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1

This invention relates to telegraph switching

systems and in particular to systems of the type .
in which central offices are interconnected by one

or more trunks arranged for “through” calls

through one or more intermediate automatic.
switching centers, or concentrating units, and
in which the communication paths traversed are

“through transmission paths.” -

A prior system is known in which two central
offices " interconnected by .one or more trunks,
have subscribers’ lines-terminating at switch-
boards of the respective offices and in which an

operator at either office may seize the trunk and :

control the extension of a call to a subscriper line
terminating at the other. office independently of
the operator at the terminating office. -Systems
of another type are also known in which permu-
tation code is used fo. control the selection of

lines and extensions of paths: over.said lines to -

more distant points, but such systems lack the

feature of this invention in accordance with: -
which the trunk may be seized from either end

and utilized to extend the path selectively at the
far end by permutation -code.

Other systems are known in which two-way
telegraphic trunks terminate in storage devices
such as tape reperforators and in which the tape

10
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produced by these reperforators control retrans- -

mission of the stored signals; such arrangements
are not considered to include through transmis-
sion paths nor. are the lines incoming and out-
going to the reperforator-retransmitter equip-
ment connected to form one transmission path.

Systems according to the present invention are
to be distinguished from all such prior systems by
the inclusion therein of novel featuxes not pre-
viously known,

According to an embodiment of the present in-

vention there:is provided a-regional layout of -

teletypewriter exchange offices arranged to auto-
matically - establish  “through” conmections for
communication purposes through one or more dis-
tant concentrating units, or intermediate primary
automatic switching centers, from one central
office to another and vice versa, by permutation
code signals.
matic switching centers, serving as secondary

switching centers, may be connected to the cen. -
tral offices and/or the primary switching centers

for establishing communication connections to
subscriber stations in outlying locations too re-

Other concentrating units, or auto- -
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mote for direct connection to a central office or a K

primary switching center.

An object of the present invention s to utilize :

the numerous - advantages of permutation code

55

2

‘for .controlling in- either of two opposite direc~

tions the automatic switching at intermediate.
points on a “through” call between widely sepa-
rated central offices.

A feature of the invention resides in the modl-'
fication of a system wherein permutation codes
may be transmitted from a manually operated
switching point and used to automatically con-.
trol at any intermediate primary switching point

or points (1) the selection of trunks and the ex-

tension of such trunks through one or more
distant intermediate primary switching points -
to any one of a plurality of terminating switch-
ing points, (2) the selection of g trunk line ex-

.tending to. a secondary switching point and (3)

the seiection of any subscriber line locally con-
nected to any of the intermediate primary switch--
ing points -or. the:secondary switching points.
Thus a series connection of main trunks for com-
munication purposes is automatically established
through one or more intermediate points under
the control of permutation code selecting signals.
These connections may be established in either
of two opposite directions of transmission under
the control of allotter, or sequence, circuits and.
director circuits responsive to different condi-
tioning codes, such as (1) the “Figures” signal
followed by a plurality of signals, in permutation
code, representing numbers for selecting a sub-

:scriber line local to the first intermediate pri-

mary switching point or a secondary trunk-line
terminating at a secondary switching point, and
(2) the “Letters” signal followed by a single letter
signal, in code, for selecting at an intermediate
primary switching point a main trunk extending
to another intermediate or a terminating primary
switching point. This use of different prepara-
tory codes for causing subsequent selecting codes
to distinguish between selection of different
classes of paths is a broadly distinctive feature
of the invention. o

Another feature of the present invention com-
prises a system in which two-way trunks may be
controlled from either end to automatically ex-
tend. the ecall through an intermediate primary
switching point to and over a second trunk to an-
other intermediate primary switching point a sub-
scriber’s station or to and over a trunk line to a
secondary switching point to a subsecriber line by
means of permutation code controlled selective
equipment operated by a permutation code send-
ing instrumentality which in the preferred form
comprises an operator’s teletypewriter.

A further feature of the invention comprises a

‘tandem arrangement of such trunks whereby an
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operator at any one of two or more central offices
in a system may seize a trunk extending to an-
other switching point and control equipment at
such other switching point to selectively control
by means of permutation code the extension of
the communication path over another trunk to a
third switching point and preferably at such third
switching point to control alsp by means of
permutation code the extension of the communi-
cation path to a subscriber line.
Still another feature of the invention is a two-
way trunking system in which. a. trunk may: be

seized at either end and caused to operatively as-.
sceiate with itself at the far. end a permutation,

code selecting mechanism which is. used to ex-
tend a communication path from the trunk over
another line or trunk whereupon the permutation

code selective mechanism is released for use in

establishing other communication paths upon
other calls.

Another feature is the provision of a plurality
of automatically operated switching points, a plu-
rality of two-way {runks connecting in series
and/or in parallel said automatically operated
switching points, two or more manually operated
switching points, a plurality of two-way trunks
connectmg one or more of said manually oper-
ated switching points to one or more automati-
cally operated switching pomts and subscriber
lines connected to each of said automatically op-
erated switching pomts whereby calls may be
automatically established between (1) two man-
ually operated switching points through one or
more automatlcally operated switching points
connected in series and (2) any one of said man-
ually operated-switching pomts and a subscriber
line connected to any one of-said -automatically
operated switching points, by transmAttmg froem
the " orlgmatlng one of, said manually operated
sw1tchmg pomts permutatlon code signals.

Another feature of the 1nvent10n ‘resides in the
provision of the regmnal layout of offices wherein
the total number of manually operated central
offices plus automatlc sw1tch1ng centers connect-
ed mbermedmte ‘the centx al- oﬂices and selectable .
from one of the sw1tch1ng centels by the use of
s1r~gle codes represe‘ltmg letters can be as high
as twenty-six and that the total number of other
automatic. swﬂ:chmcr centers of comparatively
smaller capacmes connected 1n tandem to the
intermediate large ,svntchlng centers only, pius the
number of subscriber lines connected to any one
intermediate large switching center so connected
in tandem csnnot exceed ore hundred with the
use of two-digit code selectlon as. herein dis-
closed, although it.will be obvious that the latter
number may be increased to one thousand by the
use of -three-digit.codes. Similarly, it is obvious
that by usmg a: two-letter. permutatlon code. the
arrangement shown herein may. be readily
changed to. increase the total number of .central
offices and. mtermedlate large sw1tch1ng centers
reachable from one .of the large switching cen-
ters to a total of 676. A regmnal layout of offices
is adapted for connection to- other regional lay-
outs and exchange .systems..

Another feature is.the provision of a two-way
trunk. circuit arranged to-not only connect to g
local subscriber’s line, but.also, when required, to
connect to another trunk circuit-extending to a
distant-office on a “through” call basis and to
thereby permit proper transmission of supervi-
sion signals .on. the.“through’” -connection. The

trunk circuit has the additional feature of per-.

A
mitting selection in either direction by permu-
tation code signals.,
Another feature resides in the provision that
an indication is furnished to a calling trunk cir-
5 cuit that said trunk circuit is going to be con-
nected to another trunk circuit instead of to a
local subscriber’s line.
Another feature is the provision for testing over
the calling trunk circuit the selected trunk cir-
10, cuit in the trunk group desired and for originat-
" ing the proper report signals for transmission to
the. calling. operator.
Another feature is the provision of multiple
connections of a trunk circuit at both the hori-
~zontal and the vertical contact sets of the cross-
bar switches of a link circuit whereby a “through”
- connection. between.any two trunks connected to
a. crosshar switch may be established in either of
two opposite directions.

An embodiment of the invention is comprised
in tne teletypewmter exchange system-herein de-
scribed: and illustrated- in the accompanying
drawings of whlch

Fig. 1 shows a dlagvammatlc arrangement of
the sw1tch1ng points in a teletypewriter exchange
system wherein provisions-are had for -automati-
cally establishing two-way -communication con-
nections between a plurality-of .central offices (of-
fices A and- E), through- intermediate large
switching center-B; and:.between-a plurality of
central offices. (offices A, E and D); through in-
termediate switching-centers B and C connected
in tandem. Another switching center F of rela-
tively small capacity- is furnished for establish-
ing connections with- any-of- the central offices
either directly or. through-one or more of the
large switching centers, or with.any one of the
large switching centers either directly or through
another of:-the large switching centers. In other
words, a connection-may- be-automatically es-
tablished, in either of two. directions, between (1)
the operators’ teletypewriters at any two central
offices interconnected through .one.or more large
switching centers, such as from.office A to office
F-through center B-and:vice versa, from office A
to office D and vice .versa and:from office E to
office. D .and .vice..versa; - (2) an operator’s tele-
typewriter  at a central office and:a subscriber’s
teletypewriter connected locally.to a large switch-
50 ing center-to which: trunks:from such central of-

fice extend, such as from office A or office E

through center B to a.subscriber-station and from

office D through: center C to a.subscriber station;
(3) an operator’s teletypewriter at a central of-
55 -fice and. a subseriber’s. teletypewriter connected
locally. to a. small switching . center, through a
large switching center to which trunks from such
central office. extend; such-as-from.office A or
office E through centers B and F to a subscriber
g0.station; (4) an operator’s teletypewriter at a
central office and a subscriber’s teletypewriter
connected locally-to a.large switching center
through another large switching center to which
trunks from such central-office extend, such as
65-from office A or.office B through centers B and C
to a subscriber station and from office D through
centers C and B-to-a subscriber station.. A con-
nection between:-a. subscriber’s teletypewriter at
a.station locally. connected to a large switching
70-center and a subscriber’s teletypewriter at a sta-
tion locally connected to. another large switching
center or a-small switching center must be estab-
lished manually by an operator.at the central
office connected by trunks extending to the large
75-switching center through which the. call origi~
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nated: ~An operator’s-teletypewriter at-a -centrald

office and a subscriber teletypewriter connected:
locally to a small switching center may be: inter-
connected for: communication purposes through
two or more large switchihg centers in one direc-!

tion only; a-call originating at a subsciber sta-

tion locally connected to a switching center must

be established through the-switching center to-

the central office directly connected to:the switch-

6
extending ‘to large -switching centei-C.- Corrés-
sponding contact sets of the horizontal groups
form vertical groups and each- of certain verti-
cal groups terminates a -subscriber line local to

5 center B, other vertical.groups respectively ter-

mingdte other lines referred-to hereinas trunk--
lines extending to small switching center F, and-
still .other wvertical groups are respectively con- -
nected in. multiple to :the. trunks extending to:-

ing ‘center, such' as from a subscriber station '10:central offices A and E and switching center C,:

through center B ‘to-office--A-or E and from. a:

subscriber station through center C-to.office D.”
As hereinbefore. stated, a small switching center
connected through a large switching center fo a
central office is provided with means for auto-

niatically - establishing .a ‘connection  between ‘a .

subscriber’s teletypewriter locally connected.to
the small switching center and an operator’s tele=:
typewriter at the central office.but when two-
central offices are connected by.separate groups .
of trunks to the large switching center, no means,:
. automatically operated, are provided for connect- .
ing the subscriber’s teletypewriter to.an opera-
tor’s teletypewriter at the second central office;
a connection of the latter type must be estab-
lished manually by the operator at the first-men-
tioned central office. By having all calls directed
through a central office. permits supervision by
an operator for determining the necessary service
charges that are assessed against the subscribers.

It is obvious that each of the central offices in-~
cluded in the present system has means for being
connected to local subscriber stations and to
trunks exténding to other central offices where-
by subscriber stations local thereto may have
access by means: of -an interconneéction, to any
switching point or subscriber-station included in
the system.

The system is shown in dlagramma,tlc form in
Fig.'1. The circuit schematic is shown in.detail
in ' Figs. 2 to 14, inclusive, 16 to 43, inclusive,
which are grouped in accordance with their re-
spective locations at the several switching points,
The figures are grouped as follows: Figs. 2 to 14,

inclusive, 16 to 19, inclusive, and Figs: 24 to:31, 45

inclusive, for large switching center B; Figs. 20

and 21 for central office A; Figs. 22 and, 23.for.

central office. E: Figs. 32 to 39, inclusive, for large’
switehing center C; and Figs. 40 and 41 for cen-

tral office D; Fig. 42 shows a subseriber station. sg

and line c1rcu1t local to center B; and Fig. 43
shows a circuit schematic in skeletonized form,
for small switching center ¥, which is shown in
detail in.the Large-Singer Patent 2,372,329, dated .-

March 27, 1945. Pig. 15 shows the relative ar- g5

rangement of Figs.’2 to 14, inclusive, and 16 to 43,
inclusive.” The circuit arrangements provided at
large switching centers B and C are identical and.
similar arrangements may be employed in other

additional large switching centers that may be go

provided for the system Likewise the. circuit
arrangement provided at small switching center
F may serve for other additional small switch-
ing centers that may be required.in the system.

which trunks are mentioned above as also hav--
ing terminations at.-their respective horizontal-
groups of contact sets.. In other words, each of .
the latier trunks is connected in multiple to both

15 :a-horizontal and & vertical group of contact sets:

to permit  selection .in opposite directions. by~
means of permutation code signals. - The link cir-

cuit shown “herein provides for-the.use. of ten:
crossbar switches Nos.. 0 fo 8 and each switch .is=

gg:arranged to terminate ten trunks, such as, switch

No. § terminates. trunks Nos. 99 to 90 which ex-:
tend to central office A, switch No. 8 terminates..
trunks Nos. 88 to 88 which extend.to central of-

fice E, switches Nos. 1 to 1, respectively, terminate -

95. groups of trunks extending to other central offices.

or.large switching centers.other than center C,-
and switch No. 6 terminates trunks Nos. 9 to 0
which extend to- large.switching center C, al-
though two or more switches may be readily ar-

g0:ranged to terminate two orimore. groups of fen .

trunks to any one of: the central offices or large

switehing centers. . o
Figs. 4, 5.and 6 show,: in detall the termination:

at center B.of a main trunk No. 99 extending

g5:t0 central office A. .

_Pigs. 7,-8 and 9 show, in detaﬂ the terminatlon -
at center B of a main trunk No. 89 extending
to central office E.

Fig. 10: shows, in detail the subscnber line se-

40-quence- circuit at center B.

Figs, 11 and 12 show, in detail the trunk se-,
quence circuit at:-center B. ;

Fig.- 13 shows, in defail, the -control arrange-'
ment of the sequence circuit-at center B.

Figs. 14, 16, 17, 18 and. 19 show, in detail, the -
director, circuit at center B. e

Fig. 15 is a diagram which shows the relatwe'
arrangements in which. Figs. 2 to 14, inclusive,
and 16 to 43, inclusive, are to be placed. )

Pig. 20 shows at central office A, the termina- .
tion of the trunk No. 99. whose other termlnatmn
is shown in Figs. 4, 5 and 6. .

Frig. 21 shows an operator’s cord circuit at the.
central office A. .

Fig. 22 shows at central office B ‘the termina-
tion of the trunk No. 89 whose other termination
is shown at Figs. 7, 8 and 9. )

Fig. 23 shows an operator’s cord circuit at cen-
tral office E.

Fig. 24 shows the all- trunks busy circuit at -
center B.

Figs. 25 and 26 show the miscellaneous alarm
circuit at center B. ‘

Figs. 27 and 28 show at center B the termina- -

‘Pigs. 2 and 3. show a-link circuit-at center B 65 tion of a trunk-line TL-—{ connected to the

for interconnecting main trunks of groups- re-
spectively extending to central offices at A and E,
and switchirg center C. Each main trunk ter-
minates on a honzontal group of contact sets of

vertical group (second from the left) 'of contacts.-

sent in the link circuit (Figs. 2 and 3), and ex-

tending to small switching center F. :
Figs. 29, 30 and 31 show, in detail, the termina-

a crossbar sw1tch the two uppermost horizontal 70 tion at center B of 2 main trunk No. 9 extending -

contact sets being shown as terminating trunks
extending to central office A, the next two, or:
third and fourth -from the top, being shown as
terminating trunks. extending to central office E,

to large switching center C. :

Figs. 32, 33 and 34 show, in detail, the termina-
tion at large switching center C of the main trunk
No. 8 whose other termination is shown in Figs. .

the: fifth: from: the top:as: terminating . a trunk 75 29, 30 and 31, although:at-this switching point,
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namely, center.C, thefrunk:No. $:would-ordinarily-
have- a: different: number- to. correspond. to: the-
numbering at the crossbar:switch-in the link cir-.
cuit provided at center;G. .

&:
they: extend. to. the- trunk. sequence- circuit, not.
shown.
It is to :be:understood that-any-one. or more of
the-switching centers.may be a part of the central

Figs. 35-and 36-show:at:large-switching center-C . 5; office to. which- they. are. directly. connected by

a. link- eircuit, similar:to-that shown.in-Figs: 2
and 3, but arranged to.interconnect:main trunks,
respectively, extending to;large switching: center:
B:and:central office:D, the:two:uppermost horis.

trunks; and:that any. one.or-more. of. the.small
switching centers may be part of the large switch--
ing center. t0 -which:they are:directly connected.:
by trunk-lines:. This provision is. made for-

zontal: contact- sets-being shown as:terminating:16:various reasons, such as, to shorten the.inter--

trunks -extending: to center- B;.the: next: two, or:
third: or fourth: from the- top, being:shown as:
terminating trunks-extending:to-central office.D.

Figs. 37, 38. and: 39 showy in. detail! at-large:

switching center- C. the: fermination of a:main: 15;

trunk No: X—89 extending:to central .office.D. .

Rig: 40.shows at.central office:D the termination:
of: trunk: No. X-—389: whose:other: termination: is-
shown in Figs. 37, 38:and 39:

connecting-trunks and trunk-lines-and.to utilize:
ayvailable.personnel.

GENERAL DESCRIPTION-

Reference. is-made .to other:-patent applications:
for a.complete-deseription of:the.:system shown-
on:the drawings. Only that-part-of the system:
that:is necessary. for-a sufficient: understanding:
of-the invention is-deseribedin detail herein. For-

Fig. 41> shows at.central office. D :an:operator’s- 29: example: -the parts.of the systems which are dis-

cord circuit which is identical with that:shown in.
Hig. 21 or Fig. 23..

Fig. 42 shows:a.subscriber line-circuit: similar-
to.the subscriber line eircuit diselosed in . Fig, 6.

of‘Krecek Patent 2,368,666, supra; except that the. 252

equipment for completing a: call' to.a second:

choice of trunks ina two-outlet system is omitted:
Fig, 43 shiows, in skeletonized form; that part of

the system disclosed in Figs. 1:to0 9; inclusive, and

Figs. 13 to.19, inclusive, of ‘Large~Singer-Patent: 30:

2;372,329, supra. For an understanding of the ap--
paratus shown in Fig. 43, reference may be made.:
to Figs. 1, 2; 8:and:90f:Patent 2,372;329.

The numbering- of the various pieces of: ap-

paratus and parts of the circuit shown on-the-: 35:

various :-figures-have been kept:to-a-rigid.plan.
Thus all ‘relays.-shown in each of the respective.
figures have reference characters: consisting of
numerals and letters; the-numerals:shown as-pre-

fixes corresponding in-eaeh  case-to-the -number: 40

of: the figure-in  which: the particular- relay. is
located. All other parts or:elements in the-cir-
cuits -are designated:with numerals: only, for in-
stance, those parts -of Fig. 2:are designated with
numerals between-200 and 299, those in Fig.: 3 are
designated with numerals between 300 and-399;
etc., wherein the hundreds numerals-designate in
each case. the figure in-which the particular part
is found. In the trunk sequence circuit the equip-

ments respectively -allotted to frunks Nos.. 89; 98. 50 (¢)°

and 90 are shown in Fig, 11 and those respectively.
allotted to trunks 89, 80:and 8 are shown in Fig.
12, and the corresponding conductor or.eléments.
in each of these trunk equipments are designated’

with like numerals except.that.the prefixes and. 55

suffixes respectively indicate the figures wherein .
the respective trunk equipments.are. located .and
the trunks to which the equipments are assigned, .
for example, f{~—02—89.is conductor. No. 2; of
trunk No. 99 in Fig. 11, {2—02—89 is the-corre-:
sponding conductor No.. 2 of.trunk 89-in Fig. 12,
and {2—62—9 is another corresponding:conductor.
No. 2 but of trunk No. §.in Fig, 12. At large

switching center- C the- sequence- circuits; the: 65+

miscellaneous alarm: circuit: and: the: all-trunks- .
busy circuit are not shown-but are-identical, ex»
cept for the trunk grouping arrangement, with;
the corresponding circuits shown forlarge switch-~

ing center B; and the reference characters:for the: 7q.

conductors extending from - the. sequence: cireuit;
to the terminating- equipment: of; trunk: No.; 9,

shown in: Figs. 32,33 and-34, and to the-terminat-.
ing equipment of trunk-No. X; shown in:Figs:, 37;.

38-and 39, have prefixes of, TS~ indicating -that: 75-

L5

60

closedin-patents of the prior:art-are shown-herein:
as-follows:-

(¢) The. terminating -equipment of ‘trunk No: 99-
and’ an. operator’s cord circuit- therefor, at
central 'office A-are shown in Figs: 20 and 21,
respectively;

The terminating equipment of trunk No. 89"
and an operator’s cord circuit therefor, at
central office E are shown in Figs. 22 and 23,
respectively;

The . terminating equipment  of trunk No.
X—89 and an operator’s cord circuit there-
for, at central office D are shown in Figs. 40-
and 41, respectively;

(Large Patent-2,375,856, supra; shows.in Fig,
10 the trunk: terminating - equipment. and
Large-Singer Patent 2,372,329, supra, shows
in- Fig.- 12. the: operator:cord; circuit; cited
under -items. (@), (b)- and: (¢) listed above.
In:the present specification the trunk termi-.
nating - equipments . and:the-operator’s cord
cireuits: respectively. provided: therefor, at
central .office. D are-reversed: in:position with
respect to-the:corresponding: equipments and-
circuits-at:each of central offices A-and-E.)

The all-trunks-busy circuit shown in Fig. 24
is shown in Fig, 22 of Large Patent 2,375,856,
supra;

The miscellaneous alarm circuit- shown in
Figs. 25 and 26 is shown in Figs. 25 and 28,
respectively, of Large Patent- 2,375,856,
supra;

The . terminating equipment- of trunk line
TL—I1 at large switching cenfer. B 'is shown
in.Figs. 6 and 14 of Large Patent 2,375,856,
supra;

The subscriber line circuit terminating at the
link -circuit located at-large-switching center
B:and-shown- in Fig. 42"is of the attended-
local - subscriber- station' type- and is' sub-
stantially -the same as that'shown in Pig. 6
of Krecek Patent 2,368,666, supra, except that
the equipment for-a second ‘choice of ‘trunks
for- a two-outlet system-is, as hereinbefore
stated, omitted;

@

.

@)

(622

(@)

(The. Krecek patent shows. the. subscriber
line circuit.adapted for. connection.to a toll.
subscriber- station unattended.and attended, ,
and a.local subscriber. station attended.)

(h) The terminating equipment: of - trunk. line:
TL—1, the:link. circuit: and. the- subscriber.
line:circuit:atsmall:switching .center-F, .to-

gether. with azlocal:subscriber:station.cons -
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nected .to center F are shown skeletonized in

Fig. 43 and for a detailed showing reference -

may be made to Figs.:1, 2, 8 and 9 of Large-
Singer Patent 2,372,329, supra.

The remaining parts of the system are more or#

‘less novel in. order to attain the results desired by
the applicant and ‘these parts are as follows:

. (i) The link circuit at large switching center B,
shown in Figs. 2. and 3;

@)
ments at large switching center B, that of
trunk No. 99 being shown in Figs. 4, 5 and 6,
that of trunk No. 8% being shown in Figs, 7,

8 and 9, and that of trunk No. 8 being shown

in PFigs. 29, 30 and 31;

The subscriber sequence circuit in Fig. 10,
the trunk sequence circuit in Figs. 11 and 12,
and the sequence control circuit in Fig. 13,
all being at large sw.tchmg center B;

~“(Correspondingidentical c1rcu1ts are also
provided for large switching center C but
are not shown herem )

(l) The dlrector c1rcu1t in Figs. 14 and 16 to 19
"~ inclusive, at large switching center B;

(An -identical- director circuit is also pro-
vided at-large sw1tching center C but is not
- shown herein.) -

x)

‘ (m) The trunk termma'ﬁing,equipments at large

switching center C, that of trunk No. 8 being
shown In Figs. 32, 33 and 34, and that of
trunk No, X-—89 being shown in Figs. 37, 38

: and 39;

(n)

_sHowri in Figs. 35 and 36 which is the same
as that shown in Figs.'2 and 3, except that
Pigs. 35 and 36 are reversed with respect to
Figs. 2 and 3 because in Figs. 35 and 36 the
arrangement shows the trunks connected "

~at the left side of the crossbar switches,
whereas in Figs. 2 and 3 the trunks are con-
nected at the right side; (the horizontal
rows of contact sets on the crossbar switches
shown in Figs. 35 and 36 would ordinarily be
numbered to correspond to trunks terminat-
ing thereat but for illustration purposes the
uppermost horizontal row is shown connected
to trunk No. 8 in accordance with the num-
bering scheme used in Figs. 2 and 3) ;

(The trunk terminating equipments shown in
Figs. 32, 33 and 34 and Figs. 39, 38 and 37 are
also the same as that of Figs. 4, 5 and 6 ex-

cept that they are reversed with respect to )

Figs. 4, 5 and 6.

A miscellaneous alarm - c1rcu1t and- an all—
-trunks-busy’ eircuit, identical with those shown
at large switching center B,.-are also provided for
‘large switching center -C; but are not shown.

~The correspondence of ﬁgures ls tabulated as
follows: :

-’I‘h1s spemﬁcatmn ‘
) Large I"ltent 2,375 850, I‘Igz 10

ig. 20 o .
TFig. 21 Large-Singer Patent 2,372,329, Fig. 12.
Flg. 22 Large Patent 2,375, 856 Flg ‘10 :
Fig. 23 Large-Singer Patent 2, 372 329, Fig. 12
Fig. 24 . Large Patent 2,375, 806 Fig.22 ..

Fig. 25 Large Patent 2,375,856, Fig. 26

Pig. 26 Large Patent 2,375,856, Fig. 28 -

Tig. 27 Large Patent 2,375,856, Fig. 6

Fig. 28 Large Patent 2, 375 856, Fig. 14

Fig, 40 Large Patent 2, 375, 856, Fig. 10

FI"‘. 41 Lfv,rgn Singer P”Ltent 2,372,329, Fig. 12

Tlg. Krecek Patent 2,368, 666, i ig. s

Fig. 43 (skele- Large- Smger Patent 2,372,320, Figs. 2.3, 8 and 9

tomzed)

Should it e desn*ab¥e to furmsh a line-hunt-
ing arrangement .for a group of subscriber lines

The link cireuit at large switching center C~

1

10
The identical main trunk terminating equip~

[
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terminating at a subscriber’s premises local to an
automatically operated switching center, each
line of the group, except the last line, would be
modified as shown in Figs. 29 and 30 of Large
Patent 2,375,856, supra. This patent together
with the patents referred to herein are made a
part of this application as if fully included here~
in.

In some cases in order to avoid the tracing of
a plurality of conductors through one or more
sheets, these conductors are shown terminated on
one sheet in a dot and dash line designated as a
single conductor, and the dot and  dash line is
extended over one or-more sheets to a point where
the plurality.of conductors are again shown.

Reference is-made herein to inward and out-
ward calls. An inward call-is-one that originates
at or beyond a central office and terminates at &
subscriber station local to a large switching cen-
ter or a subscriber station connected directly to
a small switching center which is connected by
trunk-lines to the large switching center. An
outward call is one that originates at a subscriber
station locally connected to a large switching
center and terminates at or beyond a central of-
fice, or at a subscriber station- locally connected
to a small switching center, extends through a
large switching center and terminates at a cen-
tral office.

The complete operation of the system is set
forth heremafter under various headlngs as fol-
lows

Link circuit at large switching center B

This circuit (Figs. 2 and 3) acts as a.selectable
connecting. medium -between trunk - circuits ex-
tending to central .office A, central office E, and
large switching center C, and trunk-lines. ex-
tending to small switching center F and subscrib-
er lines respectively. extending to attended local
subscriber stations; attended and unattended toll
subscriber. stations, -and groups of subscribers’
lines respectively extending -to local subscriber
premises. It utilizes. as its connecting medium
a coordinate, or crossbar, switch structure. . The
subscriber station line circuit, the trunk-line cir-
cuit extending to small switching center F and
the groups of trunk circuits respectively extend-
ing to central offices A and E, and to large switch-
ing center C are directly associated with the re-
spective “holding” magnets of the link circuit,
these magnets being shown at the bottom of the
vertical rows of contact sets. A selecting magnet
is provided for each horizontal row of contact sets
and these selecting magnets are respectively con-
nected to those trunk circuits which extend to
central offices A and E and large switching center
C. 'The link circuit comprises a switching instru-
mentality well known in the art as a “crosshar
switch,” certain forms of which are described in
United States Patents 2,021,329 and 2,047,383,
granted to J. N. Reynolds on November 19, 1935
-and July 14, 1936, respectively.

Fundamentally the crossbar switch consists of
three major functional parts: (@) ten separate
vertical circuit paths, (b) ten separate horizontal

“circuit paths, and (¢) a mechanical means for

connecting any one of the ten vertical paths to
‘any one of the ten horizontal circuit’ paths by
operation of electromagnets. Primarily the switch
is a multiple relay structure with ten relay-like
-units, each unit having an operating, or “hold-
ing,” magnet and ten sets of contacts ina vertical
row. The switch arrangement provides a rectan-
gular fleld of contacts in ten vertical rows and
ten horizontal rows or a total of 100 sets of con-
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‘tacts, one set-at-each “crosspoint.” "These cross-
‘point contacts are operated independently of each
~other by a coordinate operation of the horizontal
-and- vertical bars. The horizontal bars are re-

“spectively controlled by the ten horizontal or “se- -

*lecting,” magnets and the vertical bars by ten
“vertical, or “holding” magnets. Any set of con-
tacts in any vertical row may be operated by first
-pperating ‘the selecting magnet corresponding to
‘the - horizontal row in which the set of contacts is
“located, and-then by operating the holding mag-
*net associated with’'the vertical row. Since:the
-contacts are held operated by the holding magnét
salone, the: selecting magnet is operated but mo-
mentarily and is released as soon as the holding
“magnet is operated. -After the selecting magnet
‘is released, other connections may be established
*through the:-switch by the operation of other se-
‘lecting and holding magnets. It isthus-apparent
‘that ten connections can be established through
rone switch, one for-each of the horizontal paths.
+Ordinarily, in-the '100-point crossbar switch each
«0f ‘the ten-vertical units or circuit:paths, is'wired
‘t0-a subscriber line or a trunk-line which extends
“to small-switching center F-and-each of ten hori-
«gontal -circuit ‘paths 'is connected :to -a ‘trunk.
“With -such ‘an arrangement, any:one of the ten
“subscriber lines-or trunk-lines may be connected
to any one of the ten trunks. The number of
ssubseriber lines or ‘trunk-lines, or both, may be
“increased in'multiples of ten by providing-an ad-
ditional switch of 100 points for each maultiple
with:ten-different lines or trunk-lines respectively
connected to the vertical paths of each additional
“switch, and by wiring in-tandem, the horizontal
.contact multiple of -each additional switch'to the
“horizorital ‘multiple of the first switch and the
switches -subsequently added -thereto. When
sswitches -are added ‘to ‘increase the number -6f
‘subscriber lines and trunk lines each switeh is re-
“ferred to herein-as a“bay.” "Thenumber-of trunk
‘eircuits ‘may‘be increased in multiple -of ten by
*providing an-additional 100-point swit¢h for each
‘multiple, with ten different trunksrespectively
~connected ‘to the horizontal paths of each -addi-
‘tional-switch; each switch-added to increase .the
~number-of trunks has its-own ten holding magnets
“for'the ten vertical units theredf, and the holding
magnets of each -of ten vertical units of ‘one
switch are respectively arranged when operated
"to operate the corresponding holding magnets of
“the ‘vertical umits of ‘the switch “immediately.
*above it.

In the system described herein there are pro-
vided ten"100:point switches Nos. §:to 9 for. fur-
'nishing .access to 100 trunks .and these ten
‘switches, when so arranged, are referred to
herein as one hay. "The ten trunks Nos. 99.to 99
-of switch :No. .9 extend to.centrdl office A, the
Jden-trunks. Nos..808 to 88 0of switch No..8 extend
ito-control.office.E, and the.ten:trunks.Nos. 0. to .8
‘of switch No. 8 extend .to.large switching. center
£C; the:trunks.terminating.on each-of the seven
sintermediate -switches, not shown, may also ex-

“tend ‘to-office -A, office :E, center-C, -and/or:any’

rother-central -offices -and :switching centers-that
imay-be provided. :In order to satisfy the:purnose
«0f rthe present . invention certdin - of “the vertical
:units, ordinarily assigned to-subscriber lines-and
vfrunk-lines -as ihereinbefore -stated, -are - instegd
‘respectively connected in multiple fo the trunks
0f "those ‘groups -extending to central : offices ‘A
-and“E and ‘large switehing  eenter C. When 3
“horizontal row of contact sets’is vrepared by a
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associated with one of the vertical rows of con-

‘tact -sets is operated, the contacts atithe cross-
‘point of the row associated with the: operated

selecting magnet and the row associated with the
operated holding magnet are brought into con-
ductive engagement. Immediately thereafter,
the selecting magnet may be released as -here-

Ainbefore stated, and other contacts of the ver-

tical row wherein the engaged sets are located
will not be brought into engagement when other
selecting magnets are operated, but the set of
contacts already engaged in a connection will
remain engaged until the holding magnet which
caused them to become engaged, is released. As
above stated as one of the features, the trunks
extending from central offices A and E and large
switching center C which respectively termi-
nate on horizontal rows of contact sets.are also
connected in multiple to certain vertical rows,
respectively, of contact sets, in order to provide
for two-way selection in establishing a “through”
connection over entire connected main trunk
circuits.

Should a.call be received over a trunk, such
as trunk No. 99, for a local subscriber line shown
in Fig. 42 as being connected to the holding mag-
rets associated with the first vertical row of con-
tact sets, the director circuit, as will be herein-
after described, would obtain access to a hunt-
ing conductor associated with the called line
and connect -thereto ground for operating the
lowermost of the holding magnets associated
with the called line. The holding magnet which
is the first one of crossbar switch No. 0, upon
operating, causes each of the other holding mag-

‘nets in the same vertical row associated with the
:called line but respectively located on the other
‘crossbar switches Nos. { to 9, to operate.
‘the link circuit shown- in Figs. 2 and 3 the oper-

In

ated holding magnets are those shown, for ex-

~ample, associated with the first vertical row from
the left.
to 3IH—S—8 and 2H—S—) respectively provided
:in the first vertical row on the ten switches Nos.
245
-from the above-mentioned called subscriber line;
‘those associated with the second vertical row

The ten holding magnets 3H—S—0

0 to 9 are furnished for completing calls to and

are furnished to complete calls to and from a

-trunk line extending to small switching center ¥;

those associated with the third vertical row are

.furnished to complete calls to trunk No. 9 ex-

tending to large switching center C; those asso-
ciated with the fourth vertical row are furnished
to complete calls to trunk No..88 extending to
central office BE; and those associated with the
fifth vertical row are furnished to complete calls

“to trunk No. 99 extending to central office A.

An additional vertical row of holding magnets

‘on the same bay or any one of additional bays

is understood to be furnished for each of (1)
other local subscriber lines ' (not shown), (2)
other trunk-lines (not shown) extending to
switching center ¥, (3) trunk-lines to other
small switching cenfers that may be provided,
(4) other trunks to center C and offices A and B
and (5) the trunks to other switching centers and
central offices (not shown) that may be desired.
As hereinbefore stated each of the trunks extend-
ing from center B fo-any one of the central offices
or any one of other large switching centersandar-
ranged for “through” connections, is connected in

‘multiple to a vertical and horizontal row of con-

tact sets. TFor example, trunk No. 88 which is

‘Shown connected to the uppermost horizental row

“selecting magnet, and:a hélding magnet which:is- 75 of contact sets is.shown also connected to the fifth
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vertical row from -the-left. Each switch bay,
-such as shown in Figs. 2 -and 3, is, therefore,
capable of establishing in either direction a call
between (1) two main trunks of groups incom-
-ing from different central offices or:from  dif-
-ferent switching centers or from a central office
~and -a switching center, (2) any main.trunk of
‘any one of the-incoming groups and-any one of
the local subscriber lines; and (3)-any of. the

‘main trunks of any of the incoming-groups and*:

any trunk-line extending a small sw1tch1ng cen-
ter such as switching center F.

The functions of the link circuits are:

(1) When a selecting magnet, that-is,” one
that is associated with a particular main trunk
circuit and a holding magnet are operated. in
the proper sequence, the particular main trunk
circuit’ with which the operated selecting mag-
net is associated will be connected -to another
main trunk circuit or to a trunk-line or to a
subscriber station line eircuit with which the
'operated holding magnet is associated.

8) 'Off-norial contacts-on the selecting: mag-
'nets insure, upon-the estabhshment .of the-con-

nection that the magnets “are operated in the-

correct sequence.

(8) When -the holding magnet is operated,:it
-will -Jock under ‘control of the main trunk -cir-
-euit in’ order that the operated selecting' mag-
‘net, or selecting magnets as in the case when
‘multiple sw1tch bays are’ furmshed, may be re-
leased.

(4) The ho]dlng magnet contacts perform the
“out-6ff” functions reguired in the associated

“gubscriber line circuit-or its equalent upon the E

establishment of a call: S

In an idle condition- all magnets are released
and the tip and ring conductors-of -the sub-
:scribér” lines, -trunk- lines extending to switching

center T or of a calling main trunk extending.

to central office A’ or E. or large switching cen-
.ter C will be-open, or in a spacing condition, at
their respective terminations at the distant of-
‘fices when -such lines and trunks also are m
their idle ¢ondition.

For a more complete descrlptlcm of the link
¢ireuit, -reference is made to Large Patent
2,375,856, supra.’ ‘ : T

Terminating equipment located in .large swz‘tch-
ing center at office B, of main trunk No. 99
extending to central office A :

This circuit (Figs. 4, 5 and 6) of trunk No
99 possesses . automatic signaling supervision
features, is arranged to terminate at large
switching center B a trunk extending from cen-
tral office A, and may be provided with full-du-
plex- standard toll line facilities shown and de-
sceribed in Krecek Patent 2,368,666, supra. To
differentiate. .from. the trunk-line extending to

10~

14

~factory ‘completion of ‘a-connection between main
‘truniks in either direction. -Essentially, during
-the transmission stage, the trunk circuit termi-
nation of main trunks Nos. 99, 89 and 9 remains
+intg full~duplex’arrangement on “through” calls
and the supervision between any two of these
main trunks connected together is handled over
sseparate ‘conductors, such as conductor 1113 of
the outward- supervisory. path and conductor
1414 of the inward supervisory path, also on 2
+full-duplex basis.-

On calls'to and from a subscriber statlon local
to- large:switching -center B, and to and from a

- “trunk-line extendmg to small switching center

<15

20

o
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o

small switching center F, this trunk is referred 6

1o herein as’one.of the main trunks:and it dif-
fers in another way in that it permits selection
4n elther direction, that is, it is arranged. .for
connection -automatically to another main frunk
and employs:straightforward supervision prm-
ciples on a full-duplex operation basis.

Main trunk No. 99 functions on a connect!on
to a local -sybscriber line or to a trunk-line ex-
tending to small ‘switching center F' in a -man-
ner very similar to that disclosed in Large Pat-
-ent 2,375,856, supra. However, on a call to an-
.other main trunk such as trunk No. 2% extend-
ing to central office E or trunk No. 9 extending
to large  switching center -C, .the function s

greatly different in order to permit the satis-.

7

.F the functions of ‘g main trunk circuit at center

B ‘are. the- same, -and -therefore, a statement
sgetting forth the:functions with respect to calls
.10 and from g local subscriber station will suf-
-fice for a statement setting forth the functions
“with: respect to calls to and from a trunk-line
extending- to ‘center “F, where' the interval re-
-guired- .'for the routing of the outward call. is
"t1med

-On calls from a subscnber station local tola rge
~sw1tch1ng center- B, :to.large. switching center -C
-or through: large switching center C to central
‘officé ‘D, the call'must first be routed to central
office A or-E, depénding upon which of the two
central ‘offices-terminates the: group of trunks
to-which the calling subscriber:line has access, or
~-whether the two. central offices” are arranged on
a double outflet basis with respect to switching
.center B;.as described in‘Krecek Patent 2,368,666,
supra. sAssuming that the first- choice group of
‘trunks. ‘selected . by -the. calling subscriber, ex-
‘tends o ‘centraloffice ‘A then the call to large
.switching: center..C.:is received by an operator
‘atcentral office  A:and the connection therefor
is ‘established by the operator.in the same man-
ner as a call originating ..at central office A.
-Should :the ;subscriber select. the second choice
-group: of :trunks: which:-will- be. assumed herein
to.zextend to central office 'E then the call to
Jarge:switching. center -C: is  received by an op-
-erator at .central office B and the connection
“therefor:is ‘established as.though the call orig-
inated at: central office’ E. In:this manner the
:operator at a central.office has supervision over
.all'subscriber:calls even though they originate at
the switching centers. :

. Hach of the main trunks terminating at a 1arge
sztchmg center . has terminating equipment
Jdentical. with' that: shown in Figs. 4, 5 and 6.
-»Main. trunk No:: 88 is one.of a group arranged
. for .a:.double outlet-at large switching center B.
Functions. of the terminating equivment jfor o

main trunk at large switching center B

(D On-an outward call from large switching
‘center B'to a central ofﬁce when an idle main
‘trunk is preselected by the sequence circuit, the
termma,tmg equipment sends a continuous
“inark,” that is; contmuous currént, to the cen-
tral office and lights at the switching center B the

65 busy lamp of the selected trunk.
() ‘Under condition of paragraph (1) the ter-
mmatmg ‘equipment " awalts the "reception of
“rmging current”. from the central office as a
trunk verification. test that the “mark” was re-

o ceived at the central .office, before ordering the
link circuit at large switching. center B to con-
‘nect the calling subscriber’s line or a calling
trunk-]ine to the seized idle main trunk.

(3) Under the cond1tions of paragraph (1) the .

15 terminating equipment simultaneously with the
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;sending of the “mark’ connects-ground to a .con-
vduetor, -such-as-conductor 2569—99 (Fig.-4) for
the terminating-equipment of main.trunk No. 99,
:extending .to the winding of relay 25TK of the
miscellaneous alarm circuit:-to set up an interval
-0f definite duration required for the routing of
the outward call.

(4) If the link circuit at large switching center
‘B has connected a calling -subscriber line or a

:calling trunk-line to one main frunk -circuit ex- ;

tending to a central office, the sequence circuit
s dismissed and the calling line so connected is
:held connected to the selected idle main trunk
under -control -of the equipment at the calling

:staticn while the selected trunk is made busy to .y,

other calling subscriber lines and calling trunk-
lines-as 'well as other calling main trunk circuits.

(5) ‘Under the conditions of paragraph (3) if
:an.interval of time as determined by the miscel-

Janeous alarm circuit has been exceeded without .
-the:appearance of “ringing” current transmitted

from the.called central office, the miscellaneous
alarm circuit causes the trunk busy lamp at the
switching :center B to become -extinguished -and
“the particular main trunk circuit is removed from
.service, the subscriber ;at-the calling station be-
ing given an-opportunity :to attempt to place the
-outward call over .the next idle available main
frunk circuit while a characteristic trouble signal
is sent from the .sequence circuit fo the main
dfrunk circuit for retransmission to the called of-
fice.

(6) While:awaiting the answer of the operator
«at .the called office, -the ‘subscriber can “flash”
‘the called operator. -Under :-this condition this
terminating -equipment -sends “mark”
“space” signals to-the called office in unison with
the -operation of -the power switch ‘or similar
-means at the calling subscriber station connected
locally to:large-switching center B.

(7) If the calling subscriber abandons an out- '

ward call before the operator at the-called cen-
‘tral office. answers, this circuit sends a permanent
“space” signal to the called office and when the
:reception of continuous :ringing current ceases,
-orders the link circuit to-disconnect the calling
:line or trunk-line:from the connected main trunk
seircuit, removing -the "busy :appearance of the
‘main trunk -circuit -to .other calling subscribers
and also extinguishing the trunk-busy lamp.

(8) When the operator :at the called central
:office ‘answers .the outward ‘call, the continuous
ringing current is replaced by a ‘“mark” signal,
upon the -reception :0f which this circuit ad-
ivances -to .the ‘half duplex transmission stage in
which it is capable of distinguishing between nor-
mal teletypewriter signals, break signals or dis-
connect signdls ‘from the -either:end,.

-(9) When .a prolonged ‘.‘space”.signal is .re-
«ceived . from the -calling subscriber station, this

.circuif transmits a “space” to the called.central *

.office .and after :approximately .two-thirds .of a
second .ascertains .if the .calling .subscriber  has
disconnected. .If the subscriber has disconnected
‘this circuit continues ‘to send a “space” signal

to .the called central office, .returns to .the full 85

-duplex system :0f transmission but remains in
‘condition to permit-the re-ring of the discon-
‘nected calling subscriber-station. If the “space”
‘signal is a result-of a“flash-from the calling end,
‘the ¢ircuit'funcétions as if it had disconnected dur-
‘ing 'the “off” operdtion of ‘the power, or- calling,
switch at ‘the-calling end and returns to ‘half
duplex transmission, transmitting -a “mark” s
‘soonas the switch is-again turned on. If, how-
tover, ‘the "“spaee” signal “from ‘the eslling -sub-

and
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sseriber’s sstation iresulted - from - the :transmission

of ‘a “break” from the ecalling end,-this: circuit

“replacesithe “space”-signal sent to the-called cen-

tral office by “ringing”:for the .remainder of the
.5 ‘“break’-signal received from the calling end, re-
-maining at the -same time in -the half duplex
-transmission condition. At the coneclusion of the
““break” :signal this-eircuit .transmits -a “mark”
.to the called central office.

(10) ‘When o prolonged “space” signal is re-
-ceived from the-called- central. office, this circuit
continues to send - <space -signal-to the calling
end. After two-thirds "of a second has elapsed
.followed by the reeeption of “ringing” -current
Jfrom the- called : central -office, -this - circuit -re-
mains in the half duplex transmission condition
zand:continues to-send a “space” signal to .the
-calling end. After.5.5 seconds of “space” signal to
+the: calling end, this-circuit sends: periodic: mark
0" -and space-signals to.the calling end as long as the
:reception of “ringing” current .from -the called
central office: continues. ‘When a mark signal .is
received from the called central office, at the end
-.of the “ringing” current period, this circuit sends
-a& mark signal to the calling end.

(11) Under the condition of paragraph 10, if
a. continuous space signal .is not followed by
“ringing” current, the circuit acts exactly.as de-
scribed under paragraph .10, -provided .the call-
ing -end’s disconnect signal -has ‘not -been reg-
istered in the main trunk. If the calling end'’s
disconnect signal has already been registered,
the reception of a space signal of one second
duration from the called central office causes this
5 -eircuit to order the link circuit to. disconnect the
calling line or calling main trunk from the called
‘main trunk, and returns the called main trunk
circuit to normal.

(12) When a main trunk circuit is ‘seized at
the distant central office for an inward- call, this
circuit receives a mark signal which after.one-
‘half second has elapsed ‘results in ordering the
trunk -sequence circuit to.connect a- director: cir-
-euit to the main trunk circuit, at the same time
marking the main trunk busy to outward calls
and lighting the trunk busylamp.

(13) If the attached director circuit fails to
get ready to receive teledirecting :pulses, the
miscellaneous alarm circuit after an interval of
time orders the trunk sequence circuit to manu-
facture a characteristic trouble signal and trans-
mits it to the main trunk circuit for the retrans-
-Inission to the calling office, removing the direc-
‘tor circuit and extinguishing the trunk busy
:lamp.

(14) When g director circuit is-attached and
‘ready to receive teledirecting pulses, it orders this
circuit to send a ‘continuous mark signal to the
“calling office.

(15) With the director circuit attached if a
‘prolonged space:signal is received from the call-
ing office as .a.result. of the operator’s disconnect
signal, this circuit after one-third second orders
“the trunk sequence circuit to dismiss the director
“eircuit and after one second ‘returns to normal.

(16) With the director circuit attached, if @
two-thirds second space signal followed by “ring-
-ing” ‘current is received as-a break signal from
the operator, this circuit orders the trunk se-
quence circuit to release the director circuit. If
at the conclusion of “ringing” current, .a mark
-signal is received, the trunk sequence circuit is
again ordered to connect. a director to the main
‘trunk circuit but if at the:coneclusion of ‘ring-
‘ing”eurrent,.a-space signal is lecelved the m.m
75 trunk returns:tonormal, .
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(17) When the teledirecting -pulses are re-
ceived, they are transmitted to the director cir-
cuit which decodes the information and tests the
called subscriber’s line or the called main trunk
extending to another distant switching point,
ordering the link circuit to connect the called
line or called main trunk to the calling main
trunk if the called line or called main frunk is
idle.

(18) If the called line or called main trunk is
busy, out of order or unassigned, signals charac-
teristic of these conditions are produced in the
director circuit, transmitted to the calling main
trunk and retransmitted to the calling central
office.

(19) When the called line or called main trunk
is attached to the calling main trunk, the trunk
sequence circuit and the director circuit are dis-
missed and the called line or called main trunk
again sends a space signal to the calling office.
If the circuit is not arranged for automatic ring-
ing, the inward operator at the calling central
office sends a ringing current signal which in this
circuit orders the ringing fo be connected te
the called line, but not to the called main trunk.

(20) When the subscriber at the called station
answers, this circuit during the silent interval
disconnects the ringing set, sends a mark signal
to the calling office and advances into half duplex
transmission stage in which it is capable of dis-
tinguishing between normal teletypewriter sig-
nals and break or disconnect signals from either
end.

(21) If the called subscriber line is to be start-
ed on an unattended basis, continuous ring-
ing is received from the calling office causing con-
tinuous ringing to be sent to the subscriber’s sta-
tion as described in the Large Patent 2,375,856,
supra.

(22) After continuous ringing has exceeded
nine seconds in attempt to start an unattended
subscriber’s station, this circuit sends a perma-
nent mark to the called station. If the sub-
seriber’s station has been started, this circuit
sends a mark to the calling office and advances
to the half duplex transmission stage. If the
station has not started after nine seconds, the
circuit continues to send a space signal to the
calling office and a mark to the subseriber’s sta-
tion until appropriate action is taken by the op-
erator at the calling office.

(24) After a subscriber has disconnected the
operator at the calling office can re-ring the sub-
scriber station.

(24) This circuit is provided with jacks, such
as jacks 588A and 509B for trunk No. 89 or jacks
888A and 8098 for trunk No. 99, or jacks 30088A
and 38898 for trunk No. 9, each circuit being
shown in detail, to permit manual connection of
subscribers’ lines or trunk lines in case of failure
of the automatic equipment.

(925) Jacks such as those designated B88A,
5088, 530SEND and 63I{REC or 808A, 809B,
§30SEND and 931IRECor3008A,30098,3130SEND

and 3{3i{REC are also provided to permit the 6

testing and routing of the main trunk circuits
by means of the test circuit (not shown herein
but disclosed in the Krecek Patent 2,368,666,
supra).

Director circuit in large swilching center B

This ecircuit (Figs. 14, 16, 17, 18 and 19) is
designed to receive directly the directing tele-
typewriter pulses sent by the operator at any
one of the distant central offices and to decode,
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or decipher, these pulses thereby causing the
selection of the called subscriber line connected
to the large switching center or a trunk-line ex-
tending to small switching center P or a main
trunk extending to one of the other distant
switching points. It is, in other words, adapted
for selecting “through” trunks to distant switch-
ing points as well as selecting subscriber lines
and trunk-lines. )

Functions of the director circuit are as follows:

(1) This circuit when selected by the trunk
sequence circuit on an inward call from one of
the central offices starts the receiving distributor
motor.

(2) This circuit immediately upon seizure by
the trunk sequence circuit tests to detect the re-
ception of a “mark” signal from the calling main
trunk circuit.

(3) This circuit immediately upon seizure
notifies the miscellanecus alarm circuit that it
has been seized and is in the act of bringing the
motor of the receiving distributor to a desired
speed. The first information is used by the alarm
circuit for regulating the timing interval and the
second for determining the cause of trouble if
an alarm is brought in.

(4) This circuit is arranged to detect when the
motor of the receiving distributor attains its de-
sired speed.

(5) This circuit is arranged to send a “director
ready” mark signal to the calling main trunk
circuit when the up-to-speed condition of the
motor has been detected. The main trunk cir-
cuit in return retransmits this signal to the dis-
tant calling central office as an indication to the
operator that a call may be routed through
switching center B.

(8) . This circuit is arranged to detect the send-
ing of the “director ready” mark to the calling
main trunk circuit.

(7) When the rotating distributor cams come
to rest and the motor attains its desired speed
this circuit is arranged to: (@) disconnect the
up-to-speed detecting ecircuit from the motor
governor control circuit; (b) make the receiving
contacts of the distributor effective; (e¢) place
the start magnet of the distributor under control
of telegraph signals received from the trunk and
(d) if the director circuit has also detected both
the reception of “mark” from the calling main
trunk and the transmission of “director ready”
signal to the calling main trunk, send a notifica-
tion to the miscellaneous alarm circuit.

(8) ‘This circuit is arranged following the func-
tion set forth in paragraph (7) to separate the
telegraph characters received into their dot ele-
ments. .

(8) This circuit is arranged fto disregard all
characters received from the distant office until
the “Figures” or “Letters” telegraph character
is received.

(10) The signal corresponding to the “Figures”
or “Letters” teletypewriter character and received
from the distant central office will indicate that
the operator has recognized the “director ready”
signal and will eause this circuit to accept either
the next two character signals received after
“Pigures” as significant characters of the called
number, or the next single character signal re-
ceived after “Letters” as the significant char-
acter of the called main trunk group.

(11) This circuit is arranged to distinguish be-
tween the preliminary characters “Figures” and
“T otters” when either, forming a part of a called

75 number, is received fromr a distant office. How-
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ever, if the preliminary character received -is
“Letters,” this circuit is arranged to ascertain
the group of main trunks extending to the office
or center desired by the calling operator, and by
mzans of a hunting circuit the first idle trunk
of the group is seized for connection to the call-
ing trunk.

(12) This circuit is arranged to test a main
trunk in the trunk group desired and:-to cause
to be originated the proper report signals to be
transmitted to the calling operator. Certain of
these report signals may denote conditions of
busy, out-of-order and the like. This circuit also
informs the calling main trunk and that it is go-
ing to be connected to another main trunk instead
of to a local subscriber line or a trunk-line.

(13) Upon receipt of the first significant char-
acter, after the preliminary character when such
is “Figures,” the director circuit will select the
group of ten lines which contains the desired local
subscriber line or trunk line.

(14) If the first significant character received
does not correspond to a group of ten lines that
is" desired, the circuit will not use the second
significant character to reach an undesired
group of ten lines or ten trunks.

(15) Upon receipt of the second significant
character of the called number, the director cir-
cuit will select and test the desired subscriber’s
line or the desirsd trunk-line and disregard any
additional characters sent to the-director.

(16) 1If the called line or trunk-line or called
main trunk has been made “out-of-order,” a
series of “Q” teletypewriter signals will be trans-
mitted as an indication of this condition to the
operator at the calling distant office.

(17) If the called line or trunk-line or called
main trunk is busy because of a previously estab-
lishéd call or beeause of busy conditions placed on
it by the test circuit, a series of “K” signals will
be transmitted to the operator at the distant
calling office. :

(18) Ifthe operator at the distant calling office
has transmitted first and second digits for which

no subscriber’s line nor trunk-line is assigned .

or has transmitted an impossible combination of
digits, a series of “V” signals will be returned
to the operator at the distant calling office.

(19) If the called line or trunk-line or called
main trunk is idle, the director circuit wil cause
the link circuit to connect the called line or called
trunk to the calling main trunk circuit. The
director then will be released and restored to the
idle condition in preparation for the routing of
the next inward call.

(20) The miscellaneous alarm circuit is ar-
ranged to allow two seconds for the director to
become off-normal, four seconds to complete a
seli-imposed preliminary test and give satisfac-

tory evidence to the alarm circuit and a total of .

ten seconds for the director to complete its task
in any event.

(21) If the director circuit is not off-normal in
two seconds, the miscellaneous alarm circuit re-

moves the calling main trunk from service, but -

puts the director back into service.

(22) If the director becomes off-normal, but
the distributor motor fails to attain its desired
speed in four seconds, the director i3 removed

from service, and the calling main trunk is taken -

out temporarily. A lamp of the director circuit
lights and a corresponding minor alarm is
sounded.

(23) If the director circuit is not released in
ten seconds, a -re-order or “T” series of signals

=
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will be transmitted to the distant calling office
for a period of one second followed by a discon-
nect condition.

(24) If the “director ready” signal fails to
reach the associated loop repeater or a mark
from the calling main trunk circuit is not regis-
tered in the distributor circuit, both director and
the main trunk circuit may be removed from serv-
ice only under the condition that there is a second
director circuit available as disclosed in Krecek
Patent 2,368,666, supra, although there is only
one-shown hersin. In this case a minor alarm
is sounded and appropriate tell-tale lamps are
lighted.

Sequence circuit in large switching center B

This circuit (Figs. 10, 11, 12 and 13) is arranged
to permit the routing of only one call at a time
in either direction through the large switching
center.

The functions of the sequence circuit are as
follows:

(1) This circuit is arranged to afford to only
one trunk-line or only one subscriber line local
to large switching center B at any one time; the
privilege of completing a call through the large
switching center when no inward call is in the
process oi completion.

(2) .'This circuit is arranged to permit only one
call at any one time from the distant intercon-
nected offices to seize a director circuit and to be
routed and established through large switching
center B, provided the routing grivilege has not
been seized by a local subscriber calling one of
the distant interconnected offices.

(3) In case of trouble cn an outward call at-
tributed, after a two second interval, by the alarm
circuit in general, to the subscriber line terminat-
ing ecircuit or trunk-line to a smaller switching
center or the link circuit or any part of this
circuit used in an outward call, this circuit is
arranged: (@) to attempt to free the seguence
circuit, (b) to remove and loek out of future

. outward service, under control of the release key,
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5 the particular subscriber station and the group

containing the particular subscriber station, or
the particular trunk-line and the particular
group containing the ealling trunk-line, and
(¢) to light a lamp indicating the group of trunk-
lines or subscriber stations placed out of outward
service.

(4). In case of trouble on an outward call in
the trunk conductors or parts of the repeater

. or trunk relay equipment at switching center of

the central office as indicated by the alarm cir-
cuit after a two second interval, this circuit is
arranged: (&) to attempt to free the sequence cir-
cuit, (b) to remove and hold the trunk out of out-

, ward service under control of the release key,
- (c) to flash a lamp indicating the trunk removed _

from outward service. If the outward path to

the distant interconnected ofiice is not faulty, the

calling subscriber’s line or calling trunk-line is

i connected to the next idle satisfactory trunk

available.

(6) This circuit is arranged to allot, in a pre-
determined order, idle main trunks to subscribers’
lines and trunk-lines calling a distant intercon-
nected central office. If the large. switching
center is arranged for a single outlet or two out-
lets without overflow provisions between outlets
as disclosed in Krecek Patent 2,368,666, supra,
this circuit is arranged to hunt for an idle trunk
in the trunk group to which the calling subscriber
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station is predeterminately connected or to which
access is desired and failure to find one to con-
neet to the “all-trunks-busy” circuit associated
with that group of trunks. However, the trunk
sequence circuit at large switching center B is
shown herein as providing for an overflow hunt-
ing operation whereby two trunk groups have
access to a single all-trunks-busy circuit. The
overflow arrangement permits a call directed to a
particular trunk group to cause an action similar
to a hunting operation in that particular trunk
group thereafter to cause an overflow hunting
operation in a second group of trunks, and finally
to cause the operation of the all-trunks-busy cir-
cuit. These trunk groups are sometimes referred
to as Brst and second outlets or choices and each
subsecriber line may have the first or the second
trunk group as its preferred outlet or choice.

(6) This circuit is arranged to cause the se-
lected trunk circuit to repeat a calling signal to
the distant interconnected central office when
seized by a calling subscriber.

(1) In ease all trunks of one or two groups are
busy, as mentioned akove, this cireuit is arranged
to cause the “all-trunks-busy” circuit to measure
the length of time this condition persists.

(8) In case of a subscriber placing an outward
call when all trunks to which he might be con-
nected are busy, this cireuit is arranged to con-
nect the calling subscriber’s station to the “all-
trunks-busy” circuit which manufactures an “all-
trunks-busy” signal which is sent to the calling
subseriber’s station.

(9) This eircuit is arranged to advance the
trunk chain (Figs. 11 and 12) to the next idle
trunk immediately after each calling subscriber
has obtained a routing through the large switch-
ing center and before the sequence circuit is per-
mitted to handle the next call in either direction.

(10) This eircuit is arranged to keep the trunk
chain in a “fixed” condition during the entire
period that the sequence circuit is attempting to
route an outward call through the large switch~
ing center.

(11) This circuit is arranged to permit the
miscellaneous alarm circuit to function to time
the duration required for routing an inward call
to the large switching center.

(12) In the case of a failure to complete. the
routing of an inward call where it has been de-
termined that the trouble may be in the trunk
or trunk sequence circuit, the miscellaneous
alarm circuit causes this cireuit to function to
(&) remove or hold the trunk out of service under
control of a key, at the same time flashing a lamp
associated with the trunk circuit, (b) attempt to
free the sequence circuit and (¢) send the char-
_ acteristic re-order signal to the central office if
the out-of-ordar period has exceeded ten seconds.

(13) In case of a failure to complete the rout-
ing of an inward call when it has been de-
termined that the trunk or trunk sequence cir-
cuit has not caused failure, the miscellaneous
alarm circuit causes the sequence circuit to act
as described in paragraph No. 12 except that the
trunk is removed temporarily under control of a
mark sgnal from the distant interconnected
office and the lamp lights steadily instead of
flashing.

(14) If one of more trunk calls from a distant
interconnected office are awaiting service this
circuit is arranged to start and keep the distribu-
tor motor at the desired speed.

(15) The calling trunk is provided with means
whereby it is warned by the director circuit that
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it is about to be connected to a “through” trunk
and not to a subscriber line or a trunk-line.

The subscriber sequence circuit as shown in
Fig. 10 is equipped with an ST and an AL relay,
such as relays {0ST—$ and !0AL—§, for each
subseriber. line or each ftrunk-line. Relays
190ST—0 and IBATL—§ are assigned to the sub-
seriber line represented by conductors 381 which
extends to subscriber No. 88 which is local to
large switching center B. Relays 18ST—{ and
{2411 are assigned to the trunk-line No. |
represented by conductors 362 and extending to
small switching center F (Fig. 43), which trunk-
line with respect to the link circuit on the cross-
bar switch, is equivalent to subscriber’s line 301,
Fach group of ten subscriber lines which may in-
clude ong or more trunk-lines extending to small
switching center F, is equipped with an STH, an
AL, an AL—! and a BO relay, such as
relays 188Ti—GY, (8AL—GS, 10ALI—GO and
{8BO—G0 for the first, or zero, group. All these
relays of each group are used in routing through
an outward call except the BO relay which is
used to remove the group from cutward service.
In general, subscriber lines and/or trunk lines
of a group seek the privilege of the use of the
subscriber sequence circuit. The subscriber,
upon obtaining the privilege, has permission to
use the subscriber’s group sequence circuib, if

permission by the latter circuit and the trunk

sequence circuit is given, to route his call through
large switching center B.

The trunk sequence circuit, as shown in Figs.
11 and 12, is, for each main trunk to the distant
interconnected central offices A and B and large
switching center C, equipped with an 872, an AL
and 4Li, a BO, a BO!, a CH and an AD relay
and one of the “male” contacts on one of the
H, H! and H2 relays, or any one of the additional
H relays that may be required for the number of
main trunk groups employed. The relays pro-
vided in the frunk sequence circuit for
main trunk No. §8 are 1iST2—88, {1AL—84,
{1ALI—88, {iBO—89, {iBOI-—4&9, 1{AD—93 and

. ICH—89 relays which are shown in the outer-
' most left-hand vertical column, or set, in Fig. 11.

The upper armature of the CH relay in each set
is connected to one of the “make” contacts on
one of the X relays, such as relays 13H—D,

§2H—1{ and (3H-—2, the number of H relays re-
* quired, as hereinbefore stated, depending upon

the number of trunks provided. For practical
reasons a group counsists of one to six trunks,
although in the present application a group is

.. indicated as consisting of as many as ten trunks.
“ Phe “make” contact on an H relay holds the

trunk chain and advance circuit consisting of the
CH and the AD relay of each trunk set in a fixed
condition while a call is being routed through
large switching center B. In general, the trunk
circuit receives normal preference over a sub-
scriber’s line or a trunk-line circuit in the se-
guence circuit chain. When a ftrunk call ob-
tains permission to be routed through large

«:. switching center B the trunk circuit is connected

to a director circuit which decodes, or translates,
the puises received from the ocperator at the
distant interconnected central office into the
number of the desired subscriber line, or desired

vy trunk-line, or in the case of a “through” con-

b

nection the incoming pulses are translated into
o character representing the desired group of
main trunks. As common office equipment the
sequence cireuit provides relays 13LS—1 and
{3LSi-—f as a common start circuit for the first
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group: of trunks; that is, a group extending to a :

single cutlet, or one distant interconnected cen-
tral office. Relays !3L.S—2, {3L.S{—2 and I3TR
are-supplied as in this casz where there is a sec-
ond trunk group existing at switching center B
extending to a second outlet, that is, the same or
another distant interconnected central office.
Relay 13TR is arranged to change the order of
the trunk chain ang advance circuit in such a
maxnner that all trunks in the preferred group
are tested for busy before a trunk is selected in
the other group existing at switching center B
although all trunks of both groups are available
to a calling line or trunk-line when two groups of
trunks are arranged for a double cutlet with pro-
vision for overflow of calls between the two out-
lets. The trunk chain and advance circuit (AD
and CH relays) of the trunk groups respectively
assigned. to two outlets herein shown as the
trunk groups respectively incluging trunks Nos.
89 and 88, does not include the AD and CH relays
assigned to thoze trunks, such as trunk No. 9, of
the group extending to large switching center C.
‘The'group of trunks extending to center C has its
own trunk chain and advance circuit.

The subscriber’s sequence circuit consists of
two parts which are used for outgoing calls at
large - switching center B. 'The frst part,
designated subscriber line sequencs circuit, per-
mits any one of ten subscribers or trunk-lines to
establish an outward call through the circuit,
subsequent calling subscribers in the group being
served in accordance with their position in the
sequence. The second part, designated sub-
seriber group sequence circuit, permits any sub-
scriber line or trunk-line connected through a
subscriber’s line seguence circuit to establish an
outgoing call at center B through the group
sequence circuit, subsequent calls from other
subscriber line sequencs circuits beng served in
accordance with their position in the sequence.

On outgoing calls at switching center B, the
sequence circuit arranges for the link circuit to
connect the calling subscriber line, or calling
trunk-line, to the first idle main trunk ecireuit
extending to the called office, or to the all-trunks-
busy cireuit, if required.

The trunk sequence circuit permits any call
from the operator at a calling central office to be
served. before a call from the subseriber group
sequence circuit at switching center B. Subse-
quent calls from operators ab the distant central
offices are served in accordance with their posi-
tion in the sequence.

On .incoming calls the sequence eircuit at
switching center B connects the trunk over which
the incoming call is received, to the director cir-
cuit. When the director circuit has determined-
the called subseriber line, or the called group. of
trunk-iines or the called group of main trunks,
the link circuit connects such called line or the
first idle trunk of the called group to the calling
trunk. The sequence circuit then releases the
director circuit and is available for routing a new
call:. If the called line or called irunk group is
busy, out of order, or unassigned, the sequence
circuit releases the dirsstor circuit when the oper-
ator at the distant office disconnmects after re-
celving this information from the director cir-
cuit, or at the end of about eleven seconds if the
operator does not disconnect. Likewise, when a
group of subscriber lines is called hunting opera-
tion iIs required as shown in Fig. 30 of Large
United States Patent 2,375,858, supra.

In case trouble is encountered on-an outgoing
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call:due fo-the failure of the-subseriber line cir-~:
cuit, trunk- line or-main trunk, link circuit or
sequence: circuit, the subscriber eroup in which
the -calling:line or ealling trunk line-is includad -

is-removed from. operation in the sequence cir-

cuit-and from service, and visual and audible
alarms are given. In case trouble is encountered
on-an outgoing call, due to failure of the main
trunk ‘eircnit, either at large switching center

.'B orrat one of the other offices or switching

centers, or between the offices and/or switching
centers, the trunk is removed from operation in
the sequence circuit and from service, and visual
and-audible alarms are given:

In case trouble-is encountered on an incoming
call,’due to failure of the trunk or trunk sesquence
circuit, the trunk is removed from operation in
the sequence eircuit, and from service, and visual
and:audible alarms are given.

In case trouble is encountered on an incoming
call-but not: due to failure of the main trunk or -
trunk sequence circuit, the trunk is removed from
service temporarily, as long as a “mark” signal
is received from the operator at one of the dis-
tant'central offices, and is restored to the sequence
circuit for future operation as soon as it is re-
leased at the distant office.

Miscelluneous alarm circuit at large switching
center B

This miscellaneous alarm circuit (Figs. 25 and
26) is arranged primarily to time the interval
during ‘which the seguence circuit is in use and
is:arranged to give appropriate aiarms, if a speci-
fled: time limit is exceeded, giving at the same
time an indication of the possible ecircuit in
trouble. The circuit is also arranged to give an
alarm when the battery or grounded chain of the
sequence circuit remains open.

The functions of the circuit are as follows:

(1):On an outgoing c¢all from a subscriber’s sta-
tionror from a calling trunk line extending from
small switching center F the miscellaneous alarm
circuit: times the interval in which the sequence
circuit is used to see that it does not excsed 2.5
seconds.:

(2) On an outgoing call when the sequence
circuit has-been used for more than 2.5 seconds
the  miscellaneous alarm cireuit is arranged to
indicate whether the trouble is in the main trunk
alone .or'in-any of the other circuits called into
use. -Incase the miscellaneous alarm circuit de-
cides-that. the main trunk is in trouble i% is ar-
ranged  to give a minor alarm, flash a trunk
lamp and to cause the removal of the particular
main: trunk . circuit from- service. In. case the
miscellaneous alarm circuit. determines that any
of the other circuits in use on the barticular call':
is in.trouble, the cireuit is arranzed to light lamp
2501 and to give a minor alarm, and to cause the
removal of -the -subgroup including the calling
subscriber line or calling trunk line.

(3) After removing the particular main trunk
or the. particular subgroup of subseribers’ lines
and/or:-the trunk lines from serviee, the mis-
cellaneous. alarm circuit is arranged to detect
the ability of the sequence. circuit to return to
normal and to light lamp 250!f and bring in a
major-alarm if: it fails-to do so-within one-half
second..:.

(4):On.an-incoming call to a local subscriber’s
line, or a trunk line to.small switching center F,
or-to one of the main trunks to g distant office,
the 'miscellaneous- alarm circuit begins timing,
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as soon as the incoming call has received pref-
erence from the sequence circuit, being arranged
to time the interval required to obtain a director
_ cireuit and to give an alarm if this period ex-
ceeds 2.5 seconds. In this case the miscellaneous
glarm circuit is arranced to cause the removal
from service of the main trunk in trouble, flash
the lamp associated with the main trunk and
at the same time light lamp 2501 bringing in a
minor alarm. The alarm ecircuit continues to
function as indicated in paragraph 3.

(5) When informed over the conductor 186
that the director circuit has moved off-normal,
the miscellaneous alarm waits a total of four
seconds for the director circuit to place ground
on conductor 1822, The director circuit places
ground on conductor (822 if the distributor motor
has attained the desired speed, if the “director
ready” signal reached the associated loop re-
peater and if a mark signal sent over the calling
main trunk from the distant office has been reg-
istered in the distributor circuit.

(6) If the miscellanecus circuit times out be-
fore conductor #822 is grounded but after con-
ductor 1816 was grounded, the alarm circuit is
arranged: (o) to cause the associated director
cireuit to lock in a “stuck” condition; (b) to
pring in an audible and visual alarm associated
with the director circuit; (e) after the director
circuit has been locked in a “stuck” condition to
remove the calling main trunk from service under
control of a key and cause a lamp associated
with this trunk to flash or if conductors 1818
and {823 are connected to ground when the alarm
circuit times out to remove the calling main trunk
from service temporarily under control of a
«mark” signal sent from the distant central office,
causing a lamp associated with the calling main
trunk to light steadily; (d) after allowing ap-
proximately one-half second, the director circuit
having been locked in a “stuck” condition, the
miscellaneous alarm circuit is arranged to test for
failure of the sequence circuit to release and to
bring in an audible major alarm and light the
lamp 2661 if the sequence circuit fails to release;
(e) if the sequence circuit has been released the
miscellaneous alarm is arranged to replace the
“gtuck” director. circuit with another spare di-
rector circuit if one is available.

(1 If conductor {822 is connected to ground
the miscellaneous alarm circuit permits the di-
rector circuit ten seconds to complete all its func-
tions.

(8) If the miscellaneous alarm circuit times
out after ten seconds, the alarm circuit is ar-
ranged to function as follows: (a) connects a
source of signals corresponding to a series of
«pn characters to the calling main trunk for one
second as a reorder sicnal and then removes the
trunk circ.it from service under control of a
“mark” signal received from the distant calling
end lighting a lamp associated with this trunk
circuit but returns the director circuit back to
service; (b) after approximately one-half second
tests for failure of the sequence circuit to release
and if the sequence circuit fails to release, brings
in an audible major alarm and lights the lamp
2501.

(9) The circuit is arranged to prevent the use
of a sequence circuit on a new call for one-half
second after the sequence circuit has otherwise
returned to normal after timing out.

(10) The circuit is arranged to furnish a time
delay between the operation of the selecting
magnet of the cross-bar switch and the applica-
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tion of ground for the operation of the holding

magnet of the cross-bar switch.

(11) The circuit is provided with a key as-

sociated with each type of trouble indicator to

5 permit removal of the audible alarm leaving a

lamp to indicate the trouble condition and with

a key to release each locked-in frouble indica-

tion and also alarm cut-off key 2593 which pre-
vents the alarm circuit from timing out.

(12) This circuit is arranged to light connec-
tion lamp 2513 as an indication that a selecting
magnet of the link circuit has operated.

(13) This circuit is arranged to prevent the
director circuit from interfering with the mis-
cellaneous alarm circuit when both director cir-
cuits fail or if the single director circuit fails in
a single director circuit switching office.

(14) If the grounded battery or ground chain
of the sequence circuit remains open for approxi-
mately 45 seconds, this circuit is arranged to give
s major alarm and light sequence battery lamp
2504 or sequence ground lamp 2585 to indicate
chain is open.

(15) This circuit is arranged to prevent the
routing of a call if the selecting magnet of a link
circuit is falsely operated and to give an alarm
that this condition persists for approximately
45 seconds.
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All-trunks-busy circuit at large swilching
center B

This eircuit (Fig. 24) is designed for use in a
switching center, such as that located at switch-
ing center B, as an originating source of “no
circuit” signals and “K” signals sent to the call-
ing subscriber or the trunk line under certain
conditions, at the same time providing “no cir-
cuit” time integrating registers in addition to
subscribers’ overflow registers.

The functions of this circuit are as follows:

(1) If all trunks reaching a given office or
outlet are busy, this circuit is arranged to meas-
ure the length of time this condition persists.

(2) When all circuits associated with this cir-
45 cuit are busy, the circuit is arranged to: (a) pro-

duce and send to each calling subscriber a “lzt-

ters,” or “no circuit,” signal; (b) register on the
subseriber’s overflow registers, the number of at-
tempts the subscriber or the frunk line made

50 during the all-trunks-busy period; (¢) measure
the contin_ous duration of the production of
these “letters” signals giving an audible and vis-
val alarm if the time exceeds a predetermined
interval; (d) continue to produce the “letters”

55 signal as long as any subscriber or frunk line
keeps his loop or trunk line closed.

(3) Whenever a trunk becomes idle, this cir-
cuit is arranged to produce “XK” signals at a spzed
of approximately 40 words per minute and send

6o these signals instead of the “letters” to the wait-
ing subscribers’ trunk lines.

Two trunk groups at large switching center B
are arranged for a double outlet with provision
with overflow of outward calls, that is, outward
calls which find all the trunks of their respective
preferred, or primary, groups busy. Such an
outward call upon finding a busy condition on
all the trunks of its preferred group is transferred
to an availaple idle trunk in the other, or sec-
ondary, group. The operator at the central office
whereat the secondary group terminates com-
pletes the call over a trunk extending directly
to the central office at which the preferred group
of trunks terminate or over a “through” trunk
75 of a group, not included in the double outlet ar-

30

35

40

65

70




- 2,489,016

27
-rangement, but -extending: by the way of ‘large
switching center-B. " The all-trunks-busy ' circuit
-is equipped with relays 28A and 24B- which are
‘respectively responsive to all-trunks-busy condi-

- tions of the two groups-of trunks -of ‘the double-

outlet arrangement, as described in detail in
Krecek Patent 2,368.666, supra.

Terminating equipment -of main trunk No; 99 qt
central office A ¢

This cireuit (Fig. 20) provides a termination
having automatic signaling-supervisory festures
at a teletypewriter -switchboard at the . central

office A for the circuit of main trunk No. 88 ex-.

tending to large Switching center B. The ter-
mination-of main trunk No. 99 is shown in detail
at office A. The companion terminating circuit
at large switching center B is-arranged to cperate

with 0:020 ampere metallic local subseriber lines,

-or with single conductor transmission trunk-lines
-extending to small switching -center ¥ and ar-
ranged for two-way transmission -on a half-du-
.’ blex operation basis or with other main- trunk

circuits similar to trunk No. §3 but extending to.

.other distant offices such as central ‘office B snd
large switching center C -arranged on a' full-
duplex basis.

Each of the main trunks terminating at a cen-

tral office has terminating equipment identical .

with that shown in Fig. 20.

The functions-of this cireuit are-as follows:

(1) In the idle condition both the incoming
-and the outzoing transmission paths are in spac-
ing condition. .

(2) A call from the large switching center B

- will be received at office A as a mark signal -on
“the -cutward path extending from center B. ' This
action will be followed in one-half second by the
lighting of: the busy-lamp; application -of a-busy
test rotential to the sleeve ‘multiple-and the ap-
plication of 20 cycle dot signals -to the inward
path extending to large'switchi'ng'center B.- After
-one-half second additional time; the line laraps
“will light. Mark signals-of lessthan one second
" duration will not be registered as calls.

© (3) In the “call-before-answer” period, if the
subscriber  recalls, the disconnect intervals will
return the outward path to spacing and will ex-
‘tinguish the line lamps. “The resumption of the
call will relight the line lamps.

(4) If the subscriber whose station is local to
large switching center B abandons the call. be-
fore the operator at central office A has answered,
the outward path from switching center B will
return permanently to Spacing and the line lamp
will be extinguished. The 20 cycle dot signals
will be removed from the Anward path extending
to switching center B after four seconds and the
busy condition will be removed after an addi-
tional one-and-a-half second.

(8) When the operator at the central office A
answers the call, the line lamp will be extin-
guished and a marking condition will supplant
.the 20 eycle dot signals on the inward path ex-
tending to switching center B. The busy lamps

- will remain lighted.

(6) During communication, signals from large
switching center B toward central .office A will
be transmitted over the outward path. Signals
from the central office A to switching eenter B
will be transmitted over the inward path. Be-
tween the trunk termination at central office A
and the connected cord circuit signals in both
directions will be transmitted over the tip con-
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-ductor cireuit. - No supervisory action will take

place as a result of the teletypewriter signaling.
The ring or supervisory conductor to an opsrator’s
cord circuit will therefore remain open during
transmission.

(7) A “break” signal from the cord circuit
will be repeated to the inward path as a spacing
signal which will be supplanted by 20 cyeie dot
signals after a delay of two-thirds of a second.
At the end of the “break” signal, the inward path
will return to marking. A “break” signal from
the subscriber station will appear as a spacing
condition on the outward path followegd in twe-
thirds of a second by 20 cycle dot sigma

a spacing condition will be applied toward the
cord circuit. No supervisory action will result

~from “break” signals in either direction.

20
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- .(8) A disconnect from the switching center B

will return the outward path to spacinz.
one second ground connection will be appiied to
the ring conductor of the-cord circuit to light tae
supervisory lamp.

(9) A recall from the subscriber station is the
same. as a .disconnect followed by a new csll.
‘When the outward path returns to marking as a
result of the new call, the ground connection will

.. be removed from the ring conductor to catse the
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supervisory.lamp in the cord circuit, to flash.
(10)..When the operator at the central office A

connects to the trunk to originate a call, a mark-

ing condition will supplant the idle, or spacing,

-condition of the inward path toward switching
-center. B. Ground connection applied to the ring

conductor circuit. will light. the supervisory lamp

.of:the cord circuit.

{11) ‘When the large switching centers B and

. C and. the small switching center F are, in turn,
-prepared to:receive the signals corresponding to

the. call telegraph directing characters, the oui-
ward-path.extending from switching center B to

- central office A will become marking. The action

of remotely- controlling the directing of s eall to

- & desired line :or trunk-line or sznother main

75

5 trunk extending to .another distant switching
point, through the agency of the operator’s tele-

typewriter at central office A and the director
cireuit at one or.more switehing centers, will he
referred to hereinafter as teledirection. This will
permit remeval of ground from the ring conduc-
tor to.extinguish the supervisory lamp.

(12) After the operator at central office A has

-sent the call directing pulses and the desired sub~
_-scriber line.or desired group of main trunks has
been selected as the operator teledirected, the out-

ward path toward central office A will return to
the spacing econdition to relight the supervisory
lamp.

(13) When the called subscriber answers, the
outward path will again become marking to ex-

“tinguish the supervisory lamp. Thereafter the

cireuit will be conditioned to perform the funec-
tions outlined above in paragraphs 6, 7, 8 and 9.

(14) If the desired subscriber line or desired
trunk-line or desired group of main trunks is
busy, out-of-order or unassigned. the switching
centers B, C or F will transmit to the central office
A, teletypewriter signals o indicate which of the
three conditions exist. -

(15) When the operator at central office A
abandons the call after receiving the busy, out-
of-order busy, or unassigned signal by discon-
necting from the main trunk, the equivalent of a
break signal will be sent to dismiss the switching
center call directing equipment. When this
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equipment has been dismissed, the outward path
toward central office A will be returned to spacing
and this will, after four seconds, cause a spacing
condition to supplant the 20 cycle dot signals ap-
plied te the inward path. After one-and~one~
half additional seconds the busy condition will
be removed from the main trunk.

(16) If the operator at the central office A dis-
connects the calling circuit in error during com-
munication, the circuit will revert to the call-be-
fore-answer condition as outlined above in para-
graph (3) which may be abandoned by the sub-
scriber as outlined in paragraph (4) if the oper-
ator fails to reestablish the connection.

(17) When the operator at the central office
disconnects from the trunk at the end of a com-
munication following the subscriber’s or distant
operator’s disconnect, the inward path toward the
switching center B will return to the idle, or
spacing condition. - After a delay of one-and-one-
half seconds the busy condition will be removed.

(18) Tn the idle condition both the inward and
outward transmission paths are spacing. No re-
lays or vacuum tubes are energized except the
relay 20RS which is held to spacing by the spacing
condition of the outward path. Relay 20RS will
keep condenser 2801 discharged during the idle
condition.

Operator’s cord circuit and position circuil at
. central office A

The operator’s cord circuit (Fig. 21) and posi-
tion circuit may be the same as disclosed in Large
and Singer Patent 2,372,329, supra.

Terminating equipment located in large switching
center B of main trunk No. 89 extending fo
central office E

This circuit (Figs. 7, 8 and 9) is identical with
the circuit (Figs. 4, 5 and 6) of the terminating
equipment of main trunk No. 99 located at switch-
ing center B and extending to central office A as
hereinbefore described.

Main trunk No. 28 is one of a second group ar-
ranged for a double outlet at large switching
center B.

Terminating equipment of main trunk No. 89 at
central office E

This circuit (Fig. 22) is identical with the cir-
cuit (Fig. 20) of the terminating equipment of
main trunk No. 89 at central office A as herein-
before described.

- Operator’s cord circuit and position circuit af
central office E

The operator’s cord circuit and position circuit
(Fig. 23) are identical to the corresponding circuit
(Pig. 21) at central office A and are described in
Large and Singer Patent 2,372,329, supra.

Trunk-line interconnecting large switching center
B and small switching cenier F

The terminating equipment for the trunk-line
at large switching center B is shown in detail in
Figs. 27 and 28 and that terminating the other
end of the trunk-line at small switching center P
is shown skeletonized at the left-hand side of
Tig. 43. At the right-hand side of Fig. 43 are
shown, also in skeletonized form, the link circuit
and the line circuit of a subscriber station that is
connected locally to small switching center F.
The trunk-line forms no part of the present in-
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vention except that it may be used with main
trunks that are adapted for “through” calls orig-
inating at central offices, and therefore, no state-
ment of its functions nor description of its oper-

5 ation is furnished herein. For a description of

its operation reference may be made to Large
Patent 2,375,856, supra, wherein the terminating
equipment of a trunk-line at a large switching
center is shown in Figs. 6 and 14 and the ter-

10 minating equipment at the opposite end of the

trunk-line, that is, at a small switching center,
is shown in Figs. 4 and 5.

Terminating eguivment at large switching center

15 B, of main trunk No. 9 extending to large

switching center C

The terminating equipment of main trunk No. 9
located at large switching center B and shown in
Figs. 29, 30 and 31, is connected in multiple to the

20 horizontal row of contact sets that is third from

the top of the link circuit shown in Figs. 2 and 3
and to the vertical row of contact sets that is third
from the left. The terminating equipment at the
opposite end of main trunk No, 8, that is, at large
switching center C, is shown in Figs. 32, 32 and 34,
and would, in practice, be identified at this end
with a number determined by the position of the
trunk on the link circuit shown in Figs. 35 and 36.
Trunk No. § at center C is connected at the link
circuit shown in Figs. 35 and 36, in multiple, to
both the uppermost horizontal row of contact sets
shown in Fig. 35 and to the first vertical row of
contact sets that is first from the left shown in
Tigs. 35 and 36. The terminating equipments of

35 main trunk No. 8 are identical with those of main

trunks Nos. 89 and 88 shown in Figs. 4, 5 and 6
and Figs. 7, 8 and 9, respectively. Main trunk
No. 9 is arranged to be selected at large switching
center B by means of the vertical row of relays
comprising relays {28T2—8 and [2AL—9 of the
trunk sequence circuit shown in Fig. 12 and at
large switching center C by ancther trunk se-
quence circuit, not shown, but similar to that
shown in Figs. 11 and 12. Main trunk No, 8 and
all the other main trunks and the subscriber and
the trunk-lines that may have a termination at
large switching center C, also have associated
therewith, in addition %c the trunk sequence cir-
cuit mentioned above but not shown, a subscriber

(=14

50 sequence circuit, a sequence control cireuit, & di-

rector circuit, an all-trunks-busy circuit and a
miscellaneous alarm circuit, but which are similar
to their corresponding circuits at large switching
center B.

56

Link circuit at large switching center C

The link circuit (Figs. 35 and 36) at center C
is similar to that located at large switching
center B, except for a different arrangement of

60 trunks and subscriber lines. For an under-

standing of this link circuit reference may be
had to Figs. 2 and 3 and the description thereof.

Terminagting eguipment at large switching center
C of main trunk No. X—89 exiending to cen-
tral office D

~ The terminating equipment (Figs. 37, 38 and
39) of main trunk No. F—=88 circuit is identical

70 with either of those shown in Figs. 4, 5 and 6

and Figs. 7, 8 and 9 and reference may be had
to the description of either Figs. 4, 5 and 6 or
Figs. 7, 8 and ¢ for an understanding of the
operation of this main trunk circuit terminat-

75 ing equipment.
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- Terminating -equivment at -central office D- of

~main trunk No. X-=-89 extending from large
switching centes C

The terminating equipment (Fig. 40) of main.: )
trunk .Neo. X823 circuit at eentral office D is

- identical with .either of those shown in Figs.
- 20 and 22 and reference may be had to the de-
seription .of the operation of the. terminating

equipment. shown in cither Fig. 20 or 22 for an 10

understanding. of..the terminating equipment
shown in Pig. 49,

-Operator’s- cord -circuit .and position circuit at
. central -office D

These circuits shown in Fig. 41 are identical
with: fhe corresponding cireuits shown in either
&g, 21 or 23 and. reference may .be had to the
~description .of the operation of such correspond-

ing elrcuits for-an understanding of the circuits”

- shown .in Fig. 41.

- DETAILED DESCRIPTION OF OPERATION

THach main trunk having a termination at the
opserator’s switchboard in & central office may

be employed in the origination or the termina-
tion of a call. The selecting impulses for estab-
lishing a connection always originate at a cen-

tral office and are transmitted over a trunk to..

a switching center whereat a desired, or called,
‘trunk is selected and connected to the calling
trunk in response to selecting impulses. Hssen-
tiglly, during the transmission stage the inter-
connected main trunks remain on g “through”
call in a full duplex arrangement and the super-
vision hetween the two trunks connected to-
gether is handled over separate conductors also
on a full dupiex basis.

Wh the call originates at cenftral office A,
g impulses are transmitted from the op-
erator’s sender or teletypewriter 2193, at the
tchboard in central office A to establish con~
nection at any one .of the other offices or
switching cenfers counected in the system. For
example, the call may be ons which terminates
in large switching center B, that is, in a sub-
seriber lime local to large switching center B.
- Then again the call may be a “through” call

€

that automatically operates apparatus at center . 5,

<tending - the call to central office E or

t sersber or a trunk-line lecal to large
switching center C. in another case, a call from

5. GO

. central office A may be extended through large

switching center B and small switching center., ;-

F, in-series, to a:subscriber line local to small
switching center P, the connection being auto-
matically extended from switching center B to
‘switching P over a trunk-line. Then again, the

cali originating at central office A may be X~ 0

tended through large switching centers B and
€, in series, to still another central office such
as central office D. Other small switching cen-
ters similar to that provided at switching center

¥ may be connected, in tandem, with the large. ¢5

switching center B and with large switching
center C and connections to and from subsecrib-
- ers’ stations local to such small switching centers
may. be established as described in the W. V. K.
Large Fatent 2,375,856, supra.

& ccall originating at central office & may
terminate in a subscriber line or a trunk-line
Iocal to large switching center B, or may, for a

V44

through™ connection, be extended to central

g
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~to- a second -large ‘switching" center such .as

switching.center C, or-through both large switch-
ing centers B and C,in series, to central office D.
Likewise, a call originating at center F may be

-extended through switching center B to either

centtral office A or central office E, providing the
double ouflet of trunk groups as -disclosed in
Hrecek Patent No. 2,368,566, supra, is employed.
A call ‘originating at central office D may ter-
minate in large switching center C or be ex-
tended -through large switching centers ¢ and
B, in series, to either of the central offices A

-and I, -or to small switching center I or to an-

other of the small switching centers, not shown,
but connected to switching center C. All main
trunks connected .to offices 4, E and D and
passing through either or hoth of the large
switching cenbers. B and C are arranged to trans-
mit selecting impulses toward the switching cen-
ter whereat a desired, or called, trunk is selected
in response to.the selecting impulses for extend-

. ing the connection.

Calls from subseriber stations local to any of
the large switching centers B and C must be re-

- quested through an operator's switchboard at a

central office to which the particular large
switching. center is directly connected. A call
from a subscriber station local to small switch-
ing center F is handled in the same manner as
2 call from 2 subscriber station local to the large
switching center B, that is; to the center to which
such small switching ecenter is directly connected.
This arrangemsent permits the operators at the
central offices to supervise all calls and to ticket
such calls for billing purposes wherehy the sub-
scribers are properly charged for such calls.
With reference to-a “through” cali for which
two main trunks are to be interconnected for
communication purposes a “director-ready” sig-
nal is' transmitted from the point of inter-

- connection, say large switching center B over
the outward supervisory path such as that in-

cluding conductor 1143 at center B, to the call-
ing trunk terminating equipment wherein it is
retransm’tted to the operator at the calling cen-
tral ofiice, and the opsrator in respense to the
“director-ready” signal, types “letters” followed
by a teletypewriter coded character representa-
tive of the trunk group desired. The pu’ses
representative of the “letters” and the charac-
ter. signal are retransmitted over the calling

~main trunk -to a large switching center, say

center B, whereat they are rep=ated over the in-
ward supervisory path, say that including con-
ductor 114 at center B, to the director circuit.

'The director circuit at center B includes relay

{8G which repeats the pulses of the “letters”
and the character signal to the start magnet
1881 of the receiving distributor and the dis-
tributor decodes the teletypewriter signals for
routing over a fanning-oub cirewt to seize a
hunting conductor, corresponding to tha calling

- letter, say conductor 1786—E, for letter m of the

alphabet. The seized conductor which repre-
sents the particular trunk group, is tested for

“a busy or an idle condition through a chain cir-

cult formed by the AD advanes relays, such as
relay TAD provided for main trunk No. 89 of a
group of trunks Nos. §8 to 85, one AD relay
being provided for each of the ten trunks and
all the AD relays of the group being connected
by means of their respective upper armatures
in the chain circuit.

If a partcular trunk of a desired, or called,

office A, or to a subscriber or a ‘trunk-line local. 75 group is busy on an inward or an outward local
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call, or made busy by a busy key, such as busy
key 820 for trunk No: 89, or taken out of serv.ce
by a BO (busy-out) relay, such as relay 12BO—89
for trunk No. 89, in the trunk sequence circuit,
or if the trunk circuit on a completed call was
prevented from releasing switches associated
with it (because of the condition in which it was
found during the positioning of the switches),
ground will be found on a chain (CH) conductor,

which will keep the corresponding advance (AD)
relay, such as relay TAD, operated. Similarly,
if the trunk is a calling trunk at the time and
is busy on a “through” call, ground will ke found

on its chain (CH) conductor such as conductory}15-

1121—89 for trunk No. 99, and if the trunk is a
called trunk at the time and is busy on a
“through” call the HM relay, such as relay THM
for trunk No. 89, will be found operated so that

its associated AD relay, such as relay TAD, will;.2
also be found operated. In other words, if a

particular trunk of a group is busy for any reason
the AD relay for that trunk is operated. The
director circuit in testing the trunk group con-

ductor, such as conductor 1760—E, is therefore:2

guided by the AD relay chain to the first idle,
available trunk of the group but failing in that,
the selected trunk group conductor terminates in
ground which the director recognizes as a “busy”

condition. The. director circuit then functions to-3

manufacture a special signal, such as letter “K,”
characteristic of this condition, and send a series
of such signals over the outward supervisory path
such as that including conductor {113, to the
calling trunk terminating equipment which re-
transmits the series to the calling central office.
Upon the reception of this series of signals at the
calling central office, ‘the operator thereat sends
either a break or a disconnect sighal causing the
release of the sequence, the director and the trunk
circuit. If an idle trunk of the called group has
been found by means of the seized trunk group
- conductor, such as conductor 1700—E, the direc-
tor circuit furnishes a ground connection in the
miscellaneous -aglarm circuit (relay 25D) for oper-
ating an HH relay, such as relay THH for trunk
No. 89, and almost simultaneously furnishes a
ground connection at the intier upper armature
and contact of g relay, such as relay {8A—1 in
the director circuit for operating in the calling
trunk ‘a TR—I relay, such as relay 4TR—I in
trunk No. 99.

Call originating at the operator’s switchboard at
central office A for a “through” cill to central
office E

For the purpose of illustrating a call originat-
“ing at central office A and extending through
large switching center B to central office E, it
will be assumed that the operator at office A
seizes main trunk No. 99 at the switchboard by
means of the cord circuit shown in Fig. 21, and
connects to such cord circuit the teletypewriter

and position circuit 2103 by operating a typing.

key, say key 2102, which is individual o the se-
lected cord circuit. The operator, upon selecting
trunk No. 99 as the idle trunk extending to the
large switching center B and inserting the calling

plug, say plug 2181 of the cord circuit into jack.

2022 of trunk No. 99, causes to be completed a
circuit from grounded battery, through the wind-
ing of relay 21—AC, sleeve conductors of plug
210{ and jack 2032, through. the winding. of

sleeve relay 20—SL to ground. Relays 21—AC:
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and 20—SI operate. Relay 21—SC operates in
a circuit traceable from grounded battery, through
the winding of relay 21—SC, ring conductors of
plug 2101 and jack 2032, conductor 2035, to the
contact and outer upper armature of relay 20—TR
to ground. Relay 21—SC, upon operating, causes
call lamp 2193 to light. Call lamp 2§83 in addi-

~4ion to furnishing an indication of a call, or busy
- condition of trunk No. 99, also serves to furnish
such as conductor 1221—89 for trunk No. 89,;10-

the disconnect and recall signal. Relay 2{—AC,

“upon operating, (1) closes at its upper armature
“and contact an operating circuit for relay 2{—C

which operates and (2) closes at its lower arma-
“ture and coniact & path traceable from grounded
negative battery %104, spacing, or right-hand,

* contact and armature of relay 21—RA, than over
~two parallel paths respectively extending through
_the upper and the lower winding of relay 21—RC,
“the path of the upper ‘winding extending over

operated off-normal, or left-hand, contact of
key 2102, through the operator’'s position cir-
cuit 2102, operated off-normal, or right-hand,
contact of key 2102, front contact and lower
armature of relay 2i—AC, normally closed con-
tact of ring key 2105, tip conductors of plug 2101
and jack 2032, upper armature and contact of
relay 20—SIL, through the upper windings of relay
20—SS and 20—S, in series, armature and spac-
ing, or right-hand, contact of relay 20—R,
to grounded positive battery. Relays 21—RC,
20—88 and 20—S are normally held in the posi-
tions shown by currents flowing through their
respective biasing, or lower, windings, but under
the influence of the stronger current flowing in
their upper windings, relays 21—RC, 20—SS and
20—S operate to their respective marking posi-
tions.

When relay 20—SL operated it closed at its

-innermost lower armature and front contact an

operating circuit for relay 20—ON which oper-
ated. Relay 20—ON, upon operating, closes at
its No. | armature and front contact the inward
transmission path comprising conductor 615 for
sending to large switching center B a steady
marking current produced at the marking con-
tact and armature of relay 20—S, the circuit for

- the biasing current being also closed by the oper-

ation of relay 20—ON. The inward transmis-
sion path extends over the tip spring of receive
jack 631—REC, conductor 632, through the lower
winding of polarized relay 6TL, resistance 633,
conductor 634, back contact and outer upper
armature of relay 6CT2, conductor 635, through
the upper winding of polarized receive relay 6R,
resistance 636, to grounded positive battery 637.
At this time the outward transmission path com-
prising conductor 614 is open at armature No. 3
and contact of relay 5—ON.

The reception of a continuous mark signal at

“large switching center B is over a circuit trace-

able from grounded negative bhattery at the
marking contact and armature of polarized relay
26—8, conductor 2033, back contact and upper
armature of relay 20—Al, front contact and
outer upper armature of relay 20—ON, and as
hereinhefore traced over transmission conductor
1518, normally closed tip spring of receive jack
631—REC, conductor 632, through the lower
winding of relay 6TL, resistance 633, conductor
634, back contact and outer upper armature of
relay 6CT2, conductor 635, through the upper

winding of receive relay 6R, resistance 636 to

grounded positive battery 631, Relays 6TL and -
When
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‘relay 6TL operates and ground is thereby re-
-moved at its spacing contact, condenser 520 be-
gins to assume a charge over a circuit extending
from grounded battery 608, resistances 62! and
§22, conductor 623, condenser 628 to ground.
- After approximately one-half second, condenser
620 assumes a charge having a value sufficient {o
cause vacuum tube 603 fto become conductive
thereby causing the operation of cut-through re-
lay 6CT and, in turn, the operation of relay
. 6CT—!. Relay 6CT—I, upon operating, (1)
operates relay 5A and (2) deprives relay 6TL of
control of the grid element of vacuum tube §03.
Relays 8CT and 6CT—I remain operated. Relay
6CT—1 also prepares at its outer lower armature
and contact, an operating circuit for start relay
. 1{8T2—89 which, with its associated relays in
the same vertical set in the trunk sequence cir-
_euit, corresponds to main trunk No. 99 selected
by the operator at central office A. The operat-
ing circuit for start relay 11ST2—89, when com-
pleted, will be traceable from grounded battery
connected to the inner lower armature and con-
tact of relay {1BO—99, conductor {§25—8§9,

through the winding of relay (1ST2—89, con-

ductor 1182—99, contact and middle lower ar-
mature of relay §HM, conductor 481, contact and
outer lower armature of relay 5SL—1, conductor
887, contact and outér lower armature of relay
ECT—1, conductor 586, back contact and arma-
ture No. | of relay 58P—I, outer lower armature
and contact 6f relay 5SB—I, armature No. { and
contact of relay 5—ON, now unoperated, to
ground.
Relay BA, upon operating, (1) closes at its No.
3 armature and contact an operating circuit for
relay 5—ON which now operates; (2) removes at
its No. { armature and contact the ground con-
nection from conductor 528; (3) locks itself at
- its No. 5 armature, although it is under control
of relay 6D—I which is now unoperated but
“which, when operated, will close a shunting cir-
cuit traceable from grounded battery 625, con-
tact and outer left-hand armature of relay
6D, conductor 601, contacts ahd middle lower
armature of relay 6TR, conductor 611, lower ar-
mature and contact of rélay 6TR2, coaductor
87, to the front contac¢t-and armature No. § of
relay 5A, to ground; and (4) connects ground at
‘its No. 6 armature and contact to a circuit trace-
able over conductors 508, 504 and 1121-—88, then
over two parallel paths, oné extending over back
contact and lower armature of relay 4HH,
through the winding of relay 4AD, to grounded
battery, and the other, extending through the
winding of chain relay (ICH—99, to grounded
battery. Relays 4AD and (iCH—Y98 operate to
make main trunk No. 99 busy. Relay {{CH-——99
upon operating, lights the trunk busy lamp 592
-and prevents trunk No. 99 from being selected
for another call originating at large switching
center B until after the call for whieh the trunk
is engaged is completed. ‘Relay 4AD operates on
an inward or an outward call, or by the cépera-
tion of busy key 648 or by taking the trunk out
of service by means of trunk release key {183—
89, or if the trunk on a completed call was pre-
vented from releasing switches associated with
it because ground on c¢onductor 112{—89 is con-
nected at the armature and front contact of
busy-out relay {{BO—89. ‘But when trunk No.
89 is busy as a called trunk then ground is
formed on the frornt contaet and armature No. ¢
‘of relay 4HM which is operated only when trunk
-No, 89 is the called trunk. ‘Relay 5—ON, upon
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operating, (1) completes the -operating circuit
-for relay 11ST2—99, previously prepared at the
outer lower armature and contact of relay §CT—
{ and relay (1ST2-—99 operates in the circuit
-hereinbefore traced; (2) closes the hereinbefore
mentioned outward transmission path extending
irom the armature of relay 5S, resistance 528,
conductor 53!, makKe-before-break contact of
‘relay 5SB-—I; contact and armature No. 3 of
‘relay §—ON, conductor ‘523, normally closed
‘contacts of the tip spring of send jack 30—
SEND, outward transmission conductor 514,
through theupper winding of relay 26—RS, outer
upper armature and back contact of relay 29—
CT, to grounded negative battery, this outward
transmission path now being ready for trans-
mission from switching center B to central office
A; and (3) connects power to the office repeater
and ground to the winding of relay 5SL. Relay
11ST2—99, upon operating, closes at its lower
armature and front contact an operating circuit
for relay (1AL-——99, the circuit being traceable
from grounded battery at the armature and con-
tact of relay ‘25SU in the miscellaneous alarm
circuit, conductor 1061, upper armature and
front contact of each of relays 0AL—G0 to
{BAL—G19, in series, conductor 1109, through
the winding of relay | 1AYL.—99, front contact and
lower armature of relay 01ST2—89, conductor
1{08—99, {108—98 to 108—90 of the first group
of trunks, conductors 1208—89 to 1208—89 of the
second group of trunks, conductor 2592, and back
to the miscellaneous alarm circuit where it con-
tinues over the -outer lowér armature and con-
tact of relay 25D, back contact and inner upper
armature of common start relay 25CS, to ground.
Relay 1!AL—99 operates and closes at its lower
armature and front contact an operating path
for relay |1AL{--898, the path being part of the
circuit hereinbefore traced from the grounded
battery associated with conductor | 189, lower ar-
mature ‘and -front contact of relay 1{AL.—39,
through the winding of relay ((ALI-—89 to
ground, and relay {{ALI—89 operates. When
relay t1ST2—99 operates, the trunk sequence
‘eircuit is thereby orderéd to connect a director
circuit to the seized trunk No. 89 for the purpose
of receiving -teledirecting . pulses.

The sequence circuit when it attaches a direc-
tor circuit to theé seized trunk No. 99 connects
ground -at armature No. 4 and contact of relay
f{ATI-—99 as will be hereinafter described, to
conductor 1183—89, which extends over the
hormally closed contacts associated with the ring
spring of jack 508—A, through the winding of
relay 5M, to grounded battery, and relay 5M op-
erates. Relay B5M, upon operating, closes a
plurality of circuits each extending through the
,winding of one of the selecting magnets, such
as magnet 28M—99, of -those cross bar switches
which have their respective horizontal contact
sets connected in multiple. Also, relay
11ST2—99, upon operating, (1) connects ground
at its outermost upper armature and contact,
through conductor (105 which exténds through
one or more trunk sequence groups to the direct
circuit wherein it is conected to the inner lower
~armature ‘and contact of relay 18A—1{ which is
unoperated at the time, but the path just traced
will serve as a locking ecircuit for relay 18A—Ii
‘when the latter relay operates as hereinafter de-
‘seribed (relay 18A—I, when operated, is used to
keep-in speed the director motor associated with
‘the “director distributor circuit); (2) connects
ground at its middlé upper armature and con-
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%act to a circuit extending through-the call-dis-
‘connect lamp 1186—89, conductor 197, through
‘the winding of relay 13E, to grounded battéry, to
Jight the call lamp [106—99 and operate relay
13E (relay (3E, upon operating, operates relay
I3F to light a common call-disconnect lamp
1302) ; and (3) closes at its lower armature and
front contact (assuming that no other ST2 relay
in the trunk sequence groups like those shown in
‘Figs. 11 and 12, is operated) a circuit extending
from ground at the inner upper armature and
back contact of relay 25CS in the miscellaneous
alarm’ cireuit, as hereinbefore traced, to operate
relay - 11AL—99. If another trunk- sequence

‘group is in an operated condition and the AL -

relay, such as relay 11AT-—89 in the particular
case at hand, will be delayed in operating -until
it has received a preference accorded to it by the
‘sequence circuit.. Relay f1AL—99, upon operat-
‘ing, (1) locks under control of its associated start
relay 1S8T2—99, (2) causes relay 25ST andrelay
25CS in the miscellaneous alarm circuit to oper-
‘ate successively; the operating circuit- for relay
25ST Being traceable-from ground, through the
winding of relay 25T, conductors 2519 and 1231,
front -contact and outer upper- armature of relay
‘I AL-—98, to grounded battery conductor 1109,
‘and when relay 25ST operates an obvious oper-
‘ating circuit for relay 25CS is closed and relay
25CS operates, and (3) closes at its lower arma-
‘ture and front contact an operating circuit' for
relay |1AL{—99 as hereinbefore described.

- Relay - 1{AL1-—99 operates and thereby (1)
connects ground at-its outmost upper armature
‘and contact to a circuit traceable over conductor
1119, to the director: circuit wherein it extends
‘through the winding of relay {8A to grounded
battery and relay 18A operates; (2) connects the
two transmission - conductors 1114{—89 and
1112—89 at its middle upper and its innermost
“upper armature and their respectively associated
contacts,” to Supervisory conductors {143 and
1114, and selected idle trunk ‘No.. 99 ‘shown “in
Figs. 4, 5 and 6 is now connected to both the
director and the sequence control circuit; (3
connects ground at its'No.-4 armature and con-
tact as hereinbefore  stated, ~ to conductor
1103—99, normally closed contacts of ‘the ring
‘spring of jack 598A, through the winding of relay
§M, to'grounded battery, and relay 5M operates
to energize the selector magnet 25M—99 and cor-
responding selecting magnets on other cross bar
‘switches whose horizortal contact sets are con-
neeted .in mulbiple with the corresponding sets
shown in Fig, 2; (4) connects the winding-of
relay -1 1BO—99 and {IBO1—99 over its Nos. 8§
.and 6 armatures and their respectively associated
front ‘contacts to conductors 115 and 4118, re-
spectively, the latter conductors being the com-
inon busy-out conductors extending to the mis-
cellaneous alarm circuit; and (5) conditions at
its. No. T armature and contact the circuit in-~
‘eluding conductor 11i8—99 which later may be
used for serving notice to the main calling trunk
No. 99 that it may prepare itself for connection -
to another main trunk. -The operation of relay
25CS in the miscellaneous alarm eircuit removes
ground from conductor 2501 of the entire office
sequence circuit chain. :
. When main trunk No. 99 is connected to the
director circuit, the inward supervisory path
from the trunk circuit to the director circuit is
in a marking condition and is now extended over
conductor {112—99, armature No. 3 and contact
‘of relay’ |1ALI—399; conductor ‘1 114;-through the -
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upper winding: of relay “18G- to  ground. The
outward supervisory path between the trunk cir-
cuit and the director circuit is now traceable
over conductor 11i9—98, armature No. 2 and
contact of relay {1ALI—99, conductor 1113, mid-
dle lower armature and back contact of relay
{342, conductor 1801, make-before-break contact
of relay 19TB, conductors (901 and 1902, make-
before-break contacts of relay 19N3, conductor
1903, contact and outermost lower armature of
relay 18C, then in parallel paths, one extending
over the armature and contact of relay 18G and
the other, through:the lower winding of relay
{8G. Relay 18C is unoperated at this time and
therefore the outward supervisory path between
the trunk and the director circuit is open. The
termination: of both supervisory paths are at this
time in ‘the director circuit.

The operation of relay (8A, as hereinbefore
described, is the first function of the director
circuit.  Relay 18A, upon operating, (1) -closes
at its No. | armature and contact, an obvious
operating circuit for relay 18A—1 which operates;
(2) closes at its No. 4 armature and contact an
operating circuit for relay [8A2, which operates,
the operating circuit of relay 18A2 extending

1o ground at the lower armature and back con-

tact of relay §8C—I which still is unoperated;
(3) closes &t its No. 2 armature and front con-
tact an operating circuit for start magnet 1601
of the receiving distributor and the magnet oper-
ates, the circuit being traceable from grounded
battery 1662, resistance {6023, through the wind-
ing of start magnet 1601, conductor 1604, make-

‘before-break contacts of relay 18LU, conductor

1892, make-before-break contacts of relay 18C—I,
conductor {863, to the front contact and arma-
ture No. 2 of relay I8A, to ground; (4) connects
ground at its No. 6 armature and contact to a
circuit for furnishing biasing current to relay
{8G, the circuit being traceable over conductor
1324, through the lower winding of relay I8G,
resistance 1895, conductors 1886 and {807, re-
sistance 1898, to grounded battery 1826; and (5)

.prepares at its No. 3 armature and contact an

operating circuit for relay {8C—I. The opera-
tion of start magnet 1681 prevents further rota-
tion of the distributor cams AC, C—i to C—5
and SC, once these cams reach the stop position.

Relay (8A--i operates and (1) locks under
control of conductor 1105 which extends to
ground at the outermost upper armature and
contact of relay {iST2—99 in the trunk sequence
circuit; (2) closes at its outer armature and
contact an operating circuit for the motor of
the receiving distributor, the circuit being trace-
able from grounded battery 18069, contact and
outer upper armature of relay [8A—I, conductor
{8¢0, then in parallel paths, one extending
through the field winding 1865 to ground, and
the other, through the motor armature {688, low
resistance winding = 1607, resistance 1588, to
ground, and the third, over conductor {668, outer-
most lower armature and contact of relay 18A2,
conductor {811, through the upper winding of
relay 18B to ground, but relay 18B does not oper-
ate at this time, and (3) closes at its inner upper
armature and contact an operating path fof
relay {4DS, the operating path being traceable
from ground at the contact and inner upper
armature of relay 18A—I{, conductor (812,
through the lower winding "of relay 14D5, to
grounded battery and relay 14D5 operates to its
spacing, or right-hand contact. The operating

76 path for-relay 14D5 is parallel with the path
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éxtending -over conductor' 1610, auxiliary spring
contacts 'ASC in their normally closed position,
conductor 16!, outer upper armature and front
contact of relay 18A2 which -at the present time

is operated, conductor 1813, to the front contact -

and upper armature of> relay 18B which, at the
present time is unoperated.

"~ -The connection of ground-at-the No. § arma-
ture- and contact of relay 18A-to the marking,
or left-hand, contact of relay (8G as herein-
‘before: described, will cause the quick operation
of relay 18A3, if relay 18G has operated to -its
marking, or left-hand, contact under the influ-
ence. of a marking signal received over super-
visory conductor {114 from the trunk circuit No.
99, .

Relay 18A2, upon operating, (1) connects the

lower winding of relay 18C2 to the outward super-

visory conductor ¢143 which at this time extends
to main trunk ecircuit No.-99; (2) -closes at its
innermost lower armature- and contact a circuit
having two parallel paths, one of which serves
as the locking path for relay i8A3 when relay
18A3 operated as hereinbefore described, and the
other, for energizing the lower winding of relay
25K—! -of the miscellaneous alarm circuit to
indicate that the director circuit is off-normal,
the latter path being traceable over conductors
1814 and 1815, contact and No. 6 armature of

relay. 18LU, conductor 1848, through the lower .

winding of relay 25K—I, to grounded battery;
(3) connects ground at its innermost upper arma-
ture and contact to a circuit extending through
lamp 1832; (4) -connects ground at its middle
upper armature and contact to a circuit extend-
ing over conductor #804, through the upper wind-
ing of relay 25AB to.grounded battery in the
miscellaneous - alarm circuit, and relay 25AR
operates and causes, in turn, the operation of
relay 28K4 to prevent the latter circuit from
bermanently removing the associated trunk cir-
cuit No. 99 from service if the allotted time for
‘eircuit action has been exceeded; (5) closes at
its outermost lower armature and contact the
operating circuit for relay: 18B, which operates
when the motor of the receiving distributor at-
tains the desired speed and thereby causes the
vibratory contact member to leave its associated
stationary contact member, the separation of con-

tacts being determined by the motor control gov- -

ernor as disclosed in United States Patent 1,860 -
556, granted to J. H. Sole on May 31,:1932; and
(6) clozes at its outermost upper armature and
contact a path extending from the upper arma-
ture and contact of relay 18B, conductor 1813,
front contact and outermost upper armature of
relay 18A2, conductor 1611, to the normally closed
auxiliary spring contacts ASC of the receiving
distributor.

Receiving distributor -motor attains the desired
speed- at large switching center B

When the motor of the receiving distributor at-
tains the desired speed, the governor contacts
close as described in J. H, Sole’s patent, supra,
thereby removing a short cireuit and permitting
relay (8B to become sufficiently energized through
its upper winding to operate. Relay 18B, upon
operating, (1) locks in a ‘¢ircuit traceable from
grounded battery, through the lower winding,
contact and inner lower armature of the relay,
conductor {818 to ground at the contact and mid-
dle lower armature of relay 18A2; (2) closes at its
outer lower armature and contact the circuit
traceable from ground, through the winding of
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relay 18C2, contact and middle lower armature of
relay 18A2, conductor {113 which is an extension
of the outward supervisory and transmission con-
ductors 1111—99, 522 -and 639, connected in series,
of trunk circuit No. 99, and this ground connec-
tion furnishes the “director ready” mark signal
for transmission to-the operator at central office
4; and (3) closes at its upper armature and con-
tact, the path extending from the normally closed
auxiliary spring contacts ASC of the receiving
distributor, conductor 1611, outermost upper ar-
mature and front contact of relay 18A2, conduc-
tor 1813, contact and upper armature of relay
18B, through the winding of relay 18C, to
grounded battery. ‘Trunk circuit No. 99 retrans-
mits this “director ready” signal to the operator
-at central office A to furnish an indication that
the connection is prepared for the call that may
be routed through the large switching center at
office B. Relay 18C2 will operate if the “director
ready” signal is transmitted. If the normally
closed auxiliary spring contact ASC of the receiv-
ing distributor is closed, as indeed it will be, if
the cams have reached the “stop” position, relay
18C will operate.

Relay 18C, upon operating, (1) closes at its out-
ermost lower armature and contact another point;
in the outward supervisory path between trunk
No. 99 and the director eircuit, the supervisory
path now being traceable from ground at the con-
tact and No. 6 armature of relay {8A, conductor
1804, outermost lower armature and contact of
relay 18C, conductor 1993, make-before-break
contacts of relay 19N3, conductors 1962 and 180t,
make-before-break contacts of relay 19TB, con-
ductor 1801, to the back contact and middle lower
-armature of relay 18A2 which at this time is in an
operated condition; (2) opens at its outermost
upper armature and back contact, the operating
circuit for relay 1843, as hereinbefore traced, but
if relay (8A3 has already operated because of the
operation of relay 18G to its marking contact un-

der the influence of the mark impulse received

from trunk circuit No. 99, it is, therefore, at such
time, locked in an operated position, (3) connects

"at its outermost upper armature and front con-

tact the armature of relay 18G, to the inner up-
per armature of relay 18C—1i; (4) prepares at its
innermost upper armature and-contact a locking
circuit for itself under control of ‘relay 18C—1;
(5) provides a supplementary ground at its mid-
-dle lower armature, to the locking circuit of relay
18A3 and also to conductor ¢815 which forms part
of the operating circuit for relay 25K—1 of the
miscellaneous alarm circuit, the operating circuit
extending over the contact and middle lower ar-
mature of relay I18LU, conductor 1816, through
the lower winding of relay 25K—-1, to grounded
battery; and (6) closes at its middle upper arma-
ture and contact an operating circuit for relay
18C—1 which operates in a circuit traceable from
grounded battery, through the winding of relay
18C—1, middle upper armature and contact of

‘relay 18C, conductor (819, No. 3 armature and

front contact of relay 18A, to ground. Relay
18C—I, upon operating, (1) opens at its lower ar-
mature and back contact, the operating cireuit
for relay 18A2, which releases: (2) substitutes at
its inner upper armature and contact another
ground connection in the circuit -for operating
start magnet 1601 which remains operated under
the influence of relay 18G -in response to each
marking impulse of an incoming signal received
from trunk No. 99, the circuit being traceable
from -ground at armature No. 6 and -contact -of



41
relay (8A, conductor 1804, marking, or left-hand,
contact and armature of relay 18G, outermost up-
per-armature and front contact of relay 18C, in-
ner upper armature and contact of relay {8C—I,
conductor 1802, make-before-break contacts of
relay 18LU, conductor 1604, through the winding
of start magnet 1601, resistance 1603, to grounded
battery 1602; (3) connects ground on its outer up-
per armature and contact, to conductor 1820
which extends through each of the normally open
contacts SC—I to SC—F5, in turn, of the receiving
distributor, providing the contact is closed by the
marking impulse of an incoming signal received
by relay 18G over paths respectively extending
through the windings of fanning-out relays
14D—I to 14D—5, to grounded battery; and (4)
at its lower armature and front contact connects
ground to the locking circuit for relays {8C and
18C2, if operated, and utilizes this ground for con-
ditioning over conductor 1821, various paths in
the director circuit. With relays 18C2 and I8A3
operated, relay {8C—1, upon operating, will
place ground over the operated upper armatures
of relay 18A3, on conductors 1822 and 1823, re-
spectively, thereby operating relays 25K3 and
25AB, the latter operating relay 25K4 to notify
the miscellaneous alarm circuit that the director
circuit is ready to function. )

Relay 18A2, upon releasing, (1) connects at its
middle lower armature and back contact direct
ground at armature No. 6 and contact of relay
i8A to the outward supervisory conductor 1113,
replacing the ground connected to the winding
of relay 18C2, thus continuing the “director
ready” mark signal, and the circuit thus com-
pleted extending from ground and armature No.
6 of -relay 18A, conductor 1804, outermost lower
armature and contact of relay 8C, conductor
1903, make-before-break contacts of each of re-
lays 19N3 and (9TB, conductor {801, back con-
tact and middle lower armature of relay I8A2,
through the outward supervisory path conductor
1113; (2) removes at its innermost upper arma-
ture and contact the ground from lamp {832

which now becomes extinguished; (3) opens at its i3

outermost lower armature and front contact the
operating circuit for relay 18B which is thereby
disconnected from the conductor 1§89, which is
the only one of the paths of the motor governor
control circuit of the receiving distributor; (4)
removes at its middle upper armature and con-
tact, the ground from conductor 1804 which ex-
tends to the miscellaneous alarm ecircuit, and
the removal of the same ground opens the lock-
ing circuit for relay 18B, and relay [8B releases;

and (5) transfers at ifs outermost upper arma--
ture, conductor i6¢1 which extends to the nor-

mally closed auxiliary spring contacts ASC of the
receiving distributor, to conductor 1824 which
extends over the outermost upper armature and
back contact of relay {4F2, conductor 1413, tothe
lower armature of relay {4K.  Assuming that the
“director-ready,” or mark, signal has been sent
and the mark has been received from the frunk
circuit No. 99, the director now awaits the tele-
directing telegraph character signals from the
operator at central office A.

Reception of teledirecting telegraph character
signals at large swilching center B

Telegraph signal- impulses -received over the
inward transmission and supervisory path in-
cluding conductor f112—99, No. 3 armature and
contact of relay H1ALI—89, conductor 11i4,
through " the upper: winiding ‘of relay - 18G to
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ground, are repeated by the latter relay. Relay
{8G is normally held to its marking, or left-hand,
position, under the influence of the marking sig-
nal normally received over the transmission and
5 supervisory path, just traced, and extending from
selected trunk circuit No. 99. Therefore, as soon
as the character signal is received, the start, or
space impulse of the signal permits relay 18G to
operate to its spacing, or right-hand, contact
thereby causing selector magnet §89i of the res
ceiving distributor to release. ~ Selector magnet
1681, in following relay {8G, responds to the im-
pulses of each incoming signal and in response to
the start impulse -causes its armature to dis-
engage start cam SC and the armature extension
1618 under the influence of the tension of spring
16i9, is moved into operative relation with bell
crank, or operating, levers OL—{ to OL—35. The
receiving distributor is somewhat of. .the type
shown in Fig. 6 of J. M. DJesmond’s United States
Patent 2,190,540, dated February 13, 1940. Re-
lay 18G and selector magnet (GQI respectively
correspond to relay 808 and selector magnet 613
of the Desmond patent. Selector magnet {66t
< in its normally operated position holds its arma-
ture extension 1612 in engagement with start cam
SC and in this position prevents the rotatable
shaft {613 from rotating under the influence of
driving shaft (614 driven by the distributor
motor, the influence being effected by a friction
clutch between the two shafts:
Tixedly mounted on shaft 1613 are cams C—
to C—5 and an auxiliary cam AC. Integrally
formed on each of cams C—I to C—9 is a pro-
jection. The projections are spaced with respect
to each other, an angular distance which corre-
sponds to the difference in the time interval be-
tween adjacent impulses of an incoming signal.
Respectively arranged in engageable relation with
projections on cams C—I to C—5 are bell crank
levers OL—I to OL—5. Hach bell crank lever,
when operated, initiates a chain movement
through a sword member, such as swords SW—i{
to SW—5, a T-lever, such as T-levers TL—! to
TL—8, and a code bar, such as code bars CB—I
to CB—5. This chain movement is somewhat
similar to that employed in the printer disclosed
in United States Patent 1,745,633, granted to S.
Morton and H. L. Krum on February 4, 1930. - In
50 the particular arrangement shown in Fig. 16, the
code bar, being operated to the right or the left
position, accordingly closes or opens spring con-
tact sets SC—I to SC—5 in a combination de-
pending on the impulses of the particular in-
coming signal that is received from relay (8G.
In other words, the second armatfure extension
1616 is operated into either -of two positions,
namely, operated and released, by magnet (601,
depending on whether the incoming signal im-
@0 pulse is a mark or a space, and in cooperation,
bell erank lever corresponding to the particular
selecting impulse of the signal, positions, in turn,
the associated sword member, T-lever and finally
the associated code bar. The code bars when
65 moved to their ‘mark” positions respectively close
one or more of spring contact sets SC—I to SC-—5
depending upon the corresponding mark impulses
in each incoming signal, the code bars remaining
in their “space”. positions do not close their cor-
70 responding contact sets. ‘The code bars may be
provided with detents (not shown) to resist the
tension of the spring members of the contact sets
SC—! to SC—5 and therefore remain in their
right or left positions until the next signal is re-
TH ceived. ‘ : ‘
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For example; if:it is-assumed:that the incoming
signal is-figure 6: orfletter Y, its equivalent signal
combination, the selecting- 1mpulse combination
will be:mark; space, mark; space, and mark. Re-
lay-18@G; in response to the reception of the “start”
impulse which, as herembefore stated, is always
ODex; or space; releases magnet- 1601 to permit
shaft 1613 to-rotate; As soon ag shaft (313 be-~
gins-to- rotate the spring member of the auxiliary.
spring. contact set- ASC moves from its normal
contact to its alternate contact and remains there
for; the duration of the next five selecting im-
pulses of the incoming signal received by magnet

1601, when it will. return to its normal contact at

the termination of the fifth selecting impulse, or:
just before the “stop’”- impulse, which is always
“mark.” During the time that magnet (60 is
responding to the. five selecting impulses, arma-.
ture extension (618 follows the signal impulses.
In the case of the figure 6, or letter Y, for which:
the. selecting impulses are mark, space, mark,
space. and mark, as.stated: above the armature
extension 1616 alternates its position. accordingly:
as-follows: operated; released, operated; released;
and operated. In response to the first seleeting
impulse .(mark) armature extension 6§ remains
In. its: operated: position. and. retains bell crank
lever DI—1.in engageable relation with cam C—!
and cam-C—I; upon rotating with shaft {613, op-
erates bell crank lever OL—I. In response to the
second selecting impulse (space) armature {616
releases to move bell. crank lever OL—2 out of
engageable relation: with cam C—2 whereby cam
€2, upon-rotating; does not operate bell crank
lever OL—2. In.response. to.the third selecting
impulse. (mark) armature 161§ returns. to its op-
erated-position and retains bell crank lever OI—3
in- engageable. relation with . cam C—2 and cam
C—2, upon rotating; operates. bell: crank lever
OL—3. In response-to.the fourth selecting im-

pulse (space)- armature 161§ releases to move.

bell crank lever-OL—4 out of engageable relation
with:cam C—4 whereby cam C—4, upon rotating;
does not operate bell crank lever OL—4. In.re-
sponse to the fifth selecting impulse (mark) arm-
ature 1616 returns to its operated. position and
retalns bell-crank-lever OL—5 in engageable re-
lat1on -with-cam C—5§ and cam-C—35, upon rotat-.
ing, operates bell crank lever OL—S5.

The: two-groups: of fan relays are provided. at
each of the-large switching centers-as follows:
one; namely -the D-relay group, to select a line
to: a- local subscriber’s station or a trunk-line;
the trunk-line extending to a small switching
cente1 and- the other; namely;, the DL-relay
group, to seleet & “through” trunk to a central
office-orto another large switching.center. There-
fore; the-spring-contact sets SC—I to SC—5, will
close-in a-combination-corresponding to the mark

selecting impulses-of the incoming signal to op-.

erate one or-more relays of the D-relay group
or- DL _relay-group-to- select the- desired line or
trunk depending- on- which. group is operated.
"Fhe disengagement of start cam SC with the
arma,ture ofsmagnet- 1681 permits cam shaft 1613
to rotate threugh one revolution only. The motor
speed-and the cutting of the cams are such that
at the time the.first selecting- impulse is due to
arrive, the mechanical: arrangement is ready if
selector magnet- 1601 is already operated as it
would be; should the first' incoming.selecting im-
pulse be a.mark, to position sword SW—i which,
in-turn, causes: spring contacts of set SC—i to
close. If:perchance, the contact set-SC-—I. was
already closed and the selector magnet was in a
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released.position-at this time; sword-SW-—{:would
be: operated to position code: bar- GCB—l: to. open
spring contact set SC—1. Selecting lmpulses NGs;
2, 3, 4 and 5 are similarly- treated Meanwhﬂe
the auxiliary cam. AC has caused: the auxiliary
spring-member- of the auxiliary: contact set-ASC
to move from its normally-closed position: at: 1ts
left-hand terminal to its-alternate, or right-hand
terminal before selecting:impulse No. i has been
received. Very quickly after: the five: selecting
impulses have been.acted upon, the.spring mem-
ber of auxiliary contact set ASC-moves.back to
its normally closed position: Therefore, nat:only
do contacts on contact sets SC—{ to.SC—5:ac-

curately interpret the telegraph;signals received;

but the auxiliary contact set ASC on.cam. AC
also indicates the beginning and:the end; of-the
reception of a signal,

Reception of signal preliminary to called number
at large switching center B-

In the present invention, since.it is ecessary.
to- d1scr1m1nate between calls -to hnes extendmﬂ to
subscriber: statmns or: to trunk-lines:extending to
a small- sw1tch1ncr center and calls: to a “through”
trunk extending to- a large. sw1tch1ng center; or
a d1stance central oﬁice there., Is: transmltted
prior to the signal o_r sxgnals, corre,spo_ndm“ to
the called number. When the eall-is to a:sub-
scriber’s line or a trunk-line “Figures” is-the pre-
liminary signal received-at-large switching center
B and when the call is-to a “through” ‘trunk, the
preliminary signal is “Letters’” Herein for the
purpose of illustration two significant. character:
signals- corresponding- to numerical characters;
follow “Figures” and only one-significant-charac-.
ter signal corresponding-to 3 letter-of the alpha-
bet, follows “Letters.” The combination. of sel-
ecting Impulses in the “Figures” signal is mark,
mark, space, mark, and mark and that. in the
“Lietters™ signal is-mark, mark, mark, mark and
mark; that is, all selecting pulses in.the latter
signal are all marking: As hereinbefore described
under “Reception-of teledirecting telegraph char-
acter signals™ all telegraph character signals re-
celved at large switching center  B: are broken
down by the receiving distributor in the director
circuit info their five component elements.

Should a “Figures” signal be received, contact
sets SC—I, SC—2, SC—4, and SC—S5, would close
in succession during the rotation of distributor
shaft {613 and thereby close, in turn, the oper-
ating eircuits for relays 14D—I, {4D—2,, 14D—4

3 and 14D--8, the operating czrcult,for.relay'l 4D—-5

being connected: to the uuper winding of the
relay. Therefore, relays {4D—{, {4D—2, {4D—4&
will be operated and relay I4D-—5 will be oper-
ated {0 its mark, or left-hand, contact. After re-
ception of the fifth impulse, the auxiliary contact
ASC controlled hy cam AC again becomss normal
so that ground at the inner, upper armature and
contact of relay t8A-—i is connected to a circuit
extending over conductors 1812 and 1649, normal

5 contacts of set ASC of cam AC; conductor 161§,

outer upper armature and back contact-of relay
[8A2, conductor 1824, outermost upper-armature
and back contact of relay [4F2, conductor {413,
lower armature and back contact of relay 14K,
conductor {437, contacts and armature No. 3 of
relay {4D—!, front contact and armature No. 2
of relay MD——z contact and outer upper arma-
ture of relay {4D—4, back contact and armature
No. 5 of relay i4F--3, marking, or left-hand,

5 contact and armature of relay- {4D—35, conductor
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1414, armature No. T and contact of relay ‘18LU,
conductor {825, inner lower armature and back
contact of relay 14R, lower armature and back
contact of relay 14N—1,

ductor 1439, outer upper armature and back con-
tact of relay 14K, make-before-break contact of
relay 14D—3, make-before-break contacts and
winding of relay I4F, to grounded battery and
relay (4F operates. Any other -combination of
the 14D relays would have no effect at-all at this
time.-
cuit traceable over conductors 1418, 141§ and
1821 to ground at the front contact and lower
armature of relay I18C—! and prepares at its
upper armature for the operation of relay (4K
as the subsequent registering of the signals cor-
responding -to the number of the called sub-

scriber line or called trunk-line. The reception of

the “Figures” signal, therefore, is a necessary
prerequisite to utilization of teledirecting char-

acter sighals in establishing a call to a subscnberf

line or trunk-line.

- Since the object of the present call is to estab-7

lish a connection to a “through” trunk, the
“Letters” signal is made the preliminary signal
sent prior to the signal corresponding to the
called number, or designating letter, of the group
or trunks extending to the desired large switch-~
ing center or desired central office. - As herein-
before stated, the selecting impuilses constituting
the signal combination of “Letters” are all
“mark,” the contact sets SC—I to SC-—5 will close
in success1on and thereby operate, in turn, each

of the relays 14D—{ to 14D—B5, relay (4D--5 &

operatihg t0°its marking, or left-hand, contact.
In this case after the reception of the fifth im-
pulse, the aux1l1ary contacts ASC of cam AC
again become normal so that ground on the inner
upper armature and front contact of rélay 18A—I

is  connected -to a -circuit extending over con-’
ductors 1812 and 1619, normal contacts ASC o’

cam ‘AC, conductor ‘16!, outermost upper arma-
ture and back contact of relay 18A—2, conductor
1824, outermost tpper armature and back con-
tact of relay "14F—2; conductor’ I4!3 lower arma-
ture and back contact of relay 14K, conductor
1437, contact and armature No. 3 of relay 4D—I,
contact and armature No. 2 of relay 14D—2, con-
tact and outer upper armature of relay {4D—4,
back contact and armature No. § of relay 1473,
marking, or left-hand, contact and armature of
relay 14D—5, conductor 1414, armature No. T
and contact of relay 18LU, conductor 1828, inner
lower armature and back contact of relay 14R,
lower armature and back contact of reiay AN—I,
conductor 1438 inner lower armature and con-
tact of relay (4F—2, conductor 439, outer upper,
armature and back contact of relay 14K, front
contact and armature No. | of relay {4K, con-~
ductor 1453, front contact and armature No. |
of relay 14D--3, make-before~break contacts and’
through the Wlndmg of relay {471, to grounded
battery and in response to the “_:etterv” signal,
relay MF—I operates.  Relay 14F—{, upon. oper-,
ating, locks in 2 01rcu1t traceable over its fromt
cotitact ‘and lower ‘armature, conductors {418,
1416 and 1821, to the front contact and. lower
a1mature of relay 18C—iI, to ground. During the
receptlon of the next telegraph characier signal,
such as a signal for a letter of the alphabet, such
letter being used to identify the particular group,
of “through” trunks desired by the operator. at
central office A, the dlrector funcnons as here-
inafter described.

conductor 1438, inner
lower armature and contact of relay 14F2, con-

Relay: 14F, upon-operating, locks in a cir-
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Translation of “Letters” and numerical digit code
at large switching center B

The following table indicates (1) the condi-
tion of relays ITDL—f, @ {TDL—2, ITDL—3,
{TDI—4, and 14D5, resulting from the reception
of the five selecting impulses of the signal repre-
senting each letter of the alphabet received by
the receiving distributor at switching center B
for selecting any desired group of trunks ex-
tending to a central office or a large switching
center, and (2) the condition of relays (4D—I,
{4D—2, 14D—3, 14D—4 and {4D—5 resulting
from the reception of the five selecting impulses
of a signal representing each numerical digit of
a number assigned to a subscriber line or group
of lines extending to a suberiber’s premises. In
the following table O, NO, M, and S represent

“Operated,”  “Non-operated,” “Mark” and

“Space,” respectively.

Lower | Upper 14D-1§ 14D-2 14D-3 14D | 14D-5

Case' | Case | 17DL-1 { 17DL-2 | 17DL-3 | 17DL~4 | 14D-5
0 0 NO M
0 0 NO M
0 NO NO M
NO ‘NO NO ]
0 NO 0 s
NO NO NO M
NO 0 NO M
0 0 NO S
0 0 NO 5
NO NO 0 M.
0 NO NO 8
NO NO 0 M
0 -0 0 ]
NO NO 0 S
NO 0 0 S
0 NO 0 M
NO 0 NO M
0 NO 0 8
0 0 0 S
0 NO NO M
NO 0 0 M
NO 0 0 3
NO 0 NO M
NO NO NO M
0 0 ) M
NO 0 0 M
NO NO NO M

Receptzon and deczphermg of first significant
character signal of the calling code at large
switching.center B

Immediately after the reception of the start
impulse of the signal of the first significant char-
acter, in this case a letter of the alphabet, the
signal corresponding to such letter causes to be
seized the trunk group desired, and before the
reception of the first selecting impulse of such
signgl, auxiliary sprmg contact set ASC under
the inflience of cam AC of the receiving dis-
tributor operates to its alternate position whereby.
grounded conductor (610 is connected to a circuit
ineluding conductor 1417, upper armature and
contact ‘of relay 14F—1 and two parallel paths,
one extending through the winding of relay !4F2
to grounded battery and thé other, through the
winding of relay 14F3 to grounded battery Re--
lays 14F2 and (4F3 -operate;: "Relay [4F3, upon
operating, transfers conductors (418, 1419, 1420,
fa21, 1422 and {423 to their respectively asso-
ciated conductors 1424 and 1428 for operating in
various ‘combinations, depending on the letter
used;’ relays l'lDL—-—iA iTDL—iB, (TDL—IC,
{71DL—IiD, HDL—-ZA l'lDL--ZB {1IDL—3 and
{TDL—4.

Relay 14F3, upon operatlng, also connects
ground at its ‘armature No. T and contact to
conductor (455, through. the windings, in paral-
lel, of relays 13H—0, {3H—{, 13E—2, to ground-
ed battery, in the sequence “cireuit to establish’
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8. “status quo” condition among the trunks in
switching center B-therepy, preventing any trunks
from releasing switches if they are about to do so.
- Relay [4F2, upon operating, (1) closes ab its
No. ¢ armature and contact. a locking circuit for.
both. itself- and relay {4F8; the ground, for the
locking circuit being had:at the lower armature
and:front contact of relay 18C=—!{; (2) prepares
-at its No. | armature.and front contact an oper-
ating. circuit for relay I4N; (3) prepares at its
No. & armature and contact; an operating cir-
cuit-for relays: (4S8 and $4S=—!, the circuit when
completed being traceable- from ground at- the
inner lewer armature and: front contact of slow

cperating relay 25D swhich operated a short. while

after selecting magnet 28M+—89. operated, resist-
ance. 2507, conductor 2586; armature No. 5 and
contact: of relay. {4F2; conductor {431, through
the winding of relay. 14S; front contact snd inner
lower armature of relay 4R (now in an unoper-
ated position), conductor §825, contact and arma-
ture No. 7.of relay I18LU, conductor 1414, arma-
ture and either contact of ‘relay (4D5, depending

on- which- letter- of- the- alphabet is- transmitted-

from central office A, over the corresponding
operated armature of relay (4F3, and the con-
ductor, such as conductor {428 or 1428, connected
to its associated: front contact, to the. selected
path closed by the 17TDL relays, to a trunk hunt-
ing conductor, assuming that conductor 1780—E
corresponding to the signal for letter E, has been
seleeted, then over the upper srmature and back

contact of relay 1AD, through: the winding of
relay THH, to.grounded battery, relays JAD and:

THH representing the first trunk of group E,

which, may be only one.of several groups (the:

other groups being respectively- responsive. to.
other letter signals) extending to the desired cen-

tral office E; (4) connects at its No. 2 armature.

and: contact the: series connected ground con-
ductors 1821 and 1416 to a circuit which extends

over conductor (432, contact and outer lower-

armature of relay. {4S—{ (now unoperated), for
future connection to conductor 1§32, contact and
armature No. 7. of relay {IAL{—S§8, conductor
1118—89 to grounded battery. through the wind-
ing of relay 4TR—I, to grounded battery for oper-
ating relay 4TR~={ as hereinafter described when

an. idle. available trunk in. the desired group is.

found, and: (5) removes. at its armature No. |
and back contact the possibility of connecting

relay {4F, through the armature of relay (£D5.

in.the manner hereinbefore described.

The selecting impulses of the signal corre-
sponding to letter E are mark, space, space, space
and space and therefore cause contact set SC—i
only to close while contact sets SCc—2, sC—3,
SC-—4 and SC-—5 remain open, during one revo-
Iution of distributor- shaft (613. Accordingly,
relays (TDL—IA, {1IDL—IB, (TDL—IC and
AIDL—ID operate: and relay. 14D5 moves to its
Space or-right-hand; position. At- the conclu-.

sion of ' the fifth selecting impulse the auxiliary:

contacts- ASC close, causing the rapid operation
of:relay 14N and; in- turn, the-operation of relay
(4N—I[. The: operating circuit for relay (4N
may be traceable from grounded battery, through-
the winding of: relay (4N, conductor. 433, front
contact and armature No. I-of relay 14F2, con-
ductor 1824, back contact and outermost upper
armature of relay 13A2, conductor 611, normally
closed. contacts ASC, conductors 1610 and 1812,
to ground at the inner upper armature and con-

tact of relay- 18A—I. The: operating circuit for-
relay. 14N—1 may. be. traceable. over the: oper-.
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ated: lower-armature of relay 4N, make-before-
break contacts of relay- 14R; conductors. |444;
1416-and 1821 in series; to ground at the front,
contact and- lower armature of relay {(8C—I:
Relay 14N—I, upon: operating, connects. at- its,
lower armature and; front contact the testing
circuit for testing the-selected trunk group, the
circuit- extending from grounded negative bat-
tery, through the windings, in series, of relay-
14—00 and (4BY, back contact and inner lower:
armature of relay (4R, conductor 1825; contact:
and No. T armature of relay I8LU, conductor-
1414, the space, or right-hand, contact of relay.
H4D5 and the path extending- over conductor

- 1423, armature No. 6 and front contact of relay.

14F3, conductor- {429, lower armature and back:
contact of relay 17TDL—4, outer lower armature-
and back contact of relay {TDL—3, outer lower:
armature and back-contact of relay {TDL—2B,
outer lower armature and front contact of relay:
{IDL—ID, conducter (100—E, through the-
winding of relay THH. to grounded negative bat-
tery. Relay THH corresponds to the first trunk;
namely, main trunk. No. 89; of- the desired, or
called, group extending to central office E.
Should main trunk No. 89 be idle, relays: 14—00-
and 4BY would not operate.because of grounded-
negative battery is connected to-each end of the.
circuit just traced.

Relay (4N, upon operating, closes at its upper-
armature and contact a_circuit: extending from.
grounded positive conductor (456, resistance
1854, its upper armature and contact, conductor
1438, through the upper winding of relay i8G:
to ground, and to conductor ({14 of the inward:
supervisory path, thereby providing another path,
extending through the line winding of relay 18G:
which now locks in-its mark, or left-hand, posi-.
tion by not being able to accept any additional:

. telegraph- signals incoming from central office A,

Relay 1AN—1, upon operating, closes at its upper:
armature and contact an operating eircuit for-
relay 14N2, the circuit. traceable over conductors.
1444, 1416 and 1821, in series, to ground at the.

» front contact and lower armature of relay {8C—1.

Relay 14N2 which is of the type that is both slow-
to-release and slow-to-operate, operates after .
predetermined interval, to. operate. relay (4R,
the predetermined interval allowing sufficient:

. time to make the necessary test for busy condi-

tion of the selected group of trunks, before relay
14R operates.

Testing at large switching center B of the desired’
group of main trunks extending to central:
office E for all-busy condition

By means of a chain circuit in the trunks of a:
group extending to central office E, a trunk hunt..
ing path, such as that of conductor (180—E se-
lected by ITDL fan relays and:relay (4D5 in re-.
sponse to the reception.of the signal correspond-.
Ing to letter E, is extended over-the upper arma-.
ture and hack: contact of relay -TAD, through the-
winding: of relay THH to grounded. negative bat-.

5. tery, providing the first trunk of the group. is:

idie. However, if the first idle trunk-of-the group.
is busy trunk hunting conductor 1708—E is ex-.
tended over the upper armature and front con-
tact of relay TAD to the next advance AD relay-
assoclated with the next trunk of the desired-
group. If the next trunk of the desired group is:
busy, trunk. hunting conductor 1T00—E is ex-
tended . over the upper armature and front con-
tact of said next advance.relay AD to another-
advance relay AD in the chain ang.- this. opera-.
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tion is continued over the group of trunks until
an idle trunk is found or until one of the busy
trunks becomes idle. )

Should all the trunks of the group controlled
by advance relay TAD be busy, ground would be
connected to conductor 1700—E and both relays
{4—00 and 14BY would operate, or if a 1900-ohm
out-of-order ground, not shown, but located in
an out-of-order circuit, is connected to conduc-
tor 1706—E, relay 14—60 only operates. In case
no ground is available to conductor IT00—E,
relays 14—00 and {4BY do not operate as here-
inbefore described. This test takes place during
the slow operating time of relay 14N2 which, as
hereinbefore stated, begins to operate when relay
{4N—1 operates. As. soon as relay |4N2 oper-
ates, the ground at the lower armature and front
contact of relay 18C—I1 connected to the circuit
extending over conductors 1821 and 1444, is now
traceable over the armsature and front contact
of relay 14N2 to the armature of relay 14—00.

First idle trunk of desired group exlending from
large switching center B to central office E

Assuming that the first trunk, say trunk No. 89,
of the desired group is idle, in which case ground
is not connected to conductor {T00—E, relay
{4—00 will be unoperated and ground connected
to the armature of relay 14—00 by relay 14N2
is extending through the winding of relay (4R to
grounded battery to cause the operation of relay
{AR. Relay (4R, upon operating, (1) removes
relays (4—80 and (4BY from the conductor
1788—= of the desired trunk group and replaces
them by relay 148, the replacement path being
traceable over the front contact and inner lower
armature of relay 4R, through the winding of
relay 148, conductor 1431, outer lower armature
and contact of relay (482, conductor 2506, to
ground at the contact and inner lower armature
of relay 28D in the miscellaneous alarm circuit;
(2) causes at its make-before-break contacts the
opening of the operating circuit for relay [4N—I
which now releases; (3) prepares at its upper
armature and contact an operating circuit for re-
lay 18U and (4) locks over its outer lower arma-
ture and front contact in a circuit traceable over
grounded series-connected conductors 1444, 1416
and 1821, to the front contact and lower armature
of relay i8C—1. The release of relay 14N-—I
causes relay 14N2 to slowly release. During the
time that relays i4N—I and 14—2 are releasing,
ground at the inner lower armature and contact
of relay 25D in the miscellaneous alarm circuit is
connected to a circuit traceable through low re-
sistance 2557, conductor 2506, outer lower arma-
ture and contact of relay 14F2, conductor i43{,
through the winding of relay 14S, conductor 1438,
front contact and inner lower armature of relay
14R, conductor 1825, contact and outermost lower
armature of relay i8LU, conductor i4{4, arma-
ture and spacing contact of relay 14D5, conductor
1423, No. 6§ armature and front contact of relay
{4F3, conductor 1429, lower armature and back
contact of relay |TDI—4, outer lower armature
and back contact of relay ({TDL—S3, outer lower
armsature and back contact of relay |1DL—2B,
outer lower armature and front contact of relay
11DI—ID, conductor (180-—E to the first idle
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condition that the first trunk of the group is idle
grounded battery connected to conductor {100—E
permits relay 14S to operate, but due to the high
resistance of the circuit which at this time in-

16

cludes the windings of relays (4S and THH, relay
THH remains unoperated. Relay {4S, upon op-
erating, opens the operating path of relay 19U and
closes a path for operating relay (4S—1, the op-
erable path being traceable from grounded bat-
tery, through the winding of relay 14S—I, front
contact and armature of relay 148, back contact
and armature of relay 14N2, grounded series-con-
nected conductors {444, 1416 and (821, to ground
at the front contact and lower armature of relay
18C—1i and relay {&S—I operates. Relay 14S—I,
upon operating, (1) locks to ground on series-
connected conductors 1444, 1416 and 1821; (2)
short-circuits the winding of relay 148 which now
releases; and (3) maintains open at its inner
lower armature and contact the operating path
for relay f8U. With the winding of relay {48
short-circuited, ground with a low resistance 2507
supplied by the miscellaneous alarm circuit is ex-
tended over conductor 2506, front confact and
outer lower armature of relay i4F2, conductor
1431, front contact and outer upper armature of
relay 148—I, front contact and inner lower arma-
ture of relay {4R, to conductor 1825 and thence,
as hereinbefore traced, connected to conductor
{7160—E to the first idle trunk of the desired
group and relay THH operates. Relay THH, upon
operating, closes at its upper armature and con-
tact a circuit extending over conductor 704,
through the winding of “holding” magnet
3E—89—0 to grounded battery. Holding magnet
3H—89—0 operates, and consequently all the
other “holding” magnets 3H—89—{ to 2H—89—9,
shown in Figs. 2 and 3 as being in the same
vertical row, operate. Holding magnets 3H—89—0
to 2H—88—9 are respectively provided for the
corresponding vertical rows of contact sets in
switches Nos. 8 to 9 of the cross bar switches at
large switching center B, the corresponding
vertical rows being shown in Figs. 2 and 3 in con-
tinuous alignment. One vertical row connected
in continuous alighment through switches Nos.
0 to 9 is assigned to each of the main trunks ar-
ranged for “through” connections. Likewise,
each vertical row of another group is assigned to
each trunk line extending to a small switching
center, say center F, and each vertical row of still
another group is assigned to each subscriber sta-
tion local to the particular large switching center,
in this case, center B. Holding magnef
3H—89—9, upon operating, connects trunk No. 88
to calling trunk No. 99 over the contact set 201
prepared for operation by selecting magnet
9SM-—99 as hereinbefore described. The call
connection between central offices A and B will,
therefore, be established over main trunks No. 89
and No. 89. Also the operated contact set 281 ex-
tends conductor 385 over conductors 447 and 512,
in series, through the winding of sleeve relay
§SL, conductor 513, to ground on the contact and
armature No. ! of relay 5—ON and relay 8SL
operates. The connection to called trunk No. 89
funetions to release the sequence circuit when the
eall for a “through’ connection over the trunks
becomes established, the function residing in the
operation of holding magnet 3H—89—0 whereby
ground is connected to conductor 7{9 of the
operating circuit for relay THM which operates.
Relay THM, upon operating, opens at its No, T
armature and contact the operating circuit for
start relay 128T2—89 of the trunk sequence cir-
cuit for called main trunk No. 88, which is pre-
vented from operating and, therefore, cannct be
selected for another call at this time,
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Functions at large switciing center B and central
office E, of called trunk No. 89 when selected
for interconnection with calling main trunk
No. 99

When grounded series-connected conduectors
1432, 14{6 and (821 are extended in a path trace-
able over the front contact and outer lower ar-
mature of relay {|8S—I, conductor 1132, contact
and armature No. T of relay [iAL{I—899, con-
ductor {!18—88, through the winding of relay
4TR—i to grounded battery, relay 4TR—I op-
erates. Relay 4TR—I, upon operating, (1)
trans’ers conductor 485 from armature No. § to
armature No. 5§ and conductor 4065 which is a
continuation of ring conductor 416 and previ-
ously extended through the upper winding of
relay BSP to ground, now extends over a circuit
including conductor 4§2, contact and innermost
lower armature of relay 6TR and the armature
of receive relay €R; (2) disconnects ab its ar-
mature No¢. § and back contact, conductor 402
from the circuit extending over conductor
[{{2-—99 of the inward transmission path ex-
tending from trunk No. 89 to the director cir-
cuit; (3) opens at its No. 2 armature and back
contact the path for connecting ground at ar-
mature No. 5 of relay 5—ON to the space, or
left-hand, contact of receive relay 6R; (4) sub-
stitutes at its No. 8 armature and front contact
a resistance ground 430 for the positive poten-
tial previously app:ied to the marking, or right-
hand, contact of relay 8R; (5) locks at its No.
7 armature in a circuit extending over conduc-
tor 58i, to ground at armature No. 4 of relay
§—ON; (6) opens at its No. Il armature and
back contact, the operating cireuit for re-
lay 6TR and prepares at the same armature
and front contact the operating circuit for re-
lay 8TR2; (T) closes at its No. 10 armature and
front contact a point in a path that puts relay
8SP—1{ directly under control of conductor 410
which extends to fthe link ecircuit; (8) connects
at its No. 8 armature and contact a ground con-
nection for operating relay 4D2, which oper-
ates and then locks under control of relay 4D3;
(9) substitutes at its No. 9 armature and front
contact a new ground for the grid of vacuum
tube 4211 which remains non-conductive; (10)
disconnects at its No. 6§ armature and contact
the battery supply for operating relay 5BIL—iI;
and (11) prepares at its No. { armature and con-
tact an operating circuit for relay 5B:

Relay 4D2, upon operating, (1) closes at its
inner upper armature and contact a circuit for
energizing the filament of vacuum tube 411; (2)
prepares at its inner upper and its outer lower
armature a charging path for condenser 412;
and (3) furnishes at its outer upper armature
and contact a locking circuit for operated re-
lay 4AD, and an additional ground for conductor
413 which is connected to conductor 1119—99 of
the locking circuit for relays (ICH—89 and
[{AD—99. Relay 4AD became operated when
relay 8A operated, the operating circuit for re~
lay 4AD bcing traceable, over the lower arma-
ture and contact of relay 4HH, conductors
{121—99, 554 and 503, to ground at armature
No. ¢ of relay 5A. As hereinbefore stated, re-
lays {ICH—99 and 4AD, upon operating, re-
spectively made main trunk No. 99 busy to any
other call from central office A and to any call
from any of the other control offices or switch-
ing centers.

Turning our attention now to the previously
selected called trunk it will be recalled that the
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director circuit had caused the operation of re-
lay THH and that the¢re were operated subse-
quently thereto holding inagnets 3H—§9—9,
3H—89—1 (niot shown)—3H—89—8 and 2H—
89—9, relay THM and contact set 20f. The
conriection established between calling trunk No.
89 and called trunk No. 89 at contact set 201
permits conductors £¢5, 416, 418 and 40 of
frunk No. 89 to be respectively connected to con-
ductors 263, 204, 265, and 268 which, in turn, are
permanently connected to conductors 715, 115,
110, and 718, respectively, of trunk No. 88, par-
ticular notice being given to the fact that the
conductors of trunk No. 99 upon being connect-
ed to the conductors of trunk No. 88, are re-
versed. For example, tip conductor 415 of trunk
No. 99 is connected to ring conductor 71§ of
trutik No. 89, ring conductor 4i6 of trunk No.
89 is connected to tip conductor Tt5 of trunk
No. 88, conductor 418 of trunk No. 99 is connect-
ed to conductor T10 of trunk No. 89 and con-
ductor 410 of trunk No. 99 is connected to con-
ductor 718 of trunk No. 8. Also contact set 281 ,
upon establishing the connection, connects the
winding of holding magnet 3H—89—0 over con-
ductor 305 to conductor 47 in a circuit trace-
able over conductor 512, through the winding of
relay 8SL, conductor 513, to ground at the con-
tact and No. { armature of relay 5—ON as here-
inbefore stated. Relay £SL in the calling trunk
No. 99-operates and holding magnet 3H-—89-—g
is held operated after the sequence circuit and
the director circuit are released.

Relay THM in the called trunk No. 88, upon
operating, (1) connects at its No. § armature and
front contact, conductor 728 to conductor 721
in order to place relay 8SP—{ under control of
conductor 718 which is now connected over the
operated contact set 281 to conductor £18 of the
calling trunk No. 8§ to procure ground in a cir-
cuit traceable over conductor 618, inner right~
hand armature and contact of relay §D—f, con-
ductor 617 to the No. 5 armature snd contact
of relay 5A, thus operating relay 8SP—1{ of the
called trunk No. 89; (2) removes at its No. 2
armature and back contact relay 8SP from the
circuit including conductors 7668, 785 and ring
conductor T{6 which extends to the link circuit;
(3) prepares at its No. 8 armature and contact
an operating path for relay TTR—! of the called
trunk No. 89; (4) opens at its No. T armature
and contact the circuit including conductor
1102—88 which extends through the winding of
the start relay 12ST2—89 of the trunk sequence
circuit associated with the called trunk No. 8§
thus preventing the called trunk from ealling for
a, director circuit;(5) prepares at its No. { arma-
ture and contact an operating path for relay
TAD of the called trunk No. 89; (6) also places
on the No. | armature and contact a ground for
connecting to conductor §§2{—89 of the called
sequence trunk circuit for called main trunk No.
89 which ground operates chain relay {2CH—89
and advance relay [2A1D-—89 to make ealled trunk
No. 89 appear busy if the called trunk was one
which could be used for outward service of local
subscribers; (7) opens at its No. 4 armature and
contact the circuit extending over conductor 702,
contact and innermost lower armature of relay
9TR to the armature of receive relay $R: (8)
disconnects battery 722 at its No. 5 armature
and contact from the winding of relay §BL—1;
(9) prepares at its No. 2 armature and front
contact an operating circuit for relay 8B, the
circuit when completed being traceable from
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grounded battery, through the winding of relay
8B, inner lower armature and front contact of
unoperated relay 8SB—I, conductors 814 and
815, front contact and No. 3 armature of relay
THM, conductor 125, front contact and No. 5
armature of relay 8SP—I, conductors 818 and
813 to ground on the contact and No. | armature
of relay 8—ON. Relay 8SP—I, upon operating,
(1) causes at its No. 4 armature the operation
of relay 8—ON of the called trunk No. 88; (2
opens at its No. 2 armature and contact the oper-
ating circuit of relay 8R3 of the called trunk No.
89; (3) removes at its No. T armature and con-
tact one of the ground connections from the grid
of subsecriber break vacuum tube 984; (4) removes
at its No. 8 armature and contact the possibility
of short-circuiting relay 8SP of the called trunk
No. 86, a function which is of no value since the
relay 8SP of the called trunk No. 89 is removed
from the circuit; (5) connects interrupted ground
816 at its No. 6 armature and front contact to
a circuit extending over conductor 924, armature
and contact of break limiting relay 9BL (un-
operated at this time), conductor 826, through
the winding of relay 8BL—I, conductor 8{7,
armature No. 5 and back contact of relay THM
which is now in an operated position, contacts
and armature No. 6 of relay TTR—I, to grounded
pattery 722 which circuit performs no function
ot this time because in addition to relay 9BL
having unoperated, relay THM is operated; and
(6) at its No. 5 armature and contact prepares
a path for operating relay 9TR2, the operating
circuit for relay 9TR2 being traceable from
grounded battery, through the winding of relay
$TR2, conductor 938, front contact and armature
No. 1l of unoperated relay TTR—I, conductor
124, contact and armature No. 2 of unoperated
relay 8A, back contact and innermost upper
armature of relay 8R2, conductors 8t4 and 818,
contact and armature No. { of unoperated relay
TTR—I, conductor 125, front contact and arma-
ture No. 5 of relay 8SP—I, conductors 818 and
813, to ground at armature No. | and contact of
operated relay 8—ON.

Relay 8—ON of the called trunk No. 89, upon
operating, (1) closes at its No. 6 armature and
front contact a circuit for energizing filaments
of vacuum tubes 802, 203, 904, 305 and 906, ex-
tending from grounded battery 928; (2) connects
power to the repeater relays of the called trunk
No. 89; (3) connects at its No. I armature and
contact ground connection to the operating cir-
cuit for relay 8SL which, however, will not oper-
ate on this call; (4) connects at its No. 4 arma-
ture and contact a locking ground for unoperated
relays TTR—I and 9D—I; (5) prepares also at
its No. 4§ armature and contact an operating
circuit for relay TTR—i, the circuit being trace-~
able from grounded battery, through the winding
of relay TTR—I, conductor 126, contact and
srmature No. 8 of relay THM, conductor 727,
front contact and outermost upper armature of
relay 9CT—I, conductors 9271 and 709, to the
contact and armature No. 4 of relay 8—ON fto
ground, and (6) closes at its No. 7 armature and
contact a circuit extending from resistance
grounded battery 849, over the No. 1T armature
and contact of relay 8—ON, normally closed
contacts of busy key 820, conductor 821, to the
automatic signal trunk jack circuit arranged to
be inserted in jack $28. The called trunk No. 88
at this stage therefore has the following relays
operated: THH, THM, 8SP—I and §—ON. The
condition of the repeater relays will be herein~
after described.
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Returning to the calling trunk No. 99 it will be
remembered that the holding magnet of the
called trunk No. 89 caused the operation of re-
lay 5SL of the calling trunk No. 99. Relay 5S8L,
upon operating, connects (1) a second ground to
conductor 1119—399, and (2) ground at its upper
armature and contact to the operating circuit for
relay 85SIL—I which operates. Relay $SL—I,
upon operating, (1) prepares at its front contact
and inner lower armature an operating circuib
for relay 5R2, the circuit when completed being
traceable from grounded battery, through the
winding of relay 5R2, armature and contact of
uncperated relay 5R—I, front contact and inner
lower armature of relay 58L—I, conductor 4089,
front contact and No. T armature of relay 5TR—
{, conductor 426, contact and armature No. § of
relay 4HM, conductor 421, front contact and out-
ermost upper armature of relay 6CT—I, conduc-
tor 621, to ground at the contact and armature
No. 4 of relay 5—ON, but relay 5R2 will, how-
ever, not operate at this time since both con-
ductor 1112—988 and relay 5R—1 have already
been disconnected from the armature of receive
relay 6R by the operated relay 4TR—I and (2)
opens at its outer lower armature and contact
conductor 1102—88 to the director circuit to re-
lease relay 118T2—89 of the trunk sequence cir-
cuit for main trunk No. 99 and relay 1iST2-—99,
upon releasing, causes the disconnection of the di-
rector. 'The release of relay 11ST2-—39 also
causes the release of relays ({AL—99 and
[ 1AT.1—99 whereby the ground on armature No.
6 of relay I8A extended over conductors (804,
1803, 1902, {901, 1804, £113, 111{—89, 522 and 639
of the outward transmission path is therefore
disconnected at armature No. 2 of relay {{AL{—
89 and relays 3S and 5L operate to their respec-
tive spacing, or left-hand, positions. Relay 58,
upon moving into its left-hand position, trans-
mits a spacing signal to the calling central office
A. Tt must be remembered that the tip conduc-
tor 415 of the calling trunk No. 99 is already con-
nected to the ring conductor 7Ti6 of the called
trunk No. 89, but in the called trunk No. 89 the
ring conductor T16 is open at relay THM so that
the space signal continues to be sent to the cen-
tral office A. A mark signal is still being received
from office A so that relays 86TL and 8R are on
their marking contacts. Receive relay 6R is
therefore connecting a resistance ground at ar-
mature No. 3 and front contact of relay 4TR—I,
to the circuit extending over conductor 428, mark-
ing, or right-hand, contact and armature of re-
lay BR, innermost lower armature and contact of
relay §TR, conductor 402, armature No. & and
front contact of relay ATR—I, conductor 489, nor-
mally closed contact of jack 508—DB, ring conduc-
tor 416, operated contact set 201 of the link cir-
cuit, conductor 204, tip conductor i85, normally

“closed contact at the tip spring of jack 808—A,

upper armature and back contact of relay 8RS,
through the lower windings, in series, of relays
8S and 8L, conductor 822, make-before-break con-
tacts of relay 9TR, conductor 939, to grounded
positive battery 708, it being noted that the mark-
ing signal is sent over the ring conductor 416 of
the calling trunk No. 89 to the tip conductor 1i5
of the called trunk No. 88 which signal, of course,
operates relays 8S and 8L of the called trunk No.
89 to mark, or their right-hand, positions. Re-
lay 8S, upon operating to its marking position,
sends a mark signal from grounded positive bat-
tery, over the make-before-break contact of relay
8SB—I, contact and armature No. 3 of relay 8—
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ON, conductor 823, to the normally closed con-
tacts at the spring member of jack 938SEND, con-
ductor §{4, to the central office E. The distant
office E, which in this case is the called office, is,
of course, sending back a space signal over .con-
ductor §i8, normally closed contacts of receive
Jack 831, conductor 832, through the lower wind-
Ing of relay 87TL, resistance 833, contact.and out-
er upper armature of relay 9CT2, conductor 935,
through the upper winding of receive relay SR,
.resistance 936, to grounded negative battery 931,
and relays 8TL and 3R are moved to their space
bositions as shown. With ground removed from
the mark, or left-hand, contact of relay 9TL, the
grid of disconnect vacuura tube 888 receives a
positive potential from grounded battery 888 and
‘tube 886 becomes active after one second time in-
terval, thereby operating relay 9D. Relay SD—1,
however, does not operate at this time since the
contact of operated relay 8D has no ground.

The release of the director circuit by the call-
ing trunk No. 9§ caused the removal of ground
at relay 26D from conductor {7180—E of the
called trunk No. 88 thereby releasing relay THH
and permitting the operation of relay TAD which,
upon operating, makes the called trunk No. 88
busy in its particular called trunk group. The
circuit remains therefore awailing action at the
distant central office E and as hereinbefore stated
a mark signal is being sent to office & and a space
signal to the calling office A. The mark signal to
central office & is transmitted over a circuit trace-
able from grounded positive battery at the mark,
or right-hand, contact and armature of relay 8S,

conductor 831, make-before-break contacts of re- .

lay 8SB—I, contact and armature No. 3 of relay
8—ON, conductor 828, normally closed tip spring
of jack §36SEND, conductor 814, through the up-
per winding of relay 22RS, outer upper armature

and contact of relay 22CT, to grounded negative

battery. Relay 22RS operates to its mark, or
right-hand, position. Relay 22RS in its normal,
or space, position keeps condenser 2281 dis-
charged, but when it operates to its marking po-
sition condenser 2201 charges over a circuit trace-
able from grounded positive battery 2208, resist-
-ance 2221, conductors 2289, 2210 and 2225, resist-
ances 2211 and 2212, condenser 2201, to ground.
Relay 22RS, upon operating to its mark position,
also closes a circuit extending from ground, con-
tact and outermost upper armature of relay
22E—1, through the filaments, in series, of vacu-
um tubes 2204, 22683, 2202, 2206 and 2285, conduc-
tors 2200 and 2289, resistance 2221 to grounded
battery 2208 and the tubes become energized but
net electrically conductive. The removal of
ground at the spacing contact and armature of
relay 22RS and the substitution therefor of
ground at the marking contact for an interval
in excess of one-half second permits condenser
2261 to charge sufficiently to aliow vacuum tube
2283 to become conductive and relay 22C oper-
ates. Relay 22C, upon operating, operates relay
22CT. Relay 22CT, upon operating, opens at:its
outer lower armature and contact the Space.con-
tact circuit of relay 22RS so that vacuum tube
2283 will remain conductive during the reception
of signals which relay 22RS follows.

Relay 22CT, upon operating, alsc (1) condi-
tions at its outer upper armature and contact,
the upper winding of receive relay 22R for the
reception of the signals incoming over conductor
914 of the outward transmission path and (2)
closes at its inner lower armature and contact
the operating circuit for relay 22TR. Relay
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22TR, upon operating, (1) locks at its middle
lower armature and contact and (2) closes at its
middle upper armature and contact the operating
circuit for relay 22—ON. Relay 22—ON, upon
operating, closes (1) at its No. 2 armature the
bower circuit of repeater, or receive, relay 2IR,
(2) at its No. 3 armature the power circuit for
repeater, or send, relay 228, and (3) at its No.
5 armature the operating circuit for busy relay
22BY. Relay 22BY, upon operating, (1), closes
at its outermost lower armature and contact the
circuit for lighting busy lamp 2216, (2) at its
upper armature and contact a substitute ground
for energizing the filament circuit of vacuum
tubes 2204, 2203, 2202, 2206 and 2295 in-
dependently of the marking contact of relay
2ZRS, and (3) at its outermost lower armature
and contact a path for connecting grounded
negative battery 2238 to the sleeve of jack 2232
for testing purposes. Meanwhile, the vacuum
tube filaments being energized and a charge be-
ing applied to condenser 22{1, vacuum tube 2282
becomes conductive prior to the operation of re-
lay 22—ON t{o operate relay 22A. Relay 224,
upon operating, operates relay 22A—!. Relay
22A—|, upon operating, applies ringing current
from source 2218 to conductor 8i5 after relay
22—ON operates.

The distant called office E is a manually op-
erated office and the terminating circuit of the
called trunk at office E sends the ringing cur-
rent back upon the reception of a mark signal.
This will cause relays 9TL and SR of the called
trunk No. 89 to follow the ringing puises but
relay 97TL will not affect the cut-through vacuum
tube 883 because the tube in conjunction with
condenser 92§ requires a one-half second mark
signal to become conductive. The operation of
relay 9TL in response to the ringing pulses may,
though, cause vacuum tube 966 to become un-
conductive and thereby release relay 9D. Relay
9R, upon following the received ringing pulses,
causes no effect since its armature circuit is open
by the operated relay THM. Hence the circuit
contintes to wait until a mark signal is received
from the distant office E as a result of the op-
erator thereat answering the call. If the distant
called end was another large switching center,
similar to center B, a space signal would be sent
back until the “director ready” signal from the
distant called large switching center was trans-
mitted, the “director ready” signal being a mark.

In either case the reception of a mark signal
from the called distant end operates both TL
and R relays, in this case, relays 97TL and 9R
in the called trunk No. 88, to their mark posi-
tions resulting in ground being removed from
the grid of cut-through vacuum tube 963 for an
interval in excess of one-half second whereby
condenser 92§ receives a sufficient charge from
grounded battery 925 to cause the vacuum tube
993 to become active whereby current flowing
in vacuum tube 983 operates cut-through relays
9CT and 9CT—I, in turn, of the called trunk No.
89. Relay 9CT—I, upon operating, (1) removes
at its outermost upper armature and back con-
tact the ‘locking circuit for relay SD—I1; (2)
closes at its outermost upper armature and front
contact an operating ecircuit for relay TTR—I{
which operates, the circuit being traceable from
grounded battery, through the winding of relay
TITR—I, contact and armature No. 8§ of relay
THM, conductor 721, front contact and outermost
upper armature of relay 9CT—I1, conductors 927
and 801, to the contact and armature No. 4 of
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relay 8—ON, to ground; (3) closes at its inner-
most upper armature and contact an operating
circuit from ground, conductor $17, through the
winding of relay 8A, conductor 824, to grounded
battery 925 and relay 8A operates; (4) connects
at its innermost upper armature and contact
the ground connection to a second path extend-
ing over conductor 917, to link circuit conductor
Ti18 of the called trunk No. 8 which, of course,
is already connected to the link conductor 419
of the calling trunk No. 99, the circuit in the
called trunk No. 89 being traceable from the
innermost upper armature of relay 9CT—I, con-
ductor 917, contact and inner right-hand arma-
ture of relay 8D—I, conductors 28 and Ti8 to
the cross bar switch of the link circuit; and (5)
removes at its middle upper armature and con-
tact the space, or right-hand, contact control
of relay 9TL for cut-through vacuum tube 903.
Relay 8A of the called irunk No. 89, upon op-
erating, (1) prepares at its No. 2 armature and
contact a path for operating relay 9TR2, the
path at this time being closed at the back con-
tact and No. |I armature of relay TITR—{; (2)
furnishes at its No. 8 armature and contact an
additional ground for maintaining relay 8—ON
operated; (3) changes at its No. 4 armature and
contact the timing of subscriber break vacuum
tube 904 of the called trunk No. 89; the closure
of the contact and No. 4 armature of relay 8A,
being effective to shunt resistance 840 which
has 2 value of 1.2 megohms; (4) locks at its
No. § armature and contact under the control
of the outer left-hand armature and confact of
relay 9D—I; (5) connects at its No. 6 armature
and contact 2 ground to a path extending over
conductors 803 and 884 to the chain conductor
1221--89 of the trunk group of trunk No. 89
whereby a ground in addition to that at arma-
ture No. | of operated relay THM, is furnished
for holding relay TAD operated; (6) removes ab
its No. I armature and contact one of the con-
nections to ground from the grid of break limit-
ing vacuum tube 905, the circuit being traceable
over conductor 825, outer lower armature and
contact of relay $CT2, conductor 941, to the grid
of vacuum tube 905. Relay TTR—I, upon op-
erating, (1) opens at its No. 4 armature and
contact the operating cireuit for the upper wind-
ing of relay 8SP, an action which already had
begun when relay {HM operated, thereby discon-
necting the upper winding of relay 8SP from
ring conductor 105, (2) connects at its No. 5
armature and front contaci, ring conductor 705
to the armature of receive relay 9R, the circuit
being traceable over conductor 792, contact and
innermost lower armature of relay 9TR, to the
armature of relay 8R, (3) opens at its No. 2
armature and contact, the path which connects
ground to the space, or left-hand, contact of
relay 9R, the circuit being traceable from ground,
armature No. 5 and contact of relay 8—ON, con-
ductor 826, contact and No. 2 armature of relay
TTR—I, conductor 728, to the space, or left-
hand, contact of relay 9R, (4) replaces at its
No. 3 armature the potential of grounded battery
108 with a resistance ground on conductor 728
which extends to the mark, or right-hand, con-
tact of relay 9R, (5) locks at its No. T armature
and contact in a circuit extending over conductor
7068 to ground at the contact and No. 4 armature
of relay 8—ON (8) prepares at its front contact
and armature No. #1 and also at its contact and
No. | armature an operating circuit for relay
9TR—2 which operates, the circuit being trace-
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able from grounded battery, through the wind-
ing of relay 9TR—2, conductor 938, front con-
tact and armature No. 1l of relay TTR—I, con-
ductor 124, contact and No. 2 armature of relay
8A, contact and innermcst upper armature of
relay 8R—2, conductors 814 and 815, contact and
armature No. | of relay TTR—!, conductor 125,
contact and armature No. 5 of relay 85P—I, con-
ductors 818 and 813 to ground at contact and
armature No. | of relay 8—ON, (7) closes at
its No. 8 armature and contact the operating
circuit for relay 1D—2 which operates, (8)
places at its No. 9 armature and contact a new
ground on condenser T12, (9) disconnects at
its No. 6 armature and contact, grounded bat-
tery from the operating circuit for relay 8§BL—I,
and (10) prepares at its No. | armature and
contact the operating circuit for relay 8B, both
of the above-mentioned functions 8 and (8 hav-
ing already been performed by armatures Nos.
5 and 3, respectively, of relay THM. Relay
TD—2, upon operating, (1) closes at its inner
upper armature and contact an energizing cir-
cuit for vacuum tube Til, (2) closes at its inner
lower armature a locking circuit for itself, and
(3) closes at its outer upper armature and con-
tact a locking circuit for relay TAD. Relay
9TR—2, upon operating, changes the timing of
vacuum tube 903 by shunting resistance 922, at
the contact and upper armature of the relay
and opens at its lower armature and back con-
tact the circuit which might have control over
relay 8A should such circuit be closed at the
outer left-hand armature and contact of relay
9D—1, now in a released position. The connec-
tion by means of relay TTR—{ of the armature
of relay 9R to the ring conductor 716 extending
to the cross bar switch in the link cireuit, which
it will be remembered is already connected to

i the tip conductor 4i5 of the calling trunk No.

99, transmits a mark signal received by relay
9R of the called trunk No. 89 from the distant
called central office E to the calling trunk No.
99,

Turning our attention again to the calling
trunk No. 99 it will be remembered that in the
previous paragraph it was stated that the called
trunk No. 89 as a result of the mark signal re-
ceived from the distant called office E has first
connected ground at the innermost upper arma-
ture of relay 9CT——I, through to conductor 448
of the calling trunk No. 99 and then connected
a mark condition from the mark, or lefi-hand,
contact and armature of receive relay IR,
through to the tip conductor 415 of the calling
trunk No. 99. Ground on the conductor 410
will cause relay 5SP—Ii of the calling trunk No.
99 to operate, and relay 5SP—I{, upon operat-
ing, (1) closes at its No. { armature and front
contact an operating circuit for relay 6TR—2,
the cireuit being traceable from grounded bat-
tery, through the winding of relay §TR—2, con-
ductor 638, front contact and armature No. It
of relay 4TR—I, conductor 424, contact and
armature No. 2 of relay 5A, contact and inner-
most upper armature of relay 8R—2, conductors
5{4 and 521, front contact and armature No. |
of relay 5SP—I, outer lower armature and con-
tact of relay 5SB—I to ground at the No. I
armature and contact of relay 5—ON, and re-
lay 6TR—2 operates, (2) removes at its No. 7
armature and contact, ground frem conductor
528 and the grid of subscriber break vacuum
tube 604 which does not become active at this
time as hereinafter described, (3) opens at its
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No. 2 armature and contact, the operating cir-

cuit for relay 5R—3, (4) provides at its No. 4
armature and contact another ground for the
operating circuit of relay 5—ON, and (56) con-
nects at its No. 6 armature and contact an in-
terrupted ground 516 to the armature and con-
tact of relay 5BL..

Relay 6TR—2, upon operating, as already de-
scribed, changes at its upper armature the cir-
cuit for timing of vacuum tube 603 and removes
at its lower armature the possible control of re-
lay 6D—1, over the operation of relay 5A. The
mark signal transmitted to the tip conductor
415 of the calling trunk No. §9 from the ring con-
ductor 718 of the called trunk No. 85 operates
relays B5S and 5L to their respective mark con-
tacts whereby relay ‘88 repeats the mark signal
to the distant calling -end (office A), and relay
5L again places ground on conductor ‘528 and
the grid of vacuum tube -684 which is held in-
active as hereinbefore stated.

At the time that relay 22A—1 operated to ap-
ply ringing current from-source 2213 o conductor
915 after relay 22—ON cperated, relay 22—ON had
(1) closed at its No. 4 armature a locking circuit
for itself traceable to ground at the innermost
upper armature of relay 22E—1{, and (2) trans-
ferred at its No.§-armature condenser 228 from
ground at the back contact to grounded positive
battery 2208 at the front contact, the latter func-
tion serving to charge condenser 22i{9. When
condenser 2249 has charged for a period of cne-
hzlf second, vacuum tube 2206 became active
and operated relay 22E—{. Relay 22E—!, ypon
operating, closed at its middle upper armature
and contact an operating circuit for relay 22L,
the circuit being traceable from grounded bat-

tery, through the winding of line relay 22L, con-

ductor 2230, middle upper armature and contact
of relay 22E—{, conductor 2234, contact and in-
ner upper armature of relay 22CT, conductor
2239, contact and lower armature of relay 22A—{,
conductor 2222, to ground at the innermost lower
armature and back contact of relay 22SL and
relay 22L operates. Relay 221, upon operating,
closes at its inner upper armature and contact an
obvious operating circuit for line lamp 2223 and
the line lamp lights to indicate to the operator
at central office E that a call awaits an answer.

‘When the operator at central office & answers
a call by connecting answering plug 2368 of &
cord circuit to trunk jack 2282 g circuit is com-
pleted from ground, through the winding of relay
2281, sleeve conductors of -jack 2232 and plug
2308, through the winding relay 23AA, to ground-
ed battery to operate relays 22SL and 23AA and
relay 22SL operates. Relay 22SL, upon operat-
ing, (1) opens at its innermost lower armature
and back contact the operating circuit for line
relay 22L, which releases and thereby extin-
guishes line lamp 2223, and (2) shunts at its
outermost lower armature and contact, resistance
2237 thereby changing the timing of vacuum tube
2205 so that the vacuum tube will operate relay
22D on subsequent space conditions of the out-
ward transmission path of at least onme second
duration, as for example, when a disconnect sig-
nal is received over the outward path. The oper-
ator at central office E before inserting answering
plug 238¢ operates typing key 2382 which con-
nects into the selected cord circuit teletypewriter
23%3. Relay 28AA, upon operating, closed at its
upper armature the operating circuit for relay
23C which operates. Relay 23C, upon coperating,
connects ground at both its inner armatures to
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the lower windings, respectively, of repeater re-
lays 23RA and 23 RC and connects at both its
outer armatures-grounded positive battery to the
upper windings, respectively, of repeater relays
2% RA-and 23RC whereby the repeater relays are
operated to their mairk positions pending the
completion of the connection of the selected cord
circuit to a called subscriber line local to central
office E.

The connection is now in readiness for mes-
sage transmission between central office A and
central office E. With repeater relay 22R on its
mark contact a biasing current will flow through
the lower windings, in series, of relays 23S and
2288, which will follow all signals transmitted
irom central office E. Relay 22S will repeat the
signals to conductor 2203 and relay 22SS will
apply ground to condenser 2217 which will dis-
charge during all mark periods wherein vacuum
tube 2202 becomes inactive to release relays 224
and 22A—I, in turn. Relay 22A—i, upon re-
leasing, disconnects at its upper armature and
front contact scurce 2218 of ringing current from
sending conductor 915, and connects in its stead

5 at its upper armature and front contact con-

ductor 2203. ’
The inward transmission path from central of-
fice E is traceable from grounded positive bat-
tery at the mark contact and armature of relay
228, over conductor 2263, back contact and upper
armature of relay 22A—!, front contact and outer
upper armature of relay 22—ON, conductor 515,
normally closed tip spring of jack 92{—RIEC,
conductor 232, through the lower winding of re-
lay 9TL, resistance 933, back contact and outer
upper armature of relay 9CT—2, conductor 285,
through the upper winding of relay &R, to
grounded negative battery 937. Relay SR re-
peats the signals in the inward transmission path

i from central office B to the outward transmission

path extending to central office A, the path over
which the signals are repeated may be traced
from ground at the front econtact and armaturc
No. 3 of relay TTR—I, conductor 728, mark con-

; tact and armature of relay 9R, conductor 812;

innermost lower armature and contact of relay
9TR, conductor 102, armature No. 5 and front
contact of relay TTR—I, conductor 7155, normally
closed tip spring of jack 89$B, ring conductor 745,

¢ conductor 288, 4ip contact of contact set 284, tir

conductor 415, normally closed tip spring of jack
B08A, upper armature and back contact of relay
8R3, through the lower windings, in series, of
relays BS and 5L, conductor 522, make-before-

. break contacts of relay 6TR, conductor 539, to

grounded positive battery 408. Relay 5S repeats
the repeatered signals from central office E to
central office A in a circuit traceable from
grounded positive battery at the mark contact
and armature of relays 58, conductor 531, make-

before-break contacts of relay 5SB—I, contact
and armature No. 3 of relay 5—ON, conductor
523, normally closed tip spring of jack

830—SEND, conductor 6{4, through the upver

- winding of relay 20—RS, outer upper armature

and back contact of relay 20—CT, to grounded
negative battery 2541, the upper winding of re-
ceive relay 20—R being shunted at this time by
the unoperated condition of relay 20—CT. Relay
286—RS will follow all signals received over the
outward transmission path from large switching
center B, During the idie condition, relay 26—RS
will keep condenser 280{ discharged by means
of ground connected over the space contact and
armature of relay 20—RS. Mark signals, upon
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operating relay 20—RS to its mark position, per-
mit condenser 200! to charge and relay 20—RS
when thus moved to its mark position closes a
substitute circuit for energizing the filaments of
vacuum tubes 2005, 2006, 2002, 2003 and 2004,
the circuit extending from grounded positive bat-
tery 2008, resistance 203!, conductors 20609 and
2018, through the filaments of the vacuum tubes,
in series, outermost upper armature and con-
tact of relay 20—E—I, conductor 2042, to ground
at the mark contact and armature of relay
280—RS. The first energizing circuit for the vacu-
um tube was closed when relays 20—ON and
20—BY operated when the call was originated.
When a mark signal in excess of one-half second
duration, is received by relay 20—RS, condenser
2081 will charge sufficiently to cause vacuum tube
208083 to become conductive and thereby operate
relay 20—C which, upon operating, will operate
relay 20-—CT. Relay 23—CT, upon operating,
will (1) open at its outer lower armature and
contact the discharge circuit for condenser 2001
and therefore the vacuum tube 2083 will remain
conductive, (2) open at its outer upper armature
and contact the shunt eircuit around the upper
winding of relay 20—R which now becomes con-
ditioned to follow the incoming signals following
through the lower winding of relay 20—RS, and
(3) closes at its inner lower armature and con-
tact an operating circuit for relay 20—TR which
operates. Relay 20—-TR, upon operating, will
(1) close at its inner upper armature a locking
circuit for itself, extending to ground at the in-
nermost upper armature and front contact of
relay 20—sSL, and (2) close at its inner upper ar-
mature a holding circuit for relay 20—ON. As
hereinbefore stated when relay 20—ON operated
at the time the call from central office A first
originated, it closes at its armature No. 5 and
contact the operating circuit for busy relay
20—BY, which operated to close circuit for en-
ergizing the filaments of vacuum tubes 2005, 2006,
2002, 2003 and 2004, and now when relay 26—RS
operates to its marking position the cireuit closed
by relay 20—BY maintains the filament circuit
energized independently of the contacts of relay
20--RS. Relay 20—BY, when operated, also ap-
plied a busy test potential to the sleeve of jack
2032. Relay 20—RS, upon being conditioned to
follow the signals incoming from central office
E through large switching center B, operates to
its mark position during the idle periods and
thereby repeats a mark signal in a circuit trace-
able from grounded positive battery at the mark
contact and armature of relay 20—RS, through
the upper windings, in series, of relay 28-S and
20--SS, contact and upper armature of relay
20—SL;, tip conductors of jack 2032 and plug
2181, normally closed contacts of ringing key
2105, lower armature and contact of relay
21—AC, right-hand operated contact of typing
key 2102, through teletypewriter 2103, left-hand
operated contact of typing key 21902, through
the upper winding of relay 2{—RC, armature and
mark contact of relay 2{—AC to grounded nega-
tive bhattery 2107.

In the inward transmission path from central
office A toward the large switching center B trans-
mission is in the opposite direction to that of the
inward transmission path from central office E
toward the large switching center B, over the cord
circuit at central office A the path is the same for
signals incoming and cutgoing at central office A,
except that for the outgoing signals relays 20—S
and 20—SS follow the signals. Relay 20—S re-
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peats the outgoing signals in a circuit traceable
from grounded positive battery at its marking
contact, conductor 20833, back contact and upper
armature of relay 20—A—4, front contact and
armature No. { of relay 20—ON, conductor 618,
normally closed contacts at the tip spring of jack
63{—REC, conductor #$32, through the lower
winding of relay 8TL, ccntact and outer upper
armature of relay 8CT2, conductor 835, through
the upper winding of receive relay R to grounded
negative hattery 637. Relay 6R repeats the
signals in a circuit traceable from ground at the
front contact and armature No. 3 of relay ATR—I,
conductor 428, marking contact and armature of
relay BR, conductor 8(&, innermost lower arma-
ture and contact of relay 8TR, conductor 482, No.
5 armature an:d front contact of relay 4TR—I,
conductor 485, normally closed spring of jack
5098, ring conductor £18. ring contact of contact
set 261, conductor 234, tip conductor 745, nor-
mally closed tip spring of jack 808A, upper arma-
ture and back contact of relay 2R3, through the
lower windings, in series, of relays 8S and 8L,
conductor 822, make-before-break contacts of
relay 9TR, conductor 939, to grounded positive
battery 788. Relays 83 and &L follow the signals
from central office A and relay 8S repeats them
in a circuit traceable from grounded positive bat-
tery at its mark contact and armature, conductor
831, make-before-break contacts of relay 8SB—I,
contact and armature No. 3 of relay 8—ON, con-
ductor 823, normally closed tip spring of jack
938—SEND, conductor 914, through the upper
winding of relay Z2RS, through the upper wind-
ing of receive relay 22R to grounded negative bat-
tery 224i. Relay 22R repeats the signals from
cenfral office A in g circuit traceable from
grounded positive battery at its mark contact and
armature, through the upper windings, in series,
of relays 228 and 22SS, contact and upper arma-
ture of relay 22SL, tip conductor of jack 2232
and answer plug 2386, lower armature and front
contact of relay 23AA, armature and back con-
tact of ring relay 28R—!, through the upper wind-
ing of repeater relay 28RA, armature and mark
contact of repeater relay 28RC to grounded nega-
tive battery 2307. Relay 23RA repeats the sig-
anls from centrai office A in a circuit traceable
from grounded negative battery 2397 at its
marked contact and armature, through the upper
winding of relay 28RC, left-hand operated contact
of typing key 2382, teletypewriter 2383, right-
hand operated contact of typing key 2382 to
grounded positive battery at the outer right-hand
armature and contact of relay 23C.

It will be obvious that transmission from the
calling end is retransmitted by the calling trunk
over its ring conductor to the tip conductor of the
called trunk which in turn retransmits to the dis-
tant called end. Similarly, transmission from
the called end is retransmitted over the ring con-
ductor by the called {runk to the tip conductor
of the calling trunk which in turn transmits to the
calling end. If the distant called end is g manu-
ally operated office, the operator gt the calling
end informs the operator at the called end about
the details of the called subscriber’s number and
the operator at the distant called end continues to
route the call to its final destination which may
be a subscriber station local to the called office or
even one that must be reached by going through
one or more still further distant manually oper-
ated or automatically operated offices. If, how-
ever, the distant called office is a large switching

5 center, the calling operator, upon receiving the
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second “direct or ready” signal (the first one, of
course, was received by the calling operator when
sen by the director circuit at large switching
center B that had charge of interconnecting there-
at the calling trunk to the called trunk) proceeds
to type the local subscriber’s number or, if neces-
sary, the code of the trunk group reachable from
the distant called large switching center.

Cuall originating at the cperater’s switchboard of
central office E for ¢ “through” connection to
central officz A

A call originating at the operator’s switchboard
at central office B for a “through” connection to

central office A is substantially the same as &

“through” call from central office A to central
office E as hereinbefore descriked and for an
understanding of the call originating at central
office E reference may be made to the foregoing
description.

To complete g “through” connection for a call
from central office B to central office A the fol-
lowing differences are important to note with re-
spect to the hereinbefore described call from
central office A to central office E:

(1) Contact set 211, instead of contact set 281,
at the link cirenit operates to complete the
interconnection of main trunks Nes. 88 and
99.

(2) Relays {2AD—88, 1(2CH—89, {(28T2—R§,
124182 and {2AL1—39, instead of relays
{{AD—85, {ICH-—98, 1{ST2—88, {1AT—99

and {AL{—89, of the trunk sequence circuit
operate to connect the caliing trunk
to the director circuit.

JIn response to the teletypewriter code signal
received from central cffice E for selecting
the trunk group extending to central office A
the receiving distributor selects a conductor
corresponding say, to letter A, the code for
which is mark, mark, space, space and space
to operate relay {4D5 to its spacing poesifion
and operate relays {(TDL—IA, {TIDL—IB,
1TDI—IC, (TDL—ID, {TDL—24 and {TDL—
2B and the selecting path established by re-
lay {4D5 angd the {7DL relays in response to
this combination is traceabls from the space
contact of relay {4D8§, conductor 1423, arma-

ture Ne. 8 and front contact of relay (4F8,

nconductor 1428, lower armature and back
contact of relay TDI—4, outer lower arma-
ture and back contact of relay {7IDL—3, outer
lower armature and front contact of relay

17D1—2B, inner lower armature and front s;

contact of relay I7TDL—I{D, to conductor
1788—A which extends to the upper armature
of relay 8AD, the advance relay of main trunk
No. 28 of the desired trunk group extending
to central office A.

The remaining functions of the connection so
established will be readily understocd by re-
ferring to the description of a call from cen-
tral office A to central office E given herein-
hefore.

)

Call originating at the operator’s switchboard at
central office A for a subscriber line connected
to large switching center B

For the purpose of illustrating a call originating
at central office A and extending through large
switching ecenter B to a subseriber line local
thereto, it will be assumed that the operator at
office A seizes main trunk No. 32 at the switch-
board by means.of a cord circuit shown in Fig, 21
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and connects to such cord circuit the teletype-
writer ‘in .position circuit 2183 by operating a
typng key, say kKey 2182 which is individual to
the 'sezed cord circuit. The function resulting
frem the seizure of main trunk No. 89 at the
switchboard at central office A are the same as
those as hereinbefore described under the caption
of a call originating at the operator’s switch-
board at central office A for a “through” call to
station office E, the similarity contnuing to a
point where the operator transmits the signals
preliminary to the called number and such signal
is received at large switching center B. Inas-
much -as the call now being describzd is to a
subscriber line, the operator at ceniral office A
itransmits the signal combination corresronding
to “Figures” preliminary to the called number of
the desired subscriber line. The called number
of the desired subscriber line -consists of two
significant character signals corresponding to
numerical digits. The combination of selecting
impulses in the “Figures” signal are mark, mark,
space, mark and mark, as hereinbefore stated,
under “Reception of teledirecting telegraph char-
acter signals.” All telegraph character signals
received at large switching center B are decoded
by the receiving distributor in the director cir-
cuit, that is, broken down into their five com-
ponent elements.

When a “Figures” signal is received, contact
sels 8C—1, 8C—2, SC—4 and SC—F% are closed
in guccession during the rotation of distributor
shaft 163 and thereby close in turn the operat-
ing circuits for relays 18D—f, 18D—2, 14D—4
and +4D—8, the operating circuit for relay {8D—5
being connected to the upper winding of the
relay. Therefore, relays {8D—i, {8D—2, {4D—4
will be operated and relay {£D—5 will be operated
to its mark,-or left-hand, contact. After recep-
tion of the fifth impulse, the auxiliary contact
52t ASC or cam AC again becomes normal so
hat ground -at the inner, upper armature and
contact of relay 18A—1i is connected to a circuit
extending over conductors {8i{2 and {818, normal
contact and armature of set ASC of cam AC, con-
ductor 1814, outer upper armature and back con-
tact of relay (8A2, conductor {828, outermost
upper armature and back contact of relay
{472, conductor 1413, lower armature and back

i contact of relay 4K, conductor (437, front con-

tact and armature No. 3 of relay {8D—{, front
contact and armature No. 2 of relay (4D—2,
front contact and outer upper armature of relay
{4D—4, back contact and armature No. 5 of relay
{812, conductor {422, mark, or left-hand, con-
tact and armature of relay {14D—35, conductor
{414, armature No. 7 and contact of relay (8LU,
conductor 1825, inner lower armature and back
contact of relay (4R, lower armature and back
contact of reiay [4N—I{, conductor {428, inner
lower armature and back contact of relay
14r 2 - conductor 1438, oufer upper armature
and back contact of relay (4K, make-before-
break contacts of relay (4D—3, make-before-
break contacts and winding of relay (4F, to
grounded battery and relay (4T onerates. Any
other combination of the {4D relays would have
no effect at all at this time. Relay {4F, upon
operating, locks in a circuit traceable over series
connected conductors {41%, 14i6 and 1821 to
ground at the front contact and lower armature

of relay {8C—1i and prepares at its upper arma-

ture for the operation of relay (4K and the sub-
sequent registering of the signals corresponding
to the number of the called subscriber line.
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Reception and deciphering at large switching
center B of the first and the second digits of
the listed number of the called subscriber line

The first digit of the called subscriber’s listed
number will be repeated by relay 18G, broken up,
pulse by pulse, by the receiving distributor con-
tacts SC—i to SC—& and recorded by relay
14D—f, 14D>—2, {4D—3, 16D—48 and {4D—S5, in
much the same manner as the “Figures” charac-
ter which was previcusly received. Relay (4D—I
is operated in accordance with the position of
relay 186G at the middie of the first impulse,
relays 14D—2, according to the second impulse,
ete., by means of the receiving distributor shown
in Fig. 16.

Assume that the listed number of a called
subscriber’s station is No. 80, the operation re-
sulting from the reception of the next telegraph
character after “Figures,” which is the first sig-
nificant character, in this case the numeral 8,
causes each of reiays {4D—I, {4D—2, 14D-—-3,
16D—4& and {4D—F5 to assume either of two posi-
tions in accordance with the following table
wherein O, NO, M, and S represent operated,

non-operated, mark and space, respectively:

Lower | Upper - - . - -

Gl AR 14D—1 | 14D—2 | 4D-3 | 14D—4 |14D—5
0| NO 0 0. NO M
1 0 0 0 NO M
2 0 0 NO NO M
3 0 NO NO NO S
4| NO 0 NO 0 S
5| NO NO NO NO M
6 0 NO NO NO M
7 0 0 0 NO 8
8| NO o) 0 NO 8
9| NO NO NO 0 M

Shortly before the reception of selecting pulse
No. 1 the armature of the auxiliary contact set
ASC transfers to its alternate contact to close a
circuit traceable from grounded negative bat-
tery, through the winding of relay 14K, back con-
tact and upper armature of relay 14L, conductor
1440, front contact and upper armature of relay
{4F, conductor {417, alternate contact and arma-
ture of auxiliary contact set ASC, corductors
1619 and {8t2, upper armature and front contact
of relay i8A—I to ground. Relay 4K operates
and locks in a circuit traceable cver its inner
upper armature and front contact, conductors
1444, 1415 and §82f, to ground at the lower ar-
mature and front contact of relay i8C—I.

The signal combination for the first significant
character, that is, 9, consists of the start impulse
which is always a space, followed by space, space,
space, mark and mark and ending with a stop im-
pulse which is always mark. Relay G responds
to each of these signal impulses, in turn, and
the five selecting impulses by means of the re~
ceiving distributor respectively control the oper-
ating circuits for relays 14D—I, {4D—2, 14D—3,
{4D—4, and i4D—5 and accordingly, relay
{4D—i, {4D—2 and 14D—23 remain unoperated,
relay {4D—4 operates and relay 14D-5 operates
to its mark contact. Shortly after the fifth se-
lecting impulse is acted upon, the armature of
the auxiliary contact set ASC again closes to its
normal contact to complete a circuit traceable
from grounded battery, through the upper wind-
ing of relay I4L, conductor 144i, back contact
and lower armature of relay [4M, front contact
and lower armature of relay {4K, conductor 1413,
back contact and armature No. | of relay 14F—2,
conductor £824, back contact and outermost up-
per armature of relay 18A—2, conductor I6ff,
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normal contact and armature of auxiliary contact
set  ASC, conductors 1610 and i8i2, inner up-
per armature and front contact of relay 18A—l,
to ground and relay {4L operates. Relay 14L, up-
on operating, locks in its operated position in a
circuit traceable through its lower winding,
front contact and lower armature, conductors
{444, 1416 and i821 to ground at the front con-
tact and lower armature of relay i8C—I. The
ground connected to the operating circuit for
relay (4L is also connected to the front contact
and outer upper armature of relay 14K, conductor
i439, back contact and inner lower armature of
14F-—2, conductor (438, back contact and lower
armature of relay {4dN—I, back contact and inner
lower armature of relay 14R, conductor 1825, back
contact and armature No. T of relay I8LU, con-
ductor 1414, armature and marking contact of re-
lay 14D--3, armature No. 5 and back contact of
relay (4F—3, inner upper armature and front
contact of relay i4D—4, armature No. 3 and back
contact of relay 14D—3, armature No. 4 and back
contact of relay {4D-—2, armature No. 6 and back
contact of relay 14D—i, conductor No. 9, back
.contact and armature No. 9 of relay 14K—I,
through the upper winding of relay i4H—S8, con~
ductor 1443, back contact and inner armature of
relay {4K—10, to grounded negative battery. Re- -
lay {4H—9, representative of the tens group of
subscriber lines, in which the called line No. 80 is
included, operates. Relay {4H—3, upon operat-
ing, locks in a circuit traceable from grounded
battery, through its lower winding and front con~ :
tact and lower armature, conductor (445,
through the winding of relay {4K—48, conductors
{416 and 1821, to ground at the front contact and
lower armature of relay 18C—I1. Relay 14K—0
operates to open the operating circuit for relay
{4H--9 and closes an obvious operating circuit
for relay {4K—I! which operates. Relay {4K—I,
upon operating, disconnects at its right-hand
armatures the conductors employed for the tens
selection of the called subscriber’s listed number
and prepares at its left-hand armature and con-~
- tact a circuit for operating relay (4H—1—9
which, when operated, prepares to make the unit
selection of the called subscriber’s listed nume-
ber. The H relays, such as relays 14H—0 to
{AH—9 correspond to the digits which represent
the tens groups of tens subscribers’ lines or sub-
scribers’ lines and trunk lines if the latter are
combined with the subscribers’ lines in the one
group. Relay 4L, upon operating, as hereinbe-
fore described, locked to ground on the lower ar-
mature of relay i18C——I, opened the operating
path for relay 14K which is locked operated and
prepared an operating path for relay {4M. Re-
lay 14K—0, upon operating, (1) removes bat-
tery from the operating winding of all the H re-
¢o 1ays, such as relays (4H—0 to [4H—9, thereby
preventing the operation of any other of the H
relays; and (2) connects its outer left-hand ar-
mature and contact, conductor 1447, to a path
now open, but extending when closed by relay
65 14F—2 upon operating in response to a letter sig-
nal, over conductors 1446 and 2506, resistance
2587 to ground at the inner lower armature of
relay 25D in the miscellaneous alarm circuit.
Upon the reception of the second significant
70 character of the called subscriber’s listed num-
ber which in this case is 0 or No. {0, relay 14D—I -
remains unoperated, relay [4D—2 is operated,
i16D—3 is operated, {4D—4 unoperated and
14D--5 is operated to its marking contact. The
75 second significant character upon being received
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in ‘thé receiving distributor causes to be performed
smnlar functions that - were performed whén the
ﬁrst significant character was received, that is;
the-armature of the auxiliary contact set ASC
operates to its alternate position to close a cir-
cuit: for: operating relay (4M, the circuit being
traceable from grounded negative battery,

through the winding of relay: 14M, front contact:

andupper armature of relay (4L, conductor {440,
front contact and upper armature of relay I4F,
conductor 1417, alternate contact and armature
of- guxiliary contact set ASC, conductors 1610
and {8(2; to ground at the inner upper armature

and-front confact of relay 18A—I, and relay {4M-

operates: Relay (4M, upon operating, (1) locks
in-g:cireuit traceable over conductors 1444,
and-1821 to ground at the front contact and lower
armature of relay 18C—I, and (2) opens at its
lower- armature and back contact the operating
circuit for relay 14H-—8. If; therefore, the first
significant character, No. 9 in this case, did not

result-in the operation of an H relay because, for

instance, the first significant character was not
a-numerical character, no subsequently received
charaecter would cause the -operation of an H
relay.

Shortly after the registration of the fifth se-
lecting impulse of the second significant’ char-
acter by means of the receiving distributor, the

armature of the auxiliary contact set ASC is-

closed to its normal contact thereby causing the

quick operation of relay 14N, the circuit being-

traceable from grounded battery, through the
winding of relay 14N, front contact and lower

ermature of relay 14M,; front contact and lower-

armature of relay [4K; conductor 1413; back
contact and armature No. | of relay 14F—2, con-
ductor 1824, back contact and outermost upper
armature of relay (8A—2, conductor 611,
armature of auxiliary contact set ASC closed to

1ts normal contact, conductors 1610 and IBIZ-

inper upper armature and front contact of relay’
IBA—I
ay closes at its upper armature and front con-
tact a circuit traceable from ground, through
the upper Wlndmg of relay 18G, conductor 1458,
front contact and upper armature of relay MN

resistance 1454, conductor: 1458, resistance 1808 -
to grounded positive battery I826 whereby relay
I8G— is caused to stay. on its marking contact, -

and therefore, refuses to accept at this time any

add1tlona1 telegraph characters, and (2) closes

at its lower armature and front contact an op-
eratlng circuit for relay {4N-—I, the circuit be-
ing traceable over the make-before break con-
tacts of relay (4R, conductors 1444,
1821, front contact and lower armature of relay
IBC—I to ground, and relay (4N—I operates
Relay 18N—{, upon operating, (1) connects
grounded battery through the winding of the

14—00 and (4BY to the armature of relay 14D—5

and through the fanning-out circuit to the con-
ductor for selecting the called subscriber’s line,

the fanning-out circuit closed by the reception”

of ‘the second significant character beihg here:
inafter described, and (2) closes on' its upper
armature and front contact an obvious opérating
cifcuit for relay 14N—2, which operates.

The “selecting impulses for the units digit of

the* called subscriber’s listed: number, the - units
digit' being zero,.are space, mark, mark; space
and mark which are effective to operate relays
14D—2, (4D—3 and- to operate 14D—5 to its
marking position, relays {4D—| and (4D—4 re-
maining unoperated. The fanning-out circuit-is

therefore traceable from grounded negative bat--

1416
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to ground. R,elay 18N; upon operating,-
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tery, through-the winding, in-series, of relays:
14—90" and (4—BY, front contact and lower
armature of relay (8N—I, back contact and in-
ner lower armature of relay (4R, conductor (825,
back contact and armature No. 1 of relay (8LU,
conductor (414, armature and mark contact of
relay (4D-—5, co‘rrdu’cto’r 1422; armature No. 5
and back contact of relay {4F—3, inner upper
armature and back contact of relay (4D—4;
armatiire No. 2 and front contact of rélay I4D—3
armature No. | and front contact of relay {4D—2;
armatiire No. 2 and back contact of relay {4D-==1,
conductor No. 8, armature No. 0" and front con-
tact of ‘relay 14H—{—9, which operated as here-
inbefore described,  conductor {480, normally
closed contacts on the ring spring of jack 4201—A,
normally closed contacts on the ring spring of
jack 4202—B, conductor 1424, through the wind-
ing of “holding” magret 8H=S—0 to grounded’
negative battery. Relays {4—00 and {4BY and’
holding-magnet 3H—S—@ do not operate because
similar batteries are connected to opposite ends:
of the fanning circuit.

Testing of subscriber’s line-at large switching
center B

The connection of grounded negative battery
through the windings, in series, of relays {4—00-
and 14BY and tothe winding of the holding mag-
net 3H—S—0, which is assigned to the called sub-
scriber’s line, enables these two relays to de-
termine if the conductor 1408 corresponding to
the called subscriber’s line, is terminated in a
direct ground which causes the operation of both
relays 14—00 and ' {4BY, or a 1900-ohm out-of-
order ground on the:out-of-order circuit, not-
shown, which results in the operation of relay
{4—00 only. The termination in‘a direct ground,
if present, will be found on conductor 388; which*
extends thirough an operated contact set of those
sets controlled by holding magnet 3H—S—10, such:
as contact set 210, to the sleeve conductor of the
trunk which holds the called subscriber’s line-
busy,: the sleéve conductor being connected to
ground through the winding of a'sleeve relay to:
the armature of an operated off-normal relay in-
such  trunk. In case no ground is available,
neither the 14—09 nor {4BY will operate-and this®
test takes place during the slow-operating time-
of relay {4N-—2 which begins to operate: when*
relay 14N—I operates. As'soon as relay [4N—2:
operates, off-normal‘ ground at relay 18C—1 is
connected to the armature of relay 14—08. AS:Z
suming that the called subscriber’s lineis idle, in-
which case ground is not connected to conductor -
308, relay 14—08 will remain unoperated -and the
ground connected to its armature and back cone«
tact- will complete a circuit extending from’
grounded negative battery, through the winding

‘of relay 14R, back contact and armature of relay

14—00, front contact and upper armature of relay:
14—N2, conductors 1444, 1416-and 1821, to ground*
at the front contact and-lower armature of relay
{8C—{ and-relay [4R operates. Relay (4R up-~
on operating,: (1) removes at its inner lower dr-
mature and back contact the operating circuit for
relays 14—00 and 14BY, conductor 14085 on the
called subscriber’s line and replaces it at the same’
armature now in engagement with its front con--
tact with a path extending through the winding:
of relay 148, conductors (431 and 1487, outer left="
hand armature and front contact of relay {4K—8;.
conductors 1446 and- 25086, resistance 2507, to:
ground, at the inner lower armature and front

75 contact of relay 25D, relay 25D having operated in:
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a circuit traceable over conducter 307 to ground at
the armature and front contact of selecting mag-
net 3SM—89 which is associated with the calling
trunk No. 99, (2) opens at its make-before-break
contacts the operating circuit for relay 14N—I
which now releases, (3) prepares at its upper
armature and front contact an operating circuit
for relay 19U, and (4) locks at its outer lower
armature and front econtact a circuit traceable
over conductors 1444, 1416 and 1821 to ground
at the front contact and lower armature of relay
18C—I. Relay (AN—I, upon releasing, causes
relay 14N-——2 to slowly release. During the time
that relays 14N—I and [4N—2 are releasing,
ground connected to the inner lower armature
and front contacts of relay 25D in the miscel-
laneous alarm circuit is connected through the
winding of relay i4S to conductor (4080 assighed
to the called subscriber’s line circuit. Under the
assumed condition of the called subscriber’s line
being idle, grounded negative battery connected
to the winding of holding magnet 3H-—S—0 per-
mits relay 14S to operate but due to the high
resistance of the circuit magnet 3H—S—9 re-
mains unoperated. Relay 143 upon operating
opens the operating path of relay 19U and closes
a path to operate relay 14S—I1. When relay
f4N—2 released ground supplied by relay 18C—I
is connected to the armature of relay {43, which,
having operated, causes the operation of the relay
145—I. Relay 145—I1, upon operating, (1) locks
in a circuit extending to ground at the lower
armature of relay 18C-—1, (2) short-circuits the
winding of relay 148, which now releases; and
(3) holds open the operating path to relay 19U.
With the winding of relay 14S short-circuited,
ground is connected through the low resistance
2507 supplied by the miscellaneous alarm circuit
to a circuit extending through the fanning-out
14D relays to the conductor leading to the called
subscriber’s line. The operating circuit for the
holding magnet assigned to the called subscriber’s
line is traceable from the ground at the inner
lower armature and front contact of relay 25D,
resistance 2507, conductors 2506 and 1446, front
contact and outer right-hand armature of relay
14K—0, conductors 1447 and 1431, front contact
and outer upper armature of relay 14S—I1, front
contact and inner lower armature of relay 14R,
conductor 1825, back contact and armature No.
T of relay (8LU, conductor {414, armature and
marking contact of relay [4D—5, conductor 1422,
armature No. 5 and back contact of relay 14F—3,
inner upper armature and back contact of relay
14D—4, armature No. 2 and front contact of relay
{4D—3, armature No. { and front contact of
relay 14D—2, armature No. 2 and front contact
of relay 14D—I, conductor No. 8, armature No. 3
and front contact of relay f4H—I—3, conductor
1400, normally closed contacts at each of the
ring springs of jacks 4201—A and 4202—-B, con-
ductor 42984, through the winding of holding mag-
net 3H—S—148, to grounded battery. In this cir-
cuit of lower resistance holding magnet 3H—S-—0
operates. Holding magnet 3H—S—3, upon op-
erating, operates holding magnets 8H-—S—1{ (not
shown) to 3H—S—8 and 2H-—S—9, and the op-
eration of holding magnet 2H-—S—8 causes to
be operated contact set 2{0 which has already
been conditioned for operation by the operation
of selecting magnet 3SM—99, hereinbefore de-
scribed, whereby trunk No. 92 becomes connected
to the called subscriber’s line extending to sub-
scriber’s station No. 99. 'The holding magnets
are locked in operated position by a circuit ex-
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tending over conductor 308, sleeve contacts of
contact set 210, conductors 417 and 512, through
the winding of sleeve relay 5SL, conductor 513,
to ground at the front contact and No. { arma-

ture of relay 6—ON. Relay §SL, upon operating,
(1) closes at its lower armature and front con-
tact a circuit for locking in operated position
chain relays HICH—99 and 1iAD-—99 for the
duration of the call, and (2) closes at its upper
armature and front contact an operating circuit
for relay 5SL—! which operates. Relay 5SL—I,
upon operating, opens at its outer lower arma-

ture and back contact the operating cireuit for
relay (1ST2—99 which releases whereby the
trunk sequence circuit is released for another
call. Relay 11ST2—99, upon releasing, releases
relays 11AI—99 and ({ALI—99. Relay i 1ALI—
$9, upon releasing, (1) removes ground from con-
ductor 1118 to cause relay I8A to release, (2)

opens up the two transmission paths, respective-

ly, including conductors f1i8 and {1{4, which
serve to direct the signal impulses incoming to
and outgoing from the director circuit. Relay
18A, upon releasing, (1) permits the release of
relay {8A—1 unless another trunk circuit holds
it operated by ground on conductor 1105, (2)

causes the release of relay 18C—1, and (3) re-

moves ground from the lower winding of relay
18G and start magnet 1601. The removal of
ground from the winding of the start magnet
1601 will cause the cams of the receiving dis-

tributor to rotate through, at least, one revolu-

tion tending to open contacts SC—i to SC—5

of the distributor. If relay 18A—I1 releases it
will remove power from the receiver-distributor

motor and ground from the armature of the aux-

iliary contact set ASC thereby releasing relay
{4N. If relay 18A—I remains operated, the mo-
tor of the receiver-distributor will remain at its
attained speed and ground will be reconnected
to start magnet 1601 when relay 18C—I releases
causing it to finish any revolution that the cams
may be engaged in at the time. All or only some

of- the contacts SC—I to SC—5 may therefore

be operated. Relay {8C—I, upon releasing, re-

moves off-normal ground from all operated re-

lays causing the director circuit to return to
normal and be in a position to handle the next
call. If relay 18A—1{ has remained operated the

circuit functions on the next call exactly as de-

seribed hereinbefore except since the motor has

attained ifs speed and the distributor cams are
at rest, no delay in the operation of relays 18B
and 18C is encountered.

Inward call to busy or out-of-order subscriber
line at large switching center B

The operation of this type of call is exactly the
same as hereinbefore described under the caption
of “Testing of subscribers’ lines” up to the point
where the operation of relay (4N—{ connects
relays 14—00 and 14BY to conductor 1489 which
is assigned to the called subscriber’s line circuit.
Now, however, conductor 1460 tferminates in
direct ground, that is, a busy condition, or the
1900-ohm ground which is found in an out-of-
order circuit, not shown. In either case, relay
14—00 quickly operates but relay {4BY is mar-
ginal and operates only on direct ground. Relay
{408, upon operating, prevents relay {4R from
operating and therefore relay 14N—1{ remains
operated keeping relays {4—899 and {4BY con-
nected to conductor 3490. Relay 14-—08, there-
fore, remains operated along with relays (4N,
{4N—! and (4N-—2 and operates relay 14N3.

75 Relay 14N3, upon operating, (1) applies ground
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té start the production of sighdls cofresponding

to “K” or “Q” characters, by relays (9P and-

19P—[ as described in Krecek Patent 2,368,666,
supfd; and (2) coanneclis the contact of relay
{9P—-1to the outward transmission path extend-
ing over conductors (902; {901, 188} and 11i8.
A-brief description of the transmission of the
sigtials corresponding to the “K’ or “Q” char-
acéters is furnished herein in describing the re-
sults of the operation of relay. 1SN3. Relay
19N3; upon operatirig; (1) connects ground to a
circiiit ‘extending {from its outer upper armature

ahd front contact, conductor 1968, resistances

1923, 1986 and 1822, conductor 1931, resistance
1914, conductor {208, resistance (48§ (assuniing
that-the called subscriber’s line is busy), con-
ductor 1451, through the upper winding of relay
{9P, t6 grounded negativeé battery 19849 whereby
relay 18P, whose upper winding has a compara-
tively low resistance valué opeérates to its right-
hand position in resporisé to current passing

through its upper wiading: (2) conneets ground’
at its outer upper-armature and contact to a cir-

cuit traceable over conductor §935; through the
upper winding of relay {8P—I, resistance 5§98,
to grounded negative battery i811. The upper
winding of relay 18P—{ has a comparatively low
résistance value and the current therethrough
operatés: the relay to its left-hand position to

niaintain the miark signal on the transmission -

path, conductor {1i3 in a path fraceable over
ground, armature and left-hand contact of re-
lay 19P—I, inner upper armature and front con-
tact of relay 19N3, conductors 992 and {301,
make-before-break corntact of relay 18TB, con-
ductor 1881, back contact and middle lower ar-
niature of relay 18A2, to conductor [i13. When
relay 19P, however, operates to its right-hand

position the ground connection at the outer upper

armature and contact of reiay {8N§'is connected
over thé armature and right-hand contact of
relay (9P, to the right-hand end of both the up-

per and the lower windings of relay 19P. Current:

thréugh the upper winding of relay 19P is there-
fore reversed but the discharge of condénser (912
causes a current to flow through the lower, or

comparatively high resistance, winding of relay-
19P which maintains the armsature on its right-

hand contact. When the discharge current of
condenser 1842 is sufficiently reduced; the re-
verse current in the upper winding of relay ISP
causes thie relay armature to move to its left-
hand contact. Again the current in the upper
winding reverses but the dondenser (612 now
takes a charging current tending to keep the
armature of relay 48P on its left-hand contact.
‘When this charging current has sufficiently de-
cieased, the carrent in the uppér winding of re-
lay I8P operates the relay armature to its right-
hand contaci. Relay (9P cortinies to pulse in
this fashion. The values of condenser 812 and
resistances 1963, {914, 1996 and 1859 are so pro-

portioned that relay %P will pulse at about 9.

cycles per second if resistance 1458 is'in the cir-
cuit or 11 cycles per second if resistance (458 is
short-circuited because relay 14BY is not oper-
ated when an out-of-order circuit is-connected
to a jack in the subscriber’s line circuit. Each
time relay 9P opevates to its left-hand position,
condenser {93 is discharged causing a current
to flow through the lower, or high- resistance,
winding of relay (9P—{, which current helps:-te
keep the armature of relay (9P—{ on its left-
hand contact. Upon each subsequent opening -of
the left-hand contact of relay (9P, condenser
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19415 charges thereby  causing a-current: flow- in

the Tower: winding of relay 15P—I- whieh oper—
ates its-armature to its space, or right-hand econ-
tact. The charging path has been so chosen
that relay-{ 99— leaves-its left-hand contact- for
approximately one pulse length, er 0.022-second.

The result: of the operation of relays 8P and
i §P—I, therefore, is-the transmission of a 0.022
second space sighal nine ot eleven times a second.

These signals-are sert through the trunk which-
retrarismits to the distant end where they appear-
on the operator’s printer as “K” (9 cycles) sig~-
nalindicating a busy condition or “Q’ (11 cycles)

signal indicating an out-oi-order condition.

Connection - to unassigned. or impossible number
at large switching center B

If an unassigned number or non-numericat
code is received .and registered, the. circuit func~
tions as hereinbefore described. When, however,
the winding- of relay. {4S-is connected to the
hunting . conductor i£60. of the called subscriber
line as hereinbefore. described, grounded bhattery
is not. available on. the -conductor and relay i4S
fails to operate. When, therefore, relay 14N2:
releases, off-normal ground at the lower armature:
and front contact of relay 18C—i will be con-
nected over a circuit inecluding conductors t82i,
{£i6: and 1444; armature -and back. contact of
relay. 16N2, armature and back contact of relay-
§4S, back. contact and inner lower armature. of
relay #48-—i{, upper armature and contact of
relay 18R, conductor 1452, confact and No. §
armature of relay {9TA, through the winding of
relay 18U, to.grounded. battery and relay 18U
operates. Relay 15U, upon operating, (1) closes
at itsiinner lower armature and contact an oper-
ating circuit for relay ISN3, the circuit being
traceable over. armature No. 3 and contact of
relay i9TA, (2) disconnects resistance {916 which
is connected in parallel with resistance (9186.
Relay 18N3, upon operating, connects at its outer
upper armature and contact a ground connection

- to two paths; one extending through the upper

winding of relay 18P and the other, through the
upper winding of relay (8P—i as hereinbefore
described. Resistance 1914 is put into the cir-
cuit 'as the shunt path .of the resistance is opened
by the operation of relay '19U. Under these con-
ditions, relay 19P operates at. approximately 6
cycles per second. When relay i9P operates at
its No. 3 contact relay 19P—I is operated to its
space, or right-hand, contact for two pulse
lengths, that is, 0.044 second, by charging of con-
denser 1815, Relay 19P—I,. upon returning to.
its mark, or left-hand, contact, remains in its
mark. position until relay {9P again operates to
its space, or right-hand, position. Thus a “V”
character signal is generated and transmitted to-
the operator at the distant central office. If the
miscellaneous alarm circuit times out a ten-
second interval while the director circuit is.send-
ing “K,” “Q” or “V” signals, relay 258T in.the
alarm circuit connects the ground at its inner
lower armature and front contact to a circuit
extending over the inner lower armature and
front contact of time measuring relay 25TM,
ocutermest upper armature and front contact of
relay 26TM—1, lower: armature and back contact
of relay 2%TK, upper armature and front contact
of relay 25R--0, conductor 1512, lower armature
and front contact of relay i9N3, through the
winding of relay {9TB; to grounded battery, and
relay 19TB operates. Relay [9TB, upon’ oper-
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ating, removes at its inner lower armature and
back contact the ground connection from the grid
of vacuum tube 1918 and interconnects at its
outer lower armature and contact, conductors
1919 and 19208 which extend to the miscellaneous
alarm circuit wherein relay 25TM is maintained
operated in a path extending to ground at the
front contact and inner upper armature of com-~
mon start relay 25CS. The signals produced by
the director circuit continue to be manufactured
and sent to the trunk circuit extending to the dis-
tant calling central office. After approximately
one second, relay 19T operates in response to the
current flow in vacuum tube 1918 and thereby
connects at its armature and contact grounded
conductor {512 to conductor 192! in a circuit
extending over the lower armature and front
contact of relay 25R—0 in the miscellaneous
alarm circuit, conductor {115, armature No. 5 and
front contact of relay {1ALI--99 in the frunk
sequence circuit, through the lower winding
of relay {IBO-—0, to grounded battery. Relay
1 1BO—0, upon operating, causes the release of the
sequence circuit and therefore the director cir-
cuit. The operation just described, therefore,
will receive at least one second period of what~
ever signal the director has manufactured.

Recorder signal at large switching center B

10
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Failure of the director circuit at Zafge switching

center B—General

When a trunk circuit on an inward call obtains
permission from the sequence circuit to route the
call, the miscellaneous alarm circuit begins count-
ing time. Ordinarily the alarm circuit will time-
out in two seconds but if the director cireuit has
grounded the conductor {816 indicating that it
has moved off-normal, the miscellaneous alarm
circuit extends timing out to four seconds. Then,
if “the director ready” signal is sent as hereinbe-

- fore described, relay 18C2, upon operating, con-
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If the miscellaneous alarm circuit times out g
ten-second interval and the director circuit is not
in the process of sending any signals, the alarm

" eircuit places ground on conductor {512 causing

the operation of relay 19TA. Relay 19TA, upon
operating, (1) prevents further operation of
either relay .19U or 19N3, (2) opens a short-
circuit around resistances 1906 and (922, (3) pre-
pares at its No. | armature and front contact, a
connection of the mark, or left-hand, contact of
relay 19P to conductor 1801, (4) disconnects at
its No. 2 armature and back contact resist-
ance 1924 from the mark contact of relay t9P,
(5) closes at its No. 4 armature and contact an
operating circuit for relay 19TB which operates.
Relay 19TB, upon operating, (1) interconnects
conductors 1919 and 1920 which as hereinbefore
described extend to the miscellaneous alarm ecir-
cuit, (2) connects at its upper armature and con-
tact supervision conductor 1881 to the mark, or
left~-hand, contact of relay 19P, the interconnect-
ing path extending through the front contact and
armature No. t of relay {9TA, (3) removes at its

inner lower armature and back contact ground’
from the grid of vacuum tube 1918 and (4) con-

nects ground at the inner lower armature and
front contact to resistance 1923 and the armature
of relay 19P. Relay 9P starts pulsing as here-
inbefore described. The resistance change due
to the operation of relay 19TA, however, makes
relay 19P pulse at approximately 8 cycles per
second holding it on its mark contact 0.132 second

and on its spacing, or, right-hand, contact 0.110

second. This is equivalent to the telegraph char-
acter “T” or “5” signal, which is sent to the trunk
circuit extending to the distant calling central
office. After the delay of one second, relay 19T
operates to place a ground on conductor 1921
which causes the operation of relay 99BO—0 in
the trunk sequence circuit and the sequence cir-
cuit releases which causes, in turn, the release
of the director circuit. A one-second period of
“T" signals are therefore sent to the calllng
operator at the distant central office.
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nects ground to conductor 1822 to extend the time
allowed for handling the call to ten seconds.

Conductors 1818 and 1823 are used to indicate
to the miscellaneous alarm circuit whether or not
the trunk should be locked up in case of trouble.
Ground on either of these conductors prevents
the removal of the trunk circuit from service.

Failure to move a director circuit off-normal

After two seconds, if relay 18A2 has not
grounded conductor 1816, indicating that the
trunk circuit has failed to start a director circuiit
off-normal, the alarm ecircuit removes the trunk
from service. The removal of the trunk, of
course, removes any connection from the director
circuit to the trunk circuit, returning the director
circuit to normal and permlttmg it to continue to
handle other calls.

Failure of the distributor motor to attam required
speed

- In this case it is assumed that relay 18A2 has
operated and grounded conductors 1816 and 1818
cause the miscellaneous alarm circuit to permit
an elapsed time of four seconds but relay {8C—1{
fails to operate either because the motor failed
to attain speed or the relay arrangement designed
to detect the speed fails to function.  In this case
the alarm circuit after four seconds places a
ground on relay 18LU causing relay {8LU to oper-
ate. Relay 18LU, upon operating, (1) locks up
under control of the release key 1828, (2) places
a ground at its No. 3 armature and contact on
conductors 1835 and 1110 thereby maintaining
the relay 8A operated and the director circuit
locks up in a “stuck” condition, (3) places. a
ground at its No. 2 armature and contact on con-
ductor 1829 to indicate to the miscellaneous alarm
circuit that the director circuit is locked up, (4)
connects ground at its No. 1 armature and front
contact for maintaining the start magnet 1601 of
the distributor in an operated condition, (5) con-~

55 nects grounded battery at its No. § armature and

contact to a circuit for lighting lamps (830, 1831,
1832 and 1833, (6) disconnects at its No. 6 arma-
ture and contact, conductor (816 from {815 and
(7) opens at its No. T armature and contact the
common conductor for the fanning-out ecircuit
controlled by relay 14D5. Under this type of
trouble, only lamp 1832 lights.

Meanwhile conductor #1818 is grounded. ‘The
miscellaneous alarm circuit places the trunk cir-

5 cuit back into service after removing it temporar-

ily, disconnects the trunk circuit from the direc-
tor circuit which, of course, has no effect on the
“stuck” director circuit and then if the sequence
circuit has returned to normal, places a ground on
conductor 2601 to operate a transfer relay to con-
nect another director circuit. In the case where
only. one director circuit is provided and such di-
rector circuit becomes “stuck,” the switching
mechanism at the large switching center may be
operated manually as described in Krecek Patent
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2,368,666, supra. However, two director circuits
“are usuvally provided at each switching center so
that a transfer from one to the other may be had
‘whenever desired as described in Krecek .Patent
-2,368,666.

‘Failure of the “Director. ready” -signal to reach
-associated loop. repeater or. fdilure of. registra-
" “tion of mark signals sent. by.the. trunk circuit
to the receiving .distributor. circuit
In this case it is assumed ‘that the dist¥ibutor
-has -attained speed and that relay  18C—I has
-operated “but’ the cireuit by which: the “director
-ready” signal was' to be sent-was opensd some-
where “before reaching ‘the -associated Ioop re-
Jpeater or in-anyctase rélay 18C2 fails to operate,
sor if the incoming transmission conductor-to the
“distributor is opened, it is obvious that-directing
wof the:inward call-by the conneection will:be im-
bossible. -Such a condition - would prevent relay
18A3 from operating. These two troubles. could,
of 'course, occur ‘on ‘the same call. In any case
-after four seconds, the miscellaneous alarm oper-
-gtes thie 18LU relay herelnbefore described except
‘that - since neither conductor '18(8 or 1823  is

“grounded, the alarm eircuit procesls to lock the

itrunk -circuit:as well as the director-circuit out:ef
.service. -Relay LU, upon operating; causes:tell-
$ale lamps to light as follows. .Tmamps 1831:and
-1832 when lighted indicate “director ready” siznal
failure. Lamp 1831 when lighted: indicates fail-

ure to register the incoming mark signal:; and
“tamp 1833 when lichted-atone ‘indicates a com-
bination of both types ot trouble. The alarm cir-
-euit meanwhile proceeds to place the other direc-
<tor cireuit,if provided, into-service.

‘Returning previously “stuck”. director .circuit to
service

-After the trouble.is cleared ithe director -circuit

~can be made available by momentarily:depressing

release -key 1828 which removes holding. ground

from relay (8A :and locking .ground: from relay

~18LU thereby returning the director circuit. to
-nermal, :

“Call ‘originating at.a -subscriber:station -local.to
large switching.center. B. 1o central Office -A

.“When a subscriber: at a station such as station
~No. 98 whith is local to large switehing ‘center' B
originates an coutwsrd -esll by operating the
power switch (not shown) to-the *“on” position,
he line circuit' shown ‘in #ig. 42 orders ‘the sub-
iseriber ‘sequence  cireuit, $hown in ‘Fig. 10, to pre~
-gelect a trunk circuit. For v idescfiption of this
“operation, reference ‘mazy be'had to the Krervek
Patent 2,368,668, supra in which it is-shown that
- refay in ‘the sibseriber line circuit operstes to
‘connect ground ‘to a rconductor ~which -extends
through: the winding :6f ‘the ‘corresponding-‘start
‘relay, such 'as relay 10ST—0, %o the ‘subscriber
isequence ‘cireult which operates. 'The power
switch corresponds %o-rstaft switch 483 in the
Krecek Patent: 2,368,666, Fig.'4. ‘A point in cton-
-nection with a-stibscriber station Jocal to-a large
Switching center 'is“the manner iin ‘which—a -call
may be originated ‘from sdid station. "©On one
‘hand, the start 'key, such as key 493, may be
-:operated ‘to'close the loopiextendingito the large
‘switching cefiter ‘whereupon current :of marking
‘value will "be ‘established which will ‘cause ‘an
~operation ‘of -one kind:at the switching, or con-
‘centrating, center. 'On the other hand, a break
‘key corresponding ‘to bredak key 498, may be first
perated ‘and held operated ‘for-a short-space of

bt
=

20

30

.35

40

76

time until the start key 403 has been operated.

JIn the latter case current of a reduced value

determined by the inclusion of a resistance, such
as resistance 401, in the loop will be first estab-
lished so that an operation of a nature different
from that in'the former case will take place at
the large switching center. From the subscriber
point of view the operation may be as follows:
Commercial arrangements have been made so
that this subscriber will ordinarily be connected
with a certain distant central office. Therefore
when the subscriber initiates a call by throwing
the start key, such as key 482, the call will be

-automatically directed towards this specific cen-

tral office. However, there may be occasions
‘when the subscriber wishes to have his call di-
rected towards a different distant central office.
In this case he knows by operating a break key,
such as key 408, and. holding it operated until
he has operated a start key, such as key 483, this

‘call will be automatically . directed towards his

secondary central office. The manner in which
his call is directed to one or another central office

‘under these conditions is explained in detail in
"Krecek Patent 2,368,666, supra.

‘When the subscriber originates an outward

‘call to the distant central office A, say his first

choice office, he does this by merely closing his
power, or start, key corresponding to key. 4083,
shown in the Krecek Patent 2,368,666, whereupon
both the .line relay and the marginal relay in
the .subscriber’s line circuit become operated in.a
circuit treaceable from .grounded positive bat-
tery 4205, make-before-break. contacts of relay
42BB, .conductor 4286, back contact and lower
armature of holding magnet 2H—S—9, conduc-
tor 4287, tip conductor 4208-of subscriber’s loop
extending through the calling subscriber’s sta-
tion No. 99, back over the ring conductor 4203,
conductor 4218, make-before-break contacts of
‘holding magnet 2H—S—9, conductor 42ii

‘through the upper winding of marginal relay
"§2MG, through the upper winding of line relay

“#2L—|, to ‘ground.

55:
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Sufficient current will flow in this circuit to

—cause the -operation of line relay #42L—{ and
“marginal relay 42ZMG. Thereupon a circuit is
sclosed from ground at the armature of relay
“821,—1, armature -and front contact of relay
-82MQ, through the winding of relay 42I, to
‘grounded negative battery and relay 421, oper-
-ates. Relay 4¢L, upon operating, places a ground
through its inner upper armature and front con-
~tact to a circuit extending over the upper arma-
$ure :and back contact of relay 42BB, start con-
ductor 4212, leading to the subscriber’s:sequence
~circuit ‘wherein the circuit just traced termi-
nates in the winding of start relay 19—ST—1 in

the ‘subscriber sequence circuit, and the -start
relay operates. Relay £2L, upon operating, also

.places a. steady ground connection on -call lamp
4213 in a circuit -extending from ground on the
-outer upper -armature and front contact of relay
421, back contact and outermost upper arma-

ture of relay 42A, through call lamp 4213, con-
ductors 4244, 4215 and {107, through the wind~

ing of relay [3E, to.grounded negative bhatiery
Ain the master control cirecuit for the sequence
.circuit.

This will cause the lighting of lamp
4213 steadily. Relay i8—ST—4 is provided for

subscriber line No. 98 represented by the block

shown in Fig. 42, relay 10—ST—{ is provided
for trunk line No. 91 extending to Figs. 29, 28

-and 43 and relay 10-—ST—9 is provided for an-

75-pther subscriber’s line say subscriber’s line No.
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89 (not shown). Lines Nos. 80 to 99 are in group
No. 0 represented by relays 10—ST—I—G0,
18—AL—G8, {(8—ALI—G0 and {8—BO—G90.
With the start relay (0—ST—~8 operated, the
chain ground obtained from .the inner lower
armature and back contact of group relay
t0—ALI—G9 is disconnected from all the higher
numbered start relays which are respectively con-
nected to other subscriber’s lines and/or trunk
lines, the latter of which extends to the small
switching center ¥ (Figs. 29, 28 and 43). In
other words, the circuit connected to the arma-
tures of start relay 18—ST—0 is interrupted so
that this ground does not extend to the

corresponding armatures of the other start

relays 10—ST—I( to 16—ST—9. With relay
{0—ALI—G90 normal and no other start relay
preceding the operated start relay is operated,
then this ground will be extended through the
winding of the higher numbered relay associated
with the operated start relay which in this case
is relay 10—AIL—9. Relay (0—AIL—0 operates
providing no other higher numbered correspond-
ing relay such as relay [0—AI.—9, is operated.
The circuit being traceable from grounded bat-
tery 1085, make-before-break contacts of each
of relays 10—AL—89 to 10—AI—{ through the
winding of relay (0—AIL—0, front contact and
upper armature of relay 10—ST—®8, to ground
on the inner lower armature and back contact of
relay I0—ALI—G0. Relay (0—AL—B locks
under control of its associated relay 10—ST—0.
The operation of relay {0—AL—f removes the
chain battery 1005 from all lower numbered
corresponding 18—AL relays. Thus, when re-
lays 10—ST—8 and {0—AL—0 associated with
the calling subscriber line circuit are operated
ground and battery chain circuits of the sub-
group sequence circuitit have been broken pre-
venting the operation of any other (8—AL re-
lays {in that group. Relay (0—AIL—0, upon
operating, in addition to locking up under con-
trol of its associated start relay 10—ST—®0, con-
nects grounded battery 1005 in the chain circuit
hereinbefore traced, then over the inner lower
armature and front contact of relay (0—AL—9,
through the winding of relay 10—STI—G0, to
ground at the normally closed auxiliary, or make-
before-break, contacts of relay {0—BO—G0 and
10—ST{—G8 operates providing this particular
subgroup has not been removed from service
by the operation of relay i0—BO—G0. Relay
10—AiI—0, upon operating, also connects cer-
tain common conductors such as conductors
4216, 4217 and 4218 to the subscriber line cir~
cuit shown in Fig. 42 through its middle upper
and outermost upper armatures and to the se-
quence control circuit through its outer lower
armature. Here also if no other relay, such as
relay 10—STI—GI1 to I—STI—G19, is operated
or if the particular relay 10—STI(—GS is in a
preferential position, and if no relay such as any
one of the AL—G{ to AL—GI9 relays of the
subscriber groups sequence circuit or the AL or
ST2 relays of the trunk sequence circuits is in
an- operated position, the associated STI{—G8
and AL-——G9J relays will function in the manner
similar to that described for the corresponding
relays 10—ST—¢0 and 10—AL—0 of the sub-
scriber line connected to subscriber line No. 99.
The relays such as relays (0—ST{—G8 to
10—STI{—G19, control a chain circuit from
grounded battery, armature and contact of relay
258U in the miscellaneous alarm circuit, con-
ductor 1001, through the winding of. relay
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-10—AL—G#0, front contact and lower armature

of relay 18—STI—G0, back contact and outer
armatures of each of relays 10—STI—GI1 to
1—STI—G19, in turn, conductor 1806, back
contact and lower armature of each of relays
118T2—89 to ST2—96, 128T2—89 to (2ST2—80
and 128T2—8, conductors 1208—9 and 2502,
outer lower armature and back contact of relay
25D, back contact and inner upper armature and
contact of relay 25CS, to ground.

When relay 16—ST1—G0 and i0—AIL—G@ of
the particular subgroup associated with the call-
ing subscriber line No. 88 have operated, permis-,
sion to route the ocutward call through the large
switching center B has been received. Relay
13—AL—G8, upon operating, causes the opera-
tion of relay 18—ALI—G0 and at its upper arma-
ture and front contact completes the circuit ex-
tending from its grounded battery at the arma-
ture and back contact of relay 25SU as connected
over a chain circuit extending over conductor
1251, upper armature and front contact of relay
18—AL—G9, outer lower armature and front
contact of relay i0—AI.——0, conductor 4219
which extends through the winding of relay
18L.S—1 to ground. A second LS relay, that is,
relay §3LS—2, is provided for cases where there
are groups of trunks extending to a second outlet
such as another central office or a large switch-
ing center. A TR relay, such as relay {3TR, is
provided to change the order of the trunk chain
and advance circuit such as represented by relay
1{CH—399 and i{AD-—29 for trunk No. 99 ex-
tending to central office A, in such a manner
that all trunks in the preferred group are tested
for busy before a trunk is selected in the other
group terminating at the switching center, al-
though all trunks of both groups may be avail-
able to a calling subscriber. An LS relay such
as relay {3LS—| or I3LS—2, upon operating
causes the operation of relay 13H—@, (3H—I
and (3H—2 gnd other H relays required for the
trunks that may be provided. The ground at
the contact and inner right-hand armature of

5 relay I13H—0 when the relay is operated, is con-

nected in an operating path for relay I13LS1—I
or relay 13LS1—2, depending upon whether the
respectively associated relay 13L.S—I( or {31.S—2
is operated. Assume that the relay {3LS—2
which is for the double outlet system, operates,
then the ground at the back contact and left-
hand armature of relay [3LS—{ is connected in
an operating circuit for relay i3TR which oper-
ates. Relays 13H—0, 13H—{! and [3H—2, in
turn, place individual grounds over conductors
respectively extending to the trunk chain and
advance circuits, each composed of an AD and
a CH relay such as relays {ICH—99 and
11AD—89, holding that circuit in a fixed con-
dition during the entire interval that an out-
ward call is being routed through the switching
center and therefore not only is the trunk chain
circuit placed in a fixed condition by the opera-
tion of an H relay, such as one of relays {3H—,

5 13H—I and 13H—2 but if the alternate selec-

tion was to have been changed, relay 13TR has
accomplished this function before the start con-
ductor to the trunk chain and advance circuit
is called into use. The operation of relay
{3H—0 permits the operation of an L.S—I relay
associated with the particular LS relay that op-
erates first, for examole, relay 13LS{—! gasso-
ciated with relay 13L.8—I[ and relay (3LS[{—2
associated with relay 13LS—2. The LS relay,
when operated, closes a circuit extending from
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wground:; at-the -inner: right-hand armature -and
-contact -of - relay #3R—8, right-hand -armature
-and :front- contact -of . the LS relay, :front con-
:tact .and inner :armature.of the LS[ relay, a

start :conductor such _as conductor .1381 .or:

~41304B, a place in:the trunk. chain.and -advance
~gircuit ‘where “there is available the ‘first num-
shered :frunk-of the: group of the trunks associ-
ated :with either relay {3LS—I or {3LS—2. "The
operation of .an LSi relay also resulls- in the
+operation, in-turn, of start relay 258T and com-
.mon:start relay:25CS in the miscellaneous alarm
ircuit and furnishes:a locking ground for:relays
S48H—8, {3T—1 and 1311—2, etc. to insure-that

-the:trunk chain and.advance circuit will:be kept;

Jdnracfixed condition until the routing of the call
.has been completed. Relay 25CS of the miscel-
~lgnecus alarm circuit, when operated, :removes
.the:main chain-ground on conductor: 2551 from

~poth -the -trunk sequence circuit and the :sub-.

+seriber group: sequence circuit.

Assume-that relay 18LS—I -is operated, ‘then
+the-operation of -this relay connects ground in.a
weircuit-traceable from ground at the inner right-
-hand armature of :relay 18H—8, right-hand ar-
_mature and-contact of relay §3LS—{, front con-
-tact -and inner left<hand armature -of relay
LS{—t, start conductor 1301, inner lower arma-
.ture and back contact of relay {1CH—83 (pro-

wviding trunk No. 99-is the ‘first one available in a |

~group-extending -to-gcentral office A,) conductor
{42889 through -the-winding of trunk start re-
Jay BST, ‘to grounded battery and relay 5ST
-operates. Relay: 5ST, upon operating, (1) closes
satits No. 4-armature-and contact-a circuit which
-gauses relays 58 -and 5L of :the repeater to oper-
.ate to their marking positions, (2) closes at its
No. 7 armature and-contact an operating circuit
for-relay B—ON, which operates, (3) closes at
+ts front contact and ‘No. § armature a locking
«eircuit for.itself, the-circuit being-traceable over
eonductors -1438-—89, back contact and inner
upper -armature of -relay [1AD—88, conductor
4122888, -to ground-at-its-front contact and ar-
.mature ‘No. 1, (4) closes-at its No..§ armature
and-front contact a circuit for lighting the trunk
No.-88 'busy :lamp -582, the-circuit being- trace-
-able over-conductor {125—99, back contact and
dnner “lower armature of relay (IBO—9% to
_grounded bhattery, :(8) -closes, after relay §—ON
.operates, a-circuit-extending from -ground at ar-
nature No.-& and .front contact of relay 5-—ON,
.eonductor-501, inner -lower -armature -and back
contact of relay 5SL—1{, outer ‘lower -armature
and.-back contact of -relay -5R2, conductor -832,
.contact-and -armature No. I of relay 88T, con-
-ductors 258299 .and 2529 in the miscellaneous
:alarm cireuit, through the lower winding of relay
25TK, to grounded-battery and relay 25TK-oper-
-ates to-warn:the-miscellaneous-alarm circuit that
-verifieation ringing has been required at central
office A. .

‘Relay 5—ON,;-upon-operating, (1) -closes at its
No.-$ srmature .and front contact -a circuit for

energizing the filaments.of vacnum tubes 682 to -

/88, inclusive,. (2) connects at'its No. 2 and No.§
armabures-power to-the trunk repeater, (3) pre-
‘pares.ab-its No. { armature and operating circnit
for relay BSL,  (4)..closes at -its No. 3 armature,
the outward fransmission path for transmitting
a:mark:signal repeated by relay-5S-tc central-of-
fice A and (5) supplies-at its No. 4 armature the
-ground hereinbefore mentioned for operating re-
lay -25TK in the miscellaneous alarm circuit in
connection  with - the .. operation :of :start :relay

330 J8R—I.

65 ‘‘holding”

80
:5ST. "The reception of a mark current at central
office A as a calling-in signal causing that end of
trunk No. 99 to function to send to large switch-
ing center B a 20-cycle ringing current.
The vibration of the armature of reiay 6TL in
response-to the 20-cycle ringing current received

~ from central office A has no effect upon the vac-

-uum tube circuit, but the vibration of the arma-
‘ture of relay B8R causes the operation of relay
Relay BR—!, upon operating, closes’'a
ccircuit- extending from ground at the No. 3 ar-
mature of start relay 5ST for operating relay
~BR2. "'Relay 5R2, upon operating, (1) removes at
~its outer lower armature and back contact:the

115 ground.connection from conductor §32 which, as

~hereinbefore stated, extended to the miscella-
:neous alarm circuit to initiate the warning that
-& verification signal is requested from central of-
~fice ‘A, (2) causes:the operation of relay -&M.

190 RelayBM, upon operating, causes ail the select-

»ing 'magnets located on different cross :bar
- switches and associated with trunk No. 99 :to
-operate. Selecting magnet 2SM—8%, upon oper-
‘gting, "prepares trunk No. 99 for a connection

195 with-the line from' calling subsecriber station No.

‘85, The selecting magnet connects ground over
~gonductor 387 to grounded battery through the
-winding-of relay 25D and relay 25D operates.
“Relay 28D which -is of the slow-operating type,

30 “upon- operating, orders the sequence circuit to

-operate “holding” magnet 3H—S—9 of the link
circuit, magnet 3H—S—0 being . associated with
the line of calling subscriber station No. 89. The
-operating circuit for magnet 3H—S—8, “when

35 Subscriber station:No. 89 is the calling station,

may now be traced over conductors 4284 and
-#216, front contact and middle upper armature
of relay '10AL—8, -conductor 1893, contact and
inner upper armature of relay {8AL!I—GE, con-

40 ductors {899 and 2586, resistance 2581, frontcon-

‘tact and inner lower armature of relay 25D to
-ground.

In the earlier designs of the cross bar switch
-such -as that used in the link circuit, the directing

.45 finger actuated by the selecting magnet chatters

considerably on being operated. To prevent the
holding magnet from functioning while the-di-
recting finger is chattering, ground for the oper-
-ation of the holding magnet is delayed for a short

.50 period. The operation of the selecting magnet

-0f the cross bar switch places a ground on the
off-normal conductor 307 causing the slow opera-
tion of relay 25D. Holding magnst 3H—S—9.0p-
erates in response to-the operation of magnet

55 SH—S—B8, and connects at the operated contaét

-set 218, trunk No. £9 to the line of subscriber sta-
tion No. 99, contact set 2190, also connecting the
-winding of holding magnet 3H—S—§ over con-
-ductors 398 and-417 through the winding of relay

60 5SL which now operates in series with holding

magnet 3H—S—0. Relay §SL, upon operating
-closes at its upper armature and contact an oper-
.ating circuit for relay 5811 which operates and
at its lower armature connscts ground to the
chain conductor 1§i8—99. Relay
“BSL—I, upon operating, causes the release of relay
M which, upon releasing, causes the selecting
‘magnet, such as magnet 2SM—89 to release. In'the
meanwitile grounded positive battery -453 :which

70 terminates a path including conductor 33, make-

before-break contacts of relay 6TR. conductor
522, through the lower windings, in series, of
relays 5L and §S, back contact and upper arma-
ture of relay 5R3, normally closed contacts of

75 the tip spring of jack 5884, conductor 415, tip
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contact of contact set 210, .conductor 211, front
contact and lower armsture -of holding magnet
2H—8—39, conductor 4227, normally closed con-
tacts-of the tip-spring of jack 420{—A, loop con-
ductors 4208 and 42089 of subscriber line:No. 86 ex-
tending threugh the subscriber station, normally
closed contacts of the tip spring of jack 4202—8
conductor 4248, has been applied to-a. path ex-
tending over the front contact-and upper arma-
ture of magnet 2H—S—9, conductor 207, ring
contaet of set 2{§, ring eonductor 418, the nor-
mally closed contacts of tip spring of jack 509B,
conductor 485, contact and No. 4 armature .of
relay 4TR-—I, conductor 406, back .contact and
No.-2 armature of relay 4HM, conductor 407,
through the upper winding of relay 5SP, to
ground and relay 88 operates:which in turn
operates relay $SP-—i. Relay 58P—i, upon op-
erating, (1) furnishes at-its No. 4§ armature :and
contact an additional ground.for holding relay
5—ON operated-and (2) -closes at its No. I .arma-
ture-and front contact a locking circuit for itself
extending over conductor 424, No. 6 armature and
back contact of relay 4HM, No. I§ armature and
back -contact -of relay 4TR—I, conductors 519,
514 and 527, front contact and No. 4 armature
of relay 58P-—1, outer lower armature and back
contact of relay 5SB—iI to ground at the front

contact and No. { armature of relay 5-—ON.
In-the meantime holding magnet 3H—S—O,
upon operating, and causing the subsequent .oper-
ation of holding magnet 2H—S—9,.causes-at -the
lower -armattre -and contact -of holding magnet
2H—S—3§ an -opening in- the operating circuit
for subscriber -sequence -circuit start relay 10—
ST—0 and relay 0—ST—0 releases causing the
subsequent release -of relay 18—AL—0 as well as
the release of relay i8—STi-—G0 and {0—AL—
G0. The release of relay 13—AL—Q opens .an
operating circuit for the operated-LS relay such
as relay 13LS—I or {3LS—2. Relay $0—AL—
G0, upon releasing, causes the release .of relay
9—ALI—G8. The release -of relay 10—ALl—
G0 diseonnecis -conductor {689 from the batiery
source of the
3H—S—0, conductor {889 being included in the
circuit which extends over conductor 2508,
resistance 2587 to the ground -at the .con-
tact -and -inner lower armature of relay 25D in
the -miscellaneous alarm -circuit. The release
of relay 131.S—I, Figure 13, .connects at its
left-hand armature and back contact a-ground
connection to conductor 1303 <in a circuit
traceable over advance -conductor 1(24—99,
front contact and No. & armature -of relay 5ST,
conductors 3804 and 1121—89, through the wind-
ing of relay 11CH—§9, to grounded battery and
relay 1HCH~-99 operates-and in furn causes relay
I'tAD—89 to operate. Both relays {{CH—88 and
. IHAD—89 close locking -circuits for ‘themselves
extending over cenductor 119—99 to ground at
the lower armature of relay 5SL. Relays | iCH—
98 and 11AD—88 remain-operated for the dura-
tion of the call over trunk No. 99 and prepare
over the trunk chain conductor 4301, a -circuit
for advancing the next call to the next idle trunk.
Relay ‘i 1AD—88, -upon -operating, .opens at its
inner :upper armature and back contact, the
holding circuit for relay 88T whereby relay 5ST
is released and closes at its outer upper arma-
ture -and -front contact, ground to the-conductor
1:104—8$ in preparation for a path to the all-
trunks-busy circuit shown in Fig. 24 -which ‘serves
to:time the interval that the all-trunks-busy con-
dition persists. Relay {CH—89, upon -operat-

winding of ‘holding magnet
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ing, also (1) removes-at its dnnerlower armature
and -back .contact the holding ground for relay
13LS4—{, thereby -causing the release of relay
13LS—i.and (2) closesat its-outer lower armature
and front contact a-circuit extended from ground-
ed battery at the inner lower armature and back
contact of relay 11BO-—99, conductor 4181—89;
front-contact and cuter lower armature of relay
I1CH—39, conductor $422—89 to the trunk busy
lamp 502 and ground and the trunk busy lamp
lights. Relay 13LSi—I, upon releasing, opens the
operating .circuits for relays I3H—0, i3H—I,
i3H—2 which also release to remove the individu-
al holding ground fo the upper armature of each
of the CH relays, such as relays | ICH--$9, | |CH—
98, 1iCH—96 (not shown), ete. of all the trunk
circuits thus permitting .any CH relay that was
in position to release, to do so, thus removing
the “fixed” .condition of the trunk chain .circuit
which had been in force thrpoughout the entire
routing of the .call. The release of the 13LS1—I
relay also causes the release of relay 25CS of the
miscellaneous alarm circuit which in turn re-
places the ground on the entire-office chain which
extends .over conductor 2502. The trunk se-
quence and the subscriber .sequence circuit have
thus been returned to normal and to.a condi-
tion that will permit the routing.of another call
in either direction. Upon the completion of the
thus established .call, the Jocking .ground at .the
lower armature and front contact of relay BSL
that holds relay § {CH—99 and t1AD-—89 operated
will be removed permitting their release provided
an auxiliary path including conductor 1283 is
not being ‘temporarily furnished by relays
1I3H—0, T3H—1.and 43H—2. Upon removal of any
such temporary holding path, relays {1CH—89
and 11AD—89 release, returning the entire .se-
quence circuit to0 normal. The ground on .con-
ductor 1303 also serves to operate Telay 4AD over
the chain conductor 1121—89. Tn this stage, the
following relays are operated 5—ON, 5R—{,
SR-—2, BSL, 5SL—i, 5SP, BSP—I1, 58 and 5L, re-
lays §8.and 5L operating to their respective mark-
Ing contacts under control of the subscriber line
circuit and relays 6TL and 6R following the ring-
ing .eurrent which is being received from central-
office A -wwhile a-steady ‘marking is -being -sent ‘to
central -office A. For g -description -of the re-~
mainder of-the method of operation -of .establish-
ing-a call -originating -at -subscriber -station No.
99, reference may -be had to “Kreecek Patent
2,368,666, supra. : :

A.call -originating at a-subscriber station local o
¢ .small switching center ¥ over a trunk-line
through large switching center B o central
.office A :

A -deseription -of & .call over -a trunk-line -com-

4o Prising -conductors 302, when such eall originates
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at a subscriber station 4308 local to smail switch-
ing -cenber F-and terminates in central office A
may be had by reference to Large Patent 2;375,-
856,:supra. .

4 call originating at centrol office A.and extend-
ing through large switching .center B 0 a
trunk-line extending to.small Switching .center
F' and then to a subscriber.station.local to small
switching center F

A description -of a -call from -central office A
over a main trunk circuit-through jlarge switch-
ing center B to a trunk-line extending to small
switching center 'F whereat ‘it -is automatically
connected inresponseto-additional sigsnals-trans-




2,489,916

: 83
mitted from central office A and decoded by the
receiving distributor at small switching center ¥
to select a hunting conductor, such as conductor
1459, to a subscriber line, say line No. 00, may be
had by reference to Large Patent 2,375,856, supra.

Call originating at the operator’s switchboard in
central office A for a “through” connection
through large switching cenier B to large
switching center C

For the purpose of illustrating a call originat-
ing at central office A and extending through
large switching center B to large switching center
C, it will be assumed that the operator at office
A selects main trunk No. 99 at the switchboard by
means of the cord circuit shown in Fig. 21 and
connects to such cord circuit the teletypewriter
and position circuit 2103 by operating a typing
key, say key 2402, which is individual to the
selected cord circuit. -

The operation of the terminating equipment
of main trunk No. 99 at central office A is identical
with that hereinbefore described for a call to
central office E. The operation of the terminat-
ing equipment of main trunk No. 99 at the large
switching center B differs from that for a call to
central office E only in that a trunk group selected
at switching center B extends to large switching
center C.

Like the call from central office A to central
office E through large switching center B as here-
inbefore described, this call also, from central
office A and extending through switching center
B but terminating at large switching center C,
requires a “through” connection and, therefore,
like in the call to central office E, the “Letters”
signal is made the preliminary signal sent prior
to the significent character, or letter, signal.
After the preliminary signal “Letters” is re-
ceived at switching center B and prior to the re-
ception of the significent character signal, repre-
sented by letter C to correspond to a group of
trunks extending to switching center C, the
following apparatus in the various circuits is in
operated condition:

In the cord circuit (Fig. 21) relays 21—AC,
21—SC and 21—C are operated and relay
2i—RC is in its marking position. In the ter-
minating equipment (Fig. 20) relays 20—SL
and 20—ON are operated and relays 20—SS

~and 20—S are in their marking positions.

In the terminating equipment (Figs. 4, 5 and 6)
relays 6CT, 6CT—I, 5A, 5—ON and M are
operated, relays 6TL and 6R are in their mark-
ing positions and vacuum tube 603 is energized
and electrically active.

In the sequence circuit (Figs. 11, 12 and 13) re-
lays (l—CH—89, 11—AD—99, [l—ST2—98,
{{—AI—99, {{—ALI—99 and I3E are oper-
ated. .

In the link circuit (Fig. 2) magnet 2SM—99 is
operated.

In the director circuit (Figs. 14 to 19) relays I8A,
i8A3, 18C2, 18C, 18C—I, fanning relays 14D{,

" 14D2, 14D3, 14D4 and (4F—I are operated; re-
lay 18G and fanning relay 14D5 are operated to
marking; relays 18A2 and {8B have operated
but are now released.

In the miscellaneous alarm circuit (Fig. 25) re-
lays 25ST, 25CS, 25K—I, 25K3, 25AB, 25K4
and 25D are operated. :

" Immediately after the reception of the start
impulse of the signal corresponding to letter C
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and before the reception of the first selecting
impulse of such signal, auxiliary spring contact
set ASC under the influence of cam AC of the
receiving distributor operates to ifs alternate
position whereby grounded conduetor 1610 is con-
nected to a circuit including conductor {417,
upper srmature and front contact of relay {4F—I
and two parallel paths, one extending through
the winding of relay [(4F2 to grounded battery
and the other through the winding of relay
1473 to grounded battery. Relays 14F2 and
{4F3 operate. Relay 14F3, upon operating, trans-
fers conductors 1418, {419, 1420, 1421, 1422 and
1423 to their respectively associated conductors
1424 to {429 for operating the {TDL relays in
accordance with the teletypewriter code for the
letter C as hereinafter described.

Relay {4F3, upon operating, also connects
ground at its armature No. T and contact to con-
ductor 1455, through the windings, in parallel, of
relay {3H--0, {3H—I, 13H—2 to grounded bat-
tery in the sequence circuit to establish a “status
quo” condition among the trunks in switching
center B thereby preventing any trunks from
releasing switches if they are about to do so.

Relay {4F2, upon operating (1) closes at its
No. 3 armature and contact a locking circuit for
both itself and relay 14F3, the ground for the
locking circuit being had at the lower armature
and front contact of relay 18C—1; (2) prepares
at its No. | armature and front contact an
operating circuit for relay 14N; (3) prepares at
its No. 5 armature and contact an operating
circuit for relays 14S and 14S—/1, the circuit when

completed being traceable from ground at the

inner lower armature and front contact of slow-
release relay 25D which operated a short while
after selecting magnet 2SM—98 operated, resist-
ance 2587, conductor 2506, armature No. 5 and
contact of relay 14F2, conductor 1431, through
the winding of relay 14S, front contact and inner
lower armature of relay 4R (now in an un-
operated position), conductor 1825, contact and
armature No. T of relay {8LU, conductor (414,
armature and either contact of relay 14D5 (the
spacing contact being closed in accordance with
the start impulse of the signal code for letter
C), over the corresponding operated armature
of relay 14F3 and the conductor, such as con-
ductor {428 or 1429, connected to its associated
front contact, to the selected path closed, by
the {7DL relays, to one of the trunk hunting
conductors designated 1798, such as conductor
§780—C corresponding to the signal code for let-
ter C, upper armature and back contacts of the
AD relay of the first idle available trunk of the
called group, such as relay 29AD of main trunk
No. 9 through the winding of the corresponding
HH relay, such as relay 29HH, also of main trunk
No. ¢ to grounded battery, it being assumed
herein that relays 29AD and 29HH represent the
first trunk of group C which, with one or more
other groups responsive to other letter signals,
may extend to the desired large switching center
C; (4) connects at its No. 2 armature and contact
the series-connected ground and conductors 182t
and {416 to a circuit which extends over con-
ductor 1432, front contact and outer lower arma-
ture of relay {4S—I (now unoperated), for future
connection to conductor 1132, contact and arma-
ture No. T of relay | {Al—89, conductor { {—18—99
through the winding of relay 4TR—! to grounded
battery for operating relay 4TR-—I as herein-
after described when an idle available trunk in

75 the desired group is found; (6) removes at ifs
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Armature No. 1 and back contact the possibility
of connecting relay 14F through the armature
of relay (4D5 in the manner hereinbefore -de-
seribed.

The selecting impulses of the signal corre-
sponding to letter C are space, mark, mark, mark,
and space and therefore cause contact sets SC—2,
8C--3, SC—1 to close and contact sets SC—I and
8C—5 to remain open, during one revolution
of distributor shaft 16i3. Accordingly, relays
{TDL—2A and {TDL—2B, |1DL—38 and {1DIL—4
operate and relay 14D5 moves to its space, or
right-hand, position. . At the conclusion of the
fifth selecting impulse the auxiliary contacts ASC
close, causing the rapid operation of relay AN
and, in turn, the operation of relay {AN—I. The
eperating circuit of relay (4N may be traceable
from grounded battery, through the winding :of
relay (4N, conductor {433, front contact and
armature No. | of relay {4F2, conductor (824,
back contact and outermost upper armature of
relay {8A2, conductor {614, normally ciosed con-
tacts ASC, conductors £5t0 and 1812, to ground
at the inner upper armature and front contact
of relay 18A—I. The operating circuit for relay
1 4N—I may be traceable over the operated lower
armature of reiay 4N, make-before-break con-
tacts of relay i8R, conductors 1444, (416 and
1821, in series, to ground at the front contact
and lower armature of relay 18C—I. Relay
14N—1, upon operating, connects at its lower
armature and front contact the testing circuit
for testing the selected trunk group, the cir-
cuit extending from grounded negative battery,
through the winding, in series, of relay 14—80
and I4BY, back contact and inner lower arma-
ture of relay {4R, conductor 825, contact and
No. T armature of relay 18LU, conductor 1414,
armature and the space, or right-hand, contact
of relay 14D§, and a path extending over con-
ductor (423, armature No. § and front contact
of relay [4F3, conductor 1429, lower armature
and front contact of relay {TDL—4, inner. lower
armature and front contact of relay (TDL—3,
‘outer upper armature and front contact of relay
{1DL—2B, inner upper armature and back con-
tact of relay §1TDL—!C, conductor {708—C, up-
per armature and back contact of advance relay
28AD, through the winding of relay 29HH, to
grounded negative battery. Relay 29HH which
corresponds to the first trunk, namely, main
trunk No. 9 of the desired, or called, .group ex-
tending to large switching center C, operates.
Relay 4N, upon operating, closes at its upper
armature and contact, a circuit extending from
grounded positive battery 1826, conductor 1456,
resistance {454, its upper armature and contfact,
conductor 1458, through the upper winding of
relay 18G to ground, and conductor 1114 of the
inward supervisory path, therefore providing an-
" other path extending through the line winding
of relay 18G which now locks in its mark, or left-
hand, position but not being able to accept any
additional telegraph signal incoming from cen-
tral .office A. Relay {4N—I, upon operating,
closes at its upper armature and contact an
operating circuit for relay {4N2, the circuit be-
ing traceable over conductors 1444, 1416 and
1821, in series, to ground at the front contact
and lower armature of relay 18C—I{. Relay
{4N—2 which is of the type that is both slow
to release and slow to operate, operates afier
a predetermined interval, to operate relay 4R,
the -predetermined interval allowing sufficient
time to.make the necessary tests for busy condi-
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tion of the: selected group of trunks before relay
14R operates.

Testing at large switching center B of the desired
group of main trunks extending to large switch-
ing center C for busy condition

By means of a chain circuit in the trunks of
a group extending to large switching center C,
a trunk hunting path such.as that of conductor
1780—C selected by fan relays (TDL—4, { TDL—3,
ITDL—2 and (4D$ in response to the reception
of the signal corresponding to letter C, is ex-
tended over the upper armature and back con-
tact of relay 28AD, through the winding of relay
29HH, to grounded negative battery providing
the first trunk of the group is idie. However, if
the first idle trunk of the group is busy, trunk
hunting conductor {180—C is extended over the
upper armature and front contact of relay 29AD
to the next advance (AD) relay associated with
the next trunk of the desired group. If the next
frunk of the desired group is busy, trunk hunt-
ing conductor 1786—C is extended over the upper
armature and front contact of said next advance
(AD) relay to another advance (AD) relay in
the chain until an idle trunk is found or until
one of the busy trunks becomes idle.

Should all the trunks of the group controlled
by advance relay 28AD be busy, ground would
be connected to the conductor {186—C, and both
relays 14—08 and 14—BY would .operate, or if
8.1800-ohm out-of-order ground, not shown, but
located in an out-of-order circuit, is connected
to conductor 1709—C, relay (4—09 only oper-
ates. In case no ground is available to conductor
{180—C relays 14—88 .and 14BY do not operate
as hereinbefore described. This test takes place
during the slow-operating time of relay [4N2
which, as hereinbefore stated, begins to operate
when relay 14N{ operates. As relay {4N2 oper-
ates, the ground at the lower armature and front
contact of relay 18C—{ connected to the circuit
extending over conductors 1821, 1416 and 1444,
is. now traceable .over the armature and front
contact of relay {4N2 to the armature of relay
14—00.

First idle trunk at large switching center ‘B, of
group of main trunks extending to large switch-
ing center C

Assuming that the first idle trunk, say trunk
No. 9 of the desired group is idle, in which case
ground is not connected to conductor 1798—C,
relay 14—89 will be unogerated and ground con-
nected to the armature of relay 14—00 by relay
t4N—2, is extended through the winding of re-
lay 14R to grounded bhattery to cause the opera-
tion of relay (4R. Relay (4R, upon operating,
(1) removes relays (8—88 and (4BY from the
cenductor {798-—C (conductor i825) of the de-
sired trunk group and replaces them by relay
148, the replacement path being traceable over
the front contact and inner lower armature of
relay t4R, through the winding of relay '14S,
conductor 1431, outer lower armature and contact
of relay 14F2, conductor 258%, to ground at the
cenfact and inner lower armature of relay 25D
in the miseellanects alarm cireuit; (2) ‘eauses at
its male-before-break contacts the opening of
the operating circuit for ralay 14N—1 which now
releases; (3) prevares at its upper armature and
contact, an operating circuit for relay 19U ‘and
(4) locks over its outer lower armature and eon-
tact.in a. circuit traceable from grounded series-
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connected conductors $444, {418 and 1821, to the
front contact and lower armature of reiay 18C—i.
The release of relay 18N—I causes relay [4N2
to slowly release. During the time that relays
{AN—Ii and (8N2 are releasing, ground ati the
inner lower armature and confact of velay Z5D
in the miscellaneous alarm ecircuit is connected
to a circuit traceable through low resistance
2501, conductor 2586, outer lower armature and
contact of relay 14F2, conductor {43%, through
the winding of relay {48, conductor 1438, front
contact and inner lower armature of relay 4R,
conductor 1825, contact and armature No. T of
relay 18LU, conductor {444, armature and spac-
ing contact of relay (4D3, conductor {533, No. §
armature and front contact of relay 14F3, con-
ductor 1428, lower armature and front contact
of relay {TDL—&, inner lower armature and front
contact of relay 1¥DL—3, outer upper arma-
ture and front contact of relay (TDL—23, inner
upper armature and back contact of relay
{TDL—ID, conductor 1%88-—C to the frst idle
trunk in the desived group. Under the assumed
condition that the first trunk of the group is
idle, grounded battery connected to conductor
{1800—C, permits relay 148 tc operate, but due
to the high resistance of the circuit which at this
time includes the windings of relays #1435 and
29HH, relay 29HH remains uncperated. Relay
148, upon operating, opens the operating path
of relay 18U and closes a path for operating

relay 148—1, the operating path being traceable
from grounded batbtery, through the winding of
relay 188—If, front contact and armature of re-

lay {88, back contact and armature of relay
{4N2, grounded series-connected conductors
1644, 1815 and 1821, to ground at the front con-
tact and lower armature of relay {8C—i and
_relay 185—I operates. Relay 143—1, upon oper-
ating, (1) locks to ground on series-connected
conductors 1444, {418 and i82i; (2) short-cir-
cuits the winding of relay (43 which now re-
leases; and (3) maintains open at its inner
lower armature and contact, the operating path
for relay 19U. With the winding of relay 148
short-circuited, ground from a low resistance
25087 supplied by the miscelianecus alarm circuit
is extended over conductor 2586, front contact
and outer lower armature of relay 14¥2, conduc-
tor 1421, front contact and outer upper armature
of relay 14S—|{, front contact and inner lower
armature of relay 4R, to conductcr {828 and
thence, as hereinbefore traced, connected to con-
ductor {789--C to the first idle trunk of the de-
sired group and relay 28HH operates. Relay
28HH, upon operating, closes at its ugper arma-
ture and contact a circuit extending cver con-
ductor 2984, through the winding of holding mag-
net 8H—8—8 to grounded batiery. Holding the
magnet $H—8—8 operates and consequently all
the other holding magnetls 3H—3%—! {¢ 3H-—8—1
(not shown) and holding magneis 311—8—8§ and
2H—&—§, shown in Figs. 2 and 3 operate. Mag-
nets 3H—8—§ to 8H—8—3 and 2H—28—8 are in
the same vertical row. Holding magnets $8—3—35
to 2H—8—8 gare respectively provided for the
corresponding vertical rows of contact sets in
switches Nos. & to 9 of the cross har switches, the
corresponding vertical rows peing shown in Figs.
1 and 2 in continuous alignment. One vertical
row connected in continucus alignment through
switches Nos. § to § is assigned tc each of the
main trunks arranged for “through” connection.
Likewise, each vertical row of ancther group is
assigned to each trunk line extending o a small
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‘switching center (not shown but similar to small

switching center ) connected to large switching
cénter C, and each vertical row of stiil another
group is assigned to a subscriber station local to
the large switching center C. Holding magnet
3H—9—9, upon operating, connects main frunk
No. § to calling main trunk No. §9 over the con-
tact set 212 prepared for operation by selecting
magnet 2SM—99, as hereinbefore described. The
call connection between central offices A and
large switching center C will, therefore, be es-
tablished over main trunks Nos. 99 and 9. Also
the operated contact set 212 extends conductor
311 over conductors 417 and 512, in series, through
the winding of sleeve relay 5SL, conductor 513,
to ground on the front contact and armature
No. i of relay 5—ON and relay 5SL operates. The
connection to called trunk No. § functions to re-
lease the sequence circuit when a call for a
“through” connection over the trunk becomes es-
tablished, the function residing in the operation
of holding magnet 3H—8—0 whereby ground is
connected to conductor 2218 of the operating cir-
cuit for relay 28HM which operates. Relay 28HM,
upon operating, opens at its No. T armature and
contact, the operating circuit for start relay
{28T2—§ of the trunk sequence circuit for called
main trunk No. § which is prevented from oper-
ating and therefore cannot be selected for an-
other call at this time.

Functions at large switching centers B and C
of called main trunk No. 9 upon being connected
to calling main trunk No. 99

When grounded series-connected conductors
{432, 14i6 and 1821 are extended in a path trace-
able over the front contact and outer lower arma-
ture of relay 14S—1, conductor (4§32, contact and
armature No. T of relay 1f{ALI—399, conductor
{{18—99, through the winding of relay 8TR—1
to grounded battery, and relay 4TR—I operates.
Relay 4TR—I, upon operating, (1) transfers con-
ductor 485 from armature No. 4 to armature No.
5 and conductor 465 which as a continuation of

= ring conductor 416, previously extended through

the upper winding of relay 5SP to ground, now
extends over a circuit including conductor 442,
contact and innermost lower armature of relay
6TR and the armature of receive relay ER, (2)
disconnects at its armature No. 5 and back con-
tact, conductor 482 from the circuit extending
over conductor #112—83 of the inward transmis-
sion path extending from trunk No. 89 to the di-
rector circuit; (3) opens at its No. 2 armature
and back contact, the path for connecting ground
at armature No. § of relay 5—ON to the space,
or left-hand, contact of received relay SR, (4)
substitutes at its No. 3 armature and front con-
tact a resistance ground 434 for the grounded
positive battery 488, for connection to the mark- .
ing, or right-hand, contact of relay 6R; (5) locks
at its No. T armature in a circuit extending over
conductor 489 to ground at armature No. 4 of
relay 5—ON; (6) opens at its No. i1i armature
and back contact, the operating circuit for relay
8TR; (7) closes at its No. I8 armature and front
contact, a point in a path that puts relay s8P—I
directly under control of conductor 4{8 which
extends to the link cireuit; (8) connects at its
No. 8 armature and contact a ground connection
for operating relay 4D2 which operates and then
locks under control of relay 4D3; (9) substitutes
at its No. § armature and front contact a new
ground for. the grid of vacuum tube 4i{{ which

75 remains non-conductive; (10) disconnects at ifs
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" No. 6 armature and contact the battery supply
for operating relay 5BL—I; and (11) prepares ab
its No. | armature and contact an operating cir-
cuit for relay 5B.

Relay 4D2, upon operating, (1) closes at ifs’

inner upper armature and contact a circuit for
energizing the filament of vacuum tube 411, (2)
prepares at its inner upper and ils outer lower
armature a charging path for condenser 412,

and (3) furnishes at its outer upper armature

and contact a locking circuit for operated relay
4AD, and an additional ground to conductor 413
which is conneeted to conductor {1§9—389 of the
locking circuit for chain relays ({CH—29 and
11AD—89. Relay 4AD became operated when
relay BA operated. The operating circuit for re-
lay 4AD being traceable over the lower armature
and contact of relay 4HH, conductors 112{-—89,
504 and 593, to ground at armature No. 6 of relay
5A. As hereinbefore stated, relays { ICH—98 and
4AD, upon operating respectively made trunk No.
89 busy to any other call from central office A
and to any call from any of the other central
offices or switching centers.

Turning our attention now to the previously
selected called trunk No. 9, it will be recalled
that the director circuit has caused the operation
of relay 29HH and that there were operated sub~
sequently thereto holding magnet 8H—9—0,
3H—9—1i to 3H—9—1 (not shown), 3H-—9—38
and 2H--9—9, relay 29HM and contact set 212.
The connection established between calling trunk
No. 99 and called trunk No. 9 at contact set 2i2
permits conductors 415, 416, 418 and 46 of
trunk No. 99 to be respectively connected to
conductors 213, 214, 215 and 21§ which, in turn,
are. permanently connected to conductors 2916,
2815, 2919 and 2918, respectively, of trunk No. 9,
particular notice being given to the fact that
the conductors of trunk No. §9 upon being con-
nected to conductors of trunk No. 8, are reversed.
For example, the tip conductor £15 of trunk No.
99 is connected to ring conductor 2916 of trunk
No. 9, ring conductor 446 of trunk No. 89 is con-
nected to tip conductor 2815 of trunk No. §, con~
ductor 418 of trunk No. 89 is connected to con-
ductor 2910 of trunk No. § and conductor 418 of
trunk No. 99 is connected to conductor 2518 of
trunk No. 9. Also contact set 212, upon estah-
lishing the connection connects the winding of
‘holding magnet $H—2—08 over conductor 3{1 to
conductor 417 in a circuit traceable over con-
ductor 5i2, through the winding of relay 8SL,
conductor 5§3 to ground at the contact and No. |
armature of relay 5—ON as hereinbefore stated.
Relay 5SL in the calling trunk No. 89 operates
and holding magnet 3H—9—8 is held operated
after the sequence circuit and the director ecir-
cuit at large switching center B are released.

Relay 29HM in the called trunk No. 8, upon
operating, (1) connects at its No. § armature
and front contact, conductor 2828 to conductor
2921 in order to place relay 30SP—I under con-
trol of conductor 2210 which is now connected
over the operating contact set 212 to conductor
418 of the calling trunk No. 98 to procure ground
in a circuit traceable over conductor 610, inner
right-hand armature and back contact of relay
8D—1{, conductor 617 to the No. 5 armature and
contact of relay 5—A, thus operating relay
30—SP—1{ of the called trunk No. 9; (2) removes
at its No. 2 armature and back contact, relay
80—SP from the circuit including conductors
2906, 2905 and ring conductor 291§ which ex-
tends to the link circuit; (3) prepares at its
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for relay 29TR—{ of the called trunk No. 9; (4)
opens at its No. T armature and contact the cir~
cuit including conductor 1282—8 which extends
through the winding of the start relay 12ST2—38
of the trunk sequence circuit associated with the
called trunk No. 9 thus preventing the called
trunk from calling for a director circuit; (5)
prepares at its No. | armature and contact, an
operating path for relay 29AD of the called
trunk No. 9; (6) also places on the No. { arma-
ture and contact a ground for connecting to
conductor {121—8 of the sequence trunk circuit
for called trunk No. 9 which ground operates
chain relay { IGH—$ and advance relay 11AD—9
to make called trunks No. 9 appear busy if the
called trunk was one which could be used for
outward service of local subscribers; (7) opens
at its No. 4 armature and contact, a circuit ex-
tending over conductor 2902, back contact and
innermost lower armature of relay 31—TR to the
armature of receive relay 31—R; (8) disconnects
battery 2922 at its No. 5 armature and contact
from the winding of relay 31—BL-—1I; (9). pre-
pares at its No. 2 armature and front contact an
operating circuit for relay 38—B8, the circuit when
completed being traceable from grounded bat-
tery, through the winding of relay 38—B, inner
lower armature and front contact of unoperated
relay 381—SB—I, conductors 3014 and 3015, front
contact and No. 3 armature of relay 29HM, con~
ductor 2807, through the upper winding of relay
30—SP, to ground. Relay 38—SP—I, upon oper-
ating, (1) causes at its No. 4 armature, the opera-
tion of relay 30—ON of the called trunk No. 9;
(2) opens at its No. 2 armature and contact the
operating circuit of relay 30—R3; (3) removes
at its No. T armature and contact one of the
ground connections from the grid of subscriber
break vacuum tube 3104; (4) removes at its
No. 3 armature and contact the possibility of
short-circuiting relay 30—SP, a function which
is of no value since the relay 30—SP of the called
trunk No. 8 is at this time removed from the
circuit; (5) connects interrupted ground 3016 at
its No. 6 armature and front contact to a circuit
extending over conductor 3{24, armature and
contact of break limiting relay 9BI., unoperated
at this time, conductor 3126 through the wind-
ing of relay 30—BL—I{, conductor 30171, armature
No. § and back contact of relay 29HM which
is' now in an operated position, contacts and
armature No. 6 of relay 29TR-1, grounded bat-
tery 2922, which circuit performs no function
at this time because, in addition to relay 31—BL
being unoperated, relay 29HM is operated, ‘and
(8) at its No. 5 armature and contact prepares.
a path for operating relay 31—TR2, the operat-
ing circuit for relay 3 |—TR2 being traceable from
grounded battery, through the winding of relay
3{—TR2, conductor 3138, front contact and ar-
mature No, 1 of unoperated relay 29TR—I1, con-
ductor 2924, front contact and armature No. 2
of unoperated relay 30—A, back contact and
innermost upper armature of relay 30—R2, con-
ductors 3014 and 30815, contacts and armature
No. { of unoperated relay 29TR—I, conductor
2925, front contact and armature No. § of relay
30—SP—I, conductors 3018 and 3013, to ground
at armature No. | and contact of operated relay
30—ON.

Relay 30—ON of the called trunk No. 9, upon
operating, (1) closes at its No. 6 armature and
front contact, a circuit for energizing filaments
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-Qf vacuum tubes 3{02, 3103, 3164, 3105 and 3106,
" extending from grounded, battery 3188; (2) con-
Tnects, power to the repeater relays of the called
“trunk No. '8; (3) connects at. its No. | .arma-
“ture and contact ground conmection to the op-
erating circuit for relay 38—SL. which, however,
will'net. operate on this call; (4). connects at its
‘Ne. 4 armature and contact a locking ground
“for.unoperated relays 29TR—1 and 3 {—D—1: (5)
~prepares also at its No. 4 armature and . contact
an operating circuit.for relay 29TR—I, the circuit
.being traceable from grounded battery, through
the winding of relay 28TR—I{, conductor 2926,
contact and armature No. 8.of relay 29HM, con-
- ductor. 2921, front contact .and outermost upper
Jarmature. of relay “3{—CT—I, conductors. 3127
and 2908, to, the contacts and armature No. 4 of
relay 30—ON to ground, and (6) closes.at its. No, 1
armatute and contact a circuit. extending from
grounded battery 38.49, through a resistance; over
. the No. T armature.and contact of relay 30—ON,
‘normally closed contacts. of busy key 3020, con-
‘dugctor ‘3021, to the automatic signal trunk jack
circuit, arranged to'be, inserted. in; jack 3128. The
“called. trunk No. 9 at this stage therefore has
“the following relays operated: 29HH, 20HM,
'80—SP—I, and 30—ON. The condition of the
repeater relays, will, be hereinafter .described.
Refurning tq the calling trunk No. 99 it will be
remembered that the holding magnet of the called
‘trunk No.,'9 caused the operation. of relay 58I,
.of the calling trunk No. 99. Relay 5SL, upon
‘operating, connects (1) a second ground to. con-
ductor 1119—89 and (2) ground at its upper
armature and contact to the operating cireuit
for rélay ‘5SL—1 which operates. Relay 58L—f,
“upon operating, (1), brepares at its front contact
‘an inner lower armature and operating circuit for
relay 5R2, the circuit when completed being
traceable from grounded battery, through the
‘winding. of relay §R2, armature and contact of
‘unoperated-relay §Ri, front. contact and inner
‘lower armature of relay SSL—I, conductor 489,
‘to- ground at the contact and armature No. & of
relay5—ON;, relay 5R2, however, will not operate
:at this time since both conductor 1112—99 and
relay-5R—{ have already been disconnected from
the armature of receive relay §R by the operated
relay- 4TR—I and (2) opens at its outer lower
-armature and: contact conductor 1'102—99 to the
director circuit ‘to- release relay HST2—99 of
‘the frunk sequence circuit for main trunk No. 99
and relay 1IST2—99, upon releasing, causes the
diseonneetion. of: the director: The release of re-
lay- HI8T2—99: 4lso causes the release of relay
{IAL—99: and | IAT—1—89 and the ground con-
nected at armature No. 6 .of relay I8A and ex-
tended: over conductors 1804, (993, 1902, 1904,
480, 1 135 1E11—98, 522:and. 639 0f the outward
transmission path, is, therefore, now disconnected
at -armature “No. 2 of relay FPAL—I—89 and
relays 8S-and 5I. operate to their respective space,
or left-hand, positions: to. thereby transmit a
space signal to. the calling central office A, It
must be remembered: that the: tip conductor 415
of the ealling trunk No.. 989 is-already connected
to the ring-conductor-29186; of the called trunk No.
8, but in the called trunk MNo. 9, the ring conductor
2846 is-opened at the back contact and armature
No. 2 of relay 29EM so that the space signal con-
tinues to be: sent: to the central office A. A mark
signal is still being received from office A so that
relays 6TL and 6R are on their mark contacts.
Receive relay- 8R is therefore connecting a re-
sistance ground at; armautre No. 3. and front con-
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tact.of relay 4TR—I{ to.the circuit extending over
conductor 428, mark, or right-hand, contact.and
armature of relay 8R, innermost lower armature
and contact of relay 6TR, conductor 482, arma-
ture No. 5 and front contact of relay 4TR—I,
conductor 405, normally closed contact of jack
509—3B, ring conductor 416, operated contact set
212 of ring circuit, conductor 214, tip conductor
2945, normally closed contact at the tip spring
of jack 3088—A, upper armature and back contact
of relay -30—R3, through the lower winding, in
series, of relays 38—S and 38—L, conductor 3022,
make-hefore-break contact of relay 3 {—TR, con-
ductor 3129, to grounded positive battery 2908, it
being noted that the mark signal is sent over
the ring conductor 448 of the calling trunk No.
99 to the tip conductor 2915 of the ecalled trunk
No. 9 which signal, of course, operates relays
238—S: and 30—L of the called trunk No. 9 to
mark, or the right-hand, positions. Relay 20—s,
upon operating, to its mark position, sends a
mark signal of grounded positive battery over the
make-before-break contacts of relay 38—SB—{,
contact and armature No. 2 of relay 30—ON,
conductor 2823, to the normally closed contacts
of the tip spring of jack 3{30—SEND, conductor
3114, to large switching center C. The distant
switching center C which in this case is the called
offiee, is sending back a space signal over con-
ductor 3115, normally closed contacts of the tip
spring of jack 3{31—REC, conductor 3132,
through the lower winding of relay 3{—TL, re-
sistance 3132, conductor 3434, back contact and
outer upper armature of relay 31—C7T2, condue-
tor 3435, through the upper winding of receive
relay 31—R, resistance 2135, to grounded nega-
tive battery 3437 -and relays 3{—TL and 3II—R
are moved to their space positions as shown.
With ground removed from the mark, or left-
hand, contact of relay 31—TL, the grid of dis-
‘connect vacuum tube 3§85 receives a positive po-
“tential from grounded battery 3188 and tube 3 106
becomes conductive after one second time in-
terval thereby operating relay 3i—0D. Relay
31—D—1i, however, does not operate at this time
since the contact of operated relay §¢—D at this
time has no ground.

The release of the director circuit at large
switching center B by the calling trunk No. 99
caused the removal of ground at relay 25D from
conductor {783—C of the called trunk No. 9,
thereby releasing relay 29HH and permitting the
operation of relay 28AD which, upon operating,
makes the called trunk No. § busy.in its particular
trunk group. The circuit remains, therefore,
awaiting action at the distant large switching
center C which is the called office in this case
and, as hereinbefore stated, a mark signal is
60 being sent to large switching center C and a space
signal to. the calling central office A. The mark
signal. to large switching center C is transmitted
over a circuit, hereinbefore traced, to conductor
34§14, which extends over the normally closed
contacts.of tip spring of jack 223 {i—REC, condue-
tor 3232; through the lower winding of relay 32TL,
resistance 3233, conductor $234, back contact and
outer upper armature of relay 32CT2, conductor
3235, through the upper winding of receive relay
32R, resistance 3236, to grounded negative battery
3231. The space signal to the central office A is
transmitted over a circuit hereinbefore traced
when relays S and 8L operated to their respec-
tive space positions immediately subsequent to
75 the release. of trunk sequence start relay
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{1ST2—99, for causing the disconnection of the
director circuit.

The mark signal received at large switching
center C causes relays 32TL and 32R to cperate
. to their mark positions. When relay 32TL oper-
ates to its mark, or right-hand, position, it there-
by removes ground from ‘a circuit traceable over
its space, or left-hand, contact, conductor 3229,
back contact and middle upper armature of relay
32CTi, resistances 3222 and 3221, conductors
3229 and 3245, to grounded positive battery 3208.
Current from grounded battery 3208 now flows in
a circuit traceable over resistances 3221 and
3222, conductors 3246 and 3223, through the
condenser 3220 to ground and the condenser ac-
cumulates a charge of positive potential. When
relay 32TL operated to its mark contact, the fila-
ment circuit of vacuum tubes 3202 to 3206 be-
came energized in a circuit traceable from
ground at the mark contact of relay 32TL, con-
ductors 3219 and 3216, make-before-break con-
tacts of relay 32—ON, conductor 3333, filaments of
vacuum tubes 3202 to 3206, conductors 3247 and
3245, to grounded positive battery 3208. When
the armature of relay 32TL remains off its space
contact for approximately one-half second, the
positive charge accumulated on condenser 3220
becomes sufficient to cause vacuum tube 3203 to
become conductive and relay 32CT operates in a
circéuit traceable from grounded positive battery
3208, through the winding of relay 32CT, plate

to filament of vacuum tube 3203, conductor 3333,

make-before-break contacts of relay 33—ON,
conductors 3216 and 3219, to ground at the mark
contact of relay 32TL. Relay 32CT, upon oper-
ating, operates relay 32CT—I. Relays 32CT and
32CT—1 remain operated. Relay 32CT—I,
upon operating, prepares at its outer lower arma-
ture and front contact, an operating circuit for a
start relay in the trunk sequence circuit, not
shown, at large switching center C.

At large switching center C, the subseriber
sequence, the trunk sequence, the sequence con-
trol, the director, the all-trunks-busy and the
miscellaneous alarm circuit are not shown and
for a description of any one of these circuits,
reference may be had fo the corresponding cir-
cuit hereinbefore described in connection with
the operation of the corresponding circuit at
large switching center B.

The start relay corresponds to start relay
11S5T2—-99 shown in the trunk sequence circuit
for the calling. trunk No. 99 at large switching
center B. However, the start relay, not shown,
in the trunk sequence circuit at large switching
center C was automatically selected when
trunk No. 9 was selected as the first idle trunk
of a group extending to large switching center C,
by conductor 1700—C. For a description of the
operating circuit for the particular start relay in
the trunk sequence circuit at large switching
center C reference may be had to the operating
circuit for start relay 11ST2—09, hereinbefore
deseribed, up to that portion which is shown in
Fig. 32, which portion is assumed herein to be
conected to conductor 1102—99 and is traceable
over trunk sequence conductor TS—02—9, back
contact and No. T armature of relay 34HM, con-
ductor 3401, back contact and ocuter lower arma-
ture of relay 320T—I, conductor 3306, back con-
tact and armature No. | of relay 33SP—I, outer
lower armature and back confact of relay
33SB—I, armature No. | and front contact of
relay 33—ON, now unoperated, to ground.
Trunk sequence conductor TS—02—9 shown in
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Tig. 32 corresponds to conductor 1102—99
shown in Fig. 5 as extending into Fig. 11 (the
trunk sequence circuit for trunk No. 89) and is
not actually connected to conductor 1102—99 as
assumed herein.

‘Relay 32CT—I, upon operating, also closes at
its innermost upper armature and contact, an
operating circuit for relay 334, the circuit being
traceable over conductor 3217, through the wind-
ing of relay 334, conductor 3324, to grounded
negative battery 3225 and relay 33A operates and
locks. Relay 33A, upon operating, closes at its
No. 3 armature snd contact, an operating cir-
cuit for relay 33—ON which operates; (2) re-
moves its No. | armature and contact, the
ground connection from the grid of vacuum tube
3205 over conductor 3325; (3) closes at its No. §
armature and contact, the locking circuit for it-
self, although it is under control of relay 32D—1
which is now unocperated, but which, when op-
erated, will close a shunting circuit traceable
from grounded battery 3225, contact and outer
right armature of relay 32D—I, conductor 3201,
back contact and middie lower armature of relay
32TR, conductor 32#1, lower armature and back

‘contact of relay 32TR2, conductor 3217, to the

front contact angd armature No. § of relay 33A to
ground; (4) connects ground at its No. 6 armature
and contact to a circuit traceable over conductors
3385, 3384 and 'TS24—9, then over two parallel
paths, one extending over back contact and lower
armature of relay 34HH, through the winding of
relay 34AD, to grounded battery and the other
extending through the winding of a chain reiay

. corresponding to relay {{CH-—99, of the trunk

sequence circuit not shown, o grounded battery.
Relay 34AD and the chain relay, corresponding
to chain relay § 1CT1—88, at large switching center
C operate to make main trunk No. 8 busy. The
chain relay for the trunk sequence circuit - (not
shown) at large switching center C, upon operat-
ing, lights the trunk busy lamp 3302 and pre-
vents trunk No. 8 from being selected for another
call originating at line switching center C until
after the ecall for which the trunk is engaged is
completed. Relay 34AD operates on an inward
or an outward call, or by the operation of busy
key 3248 or by taking the trunk out of service
by means of a trunk release key, corresponding
to key 1138—89 shown in the trunk sequence
circuit for large switching center B, or if the
trunk No. 9 on a completed call was prevented
from releasing switches associated with it, be-
cause ground at the outer upper armature and
front contact of the busy-out relay, correspond-
ing to busy-out relay (IBO-—8% at large switch~
ing center B, is connected to the conductor, cor-
responding to conductor 1121—99, but when
trunk No. 9 is busy, as a calied trunk, then ground
is found on the front contact and armature No.
{ of relay 38HM which is operated only when
trunk No. 8 is the called trunk.

Relay 33—ON, upon operating, (1) completes
the operating circuit for the trunk sequence start
relay (ST2—8) corresponding to relay f15T2—89,
previously prepared at the lower armature and
contact of relay 32CT—I and the trunk sequence
start relay operates in the circuit traceable from
ground at the No. | armature and front contact
of relay 33—ON, back contact and outer lower
armature of relay 33SB—I, armature No. | and
back contact of relay 33SP—I, conductor 3306,
outer lower armature and front contact of relay
320T—1, conductor 8387, outer lower armature
and back contact of.relay 33SL—I, conductor
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3404;-armature: No::T and back contact of .relay-
34HM, ¢ trunk :sequence: conductor TS—02—9 -
which: inithe trunk sequence: circuit, not shown,

corresponds -to-conductor 1182:—99 which in the

cireuit in Fig. 11 is traceable through the wind-

ing: of:relay: 1 {8T2-—99; conductor {125—99, back

contaet .and .inner: lower . armature of relay.

1 IBO=-89, -to’ grounded-battery; (2)  closes:the

outward: transmission path:. extending from: the

armature of relay 338, resistance 33239, conduc-

tor: 3331, make-before-break :contact of relay

338B=-!,contact .and armature No. 3 of relay-
33--OCN;.conductor:3323; normally closed contacts

of-wthe tip-spring of:jack 32368-—SEND, outward .
transmission conductor 8115, normally closed con-

tactssof the tip spring of jack 3{3{—REC, con-

ductor. 3182, through the lower winding of relay

31-=TL; resistance §133; conductor 3134, back con-

tact-and outer upper armature of relay 31-—CT2,

conductor 3134, ‘through the upper winding of

receive.relay 3f-—R, resistance 3136 to:grounded .
negative:battery 3137 and relays 3{~—TL and

31+=R follow any signals in the outward trans-

mission:path;:(3) connects power to the repeat-

erstat large-switching . center C and ground.to

the winding. of relay 33SL..

The:trunk sequence start relay (ST2-—9) ) COr=:
respoending to:relay: 1 1ST2—89, upon operating,
closes: at.its lower armature: and front contact,
anv.operating circuit. for -an associated  relay
(AL—89), corresponding to relay {1AL—89, the
circuit: ‘being - traceable in a manner similar to
that forcrelay [ {AT~-99 as hereinbefore traced,
that s, from grounded battery at the armature
and-back contact.of relay 258U in the miscel-
laneous alarm-circuit. at large switching center
B,-conductor {881; upper armature and back con-
tact of each of relays 10AL—G0 to I18AL—GI9,
in:series,; conductor. 1{89,~through the winding-
of:relay. f1AT+~93, front contact and lower arma-
ture:of ‘relay  118T2--89; conductors ! 108—99,
1168-~98 to {168—88 of the first group of trunks,
conductors {20888 to 1268—80 in the second

group of. trunks, conductor 1288—9 in the third -

group:of . trunks, conductor 2592, and back to the.
miscellaneous:-alarm circuit where it continues -

over-the -outer lower armature and back contact -

of:relay 25D, back contact and:inner upper-arma-
ture .of-common- start ‘relay 25CS, to ground.
The -~ relay - (AT+—8), corresponding - to. relay -
I tAL—88; operates and closes at its lower arma-
turercand -front contact an : operating “path

for=.a .relay (ALI—9), corresponding to relay -

{{AL{—89, the path being similar to that, here-
inbefore:described, for operating relay { fAT1 99,
that:is from grounded battery connected to con- .
ducter 1{89; lower:armature:and front contact of
relay:-{ tAL—88; through ‘the winding of relay:
[1AT!—99:to: ground, and the ‘relay (ALfI—8)
correspending to relay I1AT.4.—99, operates. -
When the trunk-sequence start relay (ST2—9),
corresponding to relay !{{ST2--99, ‘operated, as
hereinbefore described, the trunk sequence -¢ir-
cuit-is thereby: ordered to connect the director
circuit.at large switching center C torthe selected
trunk- No.:9 for the: purpose of receiving tele--
directing .pulses.  When:the sequence circuit, not:
shown; at:the large switching center C attaches -
itszdirector eircuit to.selected trunk No. .§ it con-
nects ground at -armature No. 4 and contact-
of vthe: ALI-—0:relay, corresponding to relay
tEAT.F-—88; as -will be -hereinafter  described, to
a -conductor (§3—38) . corresponding to conduc-
tor:: 1108—99, which extends .over conductor

TS=-08+-8-.and--the . normally_closed .contact: at::.
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the.contactsof ‘the ring spring of jack 3308A;-
through the winding of relay 33M, to ground hat-
fery. Relay 33M, upon operating, closes a plu-
rality of circuits each extending through ‘the:
: winding of one of the selecting magnets, such as-
magnet - 358M—8, of each of those cross. bar:
switches which have their respective horizontal..
contact sets connected in multiple. Also the
trunk sequence start relay (ST2—9) , correspond--
10ing to relay {18T2—89, upon operating, performs:
functions: similar to those performed by trunk..
sequence start relay {{ST2—89, as hereinbefore. -
described. . Therefore the function of trunk se--
quence start relay 11ST2—89 will be repeated .
15.herein: and. these functions are (1) connects .
ground at its outermost upper armature and con« .
tact to conductor {465, which extends through .
one or more trunk sequence groups to the direc~
tor: circuit wherein- it is connected to the inner-
g:lower armature of relay {8A—I which is unoper--.
ated at the time, but the path just traced will’
serve as a locking circuit for relay 18A—!, when:-
the latter relay operates as hereinafter described -
(relay '18A—{ when operated, is used to keep:in -
o5-Speed the motor associated with the director re-:.
ceiving distributor circuit); (2) connects ground -
ab its middle upper armature and contact to: a
circuit extending through the called-disconnect -
lamp [126—89; conductor -1187, through the
gooWinding of relay 13E, to grounded battery, .to: :
light: the called lamp 1196-—99 and operate relay -
I3E (relay {3E, upon operating, operates relay
13F to light a common -call-disconnect lamp -
1322); and (3) closes at its lower armature and -
35‘C.front contact, assuming. that no-other ST2 relay -
in the trunk sequence groups-like those shown in:
Figs. 11 and 12;.is operated, a ecircuit extending
from ground at-the inner upper armature and::
back-contact of relay 25CS in the miscellaneous -
40 .@larm circuit, as hereinbefore traced, to operate:-
relay t1AT—89. If another trunk sequence group:.
is in"an operated condition, the ‘AT, relay, suczh as
relay { IAT—89, will be delayed in -operating until ...
it ‘has received a ‘preference accorded to it by -
45 the sequence circuit.

Assuming - that large switching B instead of
large switching -C is- being described, - relay.- -
I1AL—99; upon operating; (1) locks under con-
trol of the associated start relay (§ST2—99; (2)

50.Causes relay 25ST and relay 25CS in the miscel- ..
- laneous alarm circuit to operate successively, the
operating.circuit for relay 25ST being traceable :
from ground, through the winding of relay 25ST,
conductors- 25i0 .and 281, front contact and
55 0uter upper armature .of relay 1IAL—89, to -
grounded - battery connected to conductor (109..
and  when relay 25ST operates an. obvious op= .+
erating circuit for relay 25CS is closed to thereby-
operate relay 25CS; (3) closes at its lower arma-
go.bure and front contact an operating circuit: for -
relay 11AL{—99 as hereinbefore described.. Re--:-
lay {1AL{—89 operates and thereby (1) connects .
ground -at its outermost upper armature and .
contact to a circuit traceable over conductor 111{0 -
65.50-the director circuit wherein the grounded path::
extends: through the winding of relay (8A to .
grounded battery and relay {8A operates; (2) in-
terconnects at its middle: upper armature and
contact- transmission conductors §{19—98 -and
70 $i18 and at its innermost uppver armature and-
contact transmission conductors {{!2-—98. and -
{114 (conductors: {1{1{—89 and {[12—89 respec-:
tively correspond to trunk sequence conductors
TS~—11—9 and TS—12—8 shown in Fig. 33, and .
75 the seized idle trunk No..8 shown. in. Figs, 29, 30;. .

[
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31, 32, 33 and 34, is now connected to both the
director and the sequence circuit at line switch-~
ing center C); (3) connects ground at its No. 4
armature and contact, as hereinbefore described,
to conductor ii03—89, (frunk sequence conduc-
tor 'TS—83—98, which extends in Fig. 33 to the
normally closed contacts of the ring spring of
jack 83084, through the winding of relay 33M,
to grourded battery and relay 33M. operates to

energize the selecting magnet 35M—93 and the ;

selecting magnet on each of the other cross bar
switches whose horizontal contact sets are con-
nected in multiple with the corresponding sets
shown in Fig. 35); (4) connects at its armature
No. 5 and contact the lower winding of relay
$1BO—89 to conductor 1115 and at its armature
No. 6 and contact the lower winding of relay
{1BO{—988 to conductor 1i16, conductors {115
and 1118 being the eommon busy-out conductors
extending to the miscellaneous alarm circuit;
and (5) conditions at its No. T armature and con-
tact the circuit including conductor 1118—89
which ecireuit, when energized, operates relay
4TR—I to serve notice to the main calling trunk

No. 98 that it may prepare itself for connection

15

to another main {runk (conduetor i{18-99 cor-

responds to conductor TS—18—9 which is em-
ployed for serving notice to main trunk No. 9
that it may prepare itself for connection at large

switching center € to another main trunk which .

in this case may be designated trunk No.
®—88). The operation of relay 25CS in the mis-
cellaneous alarm circuit removes ground from
conductor 256{ of the entire office sequence cir-
cuit chain.

For the purpose of giving a clear understand-
ing of the arrangement of trunks on the cross
bar switches Nos. 0 to 9 at large switching cen~
ter C, trunk No. 9 at large switching cen-

ter B will be assumed to extend to and into large ..

switching center C whereat it will be connected
at the cross bar switch No. 8 o trunk No. X—99
and arranged. to be connected, by means of con~
tact set 3561, to trunk No. X—89 which extends
to central office D.

Continuing with the description of the se-

guence circuit at large switching center B as
heing representative of the seguence circuit at
large switching center C, the inward supervis-
ory path from. the calling trunk circuit No. 99
(trunk No. 3 at large switching center C) to the
director circuit is in a mark eondition and is now
extended over conductor 1112—89, armature No.
3 and contact of relay +lALI—99, conductor
{414, through the upper winding to relay I8G fo

ground. The outward supervisory path. between’

the calling trunk circuit No. 99 (tfrunk No. 8 at
large switching center C) and the director cir-
cuit is now traceable over conductor {1{(—89,
armature No. 2 and contact of relay |{AL{—89,

45

50
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conductor {113, middle lewer armature and kack -

contact of relay (8A2, conductor 1801, make-be-
fore~break contacts of relay (9TB, conductors
1861 and 1802, make-before-break contacts of
relay {9N3, conductor {903, contact and outer-
most lower armature of relay 18C, then in par-
allel paths one extending over the armature and
contact of relay 18G and the other through the
lower winding of relay 18G. Relay I8C is un-

operated at this time and therefore the outward y
supervisory path between the trunk and the di- -

rector circuit is open. Termination of both
supervisory paths is at this time in the director
circuit. (Conductors 1111—89 and 11{2—99 re-
_spectively correspond to frunk sequence conduc-

85

98
tors TS—I1—9 and TS—Ii2—9 shown in Fig.
33.) The operation of relay I8A as hereinbe-
fore described, is the first function of the direc-
tor circuit. Relay 184, upon operafing, (1)
closes at its No. | armature and contact an ob-
vious operating circuit for relay (8A—{ which
operates; (2) closes at its No. 4 armature and
contact an operating circuit for relay 18A2
which operates, the operating circuit for relay
{8A% extending te ground at the lower arma-
ture and back contact of relay 18Ci which still
is unoperated; (3) closes at its No. 2 armature
and front contact an operating circuit for start
magnet 160¢ of the receiving distributor and
the magnet operates, the circuit being traceable
from grounded battery 1602, resistance 1603,
through the winding of start magnet 1601, con-
ductor %494, make-before-break contacts of re-
lay (81U, conductor 1832, make-before-bréak
contacts of relay 18C—I, conductor 1803, to the
front contact and armature No. 2 of relay 184,
to ground; (4) connects ground at its No. 6 ar-
mature and contact to a ecirciit for furnishing
biaging current to relay 18G, the circuit being
traceable over conductor 1884, through the lower
winding of relay {8, 1e51stance 18085, conduc-
tors {88% and (887, resistance (808 to grounded
babtery 1826; and (5) prepares at its No. 3 ar-
mature and con_tact an operating circuit for re-
Igy {8C—I. 'The operation of start magnet
1881 prevents further rotation of the distributor
cams AC, C—I1 to C—5 and SC, once these cams
reach the stop position. Relay I8A—I operates
and (1) locks under contro! of conductor {108,

. which extends to ground at the outermost up-

per armature and contact of relay {{ST2—989 in
the trunk sequence circuit; (2) closes at its
outer armature and contact an. operating cir-
cuit for the motor of the receiving distributor,
the circuit being traceable from grounded bat-
tery 1869, front contact and- outer upper arma-
ture of relay Ii8A—i, conductor 1840, then in
parallel paths, one extending through the field
winding (605 to ground, another through the
motor armature 1586, low resistance winding
1507, resistance 1608 to ground, and the third,
over conductor 1609, outermost lower armature
and front contact of relay 18A2, conductor 1811,
through the upper winding of relay 8B to
ground, but relay 18B does net operate at this
time; and (3) closes at its inner upper arma-
ture and contact, an operating path for relay
{€D&, the operating path being traceable from
ground at the front contact and inner upper ar-
mature of relay 8A—I, conductor 1812, through
the biasing, or lower, winding of relay (8D35, to
grounded battery and relay i4D5 operates to its
space, or right-hand, contact. The operating
path fer relay {4D5 is parallel with the path ex-
tending over conductor 1619, guxiliary spring
contact set ASC in its normally closed position,
conductor 181!, outer upper armature and front
contact of relay 18A2 which at the present time
is operated, conductor i8i3 to the front contact
gnd upper armature of relay 188 which, at the
present time, is unoperated. The connection of
ground at the No. § armature and contact of
relay I§A to the mark, or left-hand, contact of
felay #8G ds hereinbefore described, will cause
the operation of relay {8A3 if relay 18G has al-
réady operatéd to its mark, or left-hand, con-
tact under the influence of a mark signail re-
ceived over supervisory conductor f{i#id from
the trunk circuit No. 88. (The supervisory re-

76 lay, corresponding to relay 18G, at large switch-
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ing center C would be operated to its mark con~
tact under the influence of a mark signal re-
ceived from trunk circuit No. § over supervisory
conductors TS—i2—9. Conductor TS—Ii2—9
in- F.g. 33 corresponds to conductor 1112—83
which is assumed herein to be connected to con-
ductor {1i4 over armature No. 3 and front con-
tact of relay ({ALI-—89.) Relay- 18A2, upon
operating, (1) connects the lower winding of
relay 18C2 to the outward supervisory conductor
{113 which at this time extends to main trunk
circuit No. §8 (the outward supervisory conduc-
tor, corresponding to conductor 1ii3, at large
switching center C would extend at this time
to main trunk circuit No. 9 over conductor
TS—i{-—8, Fig. 33); (2) closes at its innermost
lower armature and front contact a circuit hav-
ing two parallel paths, one of which serves as
the locking path for relay {8A3 which operated
as hereinbefore described, and the other, for
energizing the lower winding for relay 25K—1{ of
the miscellaneous alarm circuit to indicate that
the director circuit is off normal, the latter path
being traceable over conductors 814 and 1815,
back contact and No. § armature of relay 18LU,
conductor 18£8, through the lower winding of
relay 25K—1, to grounded battery; (3) connects
ground at its inncrmost upper armature and
front contact to a circuit extending through
lamp i832; (4) connects ground at its middle
upper armature and front contact to a circuit
extending over conductor 1884, through the up-
per winding of relay 25AB, to grounded battery
in the miscellaneous alarm circuit and relay
25AB operates and causes in turn, the operation
of relay 28K4 to prevent the latter circuit from
permanently removing the associated trunk .cir-
cuit No. 88 from the service if the allotted time
for circuit action has been exceeded (the opera-
tion of a relay, corresponding to relay 25K4, at
large switching center C prevents the perma-
nent removal of the associated trunk No. § from
service if the allotted time for circuit action has
been exceeded); (5) closes ab its outermost
lower armature and front contact the operating
circuit for relay {8B, which operates when the
motor of the receiving distributor attains the
-desired speed and thereby causes its vibratory
contact member to leave its associated station-
ary contact member, the separation of contacts
being determined by the motor control gover-
nor as disclosed in United States Patent 1,860,558,
‘granted to J. H. Sole on May 31, 1932 and (6)
closes at its outermost upper armature and front
contact a path extending from the upper ar-
mature and contact of relay 18B, conductor
1813, front contact and outermost upper arma-
ture of relay 18A2, conductor {61 to the norinal
contact of the normally closed auxiliary spring
contact set ASC. of the receiving distributor.

Receiving distributor motor at large switching
center C attains the desired speed

This description is a copy of that hereinbefore
given for the receiving distributor motor at large
switching center B, and is intended to furnish
a clear understanding of the functions of the
receiving distributor motor at large switching
center C. When the motor of the receiving dis-
tributor attains the desired speed, the governor
contacts open and close alternately as deseribed
in J. H. Sole’s patent, supra, thereby controlling
a short circuit and permitting relay i8B to be-
come sufficiently energized through its upper
winding to operate. Relay (8B, upon operating,
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(1) locks in a circuit traceable from grounded
battery, through the lower winding, contact and
inner lower armature of the relay, conductor
i818, to ground at the front contact and middle
upper armature of relay 18A2; (2) closes at its
outer lower armature and front-contact a circuit
traceable from ground, through the winding of
relay {8C2, front contact and middle lower ar-
mature of relay 18A2, conductor 1113, front con-
tact and armature No. 2 of relay |{AL(—83, con-
ductor {i1{—88 (the conductor, corresponding
to conductor tifi—389 is an extension of the se-
ries connected outward supervisory and trans-
mission conductors TS—I11—8, 3322 and 3239 of
trunk No. 9 at large switching center C, and this
ground connection furnishes the “director ready”
mark signal for transmission through Ilarge
switching center B, to the operator at central of-
fice A) and relay 18C2 operates; and (3) closes
at its upper armature and front contact, the path
extending from the normal contact of the nor-
mally closed auxiliary spring contact set ASC
of the receiving distributor, conductor 1611, out-
ermost upper armature and front contact of
relay [8A2, conductor 1813, contact and upper
armature of relay i8B, through the winding of
relay 18C, to grounded battery. (Trunk circuit
No. § transmits this “director ready” signal
through large switching center B, to the operator
ab central office A to furnish an indication that
the connection thus established is prepared to
complete the call to a subscriber line or a trunk
line local to the large switching center C, or to
seize a main trunk fo another large switching
center (not shown) or to another central office,
such as central office D.) Relay 18C2 will operate
if the “director ready” signal is transmitted. If
the armature of the normally closed auxiliary
spring contact set ASC of the receiving dis-
tributor is closed at its normal contact, as it will
be if the cams have reached the “stop” position,
relay 18C will operate. Relay 18C, upon operat-
ing, (1) closes at its outermost lower armature
and front contact another point in the outward
supervisory path between the calling trunk and
the director circuit at the large switching center
still assuming that the status of call is at large
switching center B and that the supervisory path,
if completely closed, would now be traceable
from ground at the front contact and No. 6 ar-
mature of relay 184, conductor 1804, outermost
lower armature and front contact of relay 18C,
conductor 1983, make-before-break contacts of
relay 191B, conductor {80t, back eontact and
middle lower armature of relay (8A2 which at
this time is in an unoperated condition; (2) opens
at its outer upper armature and back contact
the operating circuit for relay (8A3, as hereinbe-
fore traced, but if relay (8A3 has already op-
erated because of the operation of relay 18G to
its marking contact under the influence of the
mark impulse received from the calling trunk,
it is therefore at this time locked in an operated
position; (3) connects at its outermost upper
armature and front contact, the armature of re-
lay 18G, to the inner upper armature of relay
18C—1; (4) prepares at its innermost upper ar-
mature and front contact a locking circuit for it-
self under control of relay {8C—{; (5) provides
a supplementary ground at its middle lower ar-
mature for the locking circuit of relay 18A3 and
also for conductor {815 which forms part of the
operating circuit of relay 25K—I{ of the miscel-
laneous alarm circuit, the operating circuit ex-

78 tending over the contact and middle lower ar-
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mature of relay 18LU, conductor 1816, through
the lower winding of 26K—1, to grourided bat-
tery; and (6) closes at its middle upper armature
and front contact an operating circuit for relay
{8C—1, which operates in g circuit traceable from
grounded battery, through the winding of relay
{8C—1, middle upper armature and contact of
relay #8C, conductor {819, No. 3 armature and
front contact of relay {8A, to ground. Relay
{6C—{, upon operating, (1) opens at its lower
armature and back contact the operating circuit
for relay 18A2, which releases; (2) substitutes
at its inner upper armature and contact another
ground connection in the circuit for operating
start magnet 1604, which remains operated under
the influence of relay {8G in response to each
mark pulse of an incoming signal received from
the calling trunk, the circuit being traceable from
ground at the armature No. 6 and contact of re-
lay 18A, conductor 1884, mark contact and ar-
mature of relay 138G, outermost upper armature
and front contact of relay {8C, inner upper arma-
ture and contact of relay {8C—I, conductor 1802,
make-hefore-break contact of relay 18LU, con-
ductor 1664, through the winding of start magnet
1601, resistance 1693, to gsrounded battery 1602;
(3) connects ground on its ouber upper armature
and front contact to conductor {826 which ex-
tends through each of the normally open con-
tacts SC—! to SC—5, in turn, of the receiving
distributor, providing the contact is closed by
the mark impulses of an incoming signal re-
ceived by relay 18G, over paths respectively ex-
tending through the windings of fanning-out re-
lays 14D—1{ to (6D—4, to grounded battery; and
(4) at its lower armature and front contact con-
nects ground to the locking circuit for relays
t8C and 18C2, if operated, and utilizes this
ground for conditioning over conductor 1821 vari-
ous paths in the director circuit. With relays
{6C2 and i8A2 operated, relay {8C—I, upon op-
erating, will place ground over the operated up-
per armature of relay 18A3 on conductors 1822
and £823, respectively, thereby operating relays
35K 3 and 25AB, the latter operating relay 25K4
to notify the miscellaneous alarm circuit that the
director circuit at the large switching center is
ready to funection. Relay 18A2, upon releasing,
(1) connects at its middle lower armature and
back contact direct ground at armature No. 6
and front contact of relay 84, to the outward su-
pervisory conductor 1113, replacing the ground
connected to the winding of relay 8C2, thus con-

tinuing the “director ready” mark signal over

the cireuit thus completed extending from ground
and armature No. 6 of relay 184, conductor 1894,
outermost lower armature and contact of relay
18C, conductor (903, make-before-break con-
tacts of each of relays (9N3 and [9TB, con-
ductor 1881, back contact and the middle lower
armature of relay 18A2, conductor 1113, over the
outward supérvisory path; (2) removes at its in-
nermost upper armature and front contact, the
ground from lamp 1832 which now becdmes ex-
tinguished; (3) opens at its outermost lower ar-
mature and front contact the operating circuit
for relay (8B which is thereby disconnected from
conductor 1608 which is only one of the paths
of the motor governor control circuit of the re-
ceiving distributor at the large switching center;
(4) removes ai its middle upper armature and
contact ground from conductor (804 which ex-
tends to the miscellaneous aldrm circuit and

the removal of the same ground opens the locking .

circuit for relay 8B, and relay 18B releases; and
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Y transfers at its outermost upper armature,
conductor 611 which extends to the normal con-
tact of the normally ¢losed auxiliary contact set
ASC of the receiving distributor, to conductor
1824 which extends over the outermost upper ar-
mature and back contact of relay 14F2, cen-
ductor {413, to the lower armature of relay 14K,
Assuming that the “director ready” signal has
been sent and the mark has been received from
the calling trunk, the director circuit at the large
switching center now awaits the teledirecting
telegraph chdracter signal from the operator at
central office A. 'The teledirecting telegraph sig-
15l impulses received over the inward transmis-
sion and supervisory path irncluding conductor
t§12—9 (trunk sequence conductor TS—I[2-—9 in
Fig. 33), No. 3 armature and contact of relay
{1ALi—88, conductor ti14, through the upper
winding of relay 138G to ground, are repeated by
the latter relay. Relay (8G is rormally held to
its marking position, under the influence of the
marking signal normally received from the trans-
mission and -supervisory path, just traced.
Therefore, as soon as the character signal is re-
ceived, the start, or open, impulse of the signal
permits relay 18G to operate to its space contact
thereby causing start magnet {80f, of the re-
ceiving distributor to release. "The start magnet,
in following relay (8%, response to the impulses
of each incoming signal and in response to the
start impulse causes its armature to disengage
the start cam SC and armature extension 6(¢
under the influence of the tension of spring §§49,
is moved. out of operative relation with the op-
erating levers OL—{ to OL—3. The receiving
distributor at Iarge switching center C is iden-
tical with that hereinbefore described as being
of the type shown in Fig. 6 of J. M. Desmond’s
United States Patent 2,190,540, supra, and there-
fore any further description of its operation at
large switiching center C is deemed unnecessary.

Reception of signal preliminary to ihe cdlled
number at large switehing center C

As hereinbefore stated under the caption of
“Reception of signal preliminary to called number
at large switching center B,” it is necessary to
discriminate between calls to lines extending to
subscriber stations or to trunk lines extending
to a small switching center both of which types-of
lines may be local to line switching center C, and
calls to a “through” trunk extending to another
large switching center or to a distant central
office. When the call is to a subscriber’s line or
a trunk line “Figures” is the preliminary signal
received in large switching center C and when
the call is to a “through” frunk, the preliminary
signal is “Letters.” Two significant character
signals corresponding to numerical digits will fol-
Jow “Figures” when the incoming call at a large
switching center is to a local subscriber line or
local trunk line and only one significant char-
acter signal corresponding to a letter of the
alphabet, will follow “Letters,” when the in-
coming call is to be extended to another large
switching center or to a distant central office.
As hereinbefore stated the combination of se-
lecting impulses of the “Figures” are mark, mark,
space, mark and mark and those in the “Letters”
signal are mark, mark, mark, mark and mark,
that is, all selecting pulses in the latter signal
are mark. All telegraph character signals re-
ceived at the large switching center C are broken
down by the receiving distributor intc their five
componerit elements, o
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Should a “Figures” signal be received at large
switching center C, the signal would be broken
down into its five component elements by the
local receiving distributor in the same manner
as the “Figures” signal was translated by the re-
ceiving distributor at large switching center B
as hereinbefore described.

Establishing a call to a subscriber line or a trunk
line local to large switching center C

For a detailed description of a call to a sub-
seriber line local to large switching center C ref-
erence may be had to the call from central office
A to a subscriber line local to large switching
center B, which was hereinbefore described, or
to Krecek’s Patent 2,368,666, supra, and for a
detailed description of a call to a trunk line ex-
tending to a small switching center such as
switching center P, reference may be had fo
Large Patent 2,375,856, supra. Inasmuch as these
types of calls are established through another
large switching center, such as switching center
B, they are “through” calls, until they are con-
nected to a main trunk incoming at large switch-
ing center C and at switching center C these
calls are completed as local calls upon the receipt
of signals corresponding to “Figures” and the
number of the called line,

Cuall originating at the operator’s switchboard at
central office A for a “through” call to central
office D

A connection for a call originating at an op-
erator’s swtichboard at central office A to cen-
tral office D is prepared in the same manner as a
call to large switching center C hereinbefore de-
scribed. Should it be desired to extend the con-
nection, hereinbefore described as established
at large switching center C, to central office D,
the next preliminary signal transmitted from
central office A, after the connection is estab-
lished at large switching center C, would be “Let-
ters” followed by the signal corresponding to let-
ter D, the latter signal being capable of selecting
a group of main trunks extending to central office
D. As hereinbefore described, the selecting im-
pulses of the signal combination for “Letters”
has the corresponding effect on the receiving
distributor in the director circuit (not shown)
at large switching center C as the signal for the
“Letters” signal had on the receiving distributor
in the director circuit at large switching center
B. At large switching center C the letter D as an
incoming signal, is herein the significant char-
acter,

Reception and decivhering at large switching
center C of the signal combinalion for letter D

For the purpose of illustration the description
herein given, under the present caption, of the
sequence and the director circuit (not shown) at
large switching center C, reference is again made
to the reference characters shown in the sequence
and the director circuit shown in Figs. 10 to
14, inclusive, and 16 to 19, inclusive, and used in
the description thereof, hercinbefore given, for
operations at large switching center B.

Immediately after the reception of the start
impulse of the signal combination for the letter
which constitutes the significant character at
large switching center C, such signal causes to
be seized a trunk group extending to a called
central office.

Referring to the reference characters herein-
before used for large switching center B, the
armature of the auxiliary spring contact set ASC
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(Fig. 16), on the receiving distributor in the
director circuit, immediately before the reception
of the first selecting impulse of the signal cor-
responding to the significant character operates
under the influence of cam AC from its normal
centact to its alternate contact whereby grounded
conductor {610 is connected to a circuit includ-
ing conductor {417, for operating relays 14F2
and i4F3. Relay {453, upon operating, prepares
for the operation of the {7DL relays; (2) connects
ground at its No. T armature and contact to con-
ductor 1455, through the windings, in parallel, of
relays {3H—3, {3H—1{, {3H—2, to grounded bat-
tery, in the sequence circuit to establish a “status
quo” condition among the trunks in the switch~
ing center thereby preventing any trunk from
releasing switches if they are about to do so.
Relay 14F2, upon operating, (1) closes at its No.
3 armature and contact a locking circuit for
both itself and relay (68F3; (3) prepares at its
No. f armature and front contact an operating
circuit for relay i41¥; (3) prepares at its No. §
armature and contact an operating circuit for
relays 148 and {4S—Ii, the circuit when com-
pleted being traceable from ground at the inner
lower armature and front contact of slow-oper-
ating relay 25D which operated a short while
after the selecting magnet 35SMi—§ operated,
resistance 2567, conductor 2588, armature No. §
and contact of relay [(4F2, conductor {431,
through the winding of relay (4S, front contact
and inner lower armature of relay 4R (now in
an unoperated position), conductor {825, contact
and armature No. T of relay i8LU, conductor
i4i4, armature and either contact of relay {4D5,
depending upon which letter of the alphabet
corresponds to the signal transmitted from cen-
tral office A, over the corresponding operated
armatures of relay {4F3, either of two conductors
§828 and (429, through the selected path closed
by the {TDL relays to a trunk hunting conductor
corresponding to the signal combination that is
transmitted from central office A to establish g
“through” connection to a distant called office;
(4) connects at its No. 2 armature and contact,
the series-connected ground conductors 821 and
i416 to a circuit which extends over conductor
1432, contact and outer lower armature of relay
14F—I, now unoperated, for future connection to
conductor 1132, contact and armature No. 7 of
relay {1ALi-——98, conductor Ii{8—§9, trunk se-
quence conductor TS—{8—9 (¥Fig. 33) to ground-
ed battery, through the winding of relay 34 TR—1,
to grounded battery, for operating relay 34TR—i
as hereinbefore described when an idle available
trunk in the desired group is found; and (5)
removes at its armature No. | and back contact
the possibility of connecting relay {4F through
the armature of relay 14D5 in the manner here-
inbefore described.

The selecting impulses of the signal corre-
sponding to letter D are mark, space, space, mark,
space and therefore cause the contact sets SC—I
and SC—4 only, to close while contact sets SC—2,
SC—3 and SC—-b remain open during one revolu-
tion of shaft 1613 on the receiving distributor.
Accordingly, relays i TDL—IA, 1TDL—I{B, {IDL—
IC, ITDL—ID gnd (TDL—4D operate and the
relay corresponding to relay (4D§ moves to its
space, or right-hand, position. At the conclusion
of the fifth selecting impulse, the armature of
the auxiliary contact set ASC closes to its normal
contact, causing the rapid operation of relay (4N
and, in turn, the operation of relay (4N—I.
Relay 4N, upon operating, connects at its lower
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armature and front contact the. testing circuit.
for testing- the selected trunk group by means.

of” thmk Hunting- conductor 3780—D" which. ex-
tends through. the windihg of relay 3THH to
grounded negative battery. Relay 3THH corre-

sponds to the first: trunk, namely, main trunk.

No. X:—89 of the desired, or:called, group. ex-
tending to central.office D:

Testing at large-switching center C of the-desired
group- of  main trunks: extending- to- central
office: D for busy condition

By means-of a:chain circuit in the trunks of.
a: group extending: to. central office D, a trunk:
hunting path. such as- that: of trunk hunting:
conductor: 3108—D selected by the fanning relays-

corresponding to the 17DLi relays and relay: {4D§,
in response. to. the  recertion. of the- signal cor-
responding to:letter D; is:extended.over: the-upper
armature: and back contact of relay $7AD:in the

chain: cireuit; through the winding of relay 3THE:
to.grounded negative battery, providing the.first.
However, if. the-first’
idle: trunk: of  the group- is busy, trunk hunting.

trunk-of the-group is idle.

conductor. 37100-D is extended over the: upper

armature and: front: contact of relay 3TAD: to-
the: next: advance: AD relay. associated with the:-
next; trunk of the: desired. group. If the. next.
trunk:of the desired.group is busy, trunk hunting:
conductor: 3100-—D: is: extended over. the: upper.
armature: and: front: contact. of such next’ ad--
vance:relay: AD.to. another: advance relay AD:in:
the: chain: and: this: operation is continued over:
the: group: of: all trunks until the:idle: trunk is:
found or until: one: of. the: busy. trunks: becomes.

idie:

Shiould all:the:trunks of the group. controlled by:

thHe:advance relay 3TAD: be busy,.ground. would
be:connected to conductor:3109—D and the relays

corresponding: to:busy relays. |4~—00 and 14—BY;,
would:operate.. .In case.no.ground’is.available to:
trunk-hunting. conductor. 3188—D, the relays:cor--
responding: to-relay §8—00. and: (4B=—Y, do.nob:
operate. as: hereinbefore described.. This test:
takes:place during the-slow operating time:of.the

relay:corresponding to relay {4N2; which, as here-

inbefore stated, begins to-operate when the relay:
corresponding:to relay t4N—I{; operates:. As soon.

astherelay.corresponding to relay: 14192, operates,
thie.ground ‘at:the lewer.armature and front:con-
tact ofrthe relay corresponding. to relay 18C—I,
conhected to the circuit: extending over: con=
ductors- corresponding: to. conductors. 1821, 1416

and: 1444, is:now traceable.over:the armature:and:

front contact ofithe relay corresponding: to:relay

14192, to the armature of the relay-corresponding.

torelday-t4=-006.

Firstiidle: trunk  at: large switching center C. of.

group: of. main: trunks exiending  to central
office: D

Assuming that the-first: trunk; say: trunk. No.
X-89-of .the desired group is-idle; in which case,.
ground s not connected to.conductor 3708-—D,.
the-relay:.corresponding.to:-busy relay 14-—88, will:

ber umoperated and ground: connected to. the
armature- of - the relay- corresponding to: relay
142987 by the relay corresponding to relay {4N2;

- js- extended through the winding- of the-relay:
corresponding to relay {4R, to grounded battery:

t6 cause the-operation-of the relay corresponding
torelay (4R

Inasmuch . as the' director - circuit~ at* large-
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switching center C is not shown, the reference
characters hereinbefore used in the description of
operations-in the director circuit at large switeh-

ing center B, will again be used in the description,
immediately following, of the cperations in the-
director circuit at large switching center C.
Relay I4R, upon operating (1) removes relays
14=—00 and 14—BY from the trunk hunting con-
ductor: (2100—D) of the desired trunk group
and replaces them by relay 14S, the replacement’
path being traceable over the front contact and
inner lower.armature of relay (4R, through a cir-

cuit similar to.that Hereinbefore traced, to ground
at the contact and inner lower armature of relay
25D in. the miscellaneous alarm circuit; (2)

causes atis make-before-break contacts the open-

ing of the operating circuit for relay {4N—I1

which now releases; (3) prepares at ibs upper
armature and. contact an. operating circuit. for
relay 19U and (4) locks over its outer lower
armature and front contact in a circuit trace-
able. over the grounded series-connected con-

ductors 1444, 1416 and 182{, to the front contact-
and. lower armature of relay 18C—I. The re-
lease of relay 18N—I-causes relay [4N—2 to slowly
release. During the time that relays {4N—I and.
[4N-—2. are releasing, ground at the inner lower
armature.and contact of relay 25D in the miscel-
laneous. alarm circuit is connected to a circuit
traceable.through low resistance 2597, conductor-
2506, outer. lower armature and. contact of relay
1482, conductor 1431, through.the winding of

relay 148, conductor 1436, front contact and inner
lower armature of relay 4R, conductor 1825, con-

tact and -outermost lower armature of relay {8LU,

conductor 1414, armature and space contact of
relay. 14D5,. conductor: 1423, No. 6 armature and
front - contact of-relay 14F3, conductor (429, lower

armature. and.front contact of relay {7TDL—4,

inner lower armature and back contact of relay
{ 1DL—3; inner upper armature and back contact
of. relay. ITDL—2B, inner lower armature and
front contact of relay 1TDL—IC, to a hunting:
conductor to the.first idle trunk in the desired
group extending to the terminating office. Under
the assumed - condition if the first trunk of the
group - is-idle, grounded battery connected to the
selected: hunting: conductor (3780—D) permits
relay 14S to:operate, but-due to the high resist-
ance of -the circuit which at this time includes the:
winding.of relay 14S and its associated HH relay
which .in the -case where large switching center B
was. the terminating office, was relay THH, but
which in this call is relay-3THH. Relay 3THH, in
view: of this. resistance, remains unoperated. at-
this time.

Relay. 14S; upon operating, opens the operat-
ing-path -of relay 19U, and closes a path for op-
erating. relay. 148S—I, the operable path being
traceable from: grounded battery, through the
winding of relay 145—I, front contact and arma-
ture of ‘relay 148, back: contact and armature of
relay 14N2, grounded - series-connected conduc-
tors 1444, 1416 and (821, to ground at the front
contact and lower armature of relay 18C—I, and.
relay 14S—I, operates. Relay 14S—I, upon op-
erating; (1). locks:to ground on the-series-con-
neeted conductors:1444; {416 and 182{; (2) short
circuits -the-winding: of: relay {48 which now re-
leases; and (3) maintains open at its inner lower
armatuie and contact the operating path for re-
lay -19Y; With the winding of relay (48 short”
circuited; ground with' the low resistance 2507
supplied by the miscellaneous alarm circuit is-
extended over ‘conductor 2505, front contact and-
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outer lower armature of relay 14F2, conductor
1431, front contact and outer upper armatare of
relay 14S—1, front contact and inner lower arma-
ture of relay I4R, to conductor 1825, and thence,
as hereinbefore traced, connected to the trunk
selecting conductor which, in the present call, is
trunk hunting conductor 3786—D, extends to the
first idle trunk, namely, trunk No. X—89, of the
desired group and relay 3THH operates. Relay
3THE, upon operating, closes as its upper arma-
ture and contact, a circuit extending over con-
ductor 3784, through the winding of holding mag-
net 36HX—89—0, to grounded battery. Hold-
ing magnet 36HX—89—0 operates and conse-
quently all the other holding magnets 36HX—
89— to 36HX—89—8 and 35HX-—89—9 shown
in Figs. 36 and 35 as being in the same vertical
row, operate. Holding magnets 36HX—89—¢g to
36HX—89—8 and 35HX and 35HX—89—9 are

respectively provided for the corresponding ver- 9

tical rows of contact sets in switches Nos. § to 8
of the crossbar switches provided at large switch-
ing center C and represented in Figs. 35 and 36.
The corresponding vertical rows in these switches
are arranged in continuous alignment. Switches
Nos. 0, 8 and 9 only are shown in Figs. 35 and 36
and on these the rows are shown in part only.
One vertical row connected in continuous align-
ment through switches Nos. 0 to § is assigned
to each of the main trunks arranged for
“through” connections. Likewise each vertical
row of another group is assigned to each trunk
line extending to a small switching center and
each vertical row of still another group is as-
signed to each subscriber’s station local to the
large switching center C. Holding magnet
35HX—88—9, upon operating, connects trunk
X—89 to the calling trunk which in large switch-
ing center C is trunk No. 8, the connection be-
ing established over contact set 3501 prepared
for operation by selecting magnet 35SM—9 as
hereinbefore described. The call connection be-
tween central office A and central office D will
therefore be established over main trunks No.
99, No. 9 and No. X—89. The operated contact
set 3501 closes a circuit extending over conduc-
tors 3505, 3417 and 3312, connected in series,
through the winding of sleeve relay 33SL, con-
ductor 3313, to ground at the contact and arma-
ture No. | of relay 33—ON and relay 32SL op-
erates. The connection to called trunk No. X—89
functions to release the sequence circuit at the
large switching center C when the call for a
“through” connection over the trunk becomes

established, the function residing in the opera-

tion of holding magnet 36HX—85—p whereby
ground is connected to conductor 378 of the
operating circuit for relay 37HM which operates.
Relay 3THM, upon operating, opens at its No. T
armature and contact, the oberating circuit for
the start relay corresponding to relay 125T2—39,
of the trunk sequence circuit for called main
trunk No. X--89, which is prevented from op-
erating and therefore cannot be selected for an-
other call at this time.

Functions at large switching center ¢ and central
office D of called main trunk No. X—89 upon
being connected to calling main trunk No. 9

When grounded series-connected conductors
corresponding to conductors 1432, 1416 and 1821
are extended in a path traceable over the front
contact and outer lower armature of the relay
corresponding to relay 14S—I, conductors cor-
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ture No. 7 of the relay corresponding to relay
[I1AL—1—89, conductor corresponding to con-
ductor 1118—99 which in Fig. 33 is assumed to be
trunk sequence conductor TS—I{8—$8, through
the winding of relay 34TR—I, to grounded
battery and relay 84TR—I operates. Relay
38TR—I, upon operating, (1) transfers con-
ductor 3405 from armature No. 4 to armature No.
5 and conductor 3485 which is a continuation of
ring conductor 3418 and previously extended
through the upper winding of relay 33SP, to
ground, now extends over a circuit including con-
ductor 3402, contacts and innermost lower arma-
ture of relay 32TR and the armature of receive
relay 32R; (2) disconnects at its armature No. 5
and back contact, conductor 3402 from the cir-
cuit extending over conductor TS—I[2—8 of the
inward transmission path extending from frunk
No. 9 to the director circuit; (3) connects at its
No. 2 armature and back contact the path for
connecting ground and armature No. 5 of relay
33—ON to the space, or right-hand, contact of
receive relay 32R; (4) substitutes at its No. 3
armature and front contact a resistance ground

" 8430 for the positive potential previously applied

to the marking, or left-hand, contact of relay
32R; (5) locks at its No. T armature in a circuit
extending over conductor 3408; to ground at

.armature No. 4 of relay 33—ON; (6) opens at its

No. {1 armature and back contact, the operating
circuit for relay 32TR and prepares at the same
armature and front contact the operating circuit
for relay 82TRZ; (7) closes at its No. 18 armature

.and front contact a point in a path that puts
5 relay 33SP—I directly under control of con-

ductor 3410 which exfends to the link circuit;
(8) connects at its No. 8 armature and contact
a ground connection for operating relay 34D2,
which operates and then locks under control of
relay 34D3; (9) substitutes at its No. 8 armature
and front contact another ground for connec-
tion to the grid of vacuum tube 3411 which re-
mains non-conductive; (10) disconnects at its

- No. 6 armature and contact, battery supply 3422
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for operating relay 33BL—I; and (11) prepares.
at its No. | armature and contact an operating
circuit for relay 38B. Relay 34D2, upon operat-
ing, (1) closes at its inner upper armature and
contact a circuit for energizing the filament of

v vacuum tube 34i1; (2) prepares at its inner upper

and its outer lower armature a charging path for
condenser 3412 and (3) furnishes at its outer
upper armature and contact a locking circuit for
operated relay 34AD, and an additional ground
for conductor 3413 which is connected to con-
ductor TS—I19—9 of the locking c'rcuit for the
chain relays corresponding to relay { {CH—99 and
11AD—99, of the trunk sequence circuit at large
switching center C. Relay 34AD became oper-
ated when relay 33A operated, the operating cir~
cuit for relay 34AD being traceable over the lower
armature and contact of relay 34HH, trunk
sequence conductor TS—21—8 and conductors
3304 and 3393 and to ground at front contact and
armature No. 6 of relay 33A. As hereinbefore
stated the relays corresponding to relays
i {CH—89 and relay 37TAD, upon operating, re-
spectively made trunk No. § busy to any other
call from large switching center C and to any
call from any of the other central offices or
switching centers.

Turning our attention now to the previously
selected called trunk, it will be recalled that the
director circuit, not shown, at large switching
center C has caused the operation of relay 31THH
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and-that there were.operated subsequently there-
’oo holding magnets 36HX—89--0, 36HX—BS—-—I

. 36HX-~89--3; 35 X-—89—98; relay 3THM and:
contact set-380{: The connection esta;bli_s‘hgdgbeg,
tween calling trunk No. 9 and called:trunk-No.
X--89: and contact: set- 3504 permits conductors:
3415; 3546, 3418 and 3419 of: trunk No. 9:to; be-
respectively.connected to conductors:3503; 3504,
3595. and 8536 which, in. turn, are. permanently:
connected to . conductors. 3718, 3715, 3110: and:
3718; respectively: of trunk No. X—89, particular:
notice. being given to the fach. that the. con-
ductors of trunk. No. 8 upon: being: connecled to
the.conductors of trunk X=-89 are reversed. For:

example, tip.conductor: 3815 of trunk No. 8. 1s: i

connected: to- ring. conductor 37i6: of trunk No.
X889, ring: conductor- 3%1 6 oftrunk No. 9 is con=
nected .to tip.conductor 37{8:0f trunk No. X—89,
conductor - 3418-and.trunk No. §-is connected: to.

conductor 3710: of trunik- No. X:=89: and: con- o

ductor 3418 of trunk: No. §.is connected to-comn-.
ductor 2718:of trunk No. X—89: Also, contact:
set- 3500; upon establishing the: connection:
connects. the. winding of holding magnet
36 ¥—89-—8. over conductor 3505; conductor:
3417:in a- cireuit traceable over conductor- 3812,
through the: winding of relay 38SL,. conductor
3813; to.ground: at the centact and No. | arma-
ture of relay 38-—ON. as hereinbefore stated.
Relay 38SL in. the calling. trunk No. 9 operates
and: holding- magnet 36HX~-89-—0. is. held:
operated afterthe sequence circuit-and the direc-
tor circuit-at-large Switching center C: are re-
Jeased:

R.elay 31HM: in the- called- trunk No. X—89,
upon operating, (1) connects at ifs.No. § arma-
ture and-front- contact, conductor 3702 -to con-
ductor 8721 in order.to place relay 38SP—1 under-
conbrol-of-conductor-374¢ which is now-connect-

ed-over the.operating -contact set 3501 to con-

ductor-3418 of -the calling-trunk No. 9-to procure
ground in-a-circuit traceable over conductor 3249;
inner right-hand armature and contact of relay:
BZG——I ‘conductor-32 11~ to~the- No.- 5 armature
and- contact of:relay 33-—A. thus operating- relay
28SP-—1: of the-called- trunk- No: X=—88-—0;- (2
removes- at - its-No. 2 -armature: and-baek centach-
relay -388pP-from- the circuit including: conductors-
3706 and 3785 and- ring- conduetor- 3716= which-
ex’se"lds to the link; (3)- prepares at its No- 8:ar-
maturﬂ ‘and contact-an-operating -path- for- relﬁy
27 TR-—{- of-the- called> trunk - X-—89; (4) opens-
at-its-No. 7-armature-and-contact a- circuit: in--
cludi ng conductor TS—02-—9- which- extends-

through - the .winding- of the- sbart- relay- corre- 5

spoanding to start relay- 128T-—88; of: the-trunk-

sequence cireuis associated- with- the previously-

called-trunk-No: 89-thus- preventing -the- called-

trunk-at large switching center-C from-calling for-
a-director circuit: not-shewn; (8) prepatres at-its-
No. {| armature.and contact an-operating path:
for.relay 3TAD:of the..called:trunk: No. X=—89;

(8).alsc-places on the No. l:armature.and contact-
a. ground for connecting: to. conductor- TS24 —8z0f:
the ecalled sequence trunk cireuit-(not:shown)..for-
called main. trunk No.. X—89 -which ground opst-..
ates  the chain relay. corresponding: fo . relay:
{2-CH-=—89, and advance relay corresponding-to-
advance relay. 1 2-—AD=—89, to make.called:trunk.
X80 appear busy-if: the called:trunk:-was. one.:
which:-could ‘be. used: for outward service.of-lccak;
subscribers; (7) opens:at:its No: 4 armature.and:
contach: the circuit- extending - over. conduector:
2702, contact and:innermost:lower; armature: of:

relay:39TR.to, the armature-of receiverelay:39Rs: 7
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(8)- disconnects battery 3122 ap- its No, 5 arma-.
ture and: contact: from the - winding of relay-
38BL—I;-(9) prepares at its-No. 2 armature and
front contact-an operating circuit for relay 388,
the circuit when: completed being traceable from
grounded- battery, through the winding of relay
388, inner lower armature and front contact of
unoperated relay 38SB—I, conductors 3§14 and:.
3815, front contact and No. 3 armature of relay
37HM, conductor 3725, front contact and No. §
armature of relay 38SP—I, conductors 3818 and:
3813, to-ground on the contact and No. { arma-
ture of relay 38—ON. Relay 38SP—I, upon
onerating; (1) causes at its No. § armature the
operation of relay 38—ON of the called trunk No.
X—89; (2) opens at its No. 2 armature and con-
tact - the operating circuit of relay 38R3 of-the:
ealled trunk No. X—=89; (3) removes at its No. 7
armature and contact one of the ground connec-
tions from -the grid of subscriber-break vacuum
tube 3924; (4) removes at its No. 8 armature
and contact the possibility of short-circuiting re-
lay 38SP of -the ecalled trunk No. X—29, a func-.
tion-which is: of no value since the relay 238SP of
the-called: trunk number X-—88 is removed from
the-cireuit; (5) connects interrupter ground 3848
at.its‘No, 6-armature and front contact to a cir-
cuit: extending over econductor 3924, armature.
and. contact. of break-limiting relay 39BL (un-

56 operated at: this time), conductor 3826, through

the: winding . of relay 38BL—I, conductor 2817,
armature No. 5 and back contact of relay 3THM-
which is. now-in an operated position, contacts:
and-armature No. 6 of relay 3TTR—{, o ground-.
ed:-battery 3722, which circuit performs no func-
tion at this time because in addition to relay-
39BL being unocperated, relay 3THM is operated;
and (8) at:its No. 5 armature and contact pre-
pares a path for operating relay 39TR2, the oper-
ating: circuit for relay 39TR?2 being traceable
from: grounded battery, through the winding of
relay 38TR2, conductor 3838, front contact and”
armature No. {1 of unoperated relay 37TR—I,
conductor 3724, contact and armature No. 2 of
unoperated relay 384, back contact and inner-
most. upper armature of relay $8R2, conductors
3814 and 3845, contacts and armature No. | of
unoperated-relay 37TR—{, conductor 3%25, front
contact and armature No. 5 of relay 38SP—I,

- conductors 3818 and 3813, to ground at armature

No. | and contact of operated relay 38—ON.
Relay 38—ON of the called trunk No. X—88¢,
upon operating, (1) closes at its No. 8 armature:
and- front- contact a circuit for energizing the
filaments of vacuum tubes 23902, 3993, 3944, 3405,
and. 39868, extending from grounded battery
3808; (2) connects power to the repeater relays
of:the called trunk No. X—=89; (3) connects at-
its: No. { armature and contact ground connec-
tion to-:the operating cireuit for  relay 38SL,
which, however, will not operate on this call; (4)
conneets: at: its No. & armature and contact a
locking. ground for uncperated relays 3TTR—I
and:39D—1; (B)-prepares also at its No. 4 arma-
ture: and ‘contact an operating circuit for relay
3TTR-1I, the circuit being traceable from
grounded hattery through the winding of relay
2TTR—!,; conduector 2728, countact and armature
No. 8:of relay 37HM, conductor 3727, front con-
tact and outermost upper armature of relay
38CT—1; conductors 3927 and 2899, to the con-.
tact -and- armature No. 4 of relay 38—ON fto
ground; and (6) c1oses at its No. T armafcare and-

grgunded Abatte_ry, 3819, over the No. 7 arm,tu,r,e
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and contact of relay 38—ON, normally closed
contacts of busy key 3828, conductor 3821, to the
automatic signal trunk jack circuit arranged to
be inserted in jack 3928. The called trunk No.

X—88% at this stage therefore has the following .:
relays operated: 37THH, 3THM, 38SP—I, and 38— -

ON. The condition of the repeater relays will
be hereinafter described.

Returning to the calling trunk No. 9 at large
switching center C it will be remembered that
the holding magnet 36H—89—8 of the called
trunk No. X-—88 caused the operation of relay
23SL of the calling trunk No. 9. Relay 33SL,
upon operating, connects (1) 3 second ground to
trunk sequence conductor TS—I{9—9 and (2)
ground at its upper armature and contact to the
operating circuit for relay 33SL—I{ which oper-
ates. Relay 33SL—i, upon operating (1) pre-
pares at its front contact and inner lower arma-
ture an operating circuit for relay 83R2, the cir-
cuit when completed being traceable from ground-
ed battery, through the winding of relay 83R2,
armature and contact of unoperated relay 33R—1,
front contact and inner lower armature of relay
338L—1, conductor 3489, front contact and No. 7
armature of relay 33TR—I{, conductor 3428, con-
tact and armature No. 8 of unoperated relay
34FIM, conductor 3427, front contact and outer-
most upper armature of relay 82CT—I, con-
ductors 3327 and 3488, to ground at the contact
and armature No. 4 of relay 33—ON, but relay
33R2 will, however, not operate at this time since
both trunk sequence conductor TS—i2—8 and
relay 33R—1{ have already been disconnected from

the armature of receive relay 32R by the operated :

relay 34TR—I, and (2) opens at its outer lower
armature and contact trunk sequence conductor
TS—02—§ to the director circuit (not shown)
to release the start relay corresponding to the
start relay {1ST2—89, of the trunk sequence cir-
cuit for main trunk Ne. 8, and the start relay,
upon releasing, causes the disconnection of the
director circuit at large switching center C. The
release of the start relay corresponding to start
relay ({ST2—88, also causes the release of its
associated relays corresponding to relay {{AT—§8
and {{AL.{—8§8, and greund on armature No. 8
of the relay corresponding to relay 184, extended
over conductors corresponding to conductors
18G4, 19603, 15082, 1961, (884, {{i3 and t1{1—898,
then over trunk sequence conductor TS—I{—8,
and conductors 38322 and 3239 of the outward
transmission path is therefore disconnected at the
armature No. 2 of the relay corresponding to relay
1{ALI—88, and relays 338 and 33L operate to
their respective space, or right-hand positions.
Relay 338, upon moving into its right-hand posi-
tions transmits a spacing signal to the large
switching center B at which station the space
signal is repeated to calling central office A. It
must be remembered that the tip conductor 3415
of the calling trunk No. § is also connected to the
ring conductor 371§ of the called trunk X—8§8,
but in the called trunk X—3839 the ring conductor
3716 is open at relay $THM so that the space sig-
nal continues to be sent to the large switching
center B whereat it is repeated to central office A.
A mark signal is still being received from central
A through large switching center B so that the
relays 38TL and 38R are on their mark contacts.
Receive relay S8R is therefore connecting g re-
sistance ground on armature No. 8 and front con-
tact of relay 384TR—I, to the circuit extending
over conductor 3428, mark, or right-hand, contact
and armature of relay 39R, innermost Jower arma-
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ture and contact of relay 39TR, conductor 3402,
armature No. 5 and front contact of relay
34TR—I, conductor 3485, normally closed con-
tacts of jack 3309—B, ring conductor 3416, oper-
ating contact set 3501 of the link circuit, con-
ductor 3504, tip conductor 3715, normally closed
contact at the tip spring of jack 3808—A, upper
armature and back contact of relay 38R3, through
the lower winding, in series, of relays 38S and 38L,
conductor 3822, make-before-break contacts of
relay 39TR, conductor 3939, to grounded positive
battery 37088, it being noted that the mark signal
is sent over the ring conductor 3418 of the calling
trunk No. 9 to the tip conductor 3745 of the called
trunk No. X—89, which signal, of course, oper-
ates relays 38S and 38L of the called trunk No.
X—388 to mark or their left-hand positions. Re-
lay 388, upon operating to its mark position, sends
a mark signal from grounded positive battery,
over the make-before-break contact of relay
38SB—I, contact and armature No. 3 of relay
38—ON, conductor 3823, to tke normally closed
contacts at the spring member of jack 23935—
SEND, conductor 39i4, to the central office D.
The distant central office D, which in this case is
the called office, is, of course, sending back a
space signal over conductor 3915, normally closed
contacts of receive jack 393{, conductor 3532,
through the lower winding of relay 89TL, re-
sistance 3983, contact and outer upper armature
of relay 38CT2Z, conductor 3935, through the upper
winding of receive relay 39R, resistance 393%5, to
grounded negative battery 3931, and relays §§TL
and 3%9R are moved to their space positions as
shown. With ground removed from the mark, or
left-hand, contact of relay 38TL, the grid of dis-
connect vacuum tube 380§ receives a positive po-
tential from grounded battery 3888 and the tube
3806 becomes conductive after one-second time
interval, thereby operating relay 39D. Relay
39D—1, however, does not operate at this time
since the contact of cperated relay 39D has no
ground.

The release of the director circuit at the large
switching center C by the calling trunk No. §
caused the removal of ground at the relay corre-
sponding to relay 25D, from the conductor cor-
responding to trunk hunting conductor 3160—D,
of the called trunk X—=89 thereby releasing relay
3THH and permitting the operation of relay 371AD
which, upon operating, makes the called trunk
No. X—89 busy in its particular called trunk
group. The circuit remains therefore awaiting
action at the distant central office D and as here-
inbefore stated a mark signal is being sent to cen-
tral office D and a space signal to the calling
office A through large switching center B. The
mark signal to central office D is transmitted over
a circuit traceable from grounded positive battery
at the mark, or left-hand, contact and armature
of relay 383, conductor 3831, make-hefore-break
contact of relay 38SB, contact and armature No.
3 of relay 38—ON, conductor 3823, normally
closed tip spring of jack 3938—SEND, conductor
3914, through the upper winding of relay 40—RS,
outer upper armature and contact of relay
40—CT, to grounded negative battery. Relay
40—RS operates to its mark, or left-hand, posi-
tion. Relay 40—RS in its normal, or space, posi-
tion keeps condenser 400i discharged, but when
it operates to its marking position condenser 408
charges over a circuit traceable from grounded
bositive battery 4008, resistance 4821, conductors
4009, 4010 and 4025, resistances 4811 and 4342,
condenser 4001, to ground. Relay 46—RS, upon
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‘operating, to its mark position, also closes a cir-
cuit extending from ground, contact and outer-
‘most upper armature of relay 48—E—-1, through
the filaments, in series, of vacuum tubes 4084,
4003, 4002, 4006 and 4005, conductors 4010 and
4009, resistance 49821 to grounded battery 4088
and the tubes become energized but not electri-
cally conductive.. The removal of ground at the
space contact and armature of relay 48—RS and
the substitution therefore of ground at the mark
contact for an interval in excess of one-half sec-
ond duration, permits condenser 4881 to charge
sufficiently to allow vacuum tube 4083 to become
conductive and relay 40—C operates. Relay
40—C, upon operating, operates relay 45—CT.
Relay 40—CT, upon operating, opens at its outer
lower armature and contact the space contact cir-
cuit of relay 40—RS so that the vacuum tube will
remain conductive during the reception of signals
which relay 40—RS follows.

Relay 46—CT, upon operating, also (1) posi-
‘tions at its outer upper armature and contact, the
upper winding of receive relay 40—R for the re-
ception of the signals incoming over conductor

3914 of the outward transmission path, and (2) -

closes at its inner lower armature and contact the
operating ecircuit for relay 480—TR. Relay
40—TR, upon operating, (1) locks at its middle
lower armature and contact, and (2) closes at its
middle upper armature and contact the operating
circuit for relay 40—ON. Relay 40—ON, upon
operating, closes (1) at its No. 2 armature the
power circuit of repeater, or receive, relay 40—R,
(2) closes at its No. 3 armature the power circuit
for repeater, or send, relay 40—S, and (3) at its
No. 5 armature the operating circuit for busy re-
lay 40—BY. Relay 40—BY, upon operating, (1)
closes at its outermost lower armature and con-
tact the circuit for lighting busy lamp 4018 from

a current supply at ground negative battery 4838, .

(2) at its upper armature and contact a substitute
ground is connected to energize the filament cir-
cuit of vacuum tubes 4004, 4003, 4002, 40985 and
4085 independently of the marking contacts of
relay 40—RS, and (3) atf its middle lower arma-
ture and contact closes a path for connecting
grounded negative battery 4048 to the sleeve of
jack 4032 for testing purposes. Meanwhile, the
vacuum tube filament being energized and a
charge being applied to condenser 4317, vacuum
tube 4002 becomes conductive prior to the opera-
tion of relay 40—ON to operate relay 40—A. Re-~
lay #3—A, upon operating, operates relay
40-—A—I1. Relay 40—A—1, upon operating, ap-
plies ringing current from source 4818 to conduc-
tor 3915, after relay 49—ON operates.

The distant called central office D is 2 manually
operated office and the terminating circuit of the
called trunk at office D sends the ringing current
back upon the reception of a mark signal. - This
will cause relays 39TL and 39R. of the called trunk
No. X—89 to follow the ringing pulses but relay
39TL will not affect the cut-through vacuum tube
3903 because the tube in conjunction with con-
denser 3920 requires a one-half second mark sig-
nal to become conductive. The operation of re-
lay 39TL in response to the ringing pulses may,
though, cause vacuum tube 3986 to become un-
conductive and thereby release relay 38D.. Relay
39R, upon following the received ringing pulses,
causes no effect since its armature circuit is
opened by the operated relay 3THM. Hence the
circuit continues to wait until a mark signal is
received from the distant central office D as a re-
sult of the operator thereat answering the call.
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When the operator at central office D answers
a call by connecting answering plug 4165 of a cord
circuit to trunk jack 4032, a circuit is completed
from ground, through the winding of relay
40—SL, sleeve conductors of jack 49832 and plug
4108, through the winding of relay 4#!—AA, to
grounded battery to operate relays é8—SL and
4f—AA, and relay 40—SL operates. Relay
40—SL, upon operating, (1) opens at its inner-
most lower armature and back contact the oper-
ating circuit for line relay 40—L which releases
and thereby extinguishes line lamp 4023, and (2)
shunts at its outermost lower armature and con-~
tact, resistance 4037 thereby changing the timing
of vacuum tube 4005 so that the vacuum tube will
operate relay 40—D on subsequent spacing condi-
tions of the outward transmission path of at least
one second duration as, for example, when a dis-
connect signal is received over the outward path.
The operator at central office D before inserting
answering plug 4106 operates typing key £182
which connects into the selected cord circuit tele-
typewriter 4103, Relay 41—AA, upon operating,
closed (1) at its upper armature the operating
circuit for relay 41—C which operatés. Relay
41—C, upon operating, connects ground at both
its inner armatures through the lower windings,
respectively, of repeater relays &iI—RA and
#41-—RC and connects at both its outer armatures
grounded positive battery to the upper windings,
respectively, of repeater relay 4{—RA and
41{—RC whereby the repeater relays are operated
to their mark positions pending the completion
of the connection of the selected cord circuit to a

- called subscriber line local to central office D.

The connection is now in readiness for message
transmission between central office A and cen-
tral office D. With repeater relay 40—R on its
mark contact a biasing current will flow through
the lower windings, in series, of relays 40—S and
#3-—S88S, which will follow all signals transmitted
from central office D.. Relay 40-—S will repeat the
signals to conductor 4003 and relay 48—SS will
apply ground to conductor 4017 which will dis=
charge during all marking periods wherein vacu~
um tube 4602 becomes unconductive to release re-
lays 840—A and 40—A—Ii, in turn. Relay 48—
A—{, upon releasing, disconnects at its upper
armature and front contact source 4§18 of ring~
ing current from sending conductor 3915 and
connects in its stead at its upper armature and
back contact conductor 4003. )

The transmission path from central office D
through large switching centers C and B, in se-
ries, to cenfral office A is traceable from ground-
ed positive battery at the mark contact and arm=
ature of relay 48—S, over conductor 4003, back
contact and upper armature of relay &0—A—I,
front contact and outer upper armature of relay
AB—ON, conductor 3915, normally closed tip
spring of jack 3931 —REC, conductor 3932,
through the lower winding of relay 39TL, resist-
ance 3933, conductor 3934, back contact and outer
upper armature of relay 38CT2, conductor 3935,
through the upper winding of relay 39R, resist-
ance 3236, to grounded hegative battery 3937.
Relay 39R repeats the signals in the inward trans-
mission path at large switching center C, to the
path which may be traced from ground at the
front contact and armature No. 3 of relay 3ITR—
{, conductor 3728, mark contact and armature
of relay 39R, conductor 3812, innermost lower
armature and contact of relay 39TR, conductor
3782, armature No. 5 .and front contact of relay
3TTR—I, conductor 3705, normally closed tip
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+spring-.of jack:3809B, ring conductor:3H$§, con-
sductor 3583, tip. contact of . contact set 3501; :tip
-conductor 3415, normally closed tip spring of-jack
+3308A; upper armature and back contact of re-

day 33R3, through the lower windings; in series, of ;

-relays 33S and 33L, conductor 3322, make~before-
sbresk contacts.of relay:32TR, conductor:8238; 10
wgrounded ~positive -battery 3408. Relay 33S re-
-peats the signals: from large switching center C
to:large switching .center B in a circuit traceable
“from:grounded -positive battery at the marking
“contact and armature of relay 33S, resistance
-3330, :.conductor . 3331, make-before-break:.con-
-tacts of relay: 338B—I, contacts. and armature
#No.:3.0f relay 33——ON, conductor: 8323, -nor-
-‘mally closed tip spring:of jack 3230—SEND, con-
ductor 3!15, normally closed tip-spring .of jack
~313t—REC, conductor 3132, through: the: lower
winding of relay 2i—TL, .conductor.:2134,: back

‘eontact.and -ocuter upper armature of relay 34— .

2CT2, conductor 3135; through the upper winding
-of relay. 31—R, resistance 3138 to grounded nega-
tive battery 3431. : Relay. 3{—-R repeats the re-
zpeatered signals incoming from. large- switching

~genter C “to.:a path.extending :‘through large 93

rswitching center B. 'The path over which the sig-
.nals are repeated may be traced from:ground.at
:the front contact and armature No..3 of relay
129TR—1, conductor 2928; mark contact and.arm-

-ature of relay 3IR, conductor 2142, innermaost .

Jower armature and back ccontact of relay:3ITR,
sconductor. 2982, armature No.:§ and front con-
_tact -of relay. 29TR—1{, conductor 2985, normally
rclosed. tip: spring of: jack.3009B, ring..conductor
29186, ‘conductor-213, tip.-contact of contarct: set
=201;:tip conductor 415; normally closed tip spring
-of jack ‘508A, upper armature and back contact
:0f relay. 5R3, through the lower windings,; in se-
ries, of relays’:8S:and 5L; conductor 522, make-
“before-break contact of relsy §TR, conductor §39,
to: grounded- positive battery #08. ~Relay 5S re-
peats the repeatered signals from:large switching
center B to central office A in a.circuit-traceable
from grounded positive ‘battery and from mark
~contact: and armature of relay. §S, resistance 530,
~eonductor §31;make-before-break contacts of re-
Jay  58B~—{, front contact. and armature No. 3
~pf-relay: 5—ON, conductor 523, -normally closed
tip: spring - of jack- 638—SEND, conductor 614,

throughthe-upper winding: of relay 20—RS, outer .5

~upper;armature -and back contact of relay 20—
CT, to grounded negative -battery 2041(; the upper
“winding of receive relay: 20—R being shunted at
this time. by the unoperatad -condition of relay
20—CT. Relay 28—RS will follow all signals re-
ceived over the-path from-large switching center
B.-:From this point on, the.completion of the
transmission-path from central office D to cen-
tral.office-A is the same as hereinbefore described

Hdor transmission from central office E to: central

office A.

:The transmission path from. ceniral office A
~through- the: large switching centers B and C,
in:series;t0.the central office D, is over .the cord

circuit_at-central office..A -as hereinbefore de- if

§cribed-when the transmission path from: central
.office. A. to central office.E was traced. In this
~transmission path relays 28-—S and 2§—SS. fol-
Jdow the-signals -outgoing from  central office A

-and relay: 20— repeats' the outgoing signals in s70

=@ eircuit traceable from: grounded positive bat-
~tery.at-its marking contact, conductor 2033, back
~contact: and .upper armature of relay 20—A—I{,
‘front -contact - and ~armature No. | of relay

1 20—ON, conductor: 615, normally closed contact 75
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-at the tip spring-of jack 63{—REC, conductor
-832, resistance €33, through the lower-winding
sof relay 8TL, contact and outer upper . armature
~of relay §CT2, conductor. 835, through the:upper
rwinding of receive:relay SR, resistance £33, to
sgrounded negative batiery 637. Relay SR repeats
the repeatered signals in a circuit traceable from
sground atb the front contact and armature No. 3
cof relay 4TR—{, conductor 428, marking contact

rand armature of relay §R, conductor 642, inner-

-most lower armature and back contact of relay
TR, conductor: 482, No. .armature and front
scontact of relay 4TR—I, conductor 495, normaily

-closéd contact and tip spring of jack 528B, ring
.conductor 416, ring contact of contact set 212,

‘conductor 244, tip conductor . 2915, normally
closed tip spring of jack 3808A; upper armature
sand back contact of relay 30R3; throughi the lower

- swindings, in series, of relays:38—S and 38—L,

conductor 3222, make-before-break contacts of
relay 3{—TR, corductor 3439, to grounded :posi-
-tive battery 2888. Relays 30—S and 30--Li follow
the signals from central office A.and relay 38—S
repeats them in g circuit traceable from:grounded
‘positive battery at its mark contact:and.arma-
ture, resistance 8838, conductor 3031, .make=be-
fore-hreak contacts of relay:i88—SB—i, front
-contact and armature No. 2 of relay 30—ON, con-
sduetor 3%23, normally closed tip spring .of jack

0 :3{38—SEND, conductor 3(44, normally ‘closed

contacts at the tip spring of jack 3231—-REC, con-
‘ductor 3232, through the lower winding of relay
. 83TL, rezistance 32383, conductor:3234, back .con-
tact and outer upper armature of relay 32CT2,
wconductor. 8225, through  the upper:winding of
relay 32R, resistance 32386, to. grounded negative
battery 3237. Relay 32R operates to repeat the
repeatered sighals in.a circuit ‘which. may 'be
traced from ground at' the front contact and

40 . armature No. 3 of relay 34TR—{, conductor 3428,

mark contact and armature of relay 32R, con-
-ductor 3212, innermost lower armature and hack
:contact of relay 32TR, conductor 3402, armature
No."d and front contact of relay 34TR—I, con-
-ductor 3485, normally closed tip spring of jack
13388B, ring conductor: 3416, ring contact of con-
tact set 2801, ring conductors® 3584 and 37i5,
~normally ciosed tip spring of jack 3808A, upper
armature and back contact . of -relay - 238R3,

0 “through the lower windings, in series, of relays

388 and 281, conductor 3822, make-before-break
~contacts of relay 39TR, conductor 3939, to
wgrounded positive battery 3788. Relay 38S re-
‘peats the repeatered signals at large switching
-center C to central office D, the circuit through
which the signals are repeated ‘being traceable

“from grounded positive battery at the mark con-

“tact and armature of relay 38S, resistance 3835,
.conductor 3831, make-before-break- contact of
‘relay 388B-1{, front contact and-armature No.
'8 "of relay 38—ON, conductor 3823, normally
-elosed contacts at the ‘ftip spring .of jack 3938—
"SEND, conductor 3814, through the upper wind-
ing of relay 40—RS, outer upper armature and
‘back contact of relay 80—CT, grounded negative
“battery 4041, the upper winding of receive relay
48—R being shunted at this time by the un-
-operated condition of relay 46—CT. Relay 48—
"RS at central office D, as hereinbefore stated,
will follow all signals received from large switch-
ing center C. During the idle' condition, relay
46—RS will keep condenser 4881 -discharged by
means of ground connected over the space con-
tact and armature of relay 40-~RS. : Mark signals,
.upon operating. relay:48—RS fo. its mark: posi-
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. tion, permit condenser 400 to charge, and relay
- 40—RS when thus moved to its mark position,

closes a substitute circuit for energizing the fila-
ment of vacuum tubes 4005, 4006, 4082, 4053 and
4004, the circuit extending from grounded posi-
tive battery 40808, resistance 4031, conductors 4099
and 4040, through the filaments of the vacuum
tubes, in series, outermost upper armature and
contacts of relay 48—E—I, conductor 4942, to

_ground at the mark contact and armature of

relay 40—RS. When a mark signal in excess of
one-half second duration, is received by relay
40—RS, condenser 4081 will charge sufficiently
to cause vacuum tube 4083 to become conductive

_and thereby operate relay 48—C which, upon

operating, will operate relay 439—CT. Relay
40—CT, upon operating, (1) will open at its outer

.lower armature and contacts a discharge circuit
. for condenser 480f and therefore the vacuum

tubes 4003 will remain conductive; (2) open at
its outer upper armature and contact a shunt
circuit around the upper winding of relay 40—R

-which now becomes conditioned to follow the

incoming signals flowing through the lower wind-
ing of relay 40—RS; and (3) closes at its inner
lower armature and contacts an operating circuit
for relay 40—TR which operates.

Call originating at the operator’s switchboard at
central office D for a “through” connection to
central office A

A call originating at the operator’s switch-

_board at central office D for a “through” con-

nection to central office A is substantially similar
to a “through” call to central office A from
central office E as hereinbefore described and
for an understanding of the call originating at
central office D, reference may be made to the
foregoing description.

To complete g “through” connection for a call
from central office D to central office A, the fol~
lowing differences are important with respect to
the hereinbefore described call from central office

_ A to central office D.

At large switching center C:

(1) Contact set 3511, instead of contact set
3501 at the link circuit operates to complete the
interconnection of main trunks No. X—=89, now
the calling trunk, and main trunk No. X--99,
now the called trunk, trunk X—8§ permanently
connected to, or a part of, frunk No. 9 which
terminates at the crossbar switches located at
large switching center B;

(2) Inasmuch as no trunk sequence circuit is

-shown at large switching center C, reference may

be made to the corresponding relays in the trunk
sequence circuit located at large switching center

"B as shown in Figs. 11 and 12 of the drawing.

The relays corresponding to relays (2AD—89,
{2CH—89, 128T2—89, i2AL—89 and §2AL{I—89,
instead of relays corresponding to relays ({AD
—99, {ICH—99, {IST2—99, i {AL—99 and (1ALl
—99 of the trunk sequence circuit operated to
connect the calling trunk X—88 to the director
circuit (not shown);

(3) In response to the teletypewriter code
signal received from the central office D for
selecting the trunk group extending to large
switching center B, the receiving distributor, not
shown, at large switching center C selects a
trunk hunting conductor corresponding to, say
letter B, the code for which is mark, space, space,
mark and mark, to operate the relays correspond-
ing to relays {1DL—IA, ITDL—IB, iTDL—IC,
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{TDL—ID and {TDL—4, and to operate the relay

corresponding to relay 14D$5, to its mark position
and the selecting path established by the relay
corresponding to relay {4D5, and the DL relays
corresponding to 1TDL relays, in response to the
signal combination for the letter B, is traceable
from the mark contact of the relay corresponding
to relay 14D9%, a conductor corresponding to con-
ductor 1422, armature No. 5 and front contact
of the relay corresponding to relay {4F3, con-
ductor corresponding to conductor (428, upper
armature and front contact of the relay cor-
responding to relay {TDL—4, inner upper arma-
ture and back contact of the relay corresponding
to relay 1TDL—3, inner lower armature and back
contact of the relay corresponding to relay (TDL
—2A, inner upper armature and front contact of
relay - corresponding to relay 11DL—I{B, to the
conductor corresponding to conductor {79§—B.
The conductor which corresponds to trunk hunt-
ing conductor 1700—B, is shown in Figs. 34
wherein it is designated 3400—B which extends
to the upper armature of relay 34AD, the advance
relay of main trunk No. X—99 on the crossbar
switch No. 9 at large switching center C but which
is connected to trunk No. 9 of the desired trunk
group extending to large switching center B.
Trunk No. 9 at this time is regarded at large
switching center C as the called trunk;

(4) When trunk No. 9 is selected at large
switching center C by the operation of contact
set 3511, relays 12AD—9, 12CH—9, 128T2—9,
12AT1—9 and I12ALI—8 of the trunk sequence
circuit at large switching center B operate to con-
nect trunk No. 9 to the director circuit, which
upon being so connected transmits the “director
ready” signal to central office D. Trunk No. 9 is
now regarded at large switching center B as the
calling trunk; '

(5) The operator at central office D then trans-
mits to the director circuit at large switching
center B the “letters” signal followed by the signal
combination corresponding to the letter A, the
code for which is mark, mark, space, space and
space to operate relay {4D5 to its spacing posi-
tion and operate relays {TDL—{A, (TDL—IB,
{1TDL—IC, ITDL—{D, ITDL—2A and ITDL—2B
and the selecting path established by relay {4D5
and the ITDL relays in response to this combina-
tion is traceable from the space contact of re-
lay {4D5, conductor 1423, armature No. 6 and
front contact of relay (413, conductor 1429, lower
armature and back contact of relay (1DL—4,
outer lower armature and back contact of relay
{TDX—3, outer lower armature and front con-
tact of relay |TDL—2B, inner lower armature
and front contact of relay ITDL—ID to trunk
hunting conductor 1700—A which extends
through the upper armature of relay 8AD, the
advance relay of main trunk No. 99 of the de-
sired trunk group extending to the central office
A, trunk No. 99 being now regarded as the called
trunk at large switching center B;

(6) Conductor [T80—A upon being sclected
causes contact set 212 at the link circuit at large
switching center B to operate and thereby com-
plete the interconnection of calling trunk No. 9
and called trunk No. 99, trunk No. 99 being the
first idle trunk of the group extending to central
office A;

(7) The remaining functions of the connec-
tions so established will be readily understood by
referring to the description of a call from central

75 office A fo central office D given hereinbefore. .
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Call.originating at the operator’s switchboard at
ceniral office A. for.a “through” connection to

a central office through three or more large
switching centers

‘A call originating at the-operator’s switchboard
-2t _central office. A for a “through”. conunection
through three or more large switching centers to
o distant -central office may bhe established by
-transmitting from: the: operator’s teletypewriter
“ab.central cffice: A to the first large switching
center the permutation code signals correspond-
ing to “Letters” and.the letter corresponding
to the second -large switching center whereby a
“main trunk is selected .at the first large switch-
“ing center for extending the main trunk selected
~by the operator at-central office A to the second
Jarge: switching center. The operator at central
office ‘A upon receiving a signal indicating that

the second main trunk is connected, transmits .

:the signals corresponding.to “Letters” and the
Jetter corresponding to the third large switching
center whereby-a main: trunk is selected at the
-second large switching center for extending the

-connection so far established, to the third large .-

-switching center. The operator upon receiving
the signal indicating that the third main trunk is
.connected transmits the signals corresponding to
“Letters” and the letter corresponding to the ter-
minating central office whereby 2 main trunk is
-selected: at. the third. large switching center for
extending the connection thus far established, to
_the terminating central office. This connection
may be further extended.in a like manner through
other large switching centers to another termi-
.nating central office. It may also be extended o
& - subscriber line . connected to the third or
fourth or any additional large switching center
by the operator transmitting to the large switch-
ing . center to which the desired. subscriber line
.is. connected, the permutation code. signals for
“Figures” and the.listed number .of the subscriber
line station. )

“What is claimed is: .

1. In a felegraphic exchange system a plurality
of manually operated switching points, a plu-
rality of automatically operated switching points,
& plurality of telegraph channels each terminat-
ing at one end in one or another of said manu-
ally operated switching points and at the other
.end in one or another. of said automatically op-
erated switching points, a plurality of telegraph
channels each terminating .at opposite ends in
any two of said automatically operated. points,

and selector means at each of said automati-.

cally operated. points responsive to permutation
code signals originating at.any one of said manu-
ally operated points for successively connecting
‘one or more of said second-mentioned chan-
‘nels in tandem between the first-mentioned chan-
nel of said originating point and a like channel
“of .another manually operable point to establish
‘a communication path therebetween.

2. In a telegraphic exchange system, a plu-
‘rality of manually operable switching stations, an
~automatically operable switching station, a
“switching instrumentality in said automatically
operable station having terminals invariably as-
signed for connection - of incoming telegraph

~channels and other terminals invariably assigned-

for connection of outgoing telegraph channels,
“telegraph channels extending from each of said
manually operable switching stations to said
~automatically operable - switching station and

dually -connected to said incoming connection-
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derminals and said outgoing connection termi-
nals, and means responsive o telegraph signals
incoming over any oneof said channels for op-
erating said switching means to connect the in-
coming connection terminal to any one of said
outgoing connection terminals whereby any of
said channels has access to any other channél
through said switching means.

" 3. In a telegraphic exchange system, a plu-
rality of manually operable switching stations, an
automatically operable switehing station, at least
one two-way telegraph frunk interconnecting
each of said manudlly operable stations and said
‘gubomatically operable station, a switching in-
strumentality in said automatically operable
station having terminals invariably assigned for
connection of trunks on an incoming basis and
other terminals invariably assigned for connec-
tion of trunks on an outgoing basis, dual connec-
tions forsaid trunks to both incoming and outgo-
ing terminals of said switching instrumentality,
-and a call directing circuit available to all of
said trunks and responsive to telegraph signals
for operating said switching instrumentality to
connect any one of said trunks-on a calling basis
to any other one of said trunks on a called basis.

4. In a telegraphic exchange system, .a manu-
ally operable switching station, an automatically
operable switching station, a telegraph channel
interconnecting "said stations, a second auto-
matically operable switching station, a telegraph
channel interconnecting said automatically op-
erable stations, switching means at said first-
mentioned automatically operable switching sta-
tion responsive to telegraph sighals transmitted
from said manually operable station for inter-
connecting said channels, at least one additional
automatically operable station, a telegraph chan-
nel interconnecting said second and said one ad-
ditional automatically operable stations and tele-
graph channels interconnecting any further ad-
"ditional automatically operable stations, and
switching means at each such additional station
responsive to- telegraph signals arriving thereat
from said manually operable: station over inter-
connected channels for connecting to said inter-
connected channels another channel extending
to another of said additional stations.

5. A system according to claim 4 in which said
second and each of said additional automatically
oberable stations has at least one telegraph
channel extending to a manuaily operable switch-~
ing staticn and connectable to said intercon-
nected channels by the signal responsive switch-

‘ing means at such automatically operable sta-
“tion in lieu of a channel extending to another
-automatically operable station.

8. A system according to claim 4 in which said
-second and each of said automatically operable
stations has at least one telegraph channel ex-
tending to a manually operable switching sta-
tion and -connectable to said interccnneccted
‘channels by the signal responsive -switching
ineans at such automatically operable station in
lieu of a channel extending to another autg-
matically operable station, each of said switching
‘rieans being operable under the conirol of sig-
nals originating at any of said manually oper-
- able stations to interconnect said channels pro-
gressively toward a remeote manually operable
station. ’

7. In a telegraphic exchange system, a plu-
-rality of switching termini, -a plurality of auto-
matically operated switching points, a plurality
- of communication channels extending from each
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of said switching points to certain 6f said termini,
and certain of said other switching points, each
of said termini and each of said switching points
serving to terminate some of said channels,
means at each of said switching points arranged
to be controlled in either of two opposite direc-
tions by permutation ccde signals incoming over
one of said channels for selecting and connect~
ing to said one channel another of said channels
to establish a connection between channels re-
spectively terminating at any two of said termini
through cne or more of said switching points.

8. In g telegraphic exchange system, a plu~’
rality of switching termini, a plurality of auto-

matically operated switching points, a plurality

of subscriber lines connected to each of said

switching termini and edch of said switching
points, a plurality of communication channels
extending from each of said switching points to
certain of said termini and certain of said
switching points, each of said termini and each
of said switching points serving to terminate
some of said channels, means at each of said
switching points arranged to be controlled in
either of two opposite directions by permutation
code sighals incoming over one of said channels
for selecting and connecting to said one chan-
nel another of said channels to establish a con-
nection between channels respectively terminat-
ing at any twoe of said termini through one or
more of said switching points, and other means
included in each of the first-mentioned means
arranged to be controlled in cne direction only
by permutation code signals incoming cver one
of said channels for selecting and connecting
to said one channel one or more other of said
channels, in tandem, to prepare a connection
between a subscriber line connected to any one
of said switching termini and a subscriber line
connected to one of said switching points through
one or more of said switching points.

9. In a telegraphic exchange system, a plu-
rality of switching termini, a plurality of auto-
mstically operated switching points, a plurality
of commmunication channels extending from each
of said switching points to certain of said termini
and certain of said other switching points, each
of said termini and said switching points serving
to terminate some of said channels, means at
each of said switching points arranged to be
controlled in either of two opposite directions
by permutation code signals incoming over one
of said channels from one of said termini, said

control means including means for selecting and.
connecting to one of said channels another chan--

nel extending to another of said termini, and
means at said switching center for differenti-
ating, in-response to said signals of permutation
codes incoming over said one channel, between
a selection and connection to a channel extend-
ing to said other termini and a selection and a
connection to a channel extending to another
switching point,

10. In a telegraphic exchange system, a plu=

rality of switching termini, & plurality of auto-
matically operated switching points, line cir-
cuits and subscriber stations therefor connected

to each of said switching points, a plurality of-
communication channels extending from each

of said switching points to certain of said termini
and certain of the other of said switching points,
each of said termini and said switching points
serving to terminate some of said channels,
means in each of said switching points arranged
“to be controlled in either of two opposite direc-
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tions by permutation code signals incoming over
one of said channels from one of said termini for
selecting a desired line extending to a subscriber’s
station or a desired channel extending t¢ an-
other of said termini or another of said switch=
ing points for establishing a connection for coms=
munication purposes, othér meads at said switch=
ing center for differentiating, in responsg 16
other signals of permutation code ihcoming over
said one channel, between calls for an established
connection to a subscriber’s station local to said
switching center and an established connection
to another channel extending to another of said
termini or ancther said switching points, and
signaling means in said controlled means for
sending to the termini originating a call, a sig-
nal indicating whether the call is being com-
pleted to a subscriber station or to a trunk ex-
tending to said other termini or said other
switching point.

11. In a telegraphic ezchange system, a plu-
rality of switching termini, a plurality of auto-
matically operated switching points, line circuits
and subscriber stations therefor connected to
each of said switching points, a plurality of com-
munication trunk groups extending from each
of said switching points to certain of said termini
and certain of the other of said switching points,
means at each of said switching points arranged
to be controlled in either of two opposite direc-
tions by permutation code signals incoming over
the trunk of one of said groups extending from
one of said termini to select a line circuit extend-
ing to a desired subscriber station, or a frunk
of a desired trunk group extending to another
termini, a sequence circuit for permitting, only
one at a time, a trunk or a subscriber line cir-
cuit of those connected to a switching point, to
seize said controlled means for establishing a
connection to another trunk, and means for giv-
ing said one calling trunk the preference over
said one calling subscriber line.

12, In a telegraphic exchange system, a plu-
rality of switching termini, a plurality of auto-
matically operated switching points, a plurality
of communication trunk groups extending from
each of said switching points and terminating
at each of said termini, means at each of said
termini for seizing a trunk of one of said groups,
means at one of said switching points in response
to permutation code signals incoming over said
seized trunk for associating said seized, or first-
mentioned trunk, with a trunk of another group
extending to another of said termini, said asso-
ciating means including means for interconnect-
ing the two trunks in the reversed order when
the permutation code signals are incoming over
the second-mentioned trunk instead of said
first-mentioned trunk.

13. In a telegraphic exchange system, a plu-
rality of switching termini, a plurality of auto-
matically operated switching points, trunk groups
extending from each of said switching points to
certain of the other of said switching points and
certain of said termini to form a complete net-
work of trunk groups between said switching
points and said termini, means at each of said
switching points responsive to permutation code
signals incoming over any one trunk of any one
of said groups connected to one of said switch-
ing points for associating said one trunk of said
one group with a trunk of any desired one of
the other of said groups and means in said re-
sponsive means for testing the trunks of said
other groups for an idle trunk, and other means
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i said responsive means fot réporting back on
the trunk over which the signals were received,
the condition of the trunk in the desired group.

14, In a telegraphic exchange system, a plu-
rality of switching termini, & plurality of autc-
matically switching points, & plurality of com-
munication trunk groups extending from each
of said switching points to certain of the other
of sald switching points and certain 6f said ter-
mini to form a complete network of trunk groups
between said switching points and said termini,
and a ceordinate switching circuit at each of said
switching‘ points for arranging trunk groups
terminating thereat so that each trunk of a group
may be arranged to coraplete a connection o a
trunk of anobther group either as a calling or
8 called trunk in the connection.

15, In a telegraphic excharge system, a plu-
rality of switching termini, a plurality of auto-
matically operated switching points, a plurality
of smaller automatlcally_ operated switching
points, line circuits and subscriber stations there-
for connected to each of said switching points,

a plurality of main trunk eroups extending from
each of saig switching points to certain of said
te’rm’ini and ceit'aln’ of the' other of said SWItCu-—
trunk Imes extending from one or more of Sald
s‘fntcmn points to one or more of said smaller
swite¢hing pomts means at certain of said switch-
ing poirits arranged to be controlled in either of
two opposite directions by permutation code sig-
na,ls incoming over a “trunk of any one of said
groups for assocxatmg the trunk of one group
with the trunk of another group. to establish a
communication connection (1) between any one
of said termini and one o more of said sw1tch-
ifg points in tandem, and (2) ahy two termini
through one’ or more of said switching points,
and méans included in edch of said control
means and résponsivé to permutation code sig-
nals incoming from any one of said termini and
in one direction only, for establishing a com-
muniéation connection between (1) one of said
termini and‘a’ subseriber station local to one of
said sw1tchmg points, (2) 6ne of said termini
and 4 subseriber’s statlon local to a switching
point through twg __oljnore other of said switch-
ing peints, and (3) between one of said termini
and a subscriber’s station 10¢al to one of said
smaller switching points either directly or through
one or the 'other of said switehing points.

16. In a telegraphic exchange system having
a plurality of paths arranged for interconnection
to “establish’ telegraphic communlcatmns paths,
one or more of said paths comprising a plurality
of switching termini; a’ "plurality of automatically
operated switching points it each of said paths,
a plurality of line circuits and subseriber stations
therefor connected to- each of said switching
peints, a plurality of teléegraphi¢ chanmnels ex-
tending from each of said- sw1tch1ng points, cer-

tain of said ‘channels extending to ohe or more of’
said termini, and others extending to one or more
f the other of said switching pomts means at’ ¢

each of said swﬁ:ehmg points respénsive o sig-

nals of pc1mutatlon code’ incoming over any one-

of the channels’ extending to any cne of said
termini for selecting and connecting to any of
the other of said channels: extending to ancther
of said termini or another of said switching
points”in any one of said paths to establish a
connection between g calllng one of said termini
and a calléd one of said termini either diréctly

or through two or miore of said switching points
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in the same or a different path or to'a subscriber’s
station connected to one of said switching points

either directly to or through one or more of the

other of said switching points, and means in said
responsive means for establishing the connection
In either of two opposite directions through one
or more of the other of said switching points in
the'same or different paths.

17. In a telegraphic-exchange system having a
plurality of paths arranged for interconnection
to establish telegraphic communications, cne or
more of said paths comprising a plurality of
switching termini, a plurality of automatically
operated switching points in each of said paths,
a plurality of telegraphic trunks arranged in
groups respectively interconnecting said termini
and said switching points in each of said paths
and each of said switching points and other of
said switching points in the same or different
paths, each of said trunks béing operated on a
full duplex basis, switching instrumentality at
each of said switching points having terminals
assigned for connection of cértain of said trunks
on an incoming basis and other terminals as-

- signed for connectxon of certain other of said

trunks on an outgomg basxs dual connections
for said trunk to both incoming and outgoing ter-
minals of said switching instrumentality, a call
directing circuit available to all of said trunks
at each of said sw1tch1ng points and responsive
to telegraph signals of permutation codes trans-
mitted from any one of said termini for operating
said switching instrumentality to connect at the
switching-point any-one of the trunks terminating

5 locally at the switching- point and prepared for

connection thereto on a calling basis to any one
of the other local trunks selected on a called basis
through one or more other switching points in the
same or different paths, and supervisory means
operated on a full duplex basis at each of said
switching points arranged for connection to each
of said switching-points in the same or different
paths arranged for connection to each of said
local trunks extending therefrom for furnishing
at any one of said termini  supervision on an
established connection between said one terminus
and the switching point or between said one and
any of the other of said- termini through the
switching point or two or more of said switching
points connected in tandem in the same or dif-
ferent paths: ) )

- 18. In combination, & telegraphic trunk hav-
ing a terminus and a switching point, means in
said terminus for seizing said trunk, a plurality of
telegraphic. channels leading away from said
switching- point, means at said switching point
actuatable selectlvely under control of and in
accordance with s;gnals in permutation codes pro-

, ceeding over said trunk, said terminus to select

60’

one of said plurality of telegraphic channels and
extend a communication path over said trunk and
said selected channel, in tandem, in combination
with another {runk. having: a sepalate terminus

. end a separate switching point, means at said

separate_terminus for seizing said other trunk,
a plurahty of telegraphlc channels 1ncludmg said
selected one channel leadmg away from said
separate svvﬂ:chlncr pomt meaiis at said separate
sw1tch1ng poxnt actuatable selectlvely under con-

70 trol of and i in accordance w1th 51gnals in permuta-

75

tion codes proceedmg over said other trunk from
said separate terminius to select said one channel
of the second- ment onec.l‘“p“llurahty of said tele-

graphlc channels ‘ahd extenid a commumcatmn
pathover said’ ‘separate triink and said one chan-
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nel of the second-mentioned plurality of tele-
graphic channels, in tandem.

19. In combination, a telegraphic trunk havv
ing .a terminus and a switching point, means at
said terminus for seizing said trunk, a plurality of
telegraphic channels leading away from said
switching point, means at said switching point
actuatable selectively under control of asnd in
accordance with signals in permutation codes
proceeding over said trunk from said terminus to
select one of said plurality of telegraphic chan-
nels, and extend a communication path over said
trunk and said selected channel, in tandem, in
cembination with another trunk having a sepa-
rate terminus and a separate switching point,
means at sald separate terminus for seizing said
other trunk, a plurality of telegraph channels
including said selected one channel, leading away
from said separate switching point, means at said
separate switching point actuatable selectively
under control of and in accordance with signals
in permutation code proceeding over said other
trunk from said separate terminus to select said
one channel of the second-mentioned plurality of
telegraphic channels and extend a communica-
tion path over said separate trunk and said one
channel of -the second-mentioned plurality of
telegraphic channels, in further combination with
busy means operable by seizure of said trunk at
either of said termini rendering it unavaitable at
both termini so long as it remains seized.

20. A channel of telegraphic communication
extending from a first station to a second station,
a plurality of classes of paths of telegraphic com-
munication extending away from said second
station, means for sending one or another of a
plurality of preparatory permutation codes fol-
lowed by path selecting codes over said channel
from said first station to said second station,
means operable by each preparatory code for
restricting subsequent selecting codes to selec-
tion of certain classes of paths whereby, depend-
ent upon the preparatory code used, the same
selecting code may be available to select paths
of said certain different classes and means oper-
able under control of said selecting codes to select
one of the other of said paths of another class
and connect it to said channel as a “through”
telegraphic communication path.

21. A channel of telegraphic communication,
leading from the first station to a second station,
means for sending telegraphic permutation codes
over said channel from a first station to a second
remote station, lines and trunks proceeding away
from said second station, means included in the
first mentioned means for sending selecting per-
mutation codes preceded by a case shifting codes
to select said lines or trunks, and means respec-
tively actuated by either of said case shifting
codes whereby subsequent selecting codes are
Jlimited to selection of lihes or trunks depending
upon the nature of the preceding case shifting
code.

22, Line selecting system comprising a code
sending source, means for selecting individual lo-
cal lines, means for selecting individual trunks,
means operated by a “Letters” code followed by
a selecting code from said course for selecting
a trunk identified by said selecting code, and
means operated by a “Figures” code followed by
a selecting code from said source for selecting
a local line characteristic of that selecting code.

23. A system comprising a first switching fer-
minus, a first switching point, a second switching
termmus, a second switching point, trunks
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extending from the: first switching point to
each of said switching termini, trunk lines ex-
tending from said first switching point to said
second switching point, local lines extending
from each of said switching points, a permutation
code sending source at each of said termini, se-
lecting means at said first switching point, in-
cluding means responsive to a ‘“Letters” code
followed by a selecting code from either of said

" sources for selecting a trunk extending to the

terminus of the other of said sources and iden-
tified by the selecting code and other means re-
sponsive to a “PFigures” code followed by a se-
lecting code from either of said sources for se-
lecting a local line or a trunk line characteristic
of the selecting code, and means at said second
switching point responsive to a “Figures” code
followed by a selecting code from either of said
sources for selecting at said second switching
point a local line, characteristic of its selecting
code.

24. A selecting system comprising switching
termini, two or more switching points, local lines
connected to each of said switching points, trunks
interconnecting each of said termini and one of
said switching points, other trunks connecting
said two or more switching points in tandem, a
signal sending source at each of said termini,
means controlling said source at any one of said
termini for selecting at one of said switching
points one of said local lines locally connected
thereto, other means controlling said source at
said one termini for selecting at said one of said
switching points individual trunks extending to
another of said termini or to another of said
switching points, relay means at said one
switching point operated by a “Letters” code
followed by a selecting code from said one source
for selecting a trunk identified by said selecting
code, other relay means operated by a “Figures”
code followed by a selecting code from said one
source for selecting a local line characteristic
of said selecting code another relay means at a
second -of said switching points, operable in case
of a selection of a trunk interconnecting said one
and said second switching points, responsive to
other groups of codes comprising “Letters” or

- “Figure” followed by selecting codes transmitted
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from said one source for selecting one of the
trunks connected to either another of said termini
or a third switching point, or to a local line lo-
cally connected to said second switching point.

25. In combination, a plurality of telegraphic
channels extending from one terminus to a
switching point and a second plurality of chan-
nels extending from another terminus to said
switching point, means at said terminus for seiz-
ing one of the first-mentioned plurality of chan-
nels, means at said switching point actuatable
selectively under control of and in accordance
with permutation code signals proceeding over
sald seized channel from said one terminus to
select one out of said second plurality of tele-
graphic channels and extend a communica~
tion path over said seized and said selected chan-
nel, in tandem, to said second terminus, in com-
bination with means at said second terminus for
seizing one of said second plurality of channels,
meanhs at said switching point actuatable selec-
tively under control of and in accordance with
permutation code signals proceeding over said
seized channel of said second plurality to select
one oub of said first-mentioned plurality of tele-
graphic channels and to extend a communication
path over said seized channel of said second plu-
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¥ality and ssdid ‘selected:. channel ;of the . first-
menticred plurality:in: tandem: to-said:one -texr-
minus.

796. ‘A ‘system: of telegraphic trunk groups,:one
extending: bétween:aterniinus Arand:a switching
point B and tHe other-extendinghetween:a ter-
minus (E.and: said switeRing 1point. B, :means .at
terminus A for seizing @ trunk:ef saidconesgroup,
feans- at switching -point :Bresponsive | tosaid
seizure to:'seek randtemporarily ‘connect trunk
directive - equipnient including :a ~permutation
code- signal sélector usable :in ccommon: by:all.of
said:trunks, means:for:transmitting. to terminus
A’ in‘response ‘to:sald<seizure. assignal:indicative
of the readiness of:said selector .to:receive ‘per<
mutation code sélecting.impulses, means: at.ter-
miinus A for transmittingsaid impulses to:control
said selector, means st-switching-point:B:respon-
siveito-said: impulsesifor :extending.:a:channel :of
communication ‘including :the seized trunk .se-
iectively beyond switching point B, in combina-
tionwith: means gt terminusE for seizing a trunk
of -said other -group, means at switching :point
B-iesponsive to'said seizure 6f the:trunk.of.said
othei group and:associate! the secomd seized trunk
with 'said - permutation - code selector, :means .at
switching point B-responsive :to:said. seizure -of
said. second ‘seized trunk to:rsend fo terminus E
a signal indicating the: readiness: of.said selector
toireceive :permutation :code sselecting impulses,
means at terminus:E to:relay :such:impulses:to
switching point:B:and means:at:switching point
B responsive. to.said impulses to extend: a channel
of communication:including:said-frunk:seized. at
terminus E beyond switching point:B as a.chan-
nel of communication.

27. A telegraph system:inecluding:a:first and.a
second switching -office :interconnected :over a
trunk, means: at .each.office operable to:seize:said
trunk, if idle, by::connection thereto of -a. link
circuit, means operative:as:a result of:said seizure
to seize at the -other woffice .and ~attach .to-said
trunk:-and prepare:for:operation:a:permutation
code selector,a-sender-of the:teletypewriter:type
associated with said: trunk:through said link .cir-
cuit: to control- said :selector by :codes:.ordinarily
usable for.message communication in-said.system,
means: controlled by said selector-incident to:the
operation-thereof .by said codes:for -extending :a
path over said trunk: alternatively-to.a local sta-~
tion or to-a third switching-office over:another
trunk, and a channel:selecting: permutation code
selector.at said:third. office -seizableincident to
said extension: and .operable by -further permu-
tation codes over: said-trunks in-tandem: to-select
a path of telegraphic.transmission.and-extend:the
tandem paths of said trunks-thereover.

.28. A telegraph system:including.a: channel-of
transmission terminating . at -a first: switching
point, ene. or-more: loeal telegraph:channels:from
said point . to-local stations,.one :for.each such
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laecal channel,-one or:more:trunks-extending: to:a
further switching point:or:points,:selective.means
at said -first -switching point:controlled by per-
mutatively :coded :impulses -arriving .at .said
first . switching ~poinf, means -cooperating with
said selective ~means -whereby .different pre-
paratory codes:condition said selective means to
select-a local:line only or a trunk only, and means
included in:said selective means-whereby- codes
following said preparatory code select a local
line-or-a trunk as the case may be.

‘29, A -telegraph system comprising a channel
of telegraphic transmission extending from a sta-
tion A-to-a station-B, lines .to local -offices and
trunks -to .switching offices -extending from sta-
tion B to local offices and switching offices re-
spectively, selective equipment at station B in-
cluding -a permutation code-selector operable by
telegraphic codes proceeding over -the channel
from: station. A- to-station B, said selective: equip-
ment: including -a :first element conditioned by -a
code assigned as one case:in-.the system and

-.another element conditioned -hy a code assigned
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-as -another case in .the system, means operable
by.one or more subsequent-codes- following the
conditioning of said first element to-select . a line

1o a local office -and extend -the channel from

station.A.to station B.communicatively thereover,
and means operably by one or more. subsequent
codes following the conditioning of .-said other
element to select .a trunk . to a switching office and
extend the channel from station A .to station B
communicatively thereover.

-30. In a telegraphic exchange.system, a switch-
ing -terminus, a-second . switching .terminus re-
mote therefrom, a plurality.of automatically op-
erated switching-stations geographically and sys-
tematically intermediate - said . termini, -trunks
connecting each- of said termini to at.least one

«of-said automatically operated switching stations,

other trunks connecting each.of.said .automati-
cally operated switching: stations. to.at least one

.other .automatically. operated . switching station,

.and.automatic-switching means at said.automati-
cally operated.switching .stations. responsive to
signalsoriginating.at either of said termini for in-

Zterconnecting two trunks in tandem.at .each auto-

matically.operated.switching. station to.establish
a communication.path.to. the.other terminus.
.CHARLES W. LUCEK.
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