slrown resting upon a
set of contacts 827, 83" and 847, to which 1s
comnected a trank hm e.\_tendmg to a third .
selector M. Tt is understood that each sec-
ondary line switch D or D’ hus a p]umht)
of contact sets such as 82, 83 and 84, each seb
being multipled to LOIi(‘b_p()lldl]lO‘ sets in
the banks of a number of other switches D
or D’ and each secondary line switeh D oz
1)’ also has a plurality of contact sets such as
85, 86 and 87, each of these sets being' multi-.
pled in similar manner.

At O (Fig. 6) is shown a rotar v hne
switeh individual to the substation A”. Line
switeh O is similar in all respects to line
switeh C.

At B (Fig. 4) is shown a tuthu\ Ime‘
switch having wipers 118, 119 and 120
adapted to bo rotated by moL()]' mmmct 93. 100
under the control of line relay 90. A line. -
switching relay 91 and a cut off relay 92
are pm\lded and will be described. “The

5

80

80

_wipers 118, 119 and 120 rest normally upon

a.set of bank contacts smnhu' to contacts;
121, 122 and 123 and 16 is understood that )
each tertiary hine switch E contains a plu-,
rality of such sets, eacl set being multipled.
to corresponding sets in other tortiar v line
switches and connected to a trunk line ex-
tending to a first sductm H. ‘

The fu st selector 1 is of the same- general
type of selector switeh disclosed in [rnlted
Stites Letters Patent No. 815,321, granted,

105

110

Erickson,’ e.\cept that the cireuits are modi-
fied to enable the switeh to be opeiated by
impulses delivered over.one wire and to en-
ahead after the selector H has performed its 120
function. o

The selector H comprises the usunl verti-
¢al and rotar v magnets 130 and 131, for

raising and 10tdtmo the wipers 156, 157 and.

158 thmmrh the’ me(hum of u shaft. (not 126

“shown)’ and a release magnet 128 for restor-
;ing the wipers to their nm‘nm] position.
. nor winal gont‘w

Of
145 and 146 and off nmuml'
contact 165 are closed dat the first upwaid
movement of the selector shaft and off nor- 13¢
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mal contacts 144 and 146 ave opened at the
first upward movement of the shaft.

The switch is controled by means of the
Tine relay 135 which serves also to repeat im-
Pilses ahead to operate the second and third
selectors. ,

Associated with each selector H is a bat-
tery B, whose negative pole is connected to
one wire of the incoming trunk and whose
positive pole is connected to the wiper 157.

The bank contacts, as is well known, are

~arranged in horizontal rows or levels and,

since the system in question is a multi-office
systeny, it 1s to be understood that a certain
level or Jevels will he used for trunking ealls
i the same oftice while the other levels will
be used for.trunking calls to other offices.

»The drawing shows two sets of contacts

each set being in a different level. Con-
tacts 162, 163 and 164 ave multipled to cor-
responding contacts in other selectors and
are connected to a trunk line extending to
the second selector K. Contacts 159, 160 and

161 are also multipled to corresponding

contacts in other selectors and are connected
to a trunk line extending to a rotary finder
switch O. There is of conrse, a plurality
of sets of contacts in each level cach set hay-

ing multiples in other selector banks and a -

trunk line connected as described.
Referring to Fig. 5, the second selector K
15 similar to the first selector H. Tt has,

however, four wipers instead of three and

a correspondingly increased number of bank
contacts in u sct. There are also circuit
modifications which will be mentioned Iater.
Gich Jevel in the second selector bank has a
plurality of sets of contacts, each set being
multipled in the banks of other selectors
and connected to a trunk line extending to
a third selector M. Individual to each sec-
ond selector X is a battery B* whose positive
pole is connected to the multiple bank con-
tacts associated with second selector X and
located in the banks of finder switches such
as I, and whose negative pole is connected
to the wiper 256 of the second selector K.
The finder switech It has three sets of
wipers (274—282) adapted to be rotated in
unison by the motor magnet 291 which is in
series with the grouping relay 290, and is
controlled by the test relay 295. 1 might
employ but one set of wipers on the finder
switch I' and arrange the various sets of
bank contacts all in one level, but in view of
the large number of such contact sets, 1
prefer to arrange them in several horizontal
levels, each level having its own set of
wipers. In-finding a certain set of contacts
all the sets of wipers rotate until they rest
upon the vertical row in which is located
the required set of contacts, one set of wipers
of cougse, being actiially on the requived set
of contacts. T then select this set of wipers
by means of the side switeh wipers 283, 284

1,826,680

and 285 actuated by the
of the third selector M.
The thivd selector-M is similar in its me-
chanical structure and mode of operation to
the first selector but the cirenits are modi-
fied and additional parts are. provided to
enable it to perform additional funetions.
The wipers 410 and 411 ave carrvied upon
a shaft (not shown) and are controlled in
their vertical and rotary movements by the
magnets 311.and 310 respectively. A re-
lease magnet 308 is provided for restoring
the side switch wipers and the shaft to their

private magnet 320

70

75

normal positions. The private magnet 320 °

in connection with the test relay 292 con-
trols the side switeh wipers 283, 984 and 285
in the well known manner. A calling bridge
velay 302 is arranged to deliver impulses
either to the vertical magnet or to the con-
nector N and also serves to feed talking bat-
tery to the calling line. An answering
bridge relay 299 reverses the calling line for
purposes of supervision and also serves to
feed talking battery to the called line. A
ringing relay 298 is provided for signaling
the called subscriber. The relay 305 has a
pair of springs 364 and 365 controlled by an
escapement in such a manner that when they
are separated by the energization of velay

305 they will not again muke contact until ‘
after two _actuations of the relay 807 which

controls the escapement. A busy relay 319 .
is provided and at the proper time connects

a lead from the induction coil T to one side
of the calling line. There are also provided

a wiper cut-off relay 316 and a test relay

313, whose functions are sufficiently indi-

cated by the names applied. * The off-normal

contacts 377 and 378, 373 and 374, and 370

and 371 are.closed by the first upward move-

ment of the shaft. The off normal contacts

870 and 372 are opened at the first upward

movement of the shaft.

The bank contacts. are arranged in hori-
zontal levels in the well kndwn manner,
each ‘set of contacts being multipled to cor-
responding sets in the same leével in other
third selectors. Although there are ten dif-
ferent levels there are but five groups of
trunks leading to connectors N, the adjacent
odd and even levels being tied together as
shown. The drawing shows the first set of
contacts (412, 413) in the first level and the
first set of contacts (414, 415) in the second
level, contacts 413 and 415 being tied to-
gether while contacts 412 and 414 are not.
All the other sets of contacts in the first and
second levels ave connected in the same man-
ner and form terminals of trunk lines extend-
ing to a group of connectors of whick N
isone. Similarly corresponding sets of con- -
tacts in the third and fourth levels have
their contacts such as 413 and 415 tied to-

gether and form terminals of trunk lines

extending to a second group of connectors.

80
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The connector N is mechanically of the
same general type as disclosed in U. 5. Let-
ters Patent No. 815,176 granted Maych 13,
1906, to Keith, Brickson and Erickson, with
the exception, however, of the ontission of
the line relay, the omission of provision for

feeding talling battery and for ringing, the -

addition of certain parts, and of cortain cir-
enit modifications, which are necessary to

enable the switch to operate in accordunce

with the principles of my invention.

The wipers 451—154 ave curried by
shaft (not shown) which may be raised and
rotated by means of the usual vertical and
rotary magnets 422 and 428. The side
switch wipels 448, 449, 450 are controlled
by the private magnet 427 in the usual man-
ner. A velease magnet 424 is provided for
vestoring the shaft and side switch wipers
to their normal position. A wiper switching
relay 420 is provided whose operation or
non-operation depends on whether the third:
selector wipers are resting upon the even
or odd level of bank contacts. Associated
with each conneckor N is a battery B® whose
negative pole is cunnected, in the third posi-
tion of side switch wiper 448, to one wire of
the trunk-line extending from the third se-
lector banks, and whose positive pole is con-
nected, through contacts of relay 420, to one
of the test wipers 451 or 453.

Kach connector N has 200 sets of bank

e
&

" contacts which are in multiple with corre-
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sponding sets in other connectors of the same
group and which form terminals of normal
Wwires extending to individual line switches
such as C or C’. These bank contacts are
arranged in two banks cach having 100 sets
of contacts. In the drawing contacts 457
and 458 represent the fipst set of contacts

of the first level of the first bank, while

contacts 455 and 456 represent the first set

of contacts of the first level of the second”

pank. The two sops of wipers 453 and 454,
and 451 and 452 are moved simultaneously
to engage corresponding contacts in their
vespective hanks, but only one set of wipers
is rendered effective at a given time as will
be explained more fully in the detailed de-
seription of the operation.

At B (Fig. 5) I have shown a battery
having one terminal grounded, the otlier ter-
minal being extended to Figs. 4 and 6. At
T is sliown an interrapter for intermittently
energizing the ringing relay 298. A busy
machine 8 and a transformer I' are pro-
vided for the purpose of indicating to’a
cajling subscriber when a ~alled line is busy.

The switches O (Fig. 4) and P (Fig. 5)
are. associated respectively with outgoing
and . incoming trunks eéxteriding to- and
from other”10,000 line exchanges. Consid-
ering first the switch P,
like the tertiary line switch E in cireuit ar-

Tangeément.  The ‘wipers

it is most nearly.

212,213 and 214
rest normally upon a set of contacts such as
contacts 215, 216 and 217, these contacts be-

ing terminals of trunk lines extending to"

second sélectors such as K. The test con-
fact of each set, ngshown in the drawing, is
in multiple with corresponding test contacts’
in the first bank level of the fivst selector H,
whereby ‘it is seen that a group of line
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switches such as P owith their banks multi- -

pled- are given access to the same group of
sscond selectors such as K as the first selec-

~tor L has access to through its fivst bank

level. The incoming trunks are multipled in

“the banks of the finder switches T as shown,

The switch O is a votary finder switch
similar in many respects to the finder switch
¥ but having feiver parts. The wipers 181,
182 and 183 rest normally upon a set of
contacts such as contacts 184, 185 and 186,
These contacts are multipled with corre-
sponding sets of contacts in’ the banks of
other switches O which have terminals in
the same group of fivst selectors H; and they

~also form multiple terminals of the trunk

lines extending from the banks of the sec-
ondary line switches D to the banks of the
finder switches F. : _ '

At X T have shown a repeater which may
be of any suitable type and construction:

VWhile a repeater is not absolutely essential
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and has been omitted from the description -

of the general trunking 'scheme, it is very
desirable in practice and I have therefore
included it in the detailed description and -
in the circuit drawings. -

T belive 1t has been made: clear that the
line and finder switches shown herein are of
the single motion, rotary type in which the
wipers have no normal position, although it
is of course perfectly possible to practice my
invention with switches of other types.

Tn order to. avoid any erroneous conclu-
sion-as to the operativeness of the rotary
switches with which T have chosen to illus-
trate my invention it should be explained
that the wiper connections are made by -
means of an approved collector ring . ar-
rangement o as to allow a movement of the
wipers in one direction only. ,

Having given a general description of the
apparatus, I will now proceed to a detailed
deseription of the.operation. ‘

Referring to Figs.-4, 5. and 6, arranged -
in order with the lines at the énds thereof
in alinement, it will be explained how a sub-

_seriber at substation A may establish a talk-

ing connection with a subscriber at substa-
tion A’, the two substations being donnected
to the same 10,000 line exchange in a system
embodying the principles of my invention.
Tt will furthermore be explained how a sub- -
seriber at substation' A may establish a con-,
nection with a subscriber whose station is
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located in a distant exchange and also how -
such a connection may be established in the .

veverse direction.

It willfurthernore be explained how the
connections mentioned above may be -re-
leaged and the apparatus restored to normal.

When the subscriber at substation A raises
the receiver from the hook to initiate a call,
a civeuit is completed: for the line relay 13

of the line switeh €, said cireuit extending

from the ground at G’, through normall
= b) =

closed contact springs 21 and 22, over line.

11 to substation A, whence it veturns over

line 12, through normally closed contact

springs 19 and 18, winding of line relay 13
to battery. Upon the energization of the
line relay circuits ave completed for the line
switching relay 14 and for the test wiper 34
which may be traced as follows: ground at
G’, contact springs 29 and 80, winding of
line switching relay. 14, contact springs 16
and 17, winding of motor magnet 13 to
battery. Test wiper 84, contact springs 25
and 24, contact springs 27 and 28, contact
springs 16 and 17, winding of motor magnet
15 to battery. Current flowing in the former
circnit is insufficient to effectively cnergize
motor magnet 15 for the winding of relay
14 has high resistance. The operation now
depends on the condition of the test contact
upon which the test wiper is resting. If
the test wiper is vesting upon tlie test contact
of an idle trunk the line switching relay will
pull up at once and the motor magnet will
not be operated at all; but if the test wiper

“is resting upon the test contact.of a busy

trunk, it will find ground potential and a di-

“rect short circuit will exist around the wind-

" ing of the line switching relay 14.. In this
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case the line switching relay 14 isjinoper-
ative while the motor magnet 15 is effec-
tively energized. Since the motor magnet 15
interrupts its own cireuit it continues to at-
tract and retract its armature, thereby rotat-
ing the wipers 33, 34 and 35, until the’ test
wiper 34 arrives at the ungrounded test con-
tact of an idle trunk, when the rotation will
cease and the line switching relay 14 will at-
tract its armature: ’

By opening contact springs 18 and 19, 21
and 22 the line switching relay breaks the
circuit of the line relay 13 and by closing
contact springs 19 and 20, 22 and 23 com-
pletes a circuit for the line relay 41 and the

wiper switching relay 48 of the secondary

line switch D in series as follows: ground at
G, winding 44 of velay 43,-contact springs
52 and-53, bank contact 88, wiper 35, contact
springs 23 and 22, subscriber’s loop, contact
springs 19 and 20, wiper 33, bank contact 36,
contact springs 50 and 49, winding of line re-
lay 41 to battery. Relays 41 and 43 both at-
tract theirarmatures, lindrelay 41 completing
a holding circuit for the line switching relay

14 of line switch C as follows: ground at G,

contact springs 63, 62, 61,.and 60, bank con- -

tact 37, wiper 34, contact springs 25 and 26,

winding of line switching relay 14 to bat-
tery. 'The line relay 13 is slow acting, 4. e.,

it retains its armature for an instant after
its circuit is broken, thereby allowing time
for the establishmerit of the above described
holding circuit. To avoid unnecessary repe-
tition, I will state here that the line relays
of all line switches, primary, secondary and
tertiary, are made slow acting for a similar
reason.. ‘

A branch of ‘the holding circuit extends
over wire 32 (32 in Fig. 6) to the connector
group serving the group of lines of which
the line of substation A is oné, where, by
placing ground potential on the multiple
test contacts in the connector banks, the line
of substation A is made inaccessible to in-
coming calls: _ S

Returning now to the secondary line

switch D, the energization of velay 43 closey

the conmection of the wipers 79, 80 and 81
at the contact springs 71 and 72, 68 and 69,
T4 and 75 vespectively. Also, in connection
with the energization of the line relay 41,
a locking circuit is completed for relay 43
as follows: ground at G® contact springs

63 and 62, contact springs 65 and 66, wind-

ing 45 of rvelay 43 to battery. The line re-
lay 41 also completes a circuit for the line
switching relay 40 as follows: ground at G*,
contact springs 63, 62-and 61, winding of
relay 40, contact springs 46 and 47, winding
of motor magnet 42 to battery. The op-
eration that takes place low is similar to

- the operation of the line switch C.  If the
- wipers are standing upon an idle trunl the

line switching relay 40 pulls up at once and
no rotation takes place. In case the wipers
are standing upon a busy {runk the test
wiper 80 will find ground potential upon
the test contact, whereby the relay 40 will
be short circuited and the motor magnet 43
will be energized over the following cireuit:

cground on test contact, wiper 80, contact

springs 69 and 68, contact springs 56 and 55,
contact springs 46 and 47, winding of mo-
tor magnet 42 to battery. By interrupting
its own circuit at contact springs 46 and 47,
motor magnet 42 vibrates 1its armature
thereby rotating the -wipers until the test
wiper 80 arrives at an ungrounded test con-
tact wherenpon the rotdation. ceases and the
line switching relay 40 attracts its arma-
ture: The energization of the line switch-
ing relay breaks the circuit of the line re-
lay 41 and winding 44 of relay 43 by sepa-
rating contacts 49 and 50 and 52 and 53
respectivelyi and, by closing contacts 50
and 51, 58 and 54, completes a circuit for
the line relay 90 of the tertiary line switch
E over the following path: ground at GY,
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contact ‘spriﬁgs 113 sind. 111r bz\uki;;;i‘ltact‘;

87, wiper. 81, comtact springs. 75 and 4,
contack, springs 54 and. 53, bank contact 38,
awiper 33, comtact springs-23 and 22; suh-

5 scriber’s loop, contact.springs 19 and 20,
. wiper-33. bank contact 36, contact springs
50 and 51, contact springs 71 and 72, wiper
79, banl contact 85, confact springs 115 and
.116, contact springs 106 and 107, winding of
10 velay 90 to battery. This line relay 90 is
cnergized over this cireuit and, att aeting

' its armature. completes a new holding cir-
L euit as Follows: ground at G°, contact

. & gprings 97 and 96, contact springs 111 and
15 110, bank contact 86, wiper 80, contact
springs 69 and 68, to contact springs 56, 57,
58 and 59, where the circuit divides, one
~Hranch extending by way of contact spring
59. bank contact 37, wiper 34, contact

20 springs 25 and 26, and winding of relay 14
of Hine switeh C to battery, another branch
extending by way of- contact spring b8,
winding of relay 40, contact springs 46 and
47, winding of motor magnet 42 to battery,
25 while a third branch extends by way of con-
tact spring 57, contact springs 65 and 66,

winding 45 of relay 43 to battery. This-

holding cireuit serves to maintain energized

the relay 14 of the line switch C and the re--

30 lays 40 and 43 of the secondary line switch
" D, The energization of the line relay 90
of the tertiary line switch E also completes
a civcuit for the line switching relay 91 and
~ g circnit. for the test wiper 118 which eir-
35 cuits may be traced as follows: ground at
(3%, contact springs 97 and 98, winding of
line switching relay 91, contact springs 108
and 109, winding of motor magnet 93 to
- battery. Test wiper 118, contact springs
40 101 and 102, contact springs 94 and 95, con-
" tact springs 108 and 109, winding of motor
magnet 93 to battery. As in' the case of
" the switches C and D the operation now de-
- pends on the condition of the test contact
45
T¢ said test comtact is ungrounded line
switching relay 91 pulls up at once; in,
case said test contact is grounded relay 91
is short circuited and the motor magnet 93
50 is energized. Motor magnet 93 interrupts
its own circuit ab contact springs 108 and
109 thereby vibrating its armature and ro-
tating the wipers until wiper 118 airives
at an ungrounded  test contact, whereupon
55°pelay 91 is energized and attracts its arma-
~ture, i : ’
The line switching relay 91, by separat-

ing contact springs.106 and 107 and clos-

ing contact springs 105 and 106, breaks the
60 circuit of the line relay 90 and substitutes
therefor ‘the line relay 135 of the first se-
lector T the new circuit extending as fol-
lJows: eround at G, previously traced cir-
cuit .through subscriber’s loop, contact
65 springs 115 and 116, contact springs 106 and

105. wiper 120, bank’ contact 123, winding

upon’ which the test wiper 118 is vesting..

-

of line relay 135 to battery. ‘
. Upon cnergizing the line relay 135 closes
a cirenit for the slow acting velay 129 as
follows: ground at G, tontact springs 148 70
and 147, winding of relay 120 to battery.
Upon energizing, relay 129 prepares a ¢ir-
cuit for the vertical magnet 130, and also
completes a new holding eireuit as follows:
ground at ¥, contact springs 151 and 150, 75
bank contact 121, wiper 118, contact springs
101, 100 and 99, where the civenit divides,
one branch extending by way of contact
spring 100 to the previously traced holding .
cireuit of switches C and D, while the other 8o
branch extends by way of contact spring
99, winding of relay 91. contact springs
108 and 109, winding of motor magnet 93
to battery. .
The line switching velay 91 also prepares 85

- cirenit for the battery B’ which should

be mentioned at this time. It extends from
the negative pole of battery B’ bank con-
tact 122, wiper 119, contact springs 104 and
103, to multiple test contacts 266 and 185 80
in the banks of finder switches I and O
vespectively. The complete cireuit of bat-
tery B’ will be explained later. B
The foregoing circuit changes all take
place in response to the removal of the ve- 95
ceiver ab substation A. We now have one

_side of the line grounded at G in-tertiary

switeh ¥, .while the other side of the line
goes through the winding of line relay 135 ..
of the first selector FI, maintaining relay 190
135 energized and, by means of relay 129,
controlling a common holding civeuit for
line switeh C, secondary line switch D, and.’
tertiary line switch K. ; .
The subscriber at A may now manipu- 108
late his finger dial in accordance with the
first digit of the number assigned to sub-
station A’, which, since it was assumed that
substation A and A7 ave both in the first;

10,000 line exchange. is 1. In response to 110

the operation of the finger dial the impulse
wheel 8 separates the springs 6 and 7 mo-
mentarily, thereby detnergizing line reldy

‘185 of the first selector T for an instant.

Tpon retracting its armature, Jine relay 135 118
closes a civeuit for the vertical magnet 130

as follows: ground at G'°, contact springs
148 and 149, contact springs 153 and 152,

off normal springs 146 and 144, winding of
dow acting relay 127, winding of vertical 120
magnet 130 to battery, The vertical mag-
net and the slow acting relay 127 are ener-
gized in series over the foregoing cireuit;
the former raising the wipers opposite the.
st Jevel of bank contacts, and the latter 128
completing a cirenit for the relay 126 as
follows: ground at' (3%, contact springs 141
and 142. winding of relay 126 to battery.
Relay 126, in attracting its armature, com-
pletes a new cireuit for the vertical magnek, 19
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the original circuit being opened an instant
later by the separation of the off normal
springs 144 and 146 at the first vertical
movement of the shaft. The substitute cir-
cuit extends from ground at (G°, contact
springs 148 and 149, contact springs 153 and
152, off normal springs 146 and 145 ; contact
springs 139 and 138, winding of slow acting

relay 127, winding of vertical magnet 130:

to battery. Relay 126 also completes a lock-
ing circuit for itself as follows: ground at
(i) contact. springs 151 and 150, contact
134, contact springs 137 and 136, winding
of velay 126 to battery. .

The line relay 135 again attracting its

armature at the end of the impulse, the
‘eivenit ot slow acting relay 127 is broken

and an jnstant later it retracts its armature
thereby closing a circuit for the rotary mag-
net 131 which may be traced as follows:
ground at (31, contact springs 151 and 150,
contact 134, contact springs 137 and 136,
contact springs 142 and 143, contact 133,
winding of rotary magnet 131 to battery.
The rotary magnet attracts its armature 132
and rotates the shaft one step so that the
wipers 156, 157 and 158 make connection
with the first set of bank contacts of the
first level. Near the end of its stroke the
armature 132 opens the contacts 133-and 134
thereby breaking the circuit of the rotary
magnet and the locking circuit of relay 126.
The rotary armature, accordingly, falls

- baek; but the deénergization of the relay

35
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26 depends on the condition of the test

,contiact upon which the test wiper 156 is

now resting. If the trunk with which this
test contact is associated is busy, the test
contact will have gronnd potential upon it
and a holding cirveuit for the relay 126 will

“exist as follows: ground on test contact,
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test wiper 156, contact springs 137 and 136,
winding of relay 126 to battery. Then the
relay 126 will remain energized and, as the
refary armature returns to normal position
and closes the contacts 133 and 134, the ro-
tary magnet will again be energized .and
will move the wipers 156, 157-and 158 into
connection with the second set of contacts
of the first level. In this manner the wipers
will continue to be rotated until they teach
anidle trunk as indicated by absence of
ground on the test contact. This time when
the contact 134 opens the relay 126 falls
baclk, thereby opening its own Jocking cir-
cuit and also opening the rotary magnet eir-
cuit Whereupon the wipers 156, 157 and 158
will be brought to rest upon the set of con-
tacts 162, 163 and 164 of an idle trunk hne
extending to a second selector K. As a fur-
ther result of the debnergization of relay
126 the impulse circuit extending from the
contact springs’ 149 of line relay 135 ig
switched at contact springs 138, 189 and 140

1,326,680

from the vertical magnet 130 to the vertical
magnet 220 ot the second selector IX. We

will now trace a circuit for the relay 294

of the second selector K as follows: ground

at G, contact springs 151 and 150, contact
134, wiper 156, bank contact 162, contact
springs 247 and 248, winding of velay 224
to hattery. By separating contact springs

'254 and 263 and closing contact springs 253

and 254, relay 224 switches a circuit com-
pleted Iater by the off normal contact 252,
from the release magnet 225, to contact 230.
This circuit will be referred to again. The
connection of ground from G to multip’e

test contacts 162 and 215, also serves to make

the second sclector K busy to other first

_selectors.and to the tertiary line switches 1.

‘The subscriber at substation A may now
manipulate his finger dial in accordance

- with the second digit of the desired number,

assumed in this case to be 3, thereby mo-
mentarily separating the impulse springs 6
and T three times. As a vesult the line relay
135 is defnergized three times and sends
three impulses to the vertical magnet 220 of
the second selector K over the following
path: ground at G*°, contact springs 148 and
149, contact springs 153 and 152, off normal
springs 146 and 143, contact springs 189 and
140, wiper. 158, bank, contact 164, off normal
contacts 289 and 237 of the second selector

K winding of slow acting relay 2928, wind-.

ing of vertical magnet 220 to battery. Im-
pulses over the foregoing circuit energize
the vertical magnet 920 and the slow acting
relay 223 in series, the fornier vibrating its
armature in response to the impulses and
thereby raising the wipers 255, 256, 257 and
258 until they stand opposite the third level.
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The slow acting relay 223 retains -its ar- -

mature in its operated position during the
series of impulses and completes an initial
energizing circuit for relay 292, which relay
locks itselt over the following -circuit:
ground at G, contact springs 244 and 243,
contact springs 250 and 251, off normal con-

tact 252, contact springs 254 and 253, contact’

230, contact springs 232 and 231, winding.of

series of impulses, relay 228 retracts its ar-
mature thereby completing a circuit for the
‘rotary magnet which may be traced as a
branch of the above locking cireuit as fol-
lows: contact spring 231, contact springs 241

and 242, contact 9229, winding of rotary

maignet 221 to battery. The operation of
selecting an idle trunk has been fully de-
scribed in the case of the first selector H and
need not be repeated. " It will suffice to say
here that the rotary magnet interrupts ifs
own circuit at contact 229 and continues to
rotate the wipers until the test wiper 255
arrives at an ungrounded test contact when

105

110

‘relay 222 to battery. At the end of the. .
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the relay 222 is detnergized and the rota- .
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tion stopped with the wipers 255—258 in
engagenient with the contacts of a frunk
line extending to a third selector M.

‘We will now trace an energizing cireuit
for the relay 805 of the third selector M
which was completed by the desneraization
of relay 222. Said circuit extends. from
ground at G, through contact springs 244

“and 243, contact springs 250 and 251, off nor- -

mal contact 252, contact springs 254 and 253,
255, bank contact 259,

“contact springs 358 and 359 (third selector

15

20"

M), winding of relay 303 to battery. Re-
lay 305 energizes and opens the .cirenit of
the release magnet 308 and also a test cir-
cuit which will be referred. to later.

A branch of the above cirenit may be
traced as follows: contact 230, contact
springs 232 and 233, wiper 257, bank .con-
fact 261, contact springs 327 and 326 (finder
switch I), contact springs 337 and 338, con-

- tact springs 325 and 324, winding of motor

- thereby vibrating its armature and
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magnet 291 of finder switch T, winding of
relay 290 to battery. The motor magnet 291
-and the relay 290 are energized over the
above cireuit, the former interrupting its
own circuit at contact springs 824 and 325,
ausing
wipers 274—282 to traverse their respective
rows of bank contacts; and the latter, by
closing contact springs 822 and 323, com-
pleting a civeunit for the test wipers 275, 978
and 281 as follows: positive pole of battery
B’ (Fig. 4), wiper 157, bank contact 163,
wiper 256, bank contact 260, winding 296
of test relay 295, contact springs 322 and
323, to test wipers 275, 278 and 981. The
negative pole of battery B’ has al ready heen
traced tlln'ough contacts in tertiary line

switeh B to the test contact 266 and its mul-

tiple contacts in the hanks of finder switeh
I and other finders. Tt is evident, there-
fore, that when the test wiper 275 arrives
at the
battery 1B/ will he completed through the
winding 296 of test relay 295, Test relay
295 attracts its armature and by separating
contact springs 337 and 338, interposes its
own high resistance winding 297 in the cir-
cuit. of motor magnet 291 and relay 290
thereby locking itself and causing motoy
magnet 291 and relay 290 to heconie inopera-

tive. The rotation of the wipers accord-’
.ingly stops with wipers 274,

275 and 276
resting upon bank contacts 265,. 266 and
26T; these contacts being the multiple terini-
nals of the trusk line selected by the second-
ary line switch D. Wipers 277, 978 and
279 remain open for the present at the side
switch contacts. - :

- The subscriber at substation A may now
call the third digit of the desired number

- which is 1, resulting in a momentary de-

65

selectol H,

relay 135 of the first

energization of line
which ‘sends an impulse to the

Arom ground ap G4,

test contact 266 the ecircuit of the .

~contact is reachel.

2

vertical magnét of the third selector M ovar
the following path: ground at (i'°, contact
springs 148 and 149, contact springs 153
and 152, off normal springs 146 and 145, con-
tact springs 139 and 140, wipexr. 138, bank
contact 164, off normal springs 239 and 238
of second selector K, contact springs Y33
and 236, wiper 258, hank contact 262, contact
springs 331 and 330, winding of slow acting
relay 309, winding of vertical magniet 311
to battery. “The vertical magnet 311 and the
slow acting relay
cireuit, the former raising the wipers 410
and 411 until they stand opposite the first
level and tha latter closing u circuit for the
relay 319 and relay 316 as follows: ground
at G*°, contact springs 588 and 882, winding
of relay 319, winding 318 of relay 316 to
battery. Upon energizing, relay 319 com-
bletes a locking circuit for itself and relay
816 which may he traced as a branch of
the holding civeuit of relay 305 ext®nding

extends from contact spring 358, through
contact 375, contact springs 886 and 387,
winding of relay 319, winding 318 of relay
316 to battery. "Relay 316 upon energizing,
connects up the wipers 410 and 411,

At the end of the impulse the slow acting
relay 309 deénergizes and completes a cir-
cuit for the rotary magnet 310 which may-
be traced as a branch of the above described
locking cireuit of relay 319 as follows: con-
tact spring 387, contact springs 882 and 381,
contact 376, winding of rotary magnet 310
to battery. Rotary magnet 310 ig encrgized
over this circiit and attracts its armature
321 thereby rotating the wipers 410 and 411
until they engage the first set of contacts of
the first level. Near the end of jts stroke
the rotary armature 321 hreaks the contacts
375 and 876 thercby opening the rotary mag-
net circuit and the locking civenit of relays
319 and 816." The rotary magnet detinergizes
and retracts its armature but the deénergiza-
tion_of relays 319 and 316 depends upon the
condition of the test contact upon which the
test wiper 410 is now resting. Tf the trunk
with which this test contact is associated is
busy it will- have ground potential tpon it
and a holding circuit for relays 319 and 316
will be effective over the following path:

- ground on test contact, test. wiper 410, con-

tact springs 402 and 403, winding 317 of
relay 316, contact springs-395 and 396, con-
tact springs 886 and 387, winding of relay
319, winding 818 of relay 316 to battery. Tt

The branch cireait -
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is evident,. therefore, that as long as the test -

wiper 410 cngages grounded test contacts
the relays 319 and 316 will remain energized

and rotary magnet 810 will continge rotat-

ing the  wipers until an ungrounded - test:
‘Then, as contact 375
opens, relay 819 detnergizes, breaking the

rotary magnet civeuit and stopping the rota-
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tion. Relay 316, however, does not deéner-
gize but is locked over a new circuit which
may be traced as another branch. of the hold-
ing circuit of relay 805 as follows: contact
spring 358, contact 375, contact springs 396
and 395, wmdmcr 317 ot relay 816, contact
springs 103 and 402 wiper 410, contact 412,
‘winding of relay 490 of connector N, contact
‘springs 439 and 440, winding of lelay 4)1
to battery.

Before continuing with the opu’dtlon ot
connector N it will be necessary to return
and consider the operation of the side switch
wipers 283, 284 and 285. At the end of the
impulse or series of 1mpulses which operate
the vertical magnet of third selector M, the
slow acting 1d(w 309 retracts its armature
and u)mp]etes, in addition to the rotary
magnet circuit already deseribed, a circuit
for the private muignet 320 which may be
traced as a branch of the locking circuit of
relay 295 as follows: contact springs 337
and 336, contact springs 379 and 380, con-
tact bpllll(’S 388 and 389, winding of pri-

vate magnet 820, off normal spvings 878 and
377 (closed at ﬁlst movement of shaft) to
battu‘y The private magnet interrupts its
own eircuit at contact springs 388 and 389
and is made slow acting so as not to work
too fast. At each deéner gization of the pri-
vate magnet its side switch wipers 283, 284,
and 285 are shifted to their next position in
the well known manner. - When the side
switch levers reach their second position the
circuit of battery B’ will again be completed
over the same path as before except that
winding 293 of test relay 292 and side'switch
wiper 984 are substituted for w inding 296 of
test' relay 295 and contact springs 322 and
323, The test relay 292 is energized over the
above circuit and attracts 1tq armature,
thereby separating contact- springs 826 and
327, breaking the locking: circuit of relay
295, and mterposmo its own high resistance
winding 294 m the circuit of the private
nuwnet 320, thereby locking itself and caus-
ing ~the private magnet to “become inopera-
tive ‘e, the side switch levers remaining in
their second position. By bringing contact
springs 332 and 334 into engagement with
contact spring 333 and 335, respectively,
test relay 292 completes the circit of the
double wound line relay 802 of third selec-
tor Mover the following path: ground at G*,
winding 303 of lmelelay 302 contact springs
346 ‘md 347, contact spr mos 334 and -335,
side switch wiper 285 in its “second posmon

wiper 276, bank contact 267, previously

traced cirenit through subscriber’s Toop,
bank contact” 265, wiper 274, side switch
wiper 283 in its second poqltl()n contact
springs ‘832 and 333, contact springs 344

and 343, wading 304 of line relay 302 to -

battery. The line relay 302 cnerglzes over
the above circuit and, attracting xts arma-
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ture, completes the circuit of slow acting
velay 306 as follows: ground at G**, contact
spl'noq 356 and 300, contact springs 390

and 391, contact springs 400 and 899, wind-

ing of .relay 306 to battely It will be
noticed that that part of the circuit which
includes the contact springs 390 and 391
and confact gprings 399 and 400 forms a
shunt circuit around the busy test relay 312.

Referring again to test relay 292, Dy clos-
ing contact springs 827 and 328 a branch
of the locking cirenit of winding 294 is
completed as Follows: contact springs 327
and 328, side switch wiper 284, wiper 275,
bank contact 266, winding of relay 92 (Fig.

4) to battery. Relay 92, attracting its ar-

mature, closes contact sprngs 110 Sand 112
and separates contact springs 110 and 111,
thereby disconnecting ground at G' from
the holding circunit e\tendlno to the line
switches C and D and %ubshtutmo therefor
ground over the previously described ghier-
gizing circuit of relay 92. Relay 92 #ilso
separates contact springs 118 and 114 and
contact - springs 115 and 116, thereby ve-
moving ground at G* from one side of the

trunk line and disconnecting: the other side

of the trunk line from the line relay 135
of the first selector H.

Upon the deénergization of line relay 135,
the circuit of slow nctmo relay 129 is broken
and it deénergizes, closmnr contact springs
158 and 154 and theieby energizing the re-
lease magnet 128 which restores the first se-
lector to its normal position in the well
Inown manner. The detner gization of re-
lay 129 also separates contact springs . 150
and 151 thereby breaking the holding cir-
cuits extending to line smtchln(r 1eL1y 91
of tertiary line switch B and 1e1‘1y 224 of
second selector K. . The deénergization of
line switching relay 91 disconnects the
wipers 118, 119 and 1‘)0 thereby freeing the
trunk line 'to the first selector H and mal\-
ing its accessible to other calls.

The relay 224, upon deénergizing, closes
contact springs 954 and 263" thereby com-
pleting the ecircuit of the release magnet
925 which energizes and restores the sec-
ond selector to its normal position in the
well known manner. The separation of
springs 258 and 254 of relay 224 disconnects
ground at G™ from two holding circuits ex-

: tendnm to contact springs 358 and 327, re-

spectiv ely, where they have been prevmusly
traced: These holding. circuits, however,
have already been connected together at
contact springs 327, 328 and 329 and. to
ground at G* by the energization of slow
actlnu relay ‘306 and consequently they re-
main eﬁ’ectlve

The slow acting 1eldy 308, when en -

gized upon the operation of line relay 302 as
previously described, separated the contuct
springs 361 and 362 and contact springs 358

IR
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and 359, the former opening the circuit of

the release magnet 308 at a new point and
the latter breaking the cireuit of the relay
305 which deénergizes. Upon the detnergi-
zation of relay 303, contact springs 367 and
368 are closed but contact springs 364 and
365 are held open by the engagement of fin-
ger 366 with the escapement 363 controlled
by slow acting relay 307.

To sum up the operations so far, the call-
ing line has been extended through primary
line switch C, secondary line switch D, and
finder switch [ to the line relay 302 of the
third selector M. The third selector M has
been operated, by wuay of the first selector
H and the second selector X to select a trunk
line to an idle connector N and these selec-
tor switches have been restored to normal.

The subscriber at substation A may now

operate his dial in accordance with the
fourth digit of the desired number thereby

breaking the continuity of his loop a num-
ber of times at the impulse springs 6 and 7.
As a result the line relay 302 of the third
selector M 1s momentarily detnergized a
corresponding number of times and sends
a series of impulses to the vertical magnet
422 of the connector N over the following
pathr ground at (%, contact springs 355
and 354, contact springs 361 and 360, wind-
ing of slow acting relay 807, contact springs
405 and 404, wiper 411; bank contact 413,
side switch wiper 448 in its first position,
winding of vertical magnet 422, windhig of
the slow acting relay 426 to battery. The
vertical magnet operates in response to these
impulses to raise the two sets of wipers
451452 and 453—454 until the latter set
stands opposite the tens level in which are
located the normal contacts of the desired

Jing® Slow acting relays 307 and 426 are

energized in’ series with the vertical mag-
net and retain their armatures during the
series of Impulses. : :

Relay 426 completes an eneévgizing cir-
cuit for the private magnet whicl is hroken
at the end of the series of impulses therehy
aliowing the side switch wipers M8, 419,
and 450 to move to their second position in
the well known manner. The operation of
the relay 307 allows the finger 366 to move
‘one step past the escapement 363,

The subseriber at substation A may now

< operate his dial in accordance with the

55

last digit of the desired number resulting
as before in separating the springs 7 and 8

_a corresponding number 6f times. The line

89

85

relay 302, in vesponse to these interruptions
of its circuit, now sends a series of impulses
to the rotary magnet 423 {side switeh wiper
448 heing in its second position) the relays
307 and 426 being included in the cireui
as-hefore. The yolary magnet 423 yesponds
to these impulses by rotating the two sets
of wipers w number of steps corresponding

g b ¥

to the last digit of the desired number when
thé wipers 453 and 454 will rest upon the
normal contacts of the desived line. 1t is
understood that the other set of wipers 451
and' 452 are also resting upon the same
numbered contacts in the other bank but
these wipers ave disconnected by the wiper
switching velay 420, If the wipers of the
third selector had been raised to the second
level instead of the first the wiper switch-
ing relay 420 would not have operated and
the set of wipers 451 and 452 would be left
in service. - . i ‘
Now at the end of the last series of im-
pulses the slow acting relay 426 retracts its

armature detnergizine the private magnet
= = =

{assuming the called line to be idle) and al-
Jowing the side switeh wipers H8, H49 and
450 to -move to thelr third position. Also
the slow acting relay 307 retracts its arma-
ture, operating the escapement 363 and al-
lewing the contact springs 364 and 365 to
close.  We may now trace the negative pole
of battery B* through side switch wiper
448 in its third position, bank contact 413,
wiper 411, contact springs 404 and 405,
winding 315 of relay 313, contact: springs
3635 and 364, to test contact 83’ and multiple
test contacts in the banks of secondary line
switches D’ and similar secondary switches.
It will be shown later on how this circuit is
completed to the -other pole of battery B

We may now trace two cirenits extending
over the normal wires 317 and 32, to the line
switch . The first of these to become op-

eratively effective extends from the ground -

at G**,.through contact springs 435 and 434,
contact springs 429 and 430, side switch
wiper 449 in third position, wiper 454, ‘bank
contact 458, normal wire 317 to one side of
the line of substation .\’ whence it passes
by way of contact springs 19" and 18" and
the winding of line relay 13’ to battery.
CThe line relay 18”7 is encrgized. over the
above circuit whereupon the line switch (Y
operates to rotate its wipers 33/, 34" and 85’
until they rest upon contacts of a trunk
line leading to an idle scecondary Tine switch
D, The operation is the same as that al-
-ready described in the case of the Jine switch
C. A holding circuit for the Jine switching
relay 14" may be traced from the connector
N as follows: ground at (*7, contact springs
HT and H46, contact springs H4 and 443, re-
sistance #7
wiper 453, bank contact 457, normal wire
327, winding of line switching relay 147 to
battery. Tt should be mentioned here'that
swhile the two normal wires are grounded at
almost the same instant, the line relay 137
“Epulls up - first because the line switching re-
Tay 147 has its springs adjusted very stiff so
that it will not operate until the core be-
comes nearly saturated,

The lines of substation A’ and the nor-

. contact springs 432 and 433,
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mal wire 82" huve now been extended to sec-
ondary line switeh I, Bearing in mind
the fact that the two normal wires ave still
grounded at the connector N, a cireuit for
the Tine rel av 417 of secondary line switch
DY may be traced as follows: ground on
normal wire 317, contact .ﬂnmns 19" and 20’
mpm 387, hank contact 367 , contact Spi‘lll"a
Y and 497, winding of line relay 41° to bat-
me A branch of the above circuit goes
through winding of motor magnet 427 over
the f()Howm;r path: cont xct springs 507, 497
and 48 contact springs 677 and 687, contact
springs 36" and 357, contact springs 467 and
477, winding of motor magnet #2° to bat-
tery.
The Tine relay 41" and the motor
42" are energized over the above cirenit,
whereupon  the switeh starts rotating 1in
search of the trunk extending to the third
selector M. 1t will be seen that, inasmuch
as the secondary switch D' is being operated
by a ground on the negative line 127, no cur-
rent will flow in the \\mdmo 44" of the re-
lay 43" and this is frue even if the sub-
seriber 2t A7 should remove his receiver
while switeh I’ is rotating. Consequently
relay 437 is inoperative ang the wipers 767,
TT and T8, are made active while wipers
797,807, and 817 (used in the case of the call-
ing secondary -switch D) remain diseon-
nected. ’
We miay now trace a circeuit of the posi-
tive pole of battery B* as follows: positive
pole of battéry B, contact springs 432 and
433, wiper 453, banlk contact 437, contact
springs 26" and 207, wiper 34, bank con-
tact 377, contact spring 597, contact springs
607, 61”7 and 627, contact springs 65 and 64" to
test wiper 777, The negative po]o of battery
B* has (\!w(uiy been placed to the multiple
test contaets such as 837 of the trunk lead-
ing to third sclector M. When, therefore,
the test wiper 777 arrives at the contact
837 the ctreuit of battery B will be com-
pleted throngh winding 315 of rvelay 318
of the third selector M. Ielay 313 ener-
gizes over the above cireuit and locks itself
through its high resistance w inding 314 ns

magnet

follows: ommul at (') contact springs 357
and 3358, contact 375, contact springs 396

aned 394, contacel
ingy
ing

H])H]lﬂb 341 and 340, wind-
301 of relay 313 to battery., DBy separat-
wmt::('t, springs 395 and 396, relay 313

breakes the civenit of winding 317 of relay:

S1C relay 420, and relay 421,

Reday 21, by retracting its armature, re-
IH!)\'(‘\ groundd from side switeh wiper 449
theseby stopping the votation of second-
ary Jine switeh D7 and all owing line switeh-
g relay 407 Lo energize (since it is no
tonger short civeuited) and Jock itself over
il lml(!mg civenit extending from the third
selector over the following path: ground at
G, contact springs 357 and 338, resistance

_contact springs

1,326,680
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#, bank contact 83’, wiper 77/, contact
springs 64" and 657, contact springs 57" and
538, winding of line switching relay 407 to
battery. A branch of the above helding
cu-cm* may be traced from contact springs

57/, 58" and 59, by way of bank contact
37, wiper 34/, contact springs 25" and 267,

and winding of line switching relny 14 to
battery. Another branch e\tendx, as already
explained, over normal wire 327 to multiple

test contacts such-as 457 where, after con-
nector N is released, the line of substation
A’ is made busy to other calls. The release
of the connector N takes place as soon as
the relay 421, by retracing its armature,

_completes the eireuit of the release magnet

424, The release magnet 424 upon energiz-
ing, restores the side switeh wipers 448, £49
'md 450, and the shaft to their normal posi-
tion in the regular manner, . Furthermore
the connector N is made accessible to other
calls by the deénergization of relay 316
whereby -the third selector wipers 410 and
411 are disconnected.

The. line .of substation A" has now been
extended throtigh the medinm of line switch
’ and secondary line switch D’ to the third
selector M where there is bridged across it
the double wound back bridge relay 299 in
series with the battery as follows: ground at
(3'7, winding 301 of relay 299, contact springs
353 and 352, bank contact 847 wiper 78,
contact springs 73" and T4%, contact sprm%
54" and 48’, bank contact 38’ wiper 847, con-
tact springs 28" and 22’, wire 11/, throngh
stbseriber’s loop, wire 127, contact springs
197 and 207, wiper 33, bank contact 36/,
contact springs 50" and 517, contact springs
1" and 70, wiper 76’ bank countact 82/
349 and 3830, winding 300
of relay 299 to battery. This is the circuit
over which talking battery is fed to substa-
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tion A, dlﬂ\OUOh, since the receiver is on

the hook 1o current will flow as yet.

We may now trace a circuit for the ring-
ing relay 298 which was closed by the 1(1‘1\
813, This cireuit extends from ground at
G, through interrupter I, Contact springs
8‘)4 and 3&8 Wmdlnor of ringing relay 298
to battery. The ringing 1'@1&) 1s energized
intermittently and opemte% to  disconnect
the line of the called substation from the
back bridge relay and to connect it with
the ringing cuvrent generator (Gen for the
purpose of signaling the called subscriber.

When the subscriber at substation A’ re-
moves his receiver from the hook, the ring-
ing .relay being momentarily inactive,
provu)usl) described civeuit of the back
bridge relay 299 is completed and the said
~o] s attracts its armature thereby reversing

the lme of substation A at springs 34223 L"'_'

and breaking the locking circuit of relay
at contact springs 840 and 341.

313
Relay 313

therenpon detnergizes and opens the circuit-

115
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thu ‘

125



" N ‘1,326

of the Tinging relay at contact springs 397"
and 398. N .
. A complete talking circuit has now been
established between the substation A and
the substation A’ and is indicated in the

. drawings by the heavy lines. The connec-

10

tion is controlled by the calling subscriber
by means of relay 302 which in turn controls
relay 806 which, by holding contact springs
357 and 858 together, supplies a holding
ground to all the switches 1n multiple over
circuits which have been explained.

The restoration of all the apparatus to

" normal may be accomplished by hanging -

15

up the receiver at substation A thereby

- breaking the circuit of line relay 302. Line -

relay 302 deénergizes and opens the circuit
of slow acting relay 306, which degnergizes
in its turn and, by separating contactsprings
357 and 358, removes the holding ground
extending to finder switch F, tertiary switch
E, secondary line switch D, primary line

_switch C, secandary line switch D’, and

25

30

‘deénergized.

primary line switch C’, whereupon the sev-
eral relays locked up in these switches are
Also, by closing contact
springs 861 and 862, the circuit of the re-
Tease magnet 308 is completed, resulting
in the.restoration of the side switch wipers
and the shaft of the third selector M, to

.their normnal .position 'in the well known
manner.” Whereupon all the apparatus will-

have been returned to normal and made

~ ready for use in extending another connec-

35

* that take place when the called line is busy.
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tion. ,
‘T will now deseribe briefly the operations

It bas been explained how at the end of the
last’ series of impulses sent to the connector
N the wipers 453 and 454 will be biought
into engagement with bank contacts 457 and
458 these being the normal contacts of the
line extending to substation A’. Now if
the line of substation A’ is busy; test con-
tact 457 will have ground potential upon it,
whereby, updn the deénergization of slow
acting relay 426, a locking circuitis estab-
lished for the private magnet 427 as fol-
lows: ground on test contact, wiper 453,
contact springs 433 and 432, resistance 2,
contact springs 433 and 434, contact springs
446 and 445, winding of relay 425, winding'
of private magnet 427 to battery. The pri-
vate magnet remains energized over this cir-
cuit thereby holding the side switch.wipers
in their second position. Relay 425 is en-
ergized ‘in series with the private magnet

-and, by separating its contact springs 439

and 440, breaks the circuit of relays 421,
420 and 316.  Upon the: deéneérgization of

_ relay 421, the circuit of the release magnet

(1]

424 1s completed :and the connector N is re-

stored to normal. " Upon. the deénergization
of relay 816" the shunt path around busy. re-
lay 312 is broken momentarily by the sep-’

880

1s

‘aration of contact springs 899 and 400, (re-

lay 313 being in a deénergized condition).
Relay 312 thereupon is energized in series
with relay 306 and, attracting its armature,
immediately opens the. aforementioned
shunt cireuit at a new point by separating
contact springs 390 and 391.
explained here. that contact springs 890 and

.391 are opened before contact springs 400

and 401 close. Relay 312 is now locked up
In series with relay 306. A distinctive tone

“from the transformer T and busy machine

70

It may be

75

S is now projected out over one side of the -

calling line by the closure of contact springs
392 and 393, whereby the calling subscriber
is informed that the desived line is |.usy and’
therefore inaccessible. for the time being.
The calling subscriber may now hang up
his receiver, thereby bringing about the re-

storation of the apparatus. to normal in a

manner substantially as previously = de-
scribed. :

I will now describé the operation of
trunking between two 10,000 line cxchanges.
Each interoffice trunk has at its. outgoing
end a repeater R and finder switch O, and
at its incoming end a line switch P. The
finder switches O have access to the trunks
extending from the banks of secondary line
switches D to the banks of finder switches
I, and are themselves accessible to first se-
lectors such as H. The line switches P -have
access to second selectors such as K and are
themselves accessible to finder switches F.

Referring to Figs. 4, 5 and 6 we will
assume that the apparatus shown in Fig. 4

"1is located in one exchange and the appara--

tus shown in Figs. 5 and 6 in another ex-
change, and we wili furthermore -assume
that the outgoing trunk shown near the
lower right hand corner of Fig. 4 termi-
nates in the incoming trunk shown in-the

-lower left hand corner of Fig: 6. "This

trunk is indicated at its outgoing and in-
coming ends by reference characters 520 and
521" In the following description 1 will
cover in detail only that portion of the op-
eration which differs from the operation al-
ready described.

When the subscriber at substation A re-
moves his receiver he is connected through
the successive operations of line switches C,
D,-and E with the first selector H. He may
now opetate his dial in accordance with the
first digit of the desired number which is
9, whereupon the wipers of the first selector
H are raised until they stand opposite the
second level and are then automatically ro- -
tated tu select an idle finder switch O, The
engagement of wiper 156. with bank con-
tact’ 159 completes the following circuit:
ground at G, contact springs 151 and 150,
contact 134, ‘wiper 156, bank contact 159,

“winding- 170 -of relay. 168, contact springs

180 and 179, winding of notor magnet 167
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to battery. The winding 170, En\\l\«\l iy

5hnrt -eivenited for the ¢ being by con-
tact wl rings 177 and 1750 The mi HOF M-
net 167 is energized and starts votating the
wipers IS1, 182, and 181 in ~m.<h ot the

trunk Tine upon which the active wipers of
secondary line switeh 1D ave resting. Xt has
been previousty explained how. the negative
pole of battery B 15 connected {hrongh
tertiary line sw iteh 15 fo the test contact 133
and its multiple test contacts. The positive
pole of battery B muay now be im\ol Ly
way of wiper 157, bantk contact 160, wind-
ing 169 of relay 168 to test \\"ipm 82, I
is evident, -there 'mp, that when the test
wiper 182 arrives at test confact 183 the cir-
cuit of battery 13 will lu mm;‘)h'tud through
\\‘udmo 169 of relay T{.ln‘ 165 en-
erglizes over the ahove un.nt and, by sep-
alatlnn contact springs 177 and 178, inter-
poses 1ts 1\1;_)11 pesistance winding 170 in the
cireutt of the rotury magnet thereby loek-
ing itgelf and si’c;puimz the rotation with
Lne wipers 181, 182, and 155 vesfing on con-
tacts 184, 185 and 186, xvu}wu\\“!\

By hzmvm o contaet sprivgs 171 and 1738

)(”\

nito engagenient with conteet springs 10

sectively, relay 163 u\mpluw*

the (-htuit of the line relay 900 of the re-
peater R as follows: ground 2t (1, winding
502 of ine w‘n S0, contact xplu s AT

and 173, wiper 181, contact 184, plmm.w!y
traced clreuit including substation A, bank
contact 186, wiper 183, contact springs 171
and 172, winding 561 of line relay 500 to
Lattery. Line reluy 500 is energl ized over
the ‘d)o\'v chretit and c*;mph‘ an energiz-
ing cirenit for slow acting relay 507 L(,Lw
507 aftrack: its armatuve and wmplrln\\
circuit for re 1 c U2 af t(’)‘
1 as follows: grotnd ag (7 contac
509 and 508, contact springs 176
wiper 182 hank «

18, ontact T8
Tay 92 {o batte

and L‘s, IS~

:md
g af
winaing m
aftracts s

¥
5 ,1(%}
P q

2.1
AR SAU R A

mature \mnu\u 1 ho fivst wolector M is re-
Jeased and fine switching H‘):i‘_\f 91 s de-
energlzed all sibstantinlly ns 51 de-

bcul;_ed. A holding cireuit be
traced. from ground al i'z""”, £
contaet springs 300 and 308
spring 176, where 1 divides,

extending -by way of contuct
and winding 170 M reiny
and the other hiwneh extending
cantaet 175, wiper 192

85 to contact spring !
vides, one branch extendi
ing of relay 92 1o batte
branch o‘dvmhnu by way of «
112 and 110 to hne switches B
a pdtn which has been previot

Unon the m(w-izm‘mu of line 5
i cncmt is also completed Tor the slow acl
ing line relay 190 of the iine swit _P in
the distant c.khm;& over the following

1,326,680

puth: ground 2 pontat
and 209, wire mding of
eoil 5100 contact springs 503 ¢
winding of retardation coil
contuet springs 21
204 :md 2003,

battery., The
npon :\Hu.u,un;l_ it

af | spiings 208
3 retardation
wd D other
a10, wire 524,
aid 211, contact springs
winding of line relay 190 {o

m*"aumn line relay 196,
frnature, ummkw" a
crreuit for the line switching velay 1531 andt
a cireuit for the test wiper . the %lnmor
extending from ground at ' by way of

(G,
contact springs 196 and 197, winding of

relay 191, contact springs 206 and 207 “and
wuuhn;; of motor magnet 192 to battery;
and the Iatter extending from test wipe:
by way of confact springs 199 and j(}(}, an d
contact springs 195 and 1 te contact spring
206 where the two cirenits join. In case the
test \n;wt' 21215 resting upon the test con-
fact of a busy trunk line it will find ground
potentiad theve, and the civeuit of the test
winer will act us a short elrenit for the ve-
Iay 194, providing af the same time a divect
ground for the motor magiet 192. The mo-

21 2,

dor magnet 12 'tivwvup(m U[)s’, ates fo ro-

tate the wipers
t(ést wiper 2 arrives ab an
st con when the motor n
cease upur.m:!u and the bne swit
lay 191, no being
will attract its armature,

L until the
oniled
ey, witl
h[”" e
short - civeinged,

’}m, 213 and 2

1(\1,0(:1

j’@;aizwi’{ has unow been «w blished for
the ling velny 227 of the second scloctor I
over the following p;lih: ai':_mud :'.’t Lv""
‘cmltm i’ sT' ’ ﬂd 5(‘ susly

mi“
C(mmu
veiny 287 (o mh/f’“ﬂ

and 20"1 Wi per ;’H.
ing of line i

‘ }‘he m}
-"]uv 227 is ener wl/@li over the above eirenit

and, by closing contuet >1nm

'“’l and 245,
< «-mu,}ef o:: tm omery

slow act-
‘y. uwn attracting
3 n(ﬁ h cirenit for
! W m(m*m

1t uwm(um‘ mmp!
velay 191 of line
ap (399 mm‘*!(,i" springs 246, 264, and 247,
bank contact 215, w ig}(* 212, toptact springs
199 and 198, winding of yels v 101 .
The subscriber at < thatution 4 1snow (0
nected with o sefowd selector B in the dis-
tant '(ft{r‘iz:_m{_‘jc nel may operste hig dial for
the second figure of bis mumber. The oper-
ation of the ;

i. b
vitel

3]

HO { has Dbeen de-
sevibedd and is the sanie in this case, exeept
rel'n" rvnmins da" {‘1'{”'7(‘(1

5 1\9*04’;‘4;‘35\ erisd m the
¢ ’m the line velay 227 of
he wx‘nm! w"sc*m instead of by the line re-
In vidw of the

3 1 has been previ-
given 1t s 1l nmnisi that the operation
now

on will be perfectly clear,  Im-
pulses are \@m to the .m‘um, wngnet of the
;

third selector by the line relny 927 whereby

b bat L’u .
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Cswitching relay 291 is. deinergized.

15

20
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the third selector is operated to select a
connector N in-the proper-group. At the
same time the finder I is operated to locate
and connect with the incoming trunk, the
battery B* providing current for energizing
the test relays 295 and 292 in a manner sini-
Tar to that described in the case of battery
B’. When the finder switch I has connected
with the incoming trunk the velay 193 of the
line switch P is ener_ized over a holding
cireuit from the third selector M, whereupon
the second selector K is release:l and the line

The
operation from now on is identical with
that which has heen desceribed and requires
no further mention. Tt is understood that
connections as described ‘in the foregoing
pages may be established from any exchange
In the system to any other exchange in the
system, eacll exchange being provided with
equipment for extending sich connections

“and for completing connheetions so extended.
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It will be seen that I have provided an

extremely efficient  aiitomatic  telephone
trunking system for giving service to sub-

scribers in a. plurality of exchanges. the
high degree of efficiency being largely due
to the fact that a considerable portion of the
apparatus is at once made available for other
alls after it has performed ity -function in
establishing a connection.
described one form in which my invention
may be practiced it is probable that modifi-
-ations will suggest themselves to those
skilléd in the art. I do not, thevefore, wish

“to bestrictly held to the embodiment. shown

nerein, but desire rather to include and have
protected by Letters Patent all modifications
come within the scope of the ap-
pended claims. ’
What I claim as my invention is:
1. In a telephone trunking system, a cen-

tral exchange comprising a plurality of -

lines, means accessible to a calling line and
coniprising a plurality of numerical trunk-
ing switches brought into use consecutively
for locating a called line, and means includ-
ing a non-nwmerical switch for establishing
a diveet path avound certain of said numeri-
cal switches before the others are operated,
wifereby one of said switches may be ren-
dered available for further calls while the
alling and called lines are connected.

2. In a telephone trunking system, means
comprising a plurality of serially related
numerical trunking switches for connecting
calling and called lines, and means for elini-
nating said switches in two or morve succes-
sive stages to render them available for other
calls without interfering with the process of
connection. ° . ,

- 3. In a telephone trunking system, a plu-
rality of lines, a plurality of serially related
numerical tranking switches, means control-
lable over a calling line for operating said

While T have

13

“switches successively to locate a called line,

and means for successively eliminating said
switches to render them available for other
calls without interfering with the operation
of succeeding switches.

4. In a telephone trunking system, a plu-
rality of lines, & plurality of serially related

‘numerical trunking switches, means ¢on-

trollable over a calling line for operating
suid switches successively to locate a called

line, ‘means operated automatically during

the location of the called line for building
lip « direet connection thereto in sections,
and means operated  after each section is
completed for releasing certain of said
trunking switches. . :
5. In a telephone trunking system, a cen-
tral exchange comprising a plurality of
lines, means accessible to a ealling line and
comprising a Il)lu ality of serially related
numerical trunking switches for locating a
wlled line, and a non-numerical switch for
establishing a divect path around a plurality
of said numerical switches hetore the others
are operated. ,
6. In a telephone trunking system, a plu-
rality of subscribers’ lines, means including
parallel groups of trunk lines for connecting
calling and called subscribers’ lines, an au-
tomatic trunking switch' controllable over
% calling subscriber’s line for selecting a

~wanted group of trunk lines and an idle

trunk line in the selected group, and a back-
ward selecting finder switch associated with
the selected idle trunk line operable auto-
matically to establish a direct path arvound
the said trunking switch.

7. In a telephone trunking system, a plu-
ality of subscribers’ lines, means including
parallel groups of trink lines for connecting
alling and called subscribers’ lines, an au-

~ tomatic trunking. switch controllable over a

calling subseriber’s line for selecting a,
wanted -group of trunk lines and an 1dle’
trunk line in the selected group, a back-
ward selecting finder switch associated with
the selected 1dle trunk line operable auto-
matically to establish a direct path around
the said trunking switch, additional auto-
matic switches for completing the connec-
tion to the called line, and means for vestor-

70

75

80

85

90

95

100

105

110

115

ing” said trunking switch to idle condition

and for then operating said additional
switches over the said direct path.”

8. In a telephone trunking system, a plu-
ality of lines,a plurality of serially related .
numerical trunking switches, means cor-
trollable over a calling line for operating
said switches successively to locate a called
line, means operated automatically durirg”
the location of the called line foir building
up & direct connection thereto in sections,
and means operated after each section .is
completed . for releasing < certain. of said
trunking switches, whereby said trunking
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switches are made available for use in build-
ing up other connections. :

9. In a telephone trunking system, a plu-
rality of lines, a plurality of serially related
trunking switches for establishing a talking

connection between calling and called lines,

a plurality of serially related numerical
trunking switches for controlling the estab-
lishment of said talking connection, means
for operating switches in both series alier-
nately whereby such connection may be es-
tablished, and means for releasing. the
switches of ‘said second series independent
of those in the first series to muake them
available for use in building up other con-
nections. : ’

10. In u telephone trunking system, a plu-
ality of lines, a plurality of serially related
trunking switches for connecting calling and
alled lines, a plurality of serially related
numerical trunking switches for controlling
said connecting operation, means controlled
by a calling line for operating switehes of
said second series successively to select a
called line, automatic means for operating
switches of said first series at intervals be-
tween successive operations of said second
series whereby a connection is established
between the said calling and called lines,
and means elffective without destroying said
connection for releasing the switches of said
second series to make them available for use
in building up other conuections.

11, In a telephone trunking systen, a plu-
rality of lines terminating in a central ex-
change, a second central exchange, trunk
lines Dbetween said exchanges, o selector
switeh accessible to n calling line in said
first exchange for selecting au idle one of
said trunk lines, and an automatic switch
individual to each of said trunk lines where-
by the one sclected may be connected with
the said calling line independent of said se-
lector switch,

12, In a telephone systein, a plurality of
exchanges cach comprising subscribers’
lines divided into groups, means whereby
the lines of a phurality of groups are given
access in common to a group of trunk lines
terminating in automatic switches, a_group

of selector switches accessible to sald auto-

matic-switches, a plurality of groups of
lines -accessible to  saicd  selector
switches, some of which groups extend to
other exchanges, and individuai, switehes
for those trunk lines whicli extend to other
exchanges, said switches having “access in
common to said first named trunk lines.
13. In o telephone trunking system, a
plurality of lines terminating in u cenbral
exchange, & second central exchange, trunk
lines between said exchanges. a  selector
switeh accessible to a calling line in said
frst exchange, for selecting an idle one of
suid trunk lines, and an automatic switch
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individual 4o eaéh of said trunk lines
whereby the one selected may be connected
with the said: calling line independent of
said selector switch, and means for then ve-
leasing the said selector switeh to make it ac-
cessible to other calling lines.

14 In a telephone system, a plurality of
exchanges each comprising subscribers’ lines
divided into greups, means whereby the
lines of a plurality of groups are given ac-
cess in common to a group of trunk lines
terminating in automatic switches, a group
of selector switches nccessible to said auto-
matic switches, a plurality of groups of
trunk lines accessible to  said  selector
switches, some of which groups extend to
other exchanges, individual switches for
those trunk lines which extend to other ex-
changes, said switches having acecess in-coni-
mon +o said first named trunk lines, and
means whereby upon the selection of a trunk
line by a selector switch the individual
switch associated with that trunk line is
‘operated to establish a direct conneetion
around such selector switch.

15. In a telephone system, a plurality of
exchanges each comprising subscribers’ Imes
divided into- groups, means whereby the
lines of a plurality of groups arve given ac-
cess in common to a group of trunk lines
terminating in automatic switches, a group of
selector switches accessible to said automatic
switches, a plurality of groups of trunk
lines accessible to said selector switches,
some of which groups extend to other ex-
changes, individual switches for those trunk
lines which extend to other exchanges, said
switches having access in common to said
first named trunk lines, means whereby
upon the selection of a trunk line by a selec-
tor switch the individual switch associated
with that trunk line is operated to estab-
lish a direct connection around such selec-
tor switch, and means for then releasing
such selector switeh to male it available for
use in selecting other trunk lines

16. In a telephone trunking system, a
pluvality of lines, a plurality of switches ac-
wessible to said lines for purposes of calling
and being called, a frunk circnit for connect-
ing calling and called lines having a finder

switch at one end and a terminal at the
other end in each of said first switches, a
‘secondary trunk line having multiple ter-
minals in said first switches and a terminal
T said finder switeh, means for extending
a calling line fo an idle one of suld Grst
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switches, means for operating the selected. -

switeh to conneet with said secondary trunl
auxiliavy apparatug associated with said see-
ondary trunk for controlling said finder
gwiteh to Aind the same whereby the calling
line is conuected to said trunk circuit, and
auxiliary apparatus associated with said
- trunk cireuit for selecting a called line and

126

130



10

15

20

25

85

40

45

50

56

60

65

for controlling the extension thereof via one
of said first switches into connection with
said trunk circuit whereby the said calling
and called lines may be connected.

17. In a telephone trunking system, a first
exchange comprising a plurality of lines, a

-second exchange comprising a -plurality of

lines, a selector switeh in said first exchange
and means for extending calling lines there-
to, a connective cireuit in said second ex-
change accessible to called lines therein and
provided ‘with a finder switch at, one end, a
selector switch in said second exchange hav-
ing aeccess to said connective circuit; and a
trunk line between -exchanges, said trunk
line provided at the first exchange with ter-
minals in said first selector switch and a
finder switch having access to extensions of
calling lines, and at the second exchange
with terminals in said first finder switch
and an automatic switch for connecting to
said second selector switch. :

18. In a telephone trunking system, a
first exchange comprising a plurality of sub-
scribers’ lines, a second exchange compris-
ing a plurality of subsecribers? lines, trunk
lines accessible to calling subscribers’ lines
in said first exchange and extending to said
second exchange, local trunk lines accessi-
ble to calling subsecribers’ lines in said sec-
ond exchange, a plurality of link cireunits
accessible to called Jines in said second ex-
change, a finder switch fot each link circuit

having access to” both local and inter-ex-.
change trunk lines, and a selector switch .

aecessible to trunk lines of both kinds for
selecting an idle link circuit.

19. In a telephone trunking system, a.

first exchange and. a second exchange, each
exchange comprising a plurality of lines,
trunk lines between exchanges, a plurality
of link cireuits for interconnecting lines in
said first exchange, local trunk lines in said
first exchange, automatic switches for ex-
tending calling lines to idle local trunk lines,
a - selector switch accessible to said local
trunk lines -for selecting idle link civenits
or idle inter-exchange trunk lines, and a
finder switch for each link circuit and - for
each inter-exchange trunk line, said finder

switches having common access to said local

trunk lines. .
20. In a telephone trunking system, a first
eXchange tomprising a plurality of lines, a

second exchange comprising a plurality of -

lines, a selector switch in said first exchange
and means for extending calling lines there-
to, a connective circuif in-'said second ex-
change accessible to called lines therein and
provided with a finder switch at one end, &
selector switeh in said second exchange hav-

ing access to said connective cireuit, a trunk -

line between exchanges, said trunk line pro-
vided at the first exchange with terminals
in said first selector switch and a finder

1,326,680
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switch having access to extensions of calling
lines, and at the:second exchange with ter-
minals in said first finder switch and an au-
tomatic switch for connecting to said second
selector switch, and means including said
selector switches for controlling said finder

switches whereby a connection may be estab- -

lished from a calling line in said first ex-
change to said connective cirenit in said sec-
ond exchange by way of said trunk line..
21, In a telephone trunking system, a first
exchange comprising a plurality of lines, &
second exchange comprising a plurality of
lines, & selector switch in said first exchange

and means for extending calling lines there-.

70
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to, a connective circuit in said sécond ex:
change accessible to called lines therein and .

provided with a finder switch at one end, a
selector switch in said second exchange hav-
ing access to said connective circuit, a trunk
line between exchanges, said trunk line pro-
vided at the first exchange with terininals in
said first selector switch and a finder switch
having access to extensions of calling lines,

and at the second exchange with terminals.

in said first finder switch and an automatic
switch for connecting to said second selector
switch, and mieans for operating said se-
lector switches in turn to establish control-
ling .circnits for their associated finder

_switches whereby the latter may be directed

to connect a calling line in said first -ex-
change with the connective circuit in said
second exchange by way of said trunk line.

22. In a telephone trunking system, a first
exchange comprising a plurality of lines, a
second exchange comprising a plurality of
lines, a selector switch in said first exchange
and means for extending calling lines there-
to, a connective circnit in said second ex-
change ‘accessible to called lines therein and
provided with a finder switch at one end, a
selector switch in said second exchange hav-
ing access to said connective circuit, a trunk
line between exchanges, said trunk line pro-
vided at the first exchange with terminals in
said. first selector switch and a finder switch
having access to extensions of calling lines,
and at the second ‘exchange with terminals

in said first finder switch and an automatic’
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switch for connecting to said second selec- -

tor switch, means including said’ selector
gwitches for controlling said finder switches
whereby a connection may be established
from a calling line in said first exchange to
said connective circuit in said second -ex-
change by way of.said trunk line, and means

120

for then releasing said - selector switches®

_without disturbing said connection. »
- 28, Ina telephone tru king system, a first
_exchange comprising a_plurality oflines, a

second exchange comprising a plurality of
lines, a selector switch in said first exchange

~and means for extending calling lines
thereto, a connective’circuit in said second.
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exchange accessible fo called lines therein
and provided with a finder switch at one
end, a gplector switch in said second ex-
change having access fo sa2id connective cir-
cuib, & trunk line between exchanges, said
trunk line provided at the first exchange
with terminals in said first selector switch
and -a finder switch having access to exten-
sions of calling lines, and at the second ex-
change with terminals in said first finder
switch and an automatic switch for connect-
ing to said second selector switch, means for
operating said selector switches in turn to
establish controlling cireuits for their asso-
ciated finder switches whereby the latter

may be divected to connect a calling line i~

said first exchange with the connective cir-
cuit in sz2id second exchange by way of said
trunk lne, and means for then releasing said
selector switches without disturbing said
connection. »

24. In a telephone trunking system, a

first exchange comprising a plurality of
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-subscribers’ lines, a second exchange com-

prising a plurality of subscribers’ lines,
trunk lines accessible to calling subscribers’
lines in said first exchange and extending
to said second exchange, local trunk lines uc-
cessibie to calling subscribers’ lines in said

second exchange, a plurality of link cireuits

accessible to called lines in suid second ex-
change, a finder switch for each linle cireuit
having access to both local and inter-ex-

change trunk lines, a selector switeh acces-.

sible to trunk lines of both kinds for select-
ing an idle link circuit, and meéans for op-
arating the finder switch associated with a
selected fink eircuit o establish a direet con-
nection around said selector switeh.

25, In a telephone trunking system, » first
exchange and a second exchange, each ex-
change comprising a plurality-of lines, trunk
lines between exchanges, a plurality of link
circuits for inter-connecting lines in said
first exchange, -local trunk lines in said
first. exchange; automatic switches for ex-
tending calling lines to 1dle local trunk lines,
a selector switeh accessible to said loeal
trunk lires for selecting idle link eirvcuits
or idle inter-exchange trunk lines, a finder
switeh for each link eircuit and for each
mter -exchange trunk line, said finder
switches having common aceess to said local
trunk lines, and means for operating the
finder switch associated with a selected Jink
civenit or inter-exchange trunk line to cs-
tablish a direet connection around said selec-
tor switch. .. .

26. In a telephone trunking system, a first
exchange comprising a plurality of subserib-
ers’ lines, a second exchange comprising a
plovality of subscribers’ Times, trunk lines
accessible to calling subscribers’ lines in said
first exchange and extending to said second
exchange, local

trunk

trunk lines accessible to call-
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ing subscribers’ lines ‘in said second ex-

change, a plurality of link circuits accessible
to called lines in said second exchange, a
finder switch for each link cirenit having
access to both local and inter-exchange
lines, a selector switch accessible to
trunk lines of both kinds for selecting an
idle link cireuit, wmeans for operating the
finder switch associated with a selected link
circuit to establish a direct connection
around saild selector switch, and means for
then releasing said selector switch to make
it available for other connections.

27, In a telephone tvunking system, a
first exchange and a second exchange, each
exchange comprising a plurality of lines,
trunk lines between exchanges, a- pluvality
of link circuits for inter-connecting lines in
said first exchange, local trunk lines'in said
first exchange, automatic switches for ex-
tending calling lines to idle local trunk lines,
o selector switch accessible to said loecal
trunk lines for selecting idle link circuits or
idle inter-exchange trunk lines, a finder
switch for each hnk circuit and for each
inter-exchange trunk line, said finder
switches baving common access to said local
trunk lines, means for operating the finder
switch associated with.a selected link circuit
or inter-exchange trunk line to establish a
direct connection around said selector switch,
and means for then releasing said selector
switch to make it available for other con-
nections, ) . '

28. In- a telephone trunking system, a
plurality of lines, a selector switch for use
by calling lines in the selection of a called

Jine, a finder switch associated with said

selector switch for connecting with calling
lines, said comnecting process taking place
n bwo stages, one completed before and the
other after the operation of the associated
selector. . i

29. In s telephone trunking system, a plu-
vality of lines, a trunk civemit. for inter-
conneeting calling and ealled lines provided

-with an automatic switch- at one end for

connecting with calling lines and terminals
at the other end accessible to called lines,
and a selector switch individual to said
trunk cirenit for use in selecting called lines.
30. In 2 telephone ‘trunking system, a
plurality of lines, a trunlk circuit for inter-
connecting calling and called ines provided
with an antomatic switch at one end for
connecting with calling lines and terminals
at the other end accessible to ealled lines,
a selector switch individual to gaid trunk
civenit for use in selecting called lines, and.
means whereby the operation of suid auto-
matic switch is made dependent in part
upon ‘the mechanieal operation of said se-
Tector. ' .
31. In u telephone trunking system, a plu-
rality of lines, a trunk civewit for inter-
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connecting calling and called lines provided

with an automatic switch at one end for con-
necting with calling lines and terminals at

. the other end accessible to called lines, a
5 selector switch individual to said trunk cir-
cuit for nse in selecting called lines, means
whereby. the operation of said automatic
switch 1s made dependent in part upon the

" mechanical operation of said selector, and
10 means for disconnecting the wipers. of said
selector after its operation without releas-

", ing it mechanically. ‘

© 32. In a telephone trunking system, a plu-
rality of lines, a group of trunk lines for
15 connecting calling and called lines, means
for extending a calling line to-an idle one

. of said trunk limes, a series of trunking.

switches associated with each trunk line and

controllable over the said calling line for
20 selecting a called line, an automatic switch
- accessible to a line when called and having

access to said trunk lines; and a test circuit

for controlling said automatic switch said

" test cireuit including contacts in said trunk-
26 ing switches. o ' _

33. In a telephone trunking system, a plu-
rality of lines divided into grouips, trunk
lines extending from each group to the other

" groups, local trunk lines"m each group ac-

80 cessible to calling lines'therein, a selector

switch for each group accessible to said local

. trunk lines for selecting a trunk:line to any

of the other groups, a finder switch for each

. inter-group trunk line having access to the

86 local trunk lines in the group where it

. -originates; and a test conductor associated
with each local trunk line,

34. In a telephone trunking system, a plu-
rality of lines divided into groups, trunk
lines extending from each group to the other
-groups, local trunk lines in each group ac-
cessible to calling lines therein, a selector
switch for each group accessible to said local
trunk lines for selecting a trunk line to any
of the other groups, a finder switch for each
inter-group trunk line having access to the
local frunk lines in the group. where it origi-
nates, a.test conductor associated with each
local trunk line, means for extending a call-
8¢ ing line in any -group to its associated selec-
t ' tor switch by way of an idle local trunk line,

and means for operating said selector switch
*.to extend the test conductor associated with
.. the said local trunk line to the finder switch
&6 nssociated with an idle inter-group trank
.. line. :
85. In a telephone trunking system, & plu-
. rality of lines divided into groups, trunk
. % lines extending from each group to the other
&4 groups, local trunk lines in each group.ac-
- gessible to calling lines therein, a selector
- gwitch for each. group accessible to -said
“local ‘trunk lines fg

#90

45

i or selecting a trunk line
1o any of the other groups, a finder switch
85 for each inter-group trunk line having access

-selector switch by way of an idle local trunlk .

10

to the local trunk lines in the group wiere -

it originates, a test conductor associated with

each local trunk line, means for extending
a calling line in any group to its associated .

-1
[en}

line, means for operating said selector switch

to extend the test conductor associated with
the said local trunk line to'the findér switch
associated with an idle inter-group trunk -
line, a controlling relay for the said finder 75
switch and a battery included in series with

-said test conductor,

36. In a telephone trunking system, a plu-
rality of lines divided into groups, trunk
lines extending from each group to the other €0
groups, local trunk lines in each group acces-
sible to calling lines therein, a selector switch

“for each group accessible to said local trunk

lines for selecting a trunk line to any of the -
other groups,a finder switch for each-inter- 85
group trunk line having access to the local

~trunk lines in the group where it originates,

a test conductor associated with each local
trunk line, means for extending a calling-
line in any group to its associated selector 90
switch by way of an idle local trunk line,
means for operating said selector switch tg¢
extend the test conductor associated with the
said local trunk line to the finder switch as-
sociated with an idle inter-group trunk line, ¢5
a controlliiig relay for the said finder switch,
a battery included in series with said test
conductor, means for operating said finder
switch until a circuit is’ completed over said
test conductor .whereby the said controlling 100
relay is operated to bring the finder switch
tc rest in connection with the local trunk

line connected with the said calling line,

37. In a telephone trunking system, a
plurality of lines, a trunk line, a finder 105
switch for said trunk- line having sets of
fixed terminals and movable terminals co-
operating therewith, means for extending
a calling line to a.set of said fixed terminals,

a conductor terminating at one end in a test 110
terminal of said set, means operable ovei the
said calling line and cotprising a series of
trunking switches for extending the other
end of said conductor into connection with
a movable terminal of said finder switch, 115
means for operating saild finder switch to
connect the two ends of said conductor,
whereby a test circuit for said finder switch
is completed, a battery in said test cireuis,
and a controlling relay for said finder in 120
said test cireuit and operable upon the com-
pletion thereof for stopping the said finder
switch with its movable terminals in engage-
ment with the fixed terminals to which the
said calling line has been extended. ‘

38. In a telephone trunking system, a plu-
rality of lines, a trunk accessible to calling
lines and having an auxiliary switch asso-
ciated therewith, a plurality of other trunk .
lines each provided with a finder switch,said 180
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finders having access in common to said first
trunk line, a selector switch accessible to
said 111\111‘111, switch for selecting an idle
trunk Iine of said plurality, and a test con-
duetor associated with said first trunk and

-extended in the operation of said auxiliary

switch and selector switch to -the finder
switch associated with a selected trunk in
said plorality.

38. In a telephone trunking system, a plu-
rality of lines, a trunk accessible to calling
Imes and having an auxiliary switch asso-
ciated therewith, a plurality of other trunk
lines exch provided with a finder switch, said

finders having access in common to sajd first

trunk line, a selector switch accessible to said
auxiliary switch for selecting an idle trunk
line of said plurality, a test conductor asso-
ciated with said first trunk and extended in

the operation of said auxiliary switeh and

sefector switeh to the finder switeh asso-
ciated with a selected trunk in said plaral-
ity, means for operating said finder switch
to complete a cirenit over said test conduetor
and means included in said cireuit for con-
trolling said operation.

10, In a telephone trunking sy stem, a cen-
tral exchange comprising a ph' ality of lines,
means accessible to a ¢ ﬂhn(r line and com-
prising a plurality of %mllv rélated nu-
merical tr unking ‘switches for locating .

called line, a non- “humerical switch for estab-
lishing’a divect path around certain of said
numerical switches before the others are cp-
erated, and means for releasing said trunk-
ing switches independent of said non-numeri-
al switch to make them acceszible to other
calling’ lines.
T 41.Tna telephone system, means compris-
ing a plurality of serially reluted forward
and backward selecting automatic trunking
switches for connecting calling and ca Tled
]me&. an independent series of numerical
h-unkmg switches for controlling the back-
ward selecting operations, and means for
smt('hos in both series alternately
during the establishment of a connection.
42. In a telephone system, means for con-

nee tm a calling and called line comprising
a plnraht} of \omdll\ velated trank lines,
a numerical trunking switeh associated with
the forward end of each trunk line and
adapted to be controlled over the ¢ alling line
to select: the next trunk forward in the
series, and a finder switch- associated with
the backward end of each trunk line adapted
to be cperated automatically when the as-
sociated trunk is selected to select the next
trunk-backward in the series.

43. In a telephone system, means for con-
necting a calling and called line comprising
a plumht\ of serially related trunk lines, a

numerical trunking ‘switeh associated With

the forward end of .each trunk liné and
adapted: to be control]ed over the’ calhnb line

1,328,680

to select the next trunk forward in the
series, a finder switch associated with the
backward end of each trunk line adapted to
be operated automatically when the asso-
ciated trunk is selected to select the next
trank backward in the séries, and means
whereby said numerical - trunk selecting
switches are successively vestored to idle

-condition by the operation of said finder

switches.

44, In a telephone trunking system, non-
numerical trunking switches common to
calling and called hnps, means including a
Phl aliby of said switches associated with a

alling Jine and a similar plurality asso-
cinted with a called line for connecting said
lines, backward selecting finder S\Vltches
and connecting trunk lines included in the
connection b(‘t\\‘etll said  pluralities of
switches, and a series of numerical trunking
sw1tchc% controlled over the calling line to
Iocate the called line and initiate the opera
tion of the saidswitches associated thcrewmh

45. In a telephone system, a calling line
and equipment individual thereto, a called
line and equipment individual thcreto. a
plurality of links for building up a connec-
tion between the two, an <L11\111£U;V Link,
means for extending a’connection from the

alling line toward the called line by bring-
ing tooether a plurality of said links and
for thprea’rtel substituting said auxiliary
link for a plurality of snid connected links
before the last one of said first mentioned
links establishes connection with any part of
the equipment individual to the called line.

46. In a telephone system, a calling line
and equipment individual- thereto, a called
line and equipment individual thereto, a
plurality of links for building up a connec-
tion between the two, an dll\lh‘ll’} link, elec-
tromagnetic switching means for extending
a connection from the calling line tows: wd
the called line by bringing towethm a plu-
rality of said links and for thereafter sub-
f‘thutmo -said auxiliary link for a plurality
of said conmected links before the last one
of said first mentioned links establishes con-
nection with any part of the equipment in-
dividual to the cahcu line.

47, Ina telephone systemi, a pair of lines,

a plurality of trunk lines for use in establish-
ing’a connection between said lines; means

“for substituting one trunk line for several

trunk lines used in establishing a connection
between said lines before the connection Is
completed.

48, In a telephone system, a pair of lines,
a plurality of trunk:lines for use in estab-’
lishing a connection. .between said lines,
means. for substituting one trunk line for
several trunk lines uqed in establishing a
ponnectlo*l between shid lines before the con-
nection is completed.’and .for breaking the
conneatlon between the ehmmated trunks.
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49, In o telophous system, a pair of lines,

a, plurality of trunk lifes for use ln estab-

lishing a conmection hetween sald lines,
means for substituting one trunk lne for
soveral trunk lines used in establishing a
connection between said lines before the con-
nection is completed, and for breaking the

" connection between the first line and the

10

15

26

lishing & connection between”
. means for rveducing the numbp
lines used in establishing a con

- completed. . .

eliminated trunks. R
50. In a telephone systen, a pair of lines,
a plurslity of trunk lines for use in estab-

tween said lines before the conr

51. In' & telephome - sysiem
puilding up a connection bot
and called line  comprising &
numerical trunking switches
operated, means for releasing e plurality of
said switches before the connection is com-

(e

&5

pleted and means for releasing all the rest
of said ewitches except one after the con-
nection i completed.
2. 7n a telephone system, calling and
called lines, means for connecting the two
comprising 2 plurality of numerical auto-
matic.  progressively movable trunking
switches, means for releasing a paiv of said
switches and for maintalning the connec-
tion through only one of said switches.

55, In a telephony system, calling ahd
called lines, means for connecting the two

comprising three numerical automatic pro-
. gréssively movable trunking switches, and -
Cmeans for releasing two of said switches;

ong on each-gide of an intermediate switch
1 for maintaining the connection through
he intermediate switch, .

Bigned by me at Chicago, Cook County

T

»Tlincis, this 27 day of Jan., 816,

 ANDERS M. MALMBERG.




