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42 Clalms

The present invention relates in genera,l to
automatic telephone systems, and moreé in par-
ticular to. automatic telephone systems of the
relay type, in.which connections between calling
and -called lines are established solely by means
of relays. The general object of the invention is
to provide a new and 1mproved system of this
character. o

he system diselosed herein is ‘of relatively
small sizs, having a capacity of somewhat over
one hundred lines, and is well adapted to the
needs of a small town or community. A tele-

phone exchange. for use in a situation of this

kind is required to provide for various types.of
service, as is well known. For example,: the

system may include party lines and-rural lines.

10

in addition to individual lines, and the exchange.

must therefore provide suitable signalling ar~-

rancements such as semi-selective ringing, code
ringing,. and reverting call ringing whereby 2
party line subseriber may call another subscriber
on the same line. There may alse be several
business establishments in $he community served
by private branch exchanges and the gufomatic
exchange must therefore be equipped with groups
of trunk lines’ for handling ecalls to and from
such private branch exchanges.

change must also be provided with a group:of

trunk lines extending to a toll center, through

whiéh connections may be obfained with other
exehanges.
foregoing will suffice to give a general idea of
the natire of the exchange and the facilities pro-
vided therein.

- All connections~through the exchange are es-

tablished by means of link circuits, each link-

comprising a relay type finder and a. relay type
connector. The finders have common.access to
all subscribers’ lines and trunk lines entering the
exchange. An allotter is provided for the pur-
pose of assigning idle finders to calling lines.
The connectors likewise have common aceess to
all “the subseribers’ linés and. trunk. lines and
employ 2- variety of novel circuit arrangements,

whereby they are adapted to complete connec- :

tions to all of the different kinds of lines and
trunk lines terminating in:the exchange.:

The dllotter normally maintdins a finder, or
link cirenit, in assigned condition ready to handle
the next csll. When the call comes in, the as-
sigriad finder connects with the calling lime and
thus extends it to the associated connector. The
cailing subscriber ‘then -dials the number of'the
called line, which may have from one {o four

Except in the
rare case of an isolated community, the ex-

While not necessarily complete, the:

45
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digits, -depending on the klnd of line or statlon

eing called In any case the-conneétor responds
in the proper manner to coraplete the connection
to the called line, performing an automatic trunk
selecting coperation in case. the ‘called number
is the number of a trunk group, and effects the:-
necessary signalling operation if the called ling
igidle, or if a trunk line is available in the case
where ‘a trunk group is called.. Otherwise the -
calling subscriber is given a.busy signal. 'The .
foregoing applies also.in the case where the call-
ing and called subscribers are on the same party
line, except that the busy signal does not-have
the usual significance.

Tt will be understood therefore that the-new
system- disclosed herein includes a ‘considerable

number of novel features, particularly desirable S

in a small -system of the kind. disclosed herein,
but: not necessarily limited to use in: small ex-
changes. ‘These . features - will - be - pointed - out
more in.debail hereinafter in the course:-of a de-
tailed descnptlon of the exchange and 1ts opera-
tion.
eference © m@y now. be made to the accom-
anying drawings, in which— " -
HWig, 1 shows a subscriber’s line and 1nd1v1dua,x
ine -equipment, ‘& number of finder control re-
lays, a finder (not complete), and an .allotter;:
Figs. 2, 3, 4 and 5 show a connector (comple’cer

- except for some of the group relays) ;

Fig. 6 shows’ unlpmernt common to the ex-
change for use in “selecting idle trunks When
trunk groups are called; X

Pig: 7 shows a trunk- repeater for use on a .

trunk line extending to a toll center;: ...

Fig. 8 shows the terminal equlpment of such
trunk line at the toll center; and

Fig. 9 shows a number of. mterrupters Wh1ch

_are common to the connectors in the exchange.
40 * S

“General descrzptmn

1%eferrmg to Fig. 1, the reference char cter A,
indicates a subscriber’s station; which may be of
any suitable common battery type.. The tele-
phone at station:A is-connected -with: the .ex-
change cver s line comprising conductors 2. and .
3. At the exchange the line is provided with the:.
individual line eguipment comprising - the line:
relay §,-the cvt oﬁ relay -5; and the lockout re-
lay 7. -

The lme of °tat10n Aig shown herem asa party

" line, there being other telephones such as the-

55

telephone at station B cennected to:the line::

The ringers-at. these telephones may be-bridged -
across the line; or as-indicated herein the-ring- .




2

ers at some of the telephones may be connected
between cne side of the line and ground while

the ringers at the other telephones are connected .

between the other side of the line and ground.
All the lines entering the exchange are divided

into groups of ten lines each. . The line of sta-

tions A and B is assumed to be line #1 of group

#1 and its telephone number therefore is 11,

insofar as the line selecting digits are concerned.
The complete telephone number of each station

includes an additional code selecting digit. Bach . -

group of lines is divided into. two sub-groups,

£13

10

lines | to 5 comprising the first sub-group.and :

lines 6 to 0 comprising the second sub-group.

For the purpoese of controlling the finders, each :

group of lines is provided with three control re-

lays, the control relays for the first group being = |
indicated by reference numerals 18, 20 and 21.. -

Of these relays, relay 19 is common to the first
sub-group, relay 20 is common to the second
sub-group, while relay 2{ is common to. all the

lines of the first group. "The drawings also show
the control relays 22, 23 and 24 which are asso-

ciated with the second group of lines.
The control relays exercise their contrcl over
“the finders through the medium of an allotter,
which determines the link circuit and finder to be
used on each call. - . The allotter comprises relays
103 o 106, inclusive, and relays {1l to 120, in-
clusive, and as shown herein is wired for ten
link circuits. . This number can be increased by
adding more relays to the group ({1 to 129, these
relays being individual to the respective link cir-

cuits. ) . :

‘Relay T1 is a connecting relay which is individ-
ual to the first link circuit. ‘There is a similar
relay for each of the other link circuits.

~As 'previously stated, each link- circuit com-
prises. a finder and a connector. Each finder
comprises a number of group relays equal to the
numbker of groups of lines, five units relays, and a

switching relay.. The drawings shows-only one
group relay, being relay 4i, which is assumed to:

be the first group relay. As shown, relay &1

only has four sets of contacts, but it will be un-.

derstood that ten sets are provided. one set for
each of the ten lines of the group.. Relays 5i

and 52 are the first and second. units relays, the

third, fourth and fifth- units relays not bsing
shown. Relay 55 is the switching relay. .

Each group relay is-adapted to connect the
ten lines of the associated group to a group of
ten intermediate trunks, one cf which is the in-
termediate trunk comprising conductors 45, 46
and 41. ‘Each units relay is adapted to select
two of these intermediate trunks and the lines
connected therewith and extend them to contacts
of the switching relay §5. . Thus units relay §! is

adapted to extend the first twe intermediate:

trunks, to which lines 1{ and {8 are connected
when group relay #1 is energized, to the contacts
of the switching relay. ' Similarly, the units re-
lay 82 is adapted tc extend the third and fourth
intermediate trunks, t9: which lines {2 and 11
are connected when group reley &I is enersized.
If the calling line is a line in the first sub-group;
Ine {1 or 12, for example, the switching relay is
not energized and the cailing line is connected
to the trunk line extending to the connector

(conductors 63, 6f and §2) by way of back con-
tacts-of the switching relay.. If the calling line
is @ line'in the second sub-greup, line {8 or {7, for

example, the sub-group. control- relay such as -

20 or 23 causes the switching relay 55 to energize,
along with the proper group relay and units relay;

20

25
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and the calling line is extended to the connector
trunk by way of the front contacts of the switch-
ing relay.

The trunk conductors 60, 61 and 62 extend to

‘Fig. 2, where they terminate in the connector of

the first link circuit. These conductors are the
two line conductors and the sleeve or test con-
ductor. There is also a .holding conductor 63
extending between the finder and connector.
The conductor 84 comes from the allotter and is
common to the connectors of all the link circuits.
" The connector of the first link circuit is shown

-in.Figs. 2 to'5, inclusive, and comprises the mis-
- cellaneous control relays 201 to 212,

> inclusive,
Fig. 2, 360 to 368, inclusive, Fig. 3, and 403 to 486,

_inclusive, Fig. 4. The functions of these relays
- will be explained in the course of the general

description. The connector also includes the
two -timer relays 481 and 482, Fig. 4. Relay 407
is a’codé switching relay. Relays 4{{ and 412
respond .when the first digit dialled-is.the digit
2 and.provide for two digit group selection as
well as for controlling the code switching relay.
Relays 488, 409, and 418 are counting relay con-
trol relays, and relays 581 to 518, .inclusive, sre
counting relays. Relays 511 and 5{2 are con-
necting relays for connecting up the common
trunk selecting equipment shown in Fig. 6 when
a trunk number is called. - Relay 5!3.is a relay
in another connector corresponding to relay 512.

The connector is also provided with as many
group relays as there are groups:-of lines, sim-
ilar to the finder. Of these group relays the first,
eighth, and ninth are shown in Fig. 3 where they
are indicated by reference characters 3!, 318
and 319, respectively, .In:addition to'the group
relays, there are five units relays ahd a switching
relay. The first two units relays are shown and
are indicated by reference characters 32{ and
322, respectively. Relay 307 is' the switching
relay. It will be understood that each group re-
lay in the connector has ten sets of line connect-
ing contacts; like the group relays in the finder,
although the' drawings only show four sets. of
contactson each group relay.:

Fig. 3 also shows a number of lines which are
accessible to the connector of the first link cir-
cuit and likewise to the connectors of the cther
link: circuits. - 'I‘hese lines will be . described
br1eﬁy i

" The line comprising conducto*s 2, 3' and 4’
is ‘the line of station A and these conductors
connect to the same numbered conductors in
The telephone number of this line is 11,
as previously stated, and it is reached by way
of contacts of the first group relay 311, contacts
of .the first .units relay 321, and the back con-
tacts of the switching relay 397.

The line comprising conductors 326, 327 and
328 is'a party line, or rural line;, and there may
be twenty stations such as C and D on the line.
The telephones at these stations are of the com-
mon battery type and the ringers are bridged
across the line. - Code ringing is employed for
signalling. . Stations C and D are indicated mere-
ly by circles for lack of room but it will he un-
derstood.that the telephones may be of any suit-
able and well known type. “At the exchange the
line has the usual line equipment, including the

line relay 309 and the cut-off relay 388. The line

is accessible by way of contacts of the eighth
group relay 318, contacts of the first units 321,
and the front contacts of switching relay 307 and ,
the line telephone number therefore is 86. . Each
station on the.line has. cne. or. two additional
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digits in its complete telephone number to. con-
trol theringing.. - -

~The' line comprxsmg conductors 329 330 and
331 is a trunk line and is the frst trunk line of
a group of five trunk:lines extending to a private
branch exchange.
group is the trunkline comprising conductors
332, 333,-and 334._ The other three trunk lines
of the group are not:shown, .Each trunk line
is provided with individual line equipment the
same as a subscriber's:line, At the branch ex-
change end the trunk lines may terminate in
telephones -or in a P.-B.: X switchboard of any
suitable and well known type. The telephone
number of this trunk-line group- is 81.
this number is dialled the first idle trunk of the
group is connected with and is signalled aufe-
matically. Trunk lines 82 to 85, inclusive, may

- The:second trunk line of the

When

<

10

3

_Relay 603 is ‘the- connecting ‘telay and relay
§04. is the:all trunk busy. relay ‘associated with -
the group .of private branch:-exchange trunks;
telephone : number “81... When energized; relay
603  connects - the marking . conductors: 644;: te
645, inclusive, to:contacts of the busy relays 6ii
to-619,: inclusive. . These:husy relays are:indis
vidual to the five private branch exchange trunks;
respectively, and:are connected to the test .con-
ductors of such trunks: : Thus terminal 631 asso-
ciated with relay 611 is connected to test con:

. ductor: 33{, Fig.:3, of-the first trunk line ‘of the

group, and terminal 632 is connected to test con=

" ductor 334 of the second trunk line’ of the group,

each have an individual listing-.alse, which in- .

cludes & ringing digit, and may be called indi-
vidually the same .as subscribers’ lines. These
individual trunk numbers may be used for night
service. -

The line compmsmg conductors 335, 336, and
3371 is the first.-trunk line of a group of five trunk
lines extending to a toll center.. The second
trunk line of the group is also shown -and com-
prises conduectors 338, 339, and 240;  -Access to
the group is had by dialling the single. digit- 0.
The first trunk:line is shown complete in. Figs:
7 and 8.

30

The-equipment at- the exchange end is shown )

in Fig. 7. Relays 121 and 120 are the usual line
and cut-off relays. : The conductors 235, 336, and

327 connect -to conductors: 122, 723 and 124, re-

spectively, which terminate in, the repeater com-
prising relays 181 to 115§, inclusive, and the re-
peating coil R. Relays 116 to 119, inclusive, are

and so on.
‘Relays: 620, 62I
with the group of private branch exchange trunks:
These relays function when & trunk of this group
is connected with to transmit an: impulse to.the
connector in-use to start the ringing operation.
Fig.- 9 shows. three.'special 1nterrupters 805,
608 and 697 which will be referred to ‘as-the
pick~up, lock, and Teverting call signal “inter-
rupters, respectively. ~'They are common’ to all
the connectors. As regards the connector shown
herein, terminal: 2{3, Fig. 2, and terminals 348
and 348, Fig. 3; are-wired to terminals 619; 698,
and 609, respectively; Fig. 9. The other connec-
tors: are wired to.Fig. 9 in the:same manter.
. The. reference characters: 616 and 8!7 indi«
cate two code interrupters.” These interrupters
are the first and eleventh code interrupters,: re-
spectively. - There_ are eighteen more cods inters

- rupters, omitted for lack-of ‘space in the draw-

35

relays of other repeaters and- cﬂrrespond re relay :

164 of the repeater shown.
-The inter-exchange-sectipn -of - the trunk line
comprises the two conductors 125 and 126, which

extend to Fig. 8, where the trunk line is pro-

vided with suitahle terminal equipment. . 'This
equipment is located -at the toll center and com-
prises relays 834 to 896, inclusive, a repeating coil
Ri, a trunk jack Ji, a dialling jack J2, a line
lamp Li, a busy lamp L2, ‘The operator is pro-
vided with cerd eircuits, which are of well known
type and are not shown herein,.
also has a calling device CD, 'which -may be con-
neeted to the dialling jack of a trunk line by
means of the plug P. It will be understood that
the trunk line may be multipled to -cher op°r-
ators’ positions in known manner. :

‘Referring now-te Fig. 6, the equipment there
shown is commen to all tbe cennectors and may
be momentarily connected to any connector to
enable the ‘selection of an- idle trunk when a
trunk group: is called. - The equinment comprises
g number of relays and: cireuit connﬂchons which
will be explained briefly.

Relays. 83! and 652 ar e assoczated Wlth the,

group of trunks which extend %e the toll center,
the former relay being a-connecting relay and
the latter an all trunk busy relay. Relay 631 is

energized momentarily when the trunk group is

called and connects the marking conductors 841
to €43, inclusive, to. conductors 73+ .to 135, in-
clusive, which extend to Fig. T where. they: ter-

minate in contacts of the busy. relays 784 and
Conductor 136 also ex--
t-and serves. to. ener-

1i6.-to 119, inclusive.-
tends between Figs. 6 and
gize the all trunk busy r,ﬂlay, 602 whenever all of
the trunks to the toll cenfer become busy.

The operator
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ings,-each generating a different ‘code.: All-the. .

-code Interrupiers, also interrupters 645, §95, and

637 are assumed. to be cont muouslyArotatmg at
slow speed and in synchronism:with each other.:-

‘It will be understood;, however, that. in" actual

practice suitable arrangements may be made for
starting up this equipment only when 1eqwr°d
for ringing purposes :

Detazled explanatzow—stat on A callm g. smt onC »
The operation - of the system w111 now: be de=~:

.seribed. . For this-purpose it.will . first be.as-
sumed that, the subscriber atstation A desires.

to. call the ‘subscriber at. station €. The line-
number- of the party line to which station C is-

) connected is 86 and-assuming that. station C-

has been-assigned the first of the twenty differ-
ent ringing codes the complete te lephone num-
ber of station Cis-861. . . . :

- When the ‘receiver 1s re'no‘fed af s*a.tlon Ajn

N -bridge -is clpsed-2¢ross- the line: conductors. 2:

" and 8 and a cireyit is completed. for the line-
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“contact 28.

relay 6. Upon energizing, relay & grounds’ the:
individual marking - conductor: 48 and. alsor
srounds -eonductor: 17; which:is common to lines o
| to§ of the first. group, or: to the.first sub= ~group

of the first group. 'The grounding of: conduc< " )

ter t1 eomplstes a cireuit for the first group con-
trol-relay 2} which: may be traced from-ground:
by way-of: contact 1. of the: line’ T8lay- §, ‘con-

. tact 13, conductor 11, winding of sub-group con-’

trol relay: 19, conuact 87, windirig- of ‘first group"
relay 2i, contact 2%, .conductor 3%, confacts of
group. relgys not shown; centacts of the second
group relay-controlled at 29, contacis of the firsf -
group relay. controlled-at 28 ¢onductor 31, con-" -
taets-of relay 101 at the: allstter; and” Tesistance
38 ‘to:hattery. Gioup contzok relay 21 ‘is ener-
gized: over the above “circuit: and Tocks: itself ai-
AL the same- time; relay: 2l - dist
conngcts. hattery: from. conductor 30, which- pre="

and 622 are also as somated o
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vents all the other.group control relays such -as
24 from energizing responsive to calls-that may
be - initiated in- other groups:. At -contact 26
relay 21 places ground on-the ‘group.marking
conductor 36, thus.preparing for energizing the
first group relay such as 41 in the finder of
the link circuit whlch 1s to be u’sed for the
call.

“The sub-group control relay I9 is energtzad in
series with the group control relay 21, and con-
tact 40 opens the. circuit of the sub-group con-
trol relay 20, thus preventing relay 29 from ener-
gizing 'in response to- the grounding of con-
ductor 18 which is common:to lines of the sec-
ond sub-group. Conductor {8, it will be under-
stood, is  grounded .in response to the initiation
of a call on any one of lines 6 to 0 of the first
group.: Relay 19 also connects the five 'indi-
vidual marking conductors such as-conductor

16 to five common units ‘marking conductors

such .as 33. Since conductor {6 is -grounded
at contacts of the energized line relay 6, this
‘operation prepares for energizing the first units
relay such as 51 in the ﬁnder whlch w111 be used
for the call.

The group control relay 21 also grounds ‘the
common conductor 39 extending to relay 109
“in"the allotter and this.relay.accordingly ener-
gizes. -At its lower .contacts: relay 188 closes
a circuit for the meter' M, relay .11 .being nor-
mally energized, and -the meter “is ‘operated to
register the call. - The meter M may be referred

to as an- answered call meter and registers the:

(1)
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total number of calls to which: idle link circuits -

.are gssigned. by the allotter.
of the normally energized condition: of relay 17
it may be pointed out that this relay is ccn-~
nected to the common conductor 64 whick is
grounded at all the idle connectors. Relay 17
will be energized therefore as long as any hnk
circuit is available for use.

At its upper contacts relay {00 closes a clrcmt
for relay {05, said circuit extending from ground

" by way of the upper contacts of relay. 108, contact

80, contact 90, contact 88, and winding of relay

105 to battery. Upon energizing, relay 185 closes

a circuit for relay 103 over a path extending from

ground by way of contact 87, contact 18 and lower
winding of relay 103 to battery Upon energizing:
relay 103 closes ‘a locking circuit for itself ex‘rend-'

ing from ground by way of ‘contact 83, upper
winding of relay 182 and lower winding of relay
103 to battery. Relay 102 does not energize over
this locking circuit for the time being since the
junction of the windings of relays 162 and 103 is

directly grounded -at the contacts of relay 165.:
Relay 103 also breaks the circuit of relay 195 at

contact 80, and at contact 81 closes a circuit for
relay {11,
by way of chain contacts of relays 120, {19, t,' 18,
ete., contact 81 of relay 103 and winding of relay
‘t11 to-battery. Upon energizing, relay 111 locks

" itself to the chain circuit at contact 82, prepares

“a circuit for relay (12 at contact 81, and prepares
a circuit for the connecting relay:T{ at contact
94. Relay 111,
ated with the first link circuit.

When relay 1985 falls back, it breaks the mmal.

energizing circuit for relay. 103, thereby removing
the short circuit from the upper winding of relay

102, and the latter relay: accordingly energizes.:

A’ circuit is now completed for the connecting
relay T,
upper contacts of relay: 100, contact 88, contact

90, winding of relay 108, contact 88, contact-:84,:

In explanation:

The latter circuit extends from ground’

it - may be mentioned, is associ--

extending from -ground:by.way of’ the:

ot
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busy key BK,:and winding of relay 11 to battery:
Relay 105 is included in the above circuit and be-
ing a fast operating relay it pulls up and breaks
the branch circuit to relay 105 before the latter
relay has time to operate. ‘Relay 106 also places
ground on the common:c¢onductor 64. Relay TI
is' the connecting relay which is associated with
the first link circuit and when energized cver
the above traced circuit it connects the group
and units marking conductors to their respective
relays in the finder' of the first link circuit. Re-
lay T1 also connects battery to conductor 67 at
contact 14, and at contact 76 prepares a c1rcu1t
Ior relay 104 of the allotter.’ =~

“The connection of battery to conductor 61 com-~
pletes a circuit for the line relay 204 of the con-
nector of the first link circuit by way of said-con-
ductor 67, trunk conductor 60, contact 215, con-
tacts of reversing relay 202, and winding of line
relay 284 to ground. Upon: energizing, relay 204
closes a circuit for the slow acting release relay
208, said circuit including contacts 225 and 218.
UpO‘l energizing, relay 205 places ground on the
sleeve or test conductor 62 over a path extend-
ing from ground by way of contact 355, contact
349, conductor 281, and contact 221 to the said
test conductor 62. Relay 205 also grounds the
holding conductor 63 over a path extending from
ground by way of contacts controlled at contact
425 of relay 402, conductor 291, and contact 229
to said holding conductor 63.

When the marking conductors are connected
up by the ~nergization of relay T(, a circuit is
ccmpleted at contact -12 ‘for the group relay 41

. ovéer the grounded group marking conductor 38,

and also a circuit is completed over the grounded
units marking conductor 33 for the units relay
51. Relays 41 and 51 accordingly energize and
lock- themselves to the holding conductor 63 at
contacts 79 and 54. At contact 53 relay 51 dis-
connects battery from the other units relays such
as 52, At its contacts 42, 43 and 44, relay 41
extends the line and test conductors of the call-

ng line to the intermediate trunk conductms 45,
t‘s and 47, and at its contacts 48, 49 and 59, re--
lay 51 extends these mtermechate trunk conduc-’
tors through back-contacts of the switching relay
55 t0 the trunk conductors 60, 61 and 62 extend-
ing to the connector.- The line relay 204 of the
connector is ncw held energized over the calling
line lcop in series with the impedance coil 203,
irndependent of its initial energlzmg circuit from
the allotter.:

- The test conductor 62 being grounded, a circuit

5 is now established. for the cut-off relay 5 over

cenductors 62, 4T and 4, and said cut-off relay is
energized. .The line relay 6 is thus disconnected
from the. calling line and is deenergized. ' The
lockout relay T energizes in series with relay 5,
but without particular effect at the moment.
When the holding conductor 63 is grounded,
the circuit for relay 104 which was prepared at
contact-78 of relay Tl is completed by way of con-
ductor-15, contact 15, and conductor 65. Upon
relay 104 closes a circuit for relay
1914, Whlch energizes in turn and disconnects bat-
tery from conductor 31, thereby deenergizing re-
Jays 2! and 19. When relay 21 falls back it opens
the c’rcuit of relay. 100, which deenergizes and
opens the circuit of meter M, also the circuit of
relays 186 and Ti. When relay 11 falls hack,
it disconnects the marking conductors; discon-
nects battery from conductor 67, and opens the
circuit of relay 104. Relays 104 and 101 now de-

-energize. in succession but are slow acting and
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accordingly battery is maintained disconnected
from conductor.31 for & brief interval: sufficient

for the operation of the allotter in assigning a -

hnk circuit for the next: call.-
- The operation of the allotter is 1n1t1ated by the

deenerglzatlon of relay T, which closes a circuit -

for relay 133 over a path extending from- the
grounded holding conductor .63 by way of conduc-
tor 15, contact 16, conductor 142, contact. 83 of
relay 1{1, contact 19, contact 18, contact»ﬁii, and
upper winding of relay 103 to battery. Relay 83
is differentially wound and now deenergizes due
to .the opposing effects of its upper: and lower

windings: When relay 103 falls back the ¢irctits
" of both windings are opened; at -contacts 83.and
84.
162 is also:opened at contact 83 but this relay
‘remains energized over a branch of the previous-
ly traced ‘circuit, said branch extending. from
contact 78 through the lower winding of relay
{82 to' battery. -

When telay 193 deenex gizes :it-closes a cn"cult
for relay 112 extending from the grouunded con-
ductor. 64 by way of. contact 82, contact 81, and
' winding of relay 112 to battery.. On energizing,
relay {12 prepares:a-: -circuit for relay 13, and
locks itself-at contact 88, .Also at’contact;% e~
lay 112 opens the locking. circuit of relay {li,
which deenergizes and breaks the circuit through
the lower winding of relay 182. . The latter relay
accordmgly deenergizes also.

t will be convenient at this point to conoxd
the operation of the. allotter responsive to suc-
ceeding calls before continuing with the explana-
tion of the establishment of the connection from
station -A. When the next cdll comes in relay
189 is energized as before and closes a circuit ex-
tending from ground by way of its upper. con-
tacts, contact 88, contact 9€, winding of .relay
{98, contact 86, contact 94, contact 95, and con-
ductor 124 to the connecting relay in the second
link circuit, said connecting relay corresponding
to relay 71 of the first link circuit. . Upon-the
energization of the second connecting relay, the
finder of the second link circuit is operated to
connect with the calling line. When the holding
conductor of the second link circuit is grounded,
ground is applied to common conductor §5 and
relay 184 is energized, also relay 181, with results
previously described. Upon the deenergization
of relay 189, the circuit of the second connecting
relay is broken and it deenergizes, breaking the
circuit of relay {88. The deenergization of the
second connecting relay also closes a circuit for
relay 163, extending from the grounded holding
conductor of the second link circuit by way of a
conductor corresponding to conductor 79, contact
of the second connecting relay corresponding to
contact T6, conduector 119, contact 81, contact 78,
contact 18, and lower winding of relay 183 to bat-
tery... Upon energizing, relay 183 closes a lock-
ing circuit for itself at contact 83 and closes a
circuit for relay (13 at contact 82. The latter
circuit extends from grounded conductor 64 by
way of contact 82, contact §3, and winding of
relay 118 to battery. Upon energizing, relay 1{3
prepares a circuit for relay 114 at contact 122,
locks itself at contact 123, and at the same con-
tact breaks the locking -circuit of relay 1i2.
lay ii2 accordingly deenergizes and breaks. the
initial energizing ‘circuit of relay (83, said relay
remaining energized over its locking -circuit,
which now energizes relay 182. Relays i82, 193,
and ii3 remain energized awaiting the next call.
. When the third call comes in, relay 130 ener-

~The circuit of fhe upper winding of relay -
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gizes and _closes a circuit. extending through: its.

upper contacts; contact 89, contact 89, relay (06,
contact 88, contact 94, contact 98, confact 125,

and conductor 127 to.ihe gonnecting relay of the - A

third link -circuit,. The third eonnecting relay.
accordingly energizes and hrings about the -ep-
eration of the finder in the third link ecireuit to
conneect: with: the calling. line, . Qondustor 65 is
grounded. as. befare, causing the. epergization of
relays{04. and 00 and the deenergization of
relay 180. - The latter relay breaks the oireuif of
the third connecting relay, which deenersizes
and breaks the cireuit of relay 104, also placing
ground on conducyor i26. :The lafter operation
completes a circuit for the upper winding of re<
lay 163 extending by way of grounded. conductor
128, contact 124, contact 19, contact. 18, contach.

84, and upper winding of reley 103 ta battery.

Current flow over this ecireuit” deenergizes. relay
163 by differential action, while a branch cireuit

through-the lower winding of relay 102 holds this

relay energized, as previously explained.: The de-

reuit-for relay

i 14, extending from grounded gonductor:-64 by .
way of contact 82, contact 122, and winding of

relay 114 to battery. Upon energizing, relay Ji4

prepares a circuit for relay 1% at contact §28;

locks itself at contact 128, and at the same con=

tact opens the locking circuit of relay 113, ‘Upon

deenergizing, relay 448 breaks the holding eireujt

of relay 182 and bhls relay -accordingly deener-.
gizes also.

From the explanatlon 50 _far it will e apprecza
ated that relay 183 is an impulsing relay for eon-
trolling the relays. {ii .to. 128, inelusive,-of the
aliotter, being assisted in this fynction by relay
182.  These relays are energized and deenergized
responsive: to the first cail, are energized respon=
sive to the seconid call, deenergized responsive to
the third call, efc. Relay 411 is controlled over
a special circuit including. contact 81 of zelay
i83.  Of the remaining relays H2 to 128, inclu-
sive, the even numbered relays are.controlled af
the back contact 8$2; while the ‘odd numbersd
relays are controiled-al the trent,cm&aet 82,

. "When the fourth eall comesin relay 108 ener~
gizes and closes & cizcuit over conductor 432 for
the connecting relay of the fourth link eir 11;,
This relay: aceordingly energizes and the finder
of the fourth link circuit connects with the eall-
ing line. . Conductor 89 is grounded as. on pre
vious calls and xelays 104 and 181 are enecrgized.
Relay 199 then deenergizes and breaks the eircuit
of the fourth connecting relay. .When this relay
deenergizes, ground is applied to condueter 14 -
and a circuit is completed through the lower
winding of relay 193. On energizing; relay 103
locks itself at contact 33 and at contaet 82 closes
a circuit for relay 145. -On energizi

locks itself and breaks ,tche lt_ack_mc urcux{s oﬁ relay

114, whien deenergizes breaks the initial en~
ergizing of relay 193, permitting relay 192 fo en--
ergize over the locking circui of relay 163, Re-~
lays 182, {63, and 115 are now m energlzed
condition.. .

It will be assuraed now that the ﬁfbh $0. mnth
link . circuits, inclusive, are busy. Accordingly
there.will be a g;ound on conductor 483, ‘through
a baek: contact of the fif
responding to back contact. 76 of-the ﬁrst connect-
ing relay), and conductols 134 t@ 131 mcluswe,
will be similarly gl ounded.
©When relay 182 energizes. under the éorefromg,

-eircumstances, a, cirouit is. completed . over . the

grounded cmduator 433 for the upper wmdmg of
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relay 103 and also for-the lower winding of relay
102, deenergizing the former relay and holding the
latter.. On falling back, relay 103 operates relay
{18, which locks -itself and breaks the locking
circuit of relay {15.: On deenergizing, relay {15
breaks-the holding mrcun, of relay 182 and this
relay deenergizes.
- On deenergizing, relay- I92 completes a CIrCult
over-the-grounded conductor 134 for the lower
- winding of relay 103, which locks itself and oper=~
ates-relay 111, Relay {17 locks itself and breaks
the locking circuit of relay (18, which deener-
gizes and -breaks the initial energizing circuit of
relay 103. -Relay 102 now energizes over the
lockmg circuit of relay 103. !
- On energizing,  relay 102 completes a mrcmt
for its lower winding and for the upper winding

of relay 103, said circuit including the grounded

conductor 135. "Relay 103 accordingly deener-

gizes by -differential action- and operates relay o

118, which locks itself and breaks the locking cir~
cuit-of relay 111. . On deenergizing, the latter re-
layopens-the holdlng circuit of relay 162 and this
relay deenergizes.

On deenergizing, relay 102 again completes a
clrcult,for the lower winding of relay 163, this
time over grounded ¢éonductor 136. On energiz-
ing; relay 103 locks itself and operates relay (19,
which locks itself and breaks the locking circuit
- of -relay 118.. On deenergizing; relay 1i8 breaks

the initial energizing circuit of relay 183, where-
upon relay 102 energizes in the locking circuit
“of relay 103, - -

On energizing, relay - IDZ closes a c1rcu1t for the
upper- winding of relay 103 over grounded.con-
ductor 131, thereby deenergizing said relay, relay
102 -holding up over its lower winding. -The de-
energization of relay 103- operates. relay. 120,
which locks itself at contact 138 and breaks the
locking circuit of relay ‘119. . On. deenergizing,
rélay 119 breaks the holding circuit of relay 182,
which deenergizes. In energized position rela,y
120 prepares a circuit at contact 139 for the con-
necting relay of the tenth link circuit.

The foregoing operations in which the allottel
searches for-an-idle link circuit take place very
rapidly, well within the -deenergizing time of re-
lays 104 and 101. - When- the next call comes in,
relay-100-energizes-and closes a circuit over con-
ductor 141 for the connecting relay of the tenth
link circuit. - This relay accordingly energizes and
the finder of the tenth link circuit connects with
the calling line, Ground is applied to conductor
65 as previously described and relays 104 and 01
are energized. When relay 100 deenergizes, the
circuit -of the tenth connecting relay is broken
and this relay falls back, grounding conductor

140 and closing a circuit for the lower winding of -

relay 103. ‘Relay 103 energizes, locks itself, un-
locks relay 128, and prepares a circuit for relay
11i. Relay 1if energizes and locks itself over
the chain circuit as soon-as this circuit is closed
by-the deenergization of relay 102. -The deener-
gization of relay 120 also breaks the initial en-
ergizing circuit of relay 103, whereupon relay 102
energizes over -the locking’ circuit of ‘relay i03.
Assuming now that the first link circuit has be-
come idle, there will'be no ground on conductor
142 and relays 163 and 102 will remain energized,
maintaining the first link circuit assigned for use
on ‘the next call, - Subsequent calls are handled
by the allotter in the manner described:

"In case a link fuse is blown, the link is passed
up by’ the allotter as in the case when the link
is busy. It may be assumed,; for example; that
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the fuse for the first link is blown, which means
that battery is disconnected from the various re-
lays ‘of the link, including relay Ti.. When the
next call comes in, therefore, and relay 198§ is
energized, the said relay cannot close the. usual
circuit through relays 106 and 1. Relay 198 not
being energized, the branch circuit through relay
105 is effective and this relay grounds: contact 79
of relay. 162, thereby completing 'a.circuit for
holding relay 102 .and deenergizing relay 183. On
deenergizing, relay 103 breaks the circuit of relay
185 and. closes. a- circuit for relay 112, the: latter
relay locking and opening the circuit of relay
[11. When. relay. 105 deenergizes it opens the
holding circuit of relay. {02; which deenergizes
and completes the usual circuit for connecting
relay of the second.link circuit over conductor
f21. That is; this circuit is completed provided
the fuse for the second-link circuit is all right,.
If thefuse is blown the circuit will not be com-
pleted, relay 8§ will not energize, and relay 103

will operate to-control 1elays {83 and 162 1n the

manner explained. . . .

When- all the link circuits are busy tnere 1s
no ground on conductor 64 and the allotter is
thus prevented from performing futile searching
operations. - When the last link is taken for use
by energization of its associated connecting re-
lay such as 71, the last connector ground is
removed from conductor 64.  Relay. 106, however,
energized in series with the .connecting  relay,
maintains another ground on conductor 64 until
it falls back upon the deenergization of relay 100,
Thus relay 717 is maintained energized until the
call is disposed of by the allotter -and false oper-
ation of the overflow meter Mi is prevented. If
another. call comes in before a link circuit be-
comes idle, the energization of relay Iﬁﬂ w111 0p61-
ate meter MI.

Refurning now {o the connection being set up

from the calling station A to the called station
C, the calling line has been extended to the con-
nector of the first link circuit by operation of
e associated finder and the line relay 204 is
energized over the calling line loop in series with
the impedance coil 203.  Relay 205 is energized
as previously. .explained. Relay 207 is also ener-
gized, being connected to the ground test con-
ductor 62 through contact 243 of relay 208. In
energized position, relay 2071 removes the first
link circuit ground . from conductor 64 at con-
tact 23¢. Relay 2087 also grounds the holding
conductor 289 at contact 238. . .
- Diail tone is connected to the calling line over
a2 path which may be traced from conductor §0
of the calling line by way of contact 215, con-
tact 228, condenser 282, contact 245, conductor
287, contact-323, contact. 356, conductor 483, con-
tact 488, and contact 446 to the conductor labeled
“Dial tone” in Fig. 4, which extends to the dial
tone. generator. The calling subscriber is in-
formed by the characteristic tone in his receiver
that he can start dlalhncr the digits of the called
numbers. .

The first digit in the number of the called
station C is the digit 8. When the calling de-
vice at station A is operated in accordance with
this digit, a series of eight interruptions is pro-
duced in. the calling line loop, causing the line
relay 234 ic deenergize momentarily eight times
and transinit a-series of eight impulses to the
counting relays-in Fig, 5. The impulsing circuit
may be traced from-ground by way of contact
218 of relay 204, contact 225 of line relay 204,

5 contact 237, conductor 266, contact 351, contact‘
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241, cenductor- 815, eontact: 520, conductor 316,
contact 451, contact: 454, contact. 451, conductor
- 4284, and winding . of" ﬁrst eounting relay §¢1 to
battery:  This is the eireuit over which the first
impulse is. transmitted, The other impulses-are
transmitted over the same eircuit except that it
includes g different counting relay-for ecah suc-
cessive impulse, as will: be’ epramed - The slow
acting change over relay- 306, Fig. 3; is connected
to conducter 316 of the unpulsmg -circuit ahd
energizes- on the first impulse, remaining-ener=
gized thereafter until the series of impulses-is
completed. At ifs contaet-357, relay 33% short

circuits- the impedance-coil 208 to 1mprove “the
“relay 366

dialling circuit. -At  contaet. 858,
‘shunts contact 528, Relay 456 is also connécted
to conductor 376 and ene1g1zes responsive to-the
first impulse.- This relayis not:slow actmg but
is ‘held enexrgized throughout the series’ of im-
puises over conductor’ 480, whlch is connected to

10

) 543 contact (373 conductor 42¢, contact 52

20

grounded conductor 266 at contact 860 of relay

_888. Conductor 280, it will be recalled, has been
grounded at contact’ 238 of relay 207, The op-
eration of relay 466 in response to the first
series of impulses has ‘no’ particular effect.’ )
. Counting relay 50I energizes in response to
the first impulse, prepares the circuit for the
second-counting relay 982 at contact. 5,15 ‘and
cioses a locking” circuit for itself-al contact 8i4.
This’ locmng circuit"may be traced from ground-
ed conductor 260 by way of contacts coqtrolled
at £33 (relay 404), contacts controlled at 467,
contact 441, conta.ct 45%, winding of relay 510,

" conductor 488 ‘contact 516, and winding of relay

§8i to battery. The locking circuit becomes ef-

fective as soon as the ﬁrst’impul”se is terminated,-

whereupon relay 110.is. energized and. transfers
the impulsing circuit to relay 692 . by way of
coutact 457, conductor 485, and contact 515. "

Counting rélay 502 is enérgized by the second
impulse, prepares the circuit for the third count-
" ing relay 593 at contact 521, and closes a lock-
ing circuit for ‘itself at contact 522. 'This lock-
ing circuit is- the same as the lbckin-g;oircuit,oi
relay 58!, previously traced, except that it in-
ciudas conductor 499, relay 409, and contact 453.

40
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At the termination of the second impulse relay

488 energizes in series with relay 562 and trans-
fers the impulsing circuit to counting.relay 583
by way of contact 4564, .conductor £86; and con-
tact 521. Relay 409 also ‘hreaks the lockmg cir-
cuit of relay 561. at.contact 458, whereupon re-
lays 53§ and. 440 are- deenergized. :The. circuit

to battery through relays 410 and (1Y is-of high’

impedance and acoordingly~ is:shunted by a re-
sistance as indicated in the drawing in order
10 suppress spammg at: contact 458. The other
two locking c1rcu1ts are similarly provmed w1th
spark suppressor circuits.. .

Counting relay 503 is energlzed by the thn'd
impulse, prepares-the circuit of reiay 584 at con-
tact 523, and. closes-a:locking circuit-for -itself
over contact 524; conduetor. 4§14, relay 408; and
contact 459. - At the termination of the impulse

relay 8863 energizes ‘in series with relay. 583 and:

transfers the impulsing circuit to relay 594 by
way of contact. 451, conductor- 487 .and contact
£23. Relay 408 glso breaks the-locking :circuit
-of relay 582 at contact 453 : thereby deenerg1z1ng
relays 562 and 409. .

~The operation of the counting relays contmues
. in this -manner until- finglly: counting relay 508
is energized by the-eighth impulse. Relay 508

locks. itself -at contaet 528, over:conductor 493
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and relay 409, and the latter relay energizes i

the locking clrcmt at thie terminafion’ of the ims<

pulse. The preceding counting relay 3871 and
relay 410 are deenergized by the opening of con-
tact 456 of relay 409. "Thus at the completion of -

-the series of 1mpulses 1e1ays 598 and 409 remam

energized. - o
Relays 305 and 406 restore ot the end of the'
series of impulses and ‘the former relay. eloves 3
circuit for the eighth group relay 348 over a path’
which extends from grounded coaﬂuotov 263 by

way--of contact %68, conducter 48+, contact 435
of relay 428, coritaect 437, contacts coqurolled 4t

1e1ay %08, conducter-382, and wmdmg of relay'
348 to: baut_eiy_ Onenergizing, relay 868 con=
nects conductar 882 to cenductor 488 al contact
357, thereby closing a éircuit for rélay »Gs which
eXaends from the grounded conducior: 882 by way.
of contact 387, cenductor: 483, and wmamg of
reldy 485 to battery. “Ubon energiz ing; relay 4{!5
locks itseif at contac* 442 to grounded conduetor»
268 and theleby extends ground’ back over.
initial energizing cu‘cult torthe group relay s
Thus relays 465 and 348 are Ioc&ed 1‘1 pala ki
to-grounded conductor 258,

-~ Other results of the’ energmatloa of relay 4@5
that-may be noted at this time’ are the opemng
of- the dial ‘tone circuil -at contact 446" -and the
opening of the locking circuit of re]ays aad and
839 at contact 241,

prepared- for receiving the next series' of im-
pulses. Alst' at contact 443 relay 405 dis
nects the marking circuit from the” group mark-
ing conducters and connects it instead to eontact
£58, whence it'is later extended tothe u’llL.: ma‘rk-
ing conduCtors .

As o result of the energ-zatmn of the gmup,
relay 3!8 the ten lines 81 to 8%, inclusive, are
connected into the link circuit; One of these'
lines is line €8, the line of the called station c,

he second dlgxt of the called’ number is the
digit 6.- When the ‘calling subscriber dials this
digit, a series of six interruptions is produc»d
in the calling line loop and the liag 1elay 264 is
momentarily. deenergized six times to transimit
a series of six 1mpulses to” the couiiting relays,
These - 1mpulses are transmitted qver the same
circuit ‘as’ the preceding series. Relays 396 and
486 energize as before” and’ remdin’ energized
throughout the series of impulses. Rel,’aJy 43¢, in
fact, locks itself to conductor 289 at contact 448,
relay 495 being energized.
Tlie counting relgys respond. to the seeond 56
ries of impulses the same -ds before, excepl that
the locking ground.is supplied to contacts of re-
lays 428, 408, and 4190 from conductor 258 by way
of contact 447 of relay 493, - The last impulse-
of the series energizes relay Sﬁu, which locks it-

“self at contact 827 in series with relgy 498, The

- sscond series of 1mpulses therefore results in- tﬂe
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energization of relays 585 and 498,

At the end. of the- second- serics ; of lmpulsesi
relay” 38§ falls back, but relay 4065 rtmalns efi-
ergized, the latter relay keing locked: throucrh :

‘contact - 441 - of relay 485 as prthooSly men-

tioned. Upen: deenerglzmg, relay.. 8388 closes g
circuit'for the-units ‘relay 82 which" extends fr om
grounded conductor 25§ by way of comtact
conductor ‘481, ‘contact 452 of relay 488; contact’
431, contact Ma ‘contact 459, conductor 592, con-
tact 528 of relay 586, conductor 371, and  wind-
ing-of relay 32f to battery Upon en e1g1zmg! i
relay- 324: connects the now’ grounded: conductor

of

Relays 568 and 489 accord- :
ingly deenergize: and tne counting 1e1mys are thus -
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311 to-conductor 476, and thereby closes a cir-
cuit for relay 484 .extending -over conductor 41§
and through the winding of relay 404 to battery.
Upon- energizing, relay 404 locks itself and relay

321 to grounded conductor 280 at contact 438. -
It is necessary now to explain the operation of
relay 388. This relay is energized during the
dialling: of the first digit in parallel with count-
ing relay 568, said relays being conrnected over
conductor 374. When relay 3860 is thus ener gized,
it locks itself at contact 814 over conductor 478,
which connects with the counting relay locking
circuit Fig. 4. "Accordingly relay 380 is unlocked
~and deenergized along with counting relay 508
followmg the energization of relay 465. The op-
eration of relay 300 responsive to the dialling of
the first digit is without effect. Relay 209 also
energizes in parallel with relay 568 when the sec-
“ond digit is dialled and locks itself over conduc-
tor 478 as before. Now when the marking cir-
cuit is closed at contact 358 of relay 386 for ener-

[
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the same as. on the previous digits, and closes a
circuit for testing the called:line, said circuit
extending from grounded conductor 280 by way
of contact 359, conductor: 258, contact 228, con-
ductor 259, upper-winding of test relay 203, and

" contacts of relays 307, 321 and 318 to. the test

10

gizing tbe units relay 321, a branch of said mark- _

ing' circuit is also closed which may be traced
from junction 4501 to the left gver conductor 492
and thence by way of contact 433, contact 432,
conductor 474, contact 313 .of relay 300, and
winding of the switching relay, 387 to battery
‘Relay 307 is thus energized in parallel. with relay
321. " On energizing, relay 307 closes a locking

circuit for itself which extends to grounded con- 4

ductor 266 by way of contact 364, conductor 4717,
and contact 442 of relay 385 to conductor 260.

Returning now -to relay 4064, the ‘energization
of this relay opens the marking‘ circuit at contact
431, and opens the locking circuit of relay 466
at contacts controlled by-contact 438. Relay 426
accordingly deenergizes, breaking the locking cir-
cuits of relays 506, 408, and 300, which deener-
gize also.  In addition to the foregoing, relay. 406
closes a -circuit for relay 493, extending from
grounded conductor 260 by way of contact 447,
contact 438, conductor 288, contact-224, conduc-
tor 288, and upper winding . of relay 4983 to bat-
tery. Upon energizing, relay 403 locks itself at

contact 423 and prepares a holding circuit for

relay 406 at contact 431. . ‘

The energization of units relay 321 selects lines
81 and 86 of the ten lines.81 to 80 selected by
the group relay 313. The energization of the
switching relay 307 selects line 86 of the two lines
selected by the units relay. The line selection
has accordingly been completed and the equip-
ment is ready for-the dialling of the third or
code selecting digit.

The code selecting digit is the digit 1. When
the dial at the calling station is operated in ac-
cordance with this digit, a single interruption
is produced in the line circuit and the line re-
lay 204 is momentarily deenergized once, there-
by transmitting a single impulse over the im-

pulsing circuit and energizing counting relay

§CI, which locks itself in series with relay 416
at the termination of the impulse, The count-
ing relay holding circuit, over- which relay 5061
locks itself, is grounded by relay 406 at contact
441, relay 458 being energized over the impuls-
ing circuit as before. On energizing, relay 438
locks itself over the holding circuit prepared by
relay 483, said circuit extending from grounded
conductor 260 by way, of contact 250 of relay
210, conductor 289, contact 431, contact 441, con-
tact 449, and upper wmdmo of ‘felay 406 to bat-
tery. -

‘Relay 308 energlzes over the impulsing  cir-
cuit in response to the dialling of the third digit,

conductor 328 of the called line.. If the line is
busy there will be a ground potential on the tesl,
conductor and test relay 303 will fail to ener-
gize, -This is the case also if the tesl, conductoy
is open, or if the line group fuse is blown.
Assummg that test relay 303 does not ener
glze when relay 306 falls back. at the end of the

_thll‘d d1g1t a .circuit .is compleﬁ d for thé busy
3 izelay 305 over a path which may be tlaced from

grounded conductor 260 by way of contact 359,
contact 345, conductor 419, contact 498 contact
428, contact 287, contact 230, conductor 2711, and -
upper ‘winding of  busy relay 305 to battezy
Upon energizing, relay 305 locks Jitself. to .con- .
ductor 260 at contdct 354, opens the impulsing
circuit at contact 351, and connects busy tone
to_trunk conductor 60 at contact 356, The cir-
cuit inay be traced from conductor 60 by way of
contact 215, cortact 226, condenser 282, con-

" tact 245, conductor 267, contact ‘325, and con-
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tact 356 to the busy tone genelaum The call-
1ng subscriber is thus given the busy signal,

If the called line is idle there Wwill be a battery
potential on the test conductor 328, due to its
connéction through the. winding of cut-off re-
lay 308 to battery. "Assuming that the line is
idle when called, when the relay 306 closes the
test circuit during the dialling of the third digit,
the test relay 303 energizes and locks itself to
grounded conductor 62 at contact 244. The test
relay 303 also prepares a circuit for relay 304
at contact 345 and at contact 343 places direct
ground on the test conductor 328 of the called
line.” The cut-off relay 308 now energlzeu and
disconnects the line relay 309.

When Trelay 306 restorés at ‘the end of the
third digit it opens the test circuit and closes
the prepared circuit of relay 304 at contact 359;
On - energizing, relay 304 opens the impulsing
circuit at contact 347, prepares ‘a circuit for the
pick-up relay 361 at contact 348, and closes con-
tacts 346 and -350: in the talking circuit. - This
circuit is still open at contacts of relay 211, but
the operation’ of relay ‘304 effects the necessary
preparation for signallinig the called station.
“‘As previously - explained, terminals 348 and
349, Fig. 3, are connected to terminals §08 and
609, respectively, in Fig.'9.  When the pick-up
interrupter 605 grounds terminal 608, a circuit
is completed which -extends by way of terminals
608 and 348, contacts  controlled at contact 324,
conductor 298, contact 254, contact 248, conduc-
tor 276, contact 348, and wmdmg of pick-up re-
lay 30{ to battery. Upon’ energizing, relay 301
locks itself -at contact 324, since-terminals 349
and 609 .are now grounded at the lock interrupt-
er-606, Fig. 9. “When the interrupters have made
somewhat more than one half of a complete ro-
tation, ground -is reémoved  from terminal 609
and relay 801 is deenergized, It energizes again
when -the pick-up ‘interrupter 665 grounds -ter-
minal 608, from- which it will be seen that the

‘relay- is intermittently- energized and deener-
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-condition.

gized while the circuits remain in their present
The energization periods of relay
30! are the ringing periods.

.During each ringing period the code inter- .
rupter 616 operates the ringing relay 302 over
& circuit -which may be.traced from .ground. by
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Way of interrupter 616, conductor 654, contact
461 of relay 401, conductor 4712, contact 514 of
counting relay 501,

‘terrupter 616 is arranged to clobe this circuit

- “trol of the calling subscriber.
'is repldced at’station-A, the D. C. bridge across
“the calling lirie is opened and the line relay 204
‘is deenergized. The liné relay breaks the circuit

conductor 372, contact 320,
and winding of ringing relay 302 to battery In-.

“once during each ringing ‘period, the first code

being one long ring., The rlngmg relay 302 ‘en-

ergizes each time its c1rcu1t is closed and com'-

pletes a ringing circuit' over the called ‘line
which may be traced from the ringing generator
by way of conductor 399, contact 317 of relay
301, contact -341 of relay 302, contact 312, con-
ductor 270, contact 251, ¢onductor 262, contact
346, contact’s of relays 307, 321, and 318, con-
ductor 326 of the called line, the ringer at sta-
‘tion’ C, line conductor 327, contacts of Trelays
318, 321, and 307, contact 350, conductor 2789,
contact 255 conductor 272, contact 315, contact
342, contact 316, conductor 269, and windings of
relay 212 to- battery. The exchange battery and
the ringing generator are connected in series.in

this cireuit, the generator being grounded, The °

ringer at station C signals the called s_ubscrlber
each time the ringing circuit is closed. At the
same time that the called subscriber is signalled
a ringing signal is given the calling subscriber
by connecting the generator lead to tlunk con-
-ductor 68-at ‘contact 325

‘Relay 212 is the r1ng trip “elay and Wlll not
operate -effectively. on ringing current but will

- ‘operate if the receiver at the called station is re-

moved during the ringing period. Relay 2i2 will
also operate if the receiver is removed during -a
silent penod when the ringing relay 1s deerier-
_gxzed Assuming that the receiver is removed
ab-a time when the ringing relay is deenergized,
the-circuit for relay 2{2 may be traced from
ground by way of contact 341, contact 312, con-
ductor 270, contact 251, conductor 262, contact
246, contacts of relays 307, 321, and 318, line con-
ductor 828, station C, line conductor 327, con-
tacts of relays 318, -321, and 307, contact 350,
conductor 279, contact 255, conductor 212, con-
tact 315, contact 342, conductor 269, and’ Wmdmcr
of relay 2 {2 to battery.

‘When the ring trip relay 212 energrzes 1t con-
nects the grounded conductor 63 to relay 211 at
contact 286. Upon energizing, relay 211 locks
itself to conductor 268 at contact 253, opens the
¢ircuit of the pick-up relay 380 at contact 254,

and completes the talking circuit at contacts 251

and-285. The latter operation bridges the bat-
tery feed relay 210 across the called. line ifi an
obvious manner and this reldy accordingly ener-
gizes over the called line, the: recewer at statlon
C having been removed.
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“The release of the connection is under the con-
‘When the receiver

of the release relay 265, which deenergizes an
instant later, removing grouhd' from the test
conductor 62 and the holding conductor 63, the
removal of ground from conductor 62 opening
the circuit of relay 207. 'This relay now deen-
ergizes and removes ground from conductor 258.
These operations open the holding or locking

_circuits of all-energized relays in the finder and

connector. and the equipment is restored to nor-
mal. These restoring operations .will- not. be
gone over in-detail as they will readily be undér-
stood from the explanation of the various lock-
ing and.holding .circuits established during thc
settlng up of the connection.

“Permanent” tzmmg

When a hne becomes brldged due to some ab-
normal cause such as the receiver being acci-
dentally knocked off or the line bemg short-cir-
cuited, & call is initiated’ the same as when the
réceiver is removed by the subscriber preparatory
to maklng a call.’ ‘Such a false call is known as
a “permanent,” Ior ‘it 'will cause a,link ecircuit to
be tied up 1ndeﬁn1tely unless . arrangements are
provided. to- prevent such result. The.release. of

‘a link circuit” when he1d by & “permanen » will

now he: -explained.

For this purpose it may be. assumed that the
line conductors 2 and 3 of the hne ‘of .station A
become short-circuited due to a case of trouble
on-the line. The establishment of the short-
circuit causes the line relay 6 to energize with

the result that the finder of an idle link circuit

is operated to connect with the line, éXactly as
described in the case of the subscrlber at station”
A makmg a regular call to station C. Assuming

‘that the first link circuit is used, theline will be =

extended to the connector shown in Figs. 2 0.5,
inclusive, and relays 205 205, and 2" Wﬂl be
energized. . :
The 1nte1rupters 413 to 4[7 inclusive, are used.
for controlling certain timing opérations, mclud-' .
ing the tnmng of ‘all calls arrivinig at: 11nk cir-
cuits in order to deterinine if stich calls are “per-
manents” or mot. - ‘The intérrupters may be con-

"tinuously rotated in the direction of the arrows at

a. speed of ‘about.one completé rotation every two
minutes: The 1nterrupte1s are common to all
the connectors )

‘When: the 1nter1upte1 4&4 grounds the P l con— -

_ductor a. circuit is completed for. relay 482, ex~

When relay 218 energizes it connects the

grounded conductor 289 to the reversing relay

282, which energizes and reverses the incoming

trunk conductors 68 and 61 as regards their.con-

80:

nections to 204 and 203, thus reversing the direc- . -

tion of current flow over the calling line. This

tending from ground by.way. of 418, conductor

P, conductor. 297, contact 223, conductor 286,
contacts controlled af 423, conductor 284, contact

'239, contact 219, contact 221, conductor 2§2,.and

wmdmg of relay 4082 to battery.- From contact ;

.-218 the circuit. may also be traced to relay 462

operation is of no importance in the call being . -

described. Relay 218 also opens the locking.cir-

cuit of relay 485 at contact. 259, this relay deen- g5

ergizing and removing ground from the count-
ing relay holding circuit.
accordingly deenergize. The reversing relay 202
opens the locking circuit of relay 403 at contact
224 and relay 463 deenergizes.

The connectlon from station: A to statlon C
has now been compléted, the ca11ed party has

Relays 581 and 418
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answered - the call, and conversatlon may take -

place in the usual manner.
is  conventional and will not be traced in detadil..

The talking circuit:

5

by Way of conductor 284 and contact 439 of: relay
203, Upon energlzmg, relay’ 492 locks itself at
contact 423 In addltlon relay 402 disconnects

-direct ground from:conductor 29§ and substitutes

conductor CoG, whlch is now gr ounded at inter-
runterMB T

After’ about two mmutes the 1nterrupter M{i
removes ground from conductor CoG. This oper- .
ation’ ‘removes: ground -from conductor, 291’ and
from the holding ‘condilctor - 83; releasmg 1ela,ye )
41 and 51 in the ﬁnder The energized connector
relays 204, 205 and" 207 now release, the latter
relay breaking the cireuit of relay 462, Tho cut=
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off relay 5. is also deenergized and connects the

line relay 6 across the line. Relay T is slow act-

ing, however, and holds up long enough to enable
the linie relay 6 to energize over the short- cir-

cliited line and close a locking circuit for relay,:

T a} contact 18, Relays § and 1 accordingly re-

[

maif energized lintll' the trouble is cléared, relay -

T preventing the operation of another finder by
holding opsn its contacts 12 and 13.. It will be
understood that an alarm circuit ‘may be pro-
vided if desired, arranged to be grounded when
relays 6.and 7 are both energized.

C'onversatzon tzmzng :
The connector circmts are’ so arranged ‘that

after a conversation has cortinued for about 5% -

to 7% minutes a warning signal is given the sub-
scribers engaged in the call, notifying them that
the connection is about to be released. If the
calling subscriber doss not hang up, the connec-
tion is released automatically after an interval of
about one-half minufe more.. The manner in
which these operations are performed will .new
be described.

For this purpdse the. prekusly descrlbed gon-
nection between stations. A"and C will again be
considered. It will be recalled that the removal
of the receiver at station A brought about the
operation of the ‘finder in the first link. circuit
to extend the calling line fo the connector ‘wheére
relays 204, 295, and 287 were ‘energiZed. It has
also beén ‘explained, in conhection with the per-
manent. timing feature, how -the grounding of

20 =

30

the Pl conductor causes the energizatiod dand -

lockinig of relay 402. On a regular call this oper-
ation may not take place, singe condijctor P1 is

grounided at two minute intervals and less than
that time IS usually required  to comiplete the
establishment of a connection,  ‘Whether conduc-

tor Plis grounded or riot before the connection

can be completed obviously depends on theé posi-
“tion of the interrugter 414 af the time thé con-
nector js.taken for use, as well as on ilie tune
required to complete the connection.
Assuming that relay 402 becornes energized, the
locking path over conductor 284 which was pre-

- viously mentioned is broken at contdct 430 when

relay 483 energizes- following the dialling of the
second digit in the called number.  When the
called line is tested and found idle, rélay 304 is
energized gs. previcusly explained and at contact
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349 removes direct. ground from the test condue-

tor 82. This conductor remains grounded how-
ever,  through the upper winding of -relay 208,

which energizes due to:current flow through the-

cut-off relay of the calhng line, Relay’ 208 locks
itself at contact 234 to grounded conductor 269,
places:direct ground on the test conductor 82at
-contact 233, and prenares a cxrcult for relay 40[
at contact 235

_WHen the called subscrlber answers reIays 210
and 202 are energized, and at contact 221 the lat-

&5

ter. relay breaks the branch of the locking circtiit
of relay 492 which extends over, conductor 291 )

Relay 402 accor dingly deehergizes.. At contact224
relay. 282 breaks the locking circuit. of relay 403
- which ‘deenergizes and at contact 430 prepares
the conductor ‘284 locking cireuit for relay 402
in order to lock that rela,y ‘when it is agam ener-

- gized,
When 1nte1rupter 413 grounds the PZ conduc-
- Yor a-circuit is compléted for relay 407, said cire
cuit extending from grourd by. way of 413, con-
ductor P2, conductor 298, contact 235, conductor
298 contact 428, contacts controlled: at 420, and
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controlled . thereby. relay ' 481

-lscted and siznalled by dialling

2,325,151

winding of relay 40! {0 battery. Upon energiz-
ing, relay 401 Iocks itself to ~grounded gonductor

260 at contact 420,

When interrupter 444 gmunds conductor Pl
after ‘approximately one rotation of the inter-

'rupters a circuit is closed for relay 492, extend-
ing-from ground by way of 414, conductor P,
contact 418, contacts controlleg at 423, oonductor

294, eontact 239, contact 219, conductor 284, con-

iv. tact 430, and winding of rela.y 402 to battery.

Upon energizing, relay 402 locks itself at contact
423, -In addition, relay 402 breaks the jnitial
energizing circuit of relay 401 at contact 426 and
at contact 424 substitutes grounded conductor
H2 for conductor 260 in.the locking cireuit of re-
lay 401. It will be observed that. conductor 281
is stil] connected to direct ground by way of
contacts 425and42i. - .

Upon -one: more rotation. ef the mterrupters
ground is removed from conductor-H2 and relay
451 is deenergized,  At. contact 421 and contaets
substxtutes the
grounded: conductor CoG-. for. direct .gr ound on
conductor 291, and at contact-419 the relay. pre-

: pares a circuit for the busy relay 305 in Fig. 3.

" When the interrupters. have made abonut one-
half of a rotation more the.circuit for the busy
relay. 305 is completed by interrupter 415, said
circuit extending from ground by way of &1 5,

conductor TP, contact 419, contact 422, conduc-

tor 295, contact 222, conductor 217;.and upper

winding of busy relay 205 to battery. The busy

relay energizes for a brief -instant while. con-
ductor TP remains. grounded. and, connects busy

5 tone to the trunk conductor 60, "'This operation

gives the conversing subscribers a signal warning
them that the connection is about to be released.

‘Whern the interrupters complete the third ro-
tation, groung Is remgved from conductor CoG,

‘over Whlch ground is being supplied to conductors

291 and 63, and the connection is released as de-
scribed in connection with the “permanent” tim-
ing feature,  The line relay 6 and lockout relay
T 'are held energized, however, only until :the
callinrr subscriber hangs up his receiver, which

_he will do as socn as he finds that he has been

dlsconnected The .replacement of the receiver

"permits relays 6 and T to deencergize and restore

the line to normal condition, whereupon another
call can-be made-or the same connection can be
re- -established.

- Tt will be noticed that the mltlawon of conver-
sation timing is dependent upon the energization
of relay. 2858, © On.a.call from the toll center direct
ground  is supphed 10 the: test conductor. from
the repeater, as will be explained subsequently,
and accordingly relay £66 cannot energize, Thus
no txminc takes place on such calls.

: Statzon 4 callmg station D

There may be’ twenty statlons on line 85 each
axgnalled by a different code.. Since any one of

‘ten different codes may be selected by dialling &
single digit, it is necessary - to add only a single

digit to the line digits in order to select any one
of the first’ ten stations. Thus station- C is se~
he number-861;

In order to select any one of the last ten stations,

however, it.is necessary to employ an additional
digit.. As the cnrults are arranged.this is the
digit 2, which is ‘inserted ahead of the line select-
ing digits, The. funcmon of this digit is to ac-
complish a sw1tch1ng operation. whereby the last
ten codes-are substituted for the first ten, the
eleventh code being subsmtuted for the first code,
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the twelfth code for the second’ code etc. In
view of this explanation it will be understood that
the telephone number of station D, to whlch the
eleventh code is assigned, is-2861. -

When the receiver is removed at station A the
calling line is extended to the connéctor of an
idle link circuit in the manner already explained.
Assuming that the first- link: cireuit ig the one
used, relays 294, 205, and 287 are energized. Re-
lay 204, it W111 be ‘recalled, -is the liné- relay and
is held up-over the calling line loop.

When the first digit 2 of the called number is
dialled a series of two inteérruptions’is produced
in the calling line, catsing the liné relay. 284 to
momentarﬂy deenergize twice and transmit two
impulses over the impulsing ¢ircuit extending to
the counting' relays: These relays operate as
previously described, counting relay 581 being
operafed by the first impulse and counting relay
502 by the second impulse, At the end of the
series. of impulses-relay 502 1emams lockeh up in
selles with relay 2989, :

‘Relays 308 and 488 are energlzed on- tne first
impulse and remain energized until the senes 1s
completed, when both relays:ifall back. “The .de-

" energization of relay 388 completes a circuit-for
relay 412 which may be traced from: grounded
conductor 269 by way of conisct 868, - conductor
481, contact 455 of relay 489, contact 427, con-
tacts controlled at 443; contact 843, condhctor
484, -contact 529 of relay 562 conductor 458; con-
tact 464, and winding of relay 442 to batter

.Upon energizing; relay 412 locks itself to gr ound—
ed conducter 289, the lockmg circuit extending
from conductor 268 by -way- of ‘contacts -con-
trolled at 438, contact 467, winding' of Telay G,
contact 469, and winding of relay 212 to'battery.
Relay 411 does not energize at the rioment be-

cause it is shunted by direct ground:on conductor

499, TUntil relay 412 is enelglzed ‘relays- 408
and 502 are locked over. a ‘‘circuit- including
grounded conductor 266 and ‘contacts centroued
at 467. This circuit is- broken when relay 442

locks itself at contact 467, and accm dmgly relays -

409 and 592 are deenergized, removing gand

from conductor 489 and permitting relay AH to-

energize in series with relay 41%

Upon energizing, relay 411 cor-nects relay 487
to grounded conductor 288 at contact 452 and re-
lay 407 energizes.
energized by the operation of relay 484 following
the operdtion of the units relay, biit’ relay “4987
remains energized over-aecircuit which exiends

from the grounded conductor 268 by way of con-
tact 259 of relay 216, conductor 289, locking con-

tact of relay 487, and winding of - relay 487 to
battery. Relay 487 remains energized: therefore
until relay 218 energlzes upon “th e angwermg of
the call. -

It will be understood that on the me_,ent call
the first digit 2 is:absorbed in so far as line ‘se-
lection is-concerned, the only funétion which is
performed by the dialling of this’digit being the
operation -of relay £87.  This relay:-is the code

switching-relay, operating to: substitute’ the last

ten codes for the first ten, and in practice is pro~
vided with ten sets of contacts.

For the same reason-only one sét of contacts is
shown completely wired up, this' being the set

used to switch from the first code to uhe eleveﬂth

code.

To continue with the. estabhshment of the COoTi=-

nection, the connector responds to the diallihg
of the.digits 8; 6, and 1 in the-same nianner as

Relays &if and 412 -are de~

Only-four sets
are shownin the drawings, due to lack of* space.
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- previously described, and the called statlon D is
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signalled in the same mannér as descnbed inthe

‘case of signalling the station C, except that now,;

since relay 487 is energized, the code interrupter
§i1, Flg 9, is used to operate ringing: Telay 302
instead of the code interrupter 818. - Theeleventh
code is one long, one short, and-onelong.. Oper-
ation of the ringing relay in accordanca with-this
code - signals ‘the -subscriber - at station D, "The
remaining operations such as 11ng ‘cut-off and-
release are carned out m the manaer already"
descrlbed

Revertmg call

A call from a ‘partly line- subscnber to an-
other subscriber on'the same: line. is ‘known as -
a reverting ‘call:" The manner in: Wwhich such.
calls take place will be described next, it being
assumed - for this purpose that the subscriber
at station A desires-to-call the subscriber at sta-

tion B.. The« line number of the line of stations -

A and B'is I and it will ‘be assumed that.the
elghth ringing: code is assigned to  station B..

. Accordingly the. complete telenhone nunnbef of

station B is 118.

When the receiver:is: 1emoved ‘atb: sfatlon A
the call is extended to an-available link cir-
cuit in the manney prev1ously ‘described. Tt will
be ‘again- assumed that the’ first link: cireuit is -
used. = The. opération -of the finder of the first -

link: circuit” .will “therefore extend the -calling

line- to the: connector ‘shown, and the line re-
lay 284 will be energized and held ‘over the.eall-~
ing line.” Relays 285 and 2@7 of the connec-"
tor are also energized. :
“Wheén. the -calling subscnber dlals the ﬁrst
digit .1 of the called.numbst the ‘countiug relay
961 is energized, with the result

relay 308 falls back:at the end of the digit; -

- When the second digit-1 is dialled, the count-. '

ing relay 581 is again: energized, causing the
cperation of the units: ‘reldy - 321, “ The circuit -
of the-units relay in:this’case ‘is somewhat aif-
ferent than inthe previous ‘case “when it" was -
operated’in. response to the dialling of the digit
8, and accordingly: will be fraced.: : The circuit
is closed when. relay 306 falls back at the end
of the second digit and extends. from ‘grounded

‘conductor 268 by .-way of contact 388, conductor:

481, contact 458 of relay 419, contact 437, contact
443, contact 489, conductor 492 leit, contact £33,
conductor. 4985, contact 517 ‘of 1elay 801, con--
ductor- 281, contact 319, conductor 383 cons-
ductor 371, and: winding of relay- 321 to bat- -
tery... When relay 821 ‘énergizes: over ‘the :shove
circuit it connects conduct01s .s'ﬂ and A?E Wlth
results" previously  described: :

As'the result:of the’ c‘lallmg ‘of the ﬁrst two .
digits, therefore, ‘the  group relay 311 and-the
units relay 32{ .are: energlzed and “line. {1 is

selected and connectsd ‘with:. ‘The control re-- k

lays 400, 804, and 403 are also’ energized; - The
detailed “explanation of “how -these: results” are -
brought about has been omitted, but will be un-. -
derstood’ readily.from- the previous explanatmn
of the:call from station A to station ‘C. -

When the third. digit 8 is dialled: the couat- ;
ing relays.respond " successively  until' rels ay 588"

-is energized, - said relay lockmg in’ Series with

relay 489. Relay 380 energizes-in parallel with'
counting ‘relay- 506" and-locks:itself as previously -
described.. Relay 308 energizés during the oper-'

-ation of the eounting relays-and closes ‘the test

circuit. 1nclud1ng test’ relay - 303 as -previously

that the group - .:
relay:3{1 is operated-over- conductor 384 when.- ..
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- described. - Since the called line jn this case is
also the calling -line, there will: be a ground
potential on the test conductor 4’ and test re-
lay 308 will not energize, It follows, therefore,
that when relay 308 falls back at the end of the
third digit the c¢ircuit of the busy relay 305 will
be completed, said relay energizing and 1ock1ncr
itself at contact 354,

.On énergizing, the busy relay ‘connects the
busy tone source .to the trunk .conductor 64
at contact 356, thus transmitting a busy signal
to the calling subscriber. Relay 385 also re-

moves direct groynd from.the test conductor .

62 at contact 355, causing relay 206 to ener-
gize. Unon energizing, relay 206 locks itself at
contact 254 and grounds conductor. 62 at con-
" tact 233, alsq preparing certam other- eircuits

which will be described: i

The calling subscriber axpects ta hear the
busy signal, since he is calling hack on his ewn
line, which is busy hy reason ef the call initi-
ated at his own station.  His instructions also
advise him that on hearing the busy signal when
making a reverting call he should replace the

receiver and await the ringing operation, which -

will signal the called station and alsa notify him
when the called subseriber answers the call,

" " 'When the receiver is replased at the call-
ing-station- A, the line relay 204 is deenergized
‘and grounds the test conductor 4* aver a circuit

10

2,325,151

lay 303, extending from-greunded test conduc-
tor 62 by way of contact 243, econductor 214,
and lower winding of relay 363 to battery. Re-
lay 383 energizes before the busy. relay 335 falls
back to remove ground from the test conduc-
tor 4’ at contact-381, locks itself to.conductor
62 at contact 344, grounds test conductor &' at
contact 243, and closes a circuit for relay. 384
at eontact 345 Upon energizing, relay 384 com-
pletes the connection to the called line at con-
tacts 356 and- 380, and prepares a circuit for

. the pick-up relay 3€i at contact 348.
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which extends from ground by way .of coentact.

218, contact 225, contact 231, conductor 2GE,
contact 351 ‘of busy relay- 305, conductor 263,
contact 23f of relay 206, conductor 264, and

contacts of relays 301, 321, and 3t1 to test con~

ductor 4. The line relay alse epens the eir-
cuit of release relay 208, which deenergizes after
~a brief interval and at contact 231 disconnects

‘When the pxck-up interrupter €95, Fig. 9,
grounds terminals 608 and 348, the circuit of
pick-up relay 381 is completed and this relay
locks itself at contact 324 to terminal 349, now
grounded at lock- mterrupte1 509, all as pre—
viously described.

- 'The eighth code 1nterrupter now grounds the
conductor 530 in accordance with the eighth code,
selected by the counting relay 588, and the ring-
ing relay 382 is energized in accordance with said
code over a.circuit including conductor 539, .con-

‘tact 53[ of relay 508, conductor 313, contact-323,

and winding of ringing relay 302. Each time it
energizes, the ringing relay 302 rings the bell at
station B over a-circuit which- includes the gen-
erator lead 399, contact 317, contact 344, contact
315 of relay 300 (now energlzed) ‘conductor 212,
contact 255, conductor: 219, contact 359, contacts
of relays 307, 321, and 3{i, conductor 3’, con-
ductor 3, Fig. 1, and ringer at:station B to ground.

- The ringing generator is grounded:-and accord-

o
o

_the incoming test conductar §2 from. ground .

- at contact 233 of relay 206, - As just explained,
however, test conductor “4‘ has heen grounded
"by.the line relay, and since econductor &* con-
nects -to. conductor -4, see Fig. 1, the incoming
~test-conduetor 62 remains grounded and the eut-
off relay 5 remains energized. - At contact 238,
relay 289 copens the locking -circuit.of the busy

relay :368, but this relay is slow actmg a.nd does

not_ restore immediately,

-When the release relay 205 deenerglzes 1t also
closes a eircult fer relay 208, extending from
grounded conductor §2-by way of contact 2217,
centact 232, conductor 26%, eontact 332, con-
ductor -2638,. and . winding of - reverting .call re-
lay 208 ‘to battery. - Upon. energizing, relay 208

-~ logks itsed to grounded conductor 280 at.con-

tact 242, and at said -contact 242 and contact

241 connects grounded ‘conductor 288 to the.

~ incoming test conductor 62 hy way of contacts
232 and 221. At contact 243; relay. 208 hreaks

the. direct. connection between conducter 62 and.
relay 207 but conductor §2 remains connected to

-relay 20T by way of eontact 427 of relay 403
and relay 207 remams energized, At contacts
controlled: by. contact 242, relay 248 disconnects
- grounded conductor 260 from the holding: con-
ductor 83, and since ground hasg also been re-

"moved from conductor 63 af contact 228 of re~

lay 209, conductor 3 is ungrounded and relays
41-and 51 of the finder are released, The slow
acting busy relay 3885, the circuit-of which was
opened at contact 230 of relay 20%, now falls
back-and reconnects ground to the holding con-
‘quctor 63 at contact 353, thereby making- the

link busy to the allottexr. When relay 208 ener-.

gizes, it also . closes -a - eirouit for the test: re=
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- ingly the circuit is completed over the path above
traced.. The ringer at station B responds to sig-

nal the called subscriber.

" Each time the ringing relay. ene;glzes, it also

connects the ring trip relay 212 to line conductor
2 over a.path which may be traced from line
conductor 2 by way of conductor 2, contacts of
relays 311, 321, and 307, contact- 348, conductor
262, contact 251, conductor 210, contact 312, con-
tact 342, contact 316, and conductor 269, the lat-
ter conductor connecting to the ring frip relay.
Accordingly if the receiver is removed at any
station on the line while the ringing relay is en-
ergized the ringing generator and the exchange
battery will be connected in series.through the-
winding of ring trlp relay 212 and this. relay will
energize. -

The ringing relay deenerglzes one or more times.
while the ringing code is being transmitted.; At
such times the line conductor 3 is connected to
ground at back contact 341 of ringing relay 302,
while the line conductor 2 is connected to the ring
trip relay 212 at back contact 342 of the ringing
relay. These circuits can .be readlly traced,. it
heing remembered that -relays: 301 and. 239 are
energized. It follows that if 'a receiver: is re-
moved at some station in a silent interval during
code transmission, or during the interval between
codes, the ring trip relay will be ‘energized.

When-the transmission of the. ringing cod° is
completed, the lock interrupter removes ground

. from terminals 609 and 349 and the pick-up relay

- 301 is deenergized. Aninstantlater the reverting:

75.

call signal interrupter 607 grounds terminals 510-
and- 213 for a short interval, closing another cir-
cuit for the ringing relay 382, which extends from

~ ground by way of 607, terminals 616 and 213, con-

tact 248, contaet 252, conductor 271, contact 323,

" and winding of relay 302 to battery. Upon ener-
" gizing over this eircuit, relay 302 closes a circuit

for ringing the hell at station A, said circuit ex-
tending from the ringing generator by way of



2,325,151

conductor 399, contact 317, (relay -3€I deener-
gized), contact 342, contact 312, conductor 210,
contact 251, conductor 262, contact 346, conta"ts
of relays 307, 32i,

" ringer responds with one short ring. - Relay 382
also disconnects line conduotor 3 from ground
at contact 341. so that if there are any brldged
ringers on the line they will not respond

The foregomg operatlons are 1epeated at in-
tervals, or each time the pick-up interrupter
grounds the terminal 608 and energizes the pick-
up relay 301. . Thus:the subscriber at station B
is signalled at intervals . by means of the code

assigned to his station. After each code trans- .

mission, & ring back or reverting call srgnal con-
sisting of one short. ring is transmltted to the
calling- subscriber at station: A to notify hlm that
the ringing operations. are - proceedmg

When the receiver is removed at the called

closes a circuit for relay 2i1.. Upon energizing,
relay 211:locks itself at contact 253, opens con-
ductors 271 and 299 at contacts 252 and 254, re-
spectively, and bridges the battery feed relay 210
across the called line at contacts 251 and.255.
The receiver having been removed at statmn B,
relay 210 energizes and at contact 250 opens the
locking circuit-of relay 486. Upon ‘deenergizing,
relay 498 opens the holding circuit. for relay- 459

and 508, which deenergize. At contact 250 relay’

210 also closes.the circuit of the reversing relay
202, Upon energizing, relay 202 breaks the lock-
ing circuit of relay 403 at contact 224 and: relay

403 deenergizes, breaking the circuit of relay 267 -

at contact 427. Upon deenergizing, relay . 207 .re-
moves.ground from conductor 260 at contact 238,
and also removes ground from conductors 62 and
63, since these conductors have been supplied
with. ground potential over.conductor 2640, - All
the relays of the connector which are:locked up

at:this stage now deenergize and the connector is

thus restored to normal.-

The - removal - of ground from conductor 63
makes the link circuit test idle to- the - allotter
while the removal of ground from test conductor
4’ opens the circuit of cut-off relay 5 and lockout
relay 1. Upon deenergizing, the cut-off relay 5
connects the line relay § across the line and this

relay energizes, since the receiver has been re- ;
‘moved at station B. The line relay pulls up be-
fore the lockout relay 1 can deenergize and the.

latter relay remains locked up through contacts
{2 and-10. Relay 7T opens the finder control ¢ir-
cuits-at.contacts 12 and. (3. :

The cessation of the revertmg call ringing s1g- -

nals notifies the calling subscrlber at station A
that the called subscriber has answered the call

and the calling subscriber ‘will therefore remove:.

his receiver also. Transmltter current is. sup-

‘the line relay 6.. The line is guarded agamst in-
trusion, or made busy- to incoming calls,: by
ground at the junction of relays 5-and 1. When

the subscribers replace their receivers, relays 6

and 1 release and the line is. restored to, nmmal
Two dzgzt groups - .

and 311, .conductor. 2’, con--
ductor 2, and ringer at statlon A to ground. The’
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prevmusly explained.: 'I‘hus there are eight sin-

. gle digit groups, de51gnated by the digits 1,-3'to 8,
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station B the ring trip relay 212 is energlzed and

to
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ductors G,

Jnumbers in the single digit groups 6 to:8
'swe
60
plied to both stations through the w1nd1ngs of -

inclusive, and 9, g1V1ng a capamty of! elghty lvnes
and trunks,;

There are also a plurahty of two d1g1t groups e

each des1gnated by the digit 2 and ancthér digit.
The first digit in a.two digit, group designation
conditions the- ‘equipment. for group selection by

_the second digit, and of course cannot be used to

des1gnate a single digit group. By sacrlﬁcvng ons
single: digit. group, however,, a plurality” of :two
digit groups may be added.” The setond single
digit group is omittéd due to the use of the digit 2
for code switching. It has been’ found to be pos- -
sible to use.this dlglt also to perform the neces-
sary functmns of the first ‘digit in the’ two digit
group designations, which avoids the necessrty of
sacrlﬁcmg a second single digit group,

As illustrated in the drawmgs, there are five
two digit groups designated as groups 22, 23, 24,
25, and 20. No two digit group reldys are shown
but these relays are similar to the single "digit
Eroup: relay 311.  The marking conductors for all”
the: group relays -are shown. Thus the con-
and G3. to -G9, inclusive, are the
marking conductors. for the single digit groups,
of which conductors Gi, G8, and G8, also desig-

-nated. as 384, 382, and 319 are’ shown complete

with their associated group relays. ‘' The con~
ductors. 'G22 to G25, inclusive, and” Cmﬂ are ‘the
marklng condtictors for the two digit groups.  All
marking “conductors corresponding . to cmitted
group relays are terminated at the right in Fig.:5,
except -the two digit marking - conducnors Gag, -
G24, and G25, which' are termlnated 1n Fig, 4, JUSu
to. the right of relay 412.°

© The five two digit- grouns have 'a capacity of -
ﬁfty lines, ‘which “increases “the capacity of the -
complete system ShOWl’l toone hundred and thirty
lines. “'The lines. in the two digit groups may be
1nd1v1dua1 or party lines and in'the case of party
llnes bridged or: grounded ringing may be used; as
in_the case of ‘the party lines already discussed.
The stations ‘are called by means of four digit tel-
‘ephone numbers of Wh.lCh the first two-digits are

‘used for group selectioxn; the third for units selec-

tion; and the last for code selectlon In this con-

nection 1t w1ll be understood that “only the last
‘ten codes’ can be used, for the digit 3 not only des-

1gnates a'two digit- group but also controls fthe
svv1tch1ng over from the first ten codes to the
last ten. "It will also be understood that only -
the first ten: codes can be used in-the single digit

_groups 3, 4, and 5, due to thé use of the code

switching digit’ 2-as the prefix to the two digit. -
group ‘designations. - It folows from all this that
the twenty party lines' must be assigned telep‘lone
, inclu-
JIf there are only a few of such lmes only
ten or fifteen lines, for" ‘example; then- the single

:digit" groups 6 and’' T need not be reserved -for

- thig purpose, may be restricted to ten party serv-

65 .

From the explanatlon so. far it. w1ll be under—‘ R

stood that groups 1 and 8 are ‘each selected by
dialling a single digit. Thrs is- also friie of groups
-3 to T, inclusive, and group 9.. The digit 0 is used
for calhng the toll operator and accordmgly there
is no.0 group, nor is there any group demgnated
by the digit 2, whlch is used for code sw1tch.ng as

5.

ice using the first ten codes, and groups 28 and
21-may be added, also restrlcted toten oarty serv-

) 1ce but using the last ten codes.

"The setting up of a connectlon to 2 lme in a

"two digit group will now be explained briefly, it
“being assumed that the first link circuit is used as

on ;previous calls. When the first digit 2 is

jdlalled relay 412, Fig. 4, is energized and becomes

locked in series with relay 411; as explained in-
~detail undér the heading- “Statlon A calling sta- -
“tion ' D.”
CWItH ‘the code switching feature, catried .cut by
the energxzatwn of the relay 401 and consequent-

"At ‘that time we were concerned only -
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Iy this is the only feature that was desmbed

Now, however, we are interested in-seeitig how

the energization of relays 412 and 4f1 prepares
the - connector for the selectlon of two dlglt
groups.

As previcusly seen, the marking conductor 499

_coming from the lower coritact 528 -of counting

relay 362, extends to the movablé contact- 464 of

relay 4“ and when this relay. is deenergized,
said conductor 439 extends by way of the ‘back
‘contact 464 to the winding of relay’ 4127 This is
the connection over which retay 812 15 etiergized
when the digit 2'is dialled 4s the first dieit of
a pumber.  After relays &12-and 41 hdve been
energized in this nianner, the conductor 484 is
disconnected from reldy £12 gand is connected to
the two digit group marking conductor G2, and
if the digit-2 1s dialled as the second digit of
the number a circuit” is closed for the group
relay of group 22, )

The marking conductor 533, COmmg from lower
contact 532 of coumting relay: 503, is associated
with two groups of lines. Normally conductor 533
extends by way of conitact 470 of relay 412 10
grcup marking conductor G3, and when the’ diﬂit
3 is dialled as the first digit of a number g ¢ir=
cuit is closed over 5§33 and G3 for the group re-
lay. of the s1ngle digit group. ‘3. ' The erergiza-
tior of telay 412, however, switches. conductor
533 over to the group- “markifig ‘coriductor G283,
and hence if the digit 3 is dialled as the second
digit of a numbér which includes the diglt 2°as
the first digit, a circuitis closed over, 533 and G23
for the group relay of group:23. .

Conductors 534 and 535 are connected sm‘ular
to conductor 533. They: normally extend by way
of contacts 471 and 465 to.group matking con-
ductors G4 and Gb, réspectively, aiid are switehed

by the energization of relays 412 and qil to group

marking conductors. GZ4 and GZS respectlvely
The marking conductor 540, coming’ from & Con-
tact of counting relay 510, is connected s1rml' T t0
conductor £99. ‘The digit 0 is used for calling toll
and lience ‘conductor. 540 is normally. “¢onnected
throligh contact 486 to a conductor 436, ‘Which
is properly connected to initiaté a tol cornéc-
tion, as will be deseribed. "WHen' relays 412 and

411 are energized, however, conductor 540" is.

switched “over -to the two. dlgm group mammg

conductor G20.

.. . Except for the manne1 ln which the grouo Te-
lays are selected and. energ1zed calIs to lines in

the two digit groups are carried out in the same .

“way.as previously. described and hence it will ngt
be neceasary to explam such calls 1n deﬁaﬂ

Uneqmpped groups

When the exchange is first imstalled; ‘the full-

capaclty may nof be requited, and’ in su0h case
the full compIement of group relays. may nof be
furnished, as some saving in cost cah be effected
by providing’ group relays only Tor the ‘groups
that are to bé used. ~Of course some provlslon for
‘growth will be made, but. evern so the estimate
of this factor may 1ndlcate that the miaximum
number of groups will'not beé required for such
-2 long period that it will'be economical “to omit
‘some of the group rélays at the start.
Under-the circumstances. descubed m the-
gomg, it is desirable to arrange the exéhas
' such 'a manner that if & calling subscrlber aéci-
dentally dials a line number: inan. uneqﬁmped
group he will be giver. the busy signal, ~To, this

2 325 151

When the automatic switch board is wired up; all
the group marking condtictors which: correspond
to uneqmpped groups are conhected to terminal

_5f§ Suppose; for example, that group relay 31t

is omitted. 'Then the group marking conduetor:
G1 (384) . is- connected -to terminal 619, - With

" this arrangement, if ‘& sibscriber should take the
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link circuit-intp tse and dial the digit 1 as the
first digit' of 4 number, terminal 519 would be
grounded following’ the-dialling of the first digit
ahd-a circuit would be closed over ¢onductor 281
and through contact 238 of relay 205 to the busy
relay 335. The operation of the busy relay gives
the calling ‘subscriber a bu v ngnal m ‘the man-

-her-already explained.

- ¥t will e understood that each hnl{ circmt is
equipped with a-special termingl such as terminal
519, If‘desired this unequipped group wiritig may .
be used after the exchange {s"installed -in‘con-
nection w1th grottp relays in which no working
lines are conitected. Such a case will arise where
one or- more- group relays in addition to those
required at the moment are provided for future
growth: -The marking conductors associatéd with
such group relays may therefore be temporarily
disconinected from the relays and connected to
termlnal 5l9 ’

.. Private branch. e;cchange g

As explamed in ‘the’ general descriptmn, the'
drawings show two. trurik lines of 4 group of five

" trunk lines -extending to-a private ‘branch ex-
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chanige the ‘telephone -humber -of “which is 81,
Theé’first of these trunk lines comprises conduc-
tors 329, 330, and 331, while tlie second .com-
prises conductors 2332, 333 ahd 334. - It hasalso
been explained that certain relays shown inFig. 6

" are associated with this group. of trunk lines-and

that terminals 631, 632, 633, 634, and 635 are con-
nected to-the test; conductors of the five trunk
Tines- of the group, respectively. . The foregoing

‘being Fecdlled, the setting up of ‘& _conrnection

to the private branch exchiarige may be described.
For this purpose it will be assumed that the
subscrfber ‘4t station A removes hxs receiver- and
dials:-the telephone number 81,
. “When the receiver is removed’ at stat‘on A the

’calhncr lifie ‘is extended- to an idle link circuit-in

thé manner explained. -It may be assumed that

‘the first Hink circuitis used, as on previous calls.
‘Relays 204, 265, and 281 are acecordingly ener- .

gized and dial tone is transm1tted to the camng
subseriber: v -

- When  the first- dxgm 8 of the called number is
dialled, certain relay operatxons take place at the
connector,- ineluding opératich of the ‘counting

relays; with the result that fhe-group relay: 318
is energlzed #hd locked. Following the energiza-
tion- of relay 318, relay 485 is: energlzed and
locked, all as previously ‘described.” :

When the second digit 1.1 dialled the counting ]
relay 504+ 1s ‘energized and loeked in-series with

" relay 410, Now when the changé-over reIay-306

end the special termmal 519, Flg, 5, is” provided :

and is connected “as ‘shown 1o’ “conductor ‘287,

75

falls back at the end of the second digit a circuit

-is- completed for ‘the sequence relay 512 over a

path-which extends from grounded conduetor-260
by way of contact 389 of relay 388, conductor 481,

‘contact 458 of relay 418, contact 437, contact 443,
-~ ‘contact 459, conductor 492 left; contact 433, con-
j ‘ductor 485, contact 51T -of relay 501, conductor
381, contact 868 of relay 318, conductor 380, wind-

ing of relay’ 5!2 ‘contacts controlled -at contact

542, conductor: 543, serially related chain eontacts
“such ‘as 544 and 545 of all sequence: relays- such

as 513 and ‘512, ‘conductor 652, and resistance
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855 to baltery. -Assuming that no other link cir-
cuit is using the equipment shown in Fig; 6, all
relays such as 513 in the other link circuits will
be in-deenergized condition, conductor 543 will
have battery potential on it through the chain
contacts, and the circuit of relay 512 will be
completed as traced..

Upcn energizing, relay 512 locks itself to con-
ductor 652 at contact 541, also disconnecting con-

ductor 852 from conductor 543 so that no other-

sequence relay such as 513 in another link -cir-
cuit can energize. Relay 512 also closes an:ob-

vious circuit for relay 811 and this relay accord--

ingly energizes. Relays 512 and §ii together
connect up the equipment in. Fig.. 6 and tem-
porarily apprepriate it for use exclusively with
the first link circuit.

The. locking circuit of the group ‘relay 318,
which was energized responsive to dialling the
first digit, includes the grounded conductor 483
(connected to grounded conductor 262 at con-
tact 442 of relay 485) and since conductor 488
is connected to the group marking conductor 382
at contact 387, the latter conductor is - still
grounded. Accordingly when relay 511 energizes
a circuit is completed for relay 603 extending
from the grounded marking conductor 382 by
way. of contact 847, conductor 641, and winding
of raiay 683 to battery. Upon energizing, relay
803 connects the units marking conductors 641-
845 to contacts of relays 6{(-615.

" As previously explained, the terminals §51-§35
~ are connected to the test conductors of the private
brarnch exchange trunk lines, and accordingly the
condition of relays 611-8i{5 will depend on
whether the trunk lines are busy or'idle. If the
first triunk line comprising conductors 328, 339,
and 331 is busy, for example, relay 61! will be in
energized condition.

It will be assumed now that all five of the trunk
lines are busy, in which case all five relays §f1—
615 will be in energized condition. Relay 604
will alsc be in energized condition, having oper-
ated over a circuit which includes the chain con-
tacts on relays 611-615 and contact 6§56 of relay
‘803. ‘When relay 883 energizes it breaks the cir-
cuit over which relay 884 was initially energized
but relay 685 remains locked to the chain circuit
at contact 657.

When relay 683 energizes under the foregoing
conditions, it also closes a circuit for the busy
relay 385 over a path which may be-traced from
ground by way of chain contacts of relays 61i-
615, contact 8§58, contact 858, conductor 646, con-
tact 548, conductor 475, and lower winding of
busy relay 885 to battery. Upon energizing, re-
lay 885 locks itself at contact 384 and at contact
.3B8 connects the busy tone source to frunk con-
ductor 68, thus giving the calling subscriber a
busy signal. Relay 403 is energized in parallel

with relay 305, being connected. to conductor 475, .

locks itself at contact 429, and at contact 433 dis-
connects ground frem conductor 495 and hence
from conductors 5§84 and 385. . This operation of
course breaks the circuit of relay 5i2 and this
relay and relay 514 deenergize, which releases re-
lay 602, Fig. 6, and restores this equipment to
normal.

‘When the calling subscriber heals the busy sig-
nal he will restore his receiver and the l1nk cir-
cuit is released in the usual manner.

Tt will be assumed now that the call to the
private branch exchange 81 is made at a time
when the trunk lines are not-all busy: It'may be
_assumed for example, that the first trunk line is

<t
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busy. and that the second trunk line is idle.
Relay 611 accordingly is in - energized condition
while relay 612 is in deenergized condition. Re-
lay 684 is also in deenergized condition, since the
chain circuit is open at contacts of relay 612.
When relay 683 energizes under the above con-
ditions, .it closes a circuit for relay 622 over a
path which can be traced from ground by way of
contact 658, contact 659, contacts controlled at
542, winding of relay 622, conductor 651, contact
558, ‘winding of relay 512, contact 541, conductm
252; and resistance 685 to battery. At the time

the -above circuit is closed relay 6i2.is being held o

energized by ground on conductor 388 and hence
relay 622 is short circuited and cannot operate
for the time being. Relay 603 also closes ‘a cir-
cuit for the units relay 322 over a path which
extends from ground by way of front contact.of
energized relay 811, back contact of deenergized -
relay €62, contact 661 conductor 642, contact
581, units markmg conductor U2.(378), and wind-
ing of relay. 322 to battery. Upon energizin
wia,y 322 connects conductor 378 to- conductor
4785, t’aereby ¢losing a circuit for relay £04. . Upon
energizing, the latter relay locks itself to ground-
ed conductor 268 at contact 438 and also con-
nects conductor 476 .to- conductor 268, thereby
meaintaining conductor 4716 grounded_ to hold up
the units relay 322. . Relay. 4064 also performs the
same functions as descrlbed in detail before, that
is, it closes-a circuit for relay 483 and breaks tne
locking circuit of relay 488, Relay 483 energizes
and locks as previously described, and relay 408
deenergizes, breaking the locking circuit of relay
418 and counting relay 501 at contact 447. Re-
lays #18 and 58! accordingly deenergize.
. The selecting and: connecting operations of the .

- conhector in response to the dialling of the first
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two digits have now been completed. The eighth
group of lines has been selected by operation of ..
relay 818, in response to the dialling of the first
digit 8. This is the group. of hnes which in-
cludes the group. .of. five trunk. lines extending
to private branch ‘exciiange 81.- The equip-
ment Fig. 6 has been connected up temporarily
m response to the dialling of the second digit
1, ‘and this  equipment has functioned auto--
matically to operatn ‘the units relay correspond-
ing to the first idle trunk line of the group. As
the second trunk line has been assumed 10 be
tbe first idle trunk line, the second units relay
222 has been operated. Thus the second trunk
Lne comprising conductors 232, 838, and 334
has been selected and connected with. -~
~ When the called line is a subscriber’s line,
the next cperation to be performed by the.call-
ing subscriber is the' dialling of the final digit
in the called number, in order to bring about
code semctlon and the testing of the called line,
as-described in detail in the explanation of the
esta“hsnment of a connection to-station C, the
Laxepbong number of which is 861.  As regards
the eall-to private branch exchange 8{ which
is now being described, however, all the. digits
in the called number have already been dialled.
This situation arises’from the fact that no code .

_ selection is- ’"equlred in the case of -a call to the

70
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reqguired:

private- branch- exchange, -which makes it pos-
sible to omit the ringing digit and thus ‘simplify
the numbering. The result is that the dialling
operations are réduced by oue third over those
for a’ call-to thé. usual subscriber’s
station having. a three. digit- number. : This re-
sult-is accomplished by providing -means in the
common equipment;- Fig. ' 6, for- automatically: .
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transmitting the aigit 1 to &4 connector engaged
in g private branch excharge ¢all to simulate
the dialling of the third or ringing- digit by
the calling subscriber. . Theé -operation of this
_arrangement will now be described.
- It Will Be recalled that when relay 603 éner-
gized it closed a eircuit for relay 622 in series
with telay 4§12, In describing this eireuit the
fact was mentioned that relay 622 is short-cir-

cuited by ground on’conductor 380 at the time

relay €33 first closes the circitit; Which prevents
relay 822 - from -efergizing. - When- relay 404

energizes i breaks the marking cireuit &t con-

tact £87. This is the cireuit over Which relay
542 is energized and includes conductors 382
and 381 and contact 511 of relay-58f{. Wkhen
the circuit is broken by relay 404, ground is
rémoved: from. condugctor 380 in the connector
and relsy 622 is enetgized in series with relay
612 -the latter relay remaining opérated. :
" ‘Upon energizing, reldy 622 closes a circuit for
relay 621 at contact 685. Upon energizing, re-
lay 621 places ‘a shunt around the break con-
tacts of relay 628 at contact 684, -short-circuits

relay 622 at contact 681, and closes a circuit o

for relay 623 at contact 662. Relay 620 ener-

gizes and locks itself at contact §60. Relay 622 -

now deenergizes and breaks the circuit of relay
62{. Relay 62! is slow to release, however, and

accordingly ‘ground is momentarily - applied to :

conductor 858 through contacts 665 and 663,
The effect of this ground impulse will be ex-
plained presently. When  relay - 621 deener-
gizes it opens contact 681, removing the short-
¢ircuit from relay - 622, but this relay cannot
again energize because -its initial energizing cir-
cuit has been broken by relay 620 and the shunt
around the contacts of this relay which was
temporarily éstablished at’ contact 654 has been
opented. ~ The
moves ground from conductor 651 and breaks
the “circuit of relay 5i2. Relays 512 and 5({
accordingly -deenergize,” the latter relay break-

ing the circuit ¢f relay §93. Relays 693 and 620 .

now deenergize. ) .
_The ground impulse above mentioned is trans-
mitted over conductor 650 while relay 512 is in
. eénergized condition, the términation of the im-
pulse-being co-incident with the opening of the
circuit of -this relay, and is ‘effective to ground
conductor 376, which is the conductor over which
the line relay 204 transmits impulses to the
counting relays. The countifig. relay 501 is ac-
cordingly energized and locked in series with
relay 410, Relay 408 ard relay 366 are also de-
energized -over conductor 376, relay 486 locking
itself ‘through contact 431 of relay 403, Relay
308 closes a circuit for testinig the connected
trunk line, connecting ground through the upper
winding of test relay 303 to the test conductor
334. It may be assumed that the trunk line will
test idle, with the result that the test relay 303
energizes, followed by the energization of relay
394 when relay 306 falls back. : ‘
From this point on the operations of the con-
nector. are the same as described in the.case
where station C.was called and hence they will
not’be gone over again in detail. It will be un-
~ derstood that the first code, consisting of one
long ring, has been selected by relay 581 and
is used for signalling over the connected trunk
line. When the operator answers at the private
branch . exchange the ring trip relay 212 ener-

gizes -and operates relay.2t{-to-stop the ring- 5

opening of contact €64 thus re- *f

o
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ifig opération. Relay 211 nlso completes the

talking eircuit ini-the connector. The connection
£9 the 1ocdl subscriber in the private branch éx-

change iy ¢ormpleted by . the operator through

the medium ¢f khown equipment which forms

no part of the invention. The release of the

ink ecircuit is controlled by the callinig sub-

sériber the same as-on call to a sibscriber’s line.

The private branch exchange trunk lines be-

ing provided with the isual subscribers line

equigment, -they may be used &l¢6 for outzoing

calls from the piivate branch exchange, Such

cally aré handled the same as calls from ordi-

nary subscribers’ lines. ’

-If théve is & seéond Drivate branch efchange

1t ma¥ be assignied the number 71, and the trunk

lines will terminate at contacts of the seveath
groud reley: As many as five triitik line§ may
be provided, as in the case ‘of private brafich
exchange 8l. Ii is hecesdsary, however, to add
another: pair of-eontacts to relay 512 and aiic
otfier pair of relays such as §03 and 694 in the
common equipment, -Fig, 6, as will bs readily
iinderstood.” - ) )

“In this connection; it will be advisableé t6 éx=
Plain more in debail the wirig of the first units
marking conductor, coming from contact 517 of
eounting relay 504, "Wheréas the uniks marking
conductors such as 42 aund 43 exténd directly
from ¢ontaets 0f the counting reldys to the dor-
responding units relays, the first units marking
conductor 381 extends 0 contacts such as 388
and 87 on all the groub relays except gioup re-
lay 319. The reason for this circuit arrangement
is to enable the energized group relay to rotte
the first magking’ conductor to the first Units .
reldy (if & subscriber’s life is beinz ealled) oF
to relay 512 (if a branch exchangs is baing
calledy. Thus all group relays siich &5 relay 311,
Which are asgociated with grouns containing only
subscribels’ lines, connedt conductor 331 to con-
duetst 383, which conneets directly to conductor
Ul ahd to units relay 321. All group relays such
a8 818, however, which are associated with groups
containing branch exchange trunk lines, connect

conductor 38i to conductor 383 ‘which extends
to relay (2. "It will be clear that this arrange-
ment provides for initiation of trunk selection
(by ‘means of the common equipment, Fig. 6)
whenever the digit 1 is dialled as the second digit
of a private branch exchange number stuch as

‘81l or71.

In case the second digit dialled in talling a
private branch exchange is any digit other than
the digit 1 (2, 3,4 or 5); then the trink Selecting
operation-does rict take place ahd the corréspond-
ing trunk line is selected and tested the same
as-a subseriber’s line. ‘Numbers such as 82, 23,
ete., may be dssighed for night service, previ-
ously reférred to, it being understood that the
corvesponding trunk lines are connécted. through
t0 designated locel stations by the branch ex-
change operator when she goes off duty.
F Ouitgoing toll call

t will be assuined now that tlie subseriber &t
station A desires to call a subscriber in a digtant
exchange. Such calls are handled through the
toll center, access to which mzy be-had over
group of five trunk lines including ke truik line
somprising conduictors 335, 336, and 337 and the
trunk: line compiising conductors $38, 339, and
340. - These two tiuik lifiés are the first and
Second.-trunk lines of the group. 'The telephone
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number assigned-to the toll center comprlses the
single digit 0.

When the calling subscriber ‘at statlon A re- -

moves his receiver the line is automatlcally ex-
tended to-an idle link circuit in the usual man-
ner. Assuming that the first link circuit takes
the call, the line relay 204 will be energized and
is held over the calling line. Relays 205 and 207
are also energized, with results prev1ously de-
scribed.

Upon hearing dial tone in-his recelver the call-
ing subscriber will dial the digit 0, eruch is the
telephone number of the toll.center. The lihe
‘relay 204 accordingly ‘deenergizes. momentarily
ten times and transmits a series of ten impulses
to the counting relays in ‘Fig, 5. - The counting
relays respond in the manner already explained,

~with the result that relay 510 is energized and
Jocked in series with relay 4i0. Relays 3068 and
406 energize on the first impulse and remain in
energized posmon untll the series of 1mpulces is
completed.
" When relay 306 falls back at the end of the

o series. of impulses it completes a-circuit for the
_grouprelay- 3{9 over a path which may he traced.

from ground on conductor 260 by way of contact
360, conductor 4381, con’ca.ct 458, contact 437 con-
tacts conftrolled at 443,° contact 444, conductor
484, contact 553 of relay 510, conductor 540, con-
tact 466, conductor 538, markmg conductor G9Y
(319),
tery. Upon energizing, relay 319 connects con-
ductors 378 and 497, thereby grounding the lat-
“ter conductor and completing 4 circuit for the

sequence relay 512 over a path which extends -

from-ground by way of conductor 497, contacts
of relay 405 controlled at 445, conductor 496, con~

tact.554 of relay 510, conductor 380, winding of

relay 5i2, contacts controlled at 542 conductor
543, serially related chain contacts of all sequence

relays ‘conductor 652, and resistance 655 to bat-

tery.  Assuming that no other sequence relay-is
energized (if some.relay such as 513 is in ener-
gized condition the call will:have. to wait); the
circuit is completed as‘traced and relays 5I2 and
5i1. are energized, -as described: in the’ case of
-calling the private branch exchange 81. The
“equipment of Fig: 6 is thus connected to ‘the link
circuit.

Since the marklng conductor G is now ground- .

and winding of group relay-381{9 .to bat-~
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“This operatlon is the same as- prevxously dis-

cussed ‘during the description of a:call to the
prviate branch:exchange 81 and hence ‘will: not
require furthes explanation., -

It will now be assumed that the ﬁrst toll trunk
line is idle- when the . call' to the toll ‘center is
made. - Relay 104 will therefore be'i in deenergizéd

- condition. and conductor- 131 W111 bé grounded.

. Under these conditions, when' relay. 601 energizes
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- When relay- 321
- grounded: conductor 877 (the marking: conduetor

it closes a circuit for the uhits relay 821 over a
path which. extends frota-ground on- conductor
131 by way of contact 668, conductor 64, con-
tact 552, units marking conductor Ul (317) ‘and

wmdlng of relay 321 to battery.  Upon enezglz—'

ing, relay 321 completes the selection of the first
toll trunk line 335 .;17 relay 3i9 already havmg )
been energized. - )

energlzes 1t also connects

Ul) - to -conductor 476, thereby c1051ng a--cirecuit
for relay 404.. Upon. energizing; relay ‘404 con-

‘nects conductor 478 to grounded conductor 260
~thus locking ‘itself and umts rélay- 321 to.con-

V"ductor 260, independent of ground - coniing ‘over

25
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the marlnng conductor. < At contact 436 ‘reiay. -
494 closes a circuit for relay 4838, which ener-. -
gizes and locks itself at contact 429 At contact "’
435 relay 404 connécts grounded conductor 260
to relay 485, and by means of contacts 435 and

‘840 'in 'series relay 404 -connects the: grounded

conductor 280 to conductor 491. ~'The latter con-

- ductor extends to-the group relay 319. through-its

' “‘contact ‘366 and thus. relay: 319 is locked against

e cleenerglzlnrr !
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-ed, the energization of relay 5{f closes a circuit -

' for relay 681, extending from the grounded mark-
ing- conductor by way of contact. 548, conductor
-648; and winding of relay 661 to battery Upon

energizing, relay 601.connects. the units mark--,

-ing conductors §41-645 to conductors 131—735 re-
‘spectively.

Reference may now be made to F1g 7 thch_

shows .the repeater associated with the first toll
trunk- line. - This repeater includes a relay 104
which is energized: at all times when the trunk
line is in use. Relays' 716-119 are the corre-
sponding relays of the repeaters associated with
the other four toll trunk. lines. It -will ‘he seen
-that the arrangement. of relays 704 and T16-719
- is the same as that of relays 611-615, Fig. 8,

which are associated with the group of trunks_

leading to the private branch exchange 81.
Assuming now-that all the toll trunk lines are
busy, relay 164 and relays 116<T19 will be in en-
-ergized condition and conductor 136 will be
grounded. . It follows that relay 602 will be in
energized condition, so that when relay 601 pulls
up a ground will be placed on conductor 646

and conductor 475 to operate the busy relay. 305. .

"relays 410 and 510 are deenergized:

“When relay 485 energizes ‘it con-
neets” conductor 260 to.conductor 487:by way. of

" contacts 442 and 445 and by means of the latter . -
-éontact ‘disconnects ground- from: -conductor.496. -

This operation breaks the circuit of relay: 5i2,

“but relay 5i2 is slow to deenergxze and does not

fall back for aninstant. ; o
- Relay 404 also breaks the markmg mrcult at

- 431, this ‘being the -circuit: over which relay 319 -

is 1mt1ally energized:. ' As just mentioned,: how-

~ever, -a locking-circuif.is closed:for relay 319 at

contacts 435 and 448, which holds the relay.en-
ergized.. At. contacts controlled -at ‘contact 438,
relay 404 breaks  the holding -circuit. for the

-counting: .relays; the  circuit. being: also’ opened

at contact 441 of relay 485.an. mstant la,ter, and

"We.now have relays:404, 405.and 403 energ1zed .

‘and. locked to grounded conductor 260, also re-

lays 319 and: 32f. The- counting relay 510 has
been -deenergized, and the .circuit- of: Telay 812 -
is open, having been. broken by relay 405. ' When

“relay 404 closes the-circuit of . relay 405, it-also

" -closes’a circuit.for the switching through relay -

60

201 which .extends from' ground: by way. .of:.con-
tact. 667 of relay 601, Fig. 6; cohductor 649, con-

“tact 555, conductor 498 ‘contact -439,. conductor -
=+ 283, and winding: of relay 261 to. battery ‘Reldy.
+:201 ‘energizes over this circuit: and: locks itself

to the grounded test conductor 62:at contact 2i1.

Shortly: after relay 201 has. energized relay 512 . -
~deenergizes, also relay 511 and relay 601
-restores ‘the equipment; Fig.. 6, 50 that it can be‘

. "This

- used by ‘cther link circuits.
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~Upon ‘energizing;. relay 281 opens the connec- o
tion between the P{ conduetor and relay 4902,
thus cutting . gut-the: “permanent” timing fea-
ture, ‘grounds: the holding ‘conductor 63 at con-

-tact 218, and connects the incoming test. conduc-

tor 264, which how extends through contacts of

‘relays 32! and 819 to the test conductor:337, of
~—the ﬁrst toll trunk line.:.In addmon to the fore-
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going, at.contacts 215 and 220 relay. 281 dxscon-

.nects the trunk conductors §8- and €1 from the

-line: relay 204 and the 1mpedance coil 203, respac-
tively, and extends these -trunk- comiuctors to
conductors 26} and 280 respectively, which have
-been-connected. through contacts of: relays 321
and 319 to the trunk conductors $35-and, 336.
The line relay. 204 now -deenergizes and. breaks
the circuit of the release relay 205. The latter
relay is s1ow to deenergize, however and does
not fall back for an instant. -
. When the- grounded test conductm 6" is ex-
‘tended through to test conductor- 331, the cut-
.off relay 120, Fig. 7, is energized and. the line
relay 121 is dlsconnected When the trunk con-
_ductors € 60 and 61 are extended through to trunk
conductors 335 and 336, the line relay 112 of the
repeater is energized over the calling line, the
cireuit- including .the left hand windings; of the
srepeating coil R and. contacts of the reversing
.relay- Tt The line relay 712 closes a circuit
for the. release relay 113 -at contact 157, and the
. latter: relay, upon energizing, connects ground
to test conductor 337 over .a.path which extends
: from ground by way of contacts controlled at 149,
~— lower. winding: of -relay- 11§, contact 153, contact
"163, and. conductor 124 to test conductor 33T.
: The windings of relay 115 are of low resistance,
preferably about 30 ohms. - |

conductor 62 at-the connector, .the latter con-
.ductor is maintained grounded after the release
.rela.y 205 has deenergized. ‘Relay 281 remains
Jocked to:conductor 62, and. relay. 297 also- re-

- ductor:269 at-contact 238. The.current flow over
.the holding circuit (conductors 337 and:§2) and

+cut-off: relay-of the calling line energizes: relay
115 at the repeater, which-holds-open:the’cir-
cuit of relay:1ii. In addition to grounding the
~holding circuit, relay 113 of the repeater closes
a number of other: circuits.: At contact-151; re-~
lay® 113 connects.the timing relay .7t4 ‘to ter-
~“minal-175; ' Terminals 115" and:-
nected -to . the Pl.-and. CoG' leads, respectively,
- Fig. 4; and relay Ti4: corresponds. in function-to
‘relay: 402 : At contact 152 relay 143 closes a cir-
: euit, for the reversing relay 183; which energizes

“branch.of this circuit extends through contact
156 of line relay 112 to relay 104, which- ener-
- gizes and ‘removes:ground. from. conductor. 131,
This. operation:renders the trunk.-line unselect-
vable by another-calling: subscriber.. At contact
155 ‘relay 113 closes ‘a-circuit for relay 188; said
“eircuit-including contact 172 of relay T8i.: Up-
-on:-energizing, relay 108 closes a circuit for relay
" -708, .which energizes and at contact. 744 connects
the interrupter 113 to the trunk conductor 335
“through & pair of: condensers as shown. This

. tone signal similar to the usual rmgmg signal
obtamed when calling a subscriber’s line.:

‘The operator .at’ the toll: center is- 'aot sig-
nalled ‘by. ringing  current’ but by reversing- the

now be ‘explained. - At ‘the repeater, Fig. 7, the
line relay 102 is bridged across the trunk con-
ductors: 125 and 126 through contacts of the.re-
versing relay 183 and the right hand windings.of
-the repeating coil-R. At the:toll center, Fig. 8,
-the polarized relay comprising windings. 805 and
. 806 is- bridged -across: the trunk: conductors

)

- Since test .conductor 331 is connected to test.

“mains - energized, maintaining ground. on .con-

‘through:the windings-of relays 201, 28T, and the -

116 are..con-: 45

with results which will e described shortly..: A

‘operation. gives the calling. subscriber a ringing - -

direction of current flow. over: the trunk, as will

through contacts of the relay 894 and .the left- -7
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hand windings: of the repeattmcr coil Ri. The
winding 885 is. of very high resistance, 30,000
_ohms, for-exampgle, whieh prevents the line relay |
. 102 _flom energizing- as long as this winding. is
included in the. 01rcu1+ The nou"lal d;lec.,lon
-~of current flow ove1 the tlunk is uuch that the
polanzed relay holds. its:- contact 8I” -Gpen.
“Thus neither the Ime ‘relay 182 nor. the oolemzed
relay 82 5—8@5 is opexaulvely enelvlzed undex
normal condltzons ) :
Nhen the .release. relay T1t3-of the rer‘eatel is
eﬁerazzed it closes. a -circuiy for 13_1’1'? reversing
-relay 128 as previously menti oneJ Upon ener-
izing, relay 188 reverses ‘b girection of cur-
15 rent.flow gver the trunk to the toll center, where-
upon - the polarized 1elay Su.;—.n'}s ooe;a,teg t)
cloze: its. contact §!4, -therehy comuplati
cuit for relay . 882. U'oovx energizing, I
-connects the resistance.§28 in shunt of conf*cheex
00-822 at contact 815, connects the-condenser 8"1
in parailel with winding 895 at contact §i8,
closes circuits for the:line and busy . Iamp> L!
and L2 ot contact 8{7. The lighting of the line
Jlamp L{ signals the oneratm s :
95 If the call is not answered pr: '\mptly *he tlm-
ing equipment .including relay Ti4-at. il
peater .will ‘release’the _connection after: about
two minutes, or somewhat more, by. removing
ground from the holding circuit, as will be read-
g0 ily- understeod.. Such a long.delay-in' the -an-
‘swering 'of a call is not to be expected, however,
and the.chief ‘purpcse of .the timing equipment
is to insure the clearing out of the toll trunk at
_the-end .of conversation, ‘as Wﬂl be exﬁamed
35 subseouentlj
It will- be assumed now that the call is an-
sweled without any- unusual :delay. “When the
- answering plug of . the:.cord circuit: taken . for
use is inserted in. Jack J4,-a circuit is closed over
40 the sleeve of the: jack in.the usual manner for
relay-§83. ~Upon. energizing, relay £93 clozes o
- circuit for relay 881, extending- from: ground by
~way. of contact ‘824, winding-of relay:88i, con-
- taets controlled-at 812, lower right hand wind-
-ing of the repeating coil, ring contact of :jack
‘JI; and.ring :contact of the plug to battery in
-the' cord. circuit.- Upon:energizing, relay. 854
locks. itself :at-contact §12;. and opens the circuit
to the line lamp Ll at contact 81{. At the lai-
50--ter contact_another'circuit i closed for the busy
lamp: L2 and similgr:lamps at.-other positions.
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‘Since the condense“ §22.1s :;shunted by the: re- L

.sistance . 822, the. supervxsory relay in the cord
ceireuit. will. operate aqd prevent the aunelvmo y
55 lamp from: lighting,:.

- When relay . 80L. enerclzes it also short—crrcmts
the winding 886 of the polarized relay.at con- -
~tact. 843, relay 863 having -closed contact BZ§
“The- line. relay 702 at the-repeéater: accordingly .
energizes and:closes a:circuit for the release re-
Jlay_18L.  Upon energizing, relay 791 opens-the
~circuit: of timer;relay. 114 at.contact 169 and ab
-contact 178 closes ‘a new circuit for relay.i%4.
‘Relay 781:also closes a circuitzfor.re]ay' 768, ex-
5 ~tending: frem. ground by way of contact 132, con-
_tact 166; and lower winding. of relay:1€8 to bat-
tery. Upon ‘energizing; relay 7165 closes a lock-
" ing circuit for its.lower winding at contadh 142
-which:is- independent of - contact. 1688 . oi relay
70 108, and also.closes a locking circuit-for .its up-
‘perwinding at:contact 14{. At .contact 740 re-
:1ay 108 opens the. civcuit to the inferfupter 173
:and thus-stops: the transmission of ri nglnsr 51g—

nals to:the calling ‘subscriber.. i
~Another resull. of the energlzatwn of relay

60
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701 is the opening of the c1rcu1t of relay 108 at
contact 112, When relay 108 falls -back it
bridges the upper winding of relay: 145 across
the talking conductors of the trunk lines; the
circuit extending from trunk conductor 335 by
way of contact 744, a-condenser, contact T44,
upper winding of relay 715, contact 747, and
contact 745 to trunk conductor 33%. This cir-
cuit is broken after an instant by the deener-
gization of relay 706. The purpose of the oper-
ation just described is to give the operator a ‘spe-
cial tone signal if the calling line is-a pay sta-
tion. In the case of a pay station line the ter-
minals {4 and 15, Fig. 1, are strapped together,
which connects the pay station tone source %o
the test conductor such-as conductor 4: " When

the toll center is called, therefore, the tone will

be placed on the holding eircuit and since this
circuit includes the lower winding .of relay 115

the-tone will be extended to the trunk where it

10

erglzmg,»opens thie holdmg éireuit at contact
111, and opens-thecircuit of relay: 104: at’ con-
tact 170. The opening-of the holdmg circuit re- -
stores: the link circuit 0. norrial and also re-
stores the cut- off rélay of the calhng line.:” The

release of “relay 184 replaces ground on conduc-; :

tor 73f and renders the trunk line ava,llable to ..
other calls. : .
“If the calling subscrrber sh uld fall to replace

hig receiver when the conversation is over with,

the operation is’ somewhat different.” ‘When the.

operator ‘withdraws the plug from jack Ji; relay
803 deenergizes- but -relay 88f is held up over a
circuit including ‘contact ‘818 of relay 882, and
the busy lamp L2 is maintained in hghted con-
dition“at contact 811. Relay . 803 opens the shunt

; around winding 806 of the polarized relay at con-

20

can be heard by the operator, the two windings -

of relay 7i5 acting as a transformer. In the
present case, where the calling line is the line
of station A, the terminals 14 and (5 are not
strapped. " The operator -hears no'tone when
she plugs in t6 answer the call, therefore, and
is thus advised that she does- not have to de—
-mand payment in advance. .~

The connection to the toll centel has now been

established and the calling subscriber ‘can talk
to the operator and give her thé necessary.in=.

formation as to the name and location. of: the
called ‘party. - The operator will completé -the
connection in the usual manner, whereupon the
calling and called pe,rtles may converse ‘ag’ de-
sired.

When the calling subscriber replaces hlS res
ceiver at the end. of ‘the conversation, the line

relay 712 deene1g1zes followed by uhe deener-

gization of ‘the release relay 7118, “ Relay-1i3

opens a point. in the holding circuit at contact ™

153, but. the holdmg circuit- . remains. grounded
by way of contact 111 of relay 18i and the con-
nection to the toll trunk is-not released.  Relay

713 also breaks the circuit of relay 133 at con-

~tact 752, and this relay deenergizes, restoring
current flow . over -the trunk line to its normal
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dirvection. At the toll- center the polarized re-. .

 lay 803808 now operates to open’ its contact.

814, thereby breaking the. circuit of relay::862;
which deenergizes and opens the shunt around
condenser 822 at contact 818. 'The.latter oper-
ation stops current flow from- the :cord ‘circuit

and thus gives::the operator dlsconnect super-‘
© .vision in the usual manner. :

"It will be observed that the callmg subscnb-"

tact 825, causing ‘the line relay 702 4t the repea,terv
to deenerglze and ‘break the circuit of relay q01) )
Upon deenergizing, relay 181 unlocks relay 185 at -
contact 172: and at the ‘Same contact closes the -
circuit of reley 188, Relays 168 and 786 energize

and- the ringing signal is- ‘transmitted -over the .
ca,llmg liné: asbefore. - Relay 181 also opens:the

.- shunt ‘around -contast 153 in- ‘the holding “circuit

at contact 711, opens ‘one circuit of relay 104
at .contact” Tm -and at coatact "559 reconnects
relay Tidto the Pf lead.” - -

-When mterruoter ‘414, Flg 4 grounds the Pl N
lead relay 114 energizes and. locks- itself at con<

tact 780, also replacing direct holding ground by .~

ground ‘on ‘the-CoG lead at contact 749, About .
two minutes later interrupter 416 removes ground o

from the-CoG lead, which opens the holding ¢ir= o
- cuit. ‘The link cifeuit is thus restored-to normal,
and ‘the' calliig line is Tocked ‘ot as” prevmusly

descmbed _The energized repeater relays includ-

ing relay 193" also-Testore’ and' -the-direction of - 7

current - flow over-the ‘trunk line.is restored ‘to
normal;
¢iréuit of reldy 882 'and this relayand relay 80F
restore, the latter extmgmshmvr ‘the ‘busy lamp,
which ndtifies the operator that the connectlon
to the trunk has been: released

I ncommg ’toll call -

“The trunk lines’ extendmg to the toll center are .
two-way trunks and aré used alsg for.- 1neom1ng’
calls,” It :may beassumed, therefore, that the op-
erator at the toll center receives a call from some

distant point for ‘g station served by the auto= : -

matic exchange disclosed herein, and the opera--

. tions involved ‘in completing the . connection to.

- the called party may be described. The required -

er:can recall the operator by operation: of the

switch hook at his telephone. “When the hook
is “flashed” the relays T12, T13, and 7083 at the
repeater are intermittently e_nergized and -deen-
ergized -and -the lattér. relay: intermittently- re=
verses the current flow over the trunk line to
control relay 805-—806, Whlch 1n turn controls’
relay 882,

Assuming that the ca,llmg subscrlber has Te~
rlaced his receiver, -the “disconnect “signal noti-
fies the operator that the. parties are through
talking and she will pull' down “the’ connection.
When the plug is withdrawn from jack J1, the
relay 883 deenergizes and breaks<the crrcmt of
relay ‘881,

. contiection s completed- by inserting’ the C. B.’

end of the cord circuit in-use in the jack such as -
J1 of an idlé tfunk line, by inserting the callmg -
device plug P in the'corregponding dialling jack
such as J2; and by: dlamlhncr the number of the"

60 _Vcalled station.

‘Assuming-that-the trunk lme shown is used for

the call, when the operator plugs into jack: Ji, - .
~ relays 883 and-881 are energized as prev1ously,

. ‘described; lighting the busy lamp 1.2, and: ‘closing -
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which' deenergizes also. . These relays -

open the shunt around winding-8€6 of the po- -

larized relay. The line relay 782 of the repeat-
er is accordingly deenergized and opens-the ¢ir-
cuit of relay 101, The latter relay; upon deen-
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a shunt around winding 8986 of-the polar: 1zed re-

" lay. The line relay 162 in the repeater is- accord-
“ingly energized and. closes a circuit for relay 101.

Upon energizing, relay 164 disconnects the timer

-relay T4 at contact 7689, closes g circuit for relay
184 at contact 178, sa1d relay. operating to make - -
-the trunk busy, and-closes.a circuit for relay 709

which may be’ iraced from ground by way of con-

tact- 112, ‘contact “186, contact 743, and lower
- winding - of ‘relay 189°to battery. Upon energiz--

ing, rela,y 709 locks 1tse1f -atcontact 761 and at'

‘19

‘Relay 835—806 accordingly opens the- - ::"
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conta.cts 159 and 162 dlSconnects the trunk ‘con~
ductors 225. zmd 33§ from:the windings of the

line relay 112 and connects.them to the windings
" of the poldrized -relay 101. - The windings of.the

polarized relay -have-been cmnected together ab’:
contact 787 of line relay 102 and a,ccordmgly the‘

] opera+10n of relay 148 bndges the polarized relay
707 across the trunk conductors 335 and-335.
~.The line relay 121 - and the polarlzed relay 701
a.re TIOW. energlued in series, the ‘direction.of cu'w
; rent flow.being such-that relay 701 holds its con~
tact 764 open.. The energization of. the line’ relay
121 brings about the operaiion of the finder in
an idle line circuit to extend the.trunk line com-
prising -coriductors 335, 336, and 331 to the con-

nector of such link circuit in the ‘same manner.

as a calling subscriber’s.line is extended- when
the line relay operates responsive to the removal
of the receiver. It may be assumed that the first.
link circuit is used again. Relays 204, 205, and
201 will energize, therefore, relay.205 placing
ground on holdmrr conductor 62. -Since the. test
conductor 387 is connected to-the holding -cen-
ductor 62 by the operation of the finder, the. test
“conductor 337 is also grounded and. a: cncmt is
. completed for the cut-off rela,y 120. This-relay
accordingly operates and disconnects the line re-
lay-121. In the repeater the ground-on conductor
331 operates relay T10, over-a eu'cmt including
contact 163 of relay 708. Upon energizing, relay
40 grourrds conductor 331 at contact-758.
Bemg glven the usual dial tone, the onerator

now -inserts the dial plug P into-the jack J2- and:

dials the first digit.of the called number, . The.
calling device CD is SO arranged that durmg the

settmg and return movement of the dlal a- ground‘

. is-placed -on-the. sleeve of. the plug P- When the
first digit is dialled, therefore relay 804. is-ener-
gized, substﬁutmg ‘the calling “device= for the
polarized relay bridge, and the calling deviee: Aqn-
terrupts the circuit of the line relay 702 of‘ the
repeater. a’ number of - times depending on. the
" digit dialled..  The line. relay 102 responds to

=8
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814 and, operate relay.. 802. The . latter relay:
Tocks. relay 801 at contact 818 and at contact 815
connects 1e51sua,nce 823 in- pal allel w1th condewa
822 to pull the supervisory. re}ay in the oper rator’s
¢ord circuit and glve -her answering apervmop

At the repeater it will be observed thﬂt relay
193 closes a circuit for relay 705, the circuit in-
cluding contaets 7% and 166 Relay 165 Tocks
itself at contact 142 and at contact 143 opens the
1"111;1&] energizing-cir cult of relay 169. The latter
relay,,hlowever remains locked through coatacts-
112 and 781.  Relay 168 is also locked up through
its. upper winding at contact TEE of relay 193
The last mentioned locking circuit toretner with
the. shtnt around- contact 767 Whlch relay 783
closes at contact 180, makes it possible for: the
operator to chadge-corc‘is .without releasing the
connection. A

When the called subscz iber hangs up-at the end:

20. -of the.conversation, the direction.of current ficw
- over trunk-conductors-335 and 335 is-restored to

normal and relay 187 operates to:-opzsn its con-
tact 164; thereby releasing relay-783. - This relay,
upon-deenergizing, restores the normal directicn.

. of current flow over trunk- conductors 725 and:
© 128, operating relay 885—886 to open its contact

814 and release relay 882, The denergization of

relay 802 opens the shunt around condenser 822

at- contact-845 and gives the operater disconnect
supervision. When the: cperator withdraws the

- plug from jack-J! relays 883 and- 881 deener-

" gize
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these mterruptlons of its. circuit- and at contact :

767 produces & like series of mterruptlons in the
“.¢ireuit.of the line relay 204 of the connector. The
remaining digits are dialled in the same manner,

. relay 804 energizing-each time-when: the dial- is

moved off normal and deenerg1z1ng whon it-re= -

turns to- normal.
" .The cperation of the cormeetor is- the ame as:
) 'whon used by-2 ceTlmg su‘os"nber ex"ept -that:
} rphv 2686 doss not energize in- respovxse to: the:
,ener'rl *t1on of ré lay 324, Relay 749 of the re=:
peater gzounds the test: conductor u3'1 as: pre-
VlOUS]J explained and henee ground-is fed-for~
ward. over the holding circuit (conductor: §2) to.
the connesto
‘ing of-relay- 268-sh ort- cumuted after relay. 394
has operated: Since relay- 205 is hot energized;

* the P2 condyctor is not connected up-at, contact

225, he.starting.of the. conyer sation: t‘mmv
operation is.preVen’ted,

25}2 of the co nnectm energize and the latter:relay.
reverses t’lP direction of current flow in the line
cn'cmt incoming- to the connector, which riow:
includes the. trunh conductors. 338 and- 336.and:
the. bo;auze'i Telay. 187 at the repeater:
70“’ now cperates. to close: its contact 184, clos-
ing & gircuit for the reversing Telay- 103. - Upon:
cnergizing ,_1ela¢y 758 reverses. the- dnoctlon of:

- . current flow over the trunk’ line comprising con-

,ductoxs 125. and. 726, whereupon the- polanzed

'relay\ 8u5—300 operates to close~ 1ts contact

r where it. mamtams the upper wind-=.-

Relay.
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en the calied party answels relays- 2!0 and )

65

_peater shown. - At the:second repeater a

ing-of -asrelay. 115,

ating relay-:1671-in:the first repeater:to g

, opening the shunt around the winding 808
of:the polarized:relay. - Relays 182, 781, 789, and:
T110-in-the repeater now deenergize.. The deen-
ergization of the line relay 782 cpens the bridge:
across the trunk conductors 335 and 338 and
brings about the release of the link circuit in the
usual-manner.

In descnbm‘7 the: forefromg connect on it was
explained how" relay T!8: energizés and: feeds:
ground: forward over:the holding circuit to-pre~
vent. the: ehergization: of relay 288 at the con-
nector and thereby prevent the initiatish of con-
versation: timing. Relay T19 has an' additional
function in case the-connector is operatzd-tc se-
lect a trunk-to-another manual exchange which
is: equipped Wwith: o' repeater. similar to: the re~
-holding
circuit. will be-established for the connector the:
same-as-described in:the case ¢f:an oubtgoing toll -
call; the holding circuit-including the lower wind--
‘Since-the calling. line is:not
a‘subscribet’s:line;-however; but g tcllfrunk in-
cluding a repeater, relay:T{0 of this repeater will
feed ground forward.through the connedtor. to:
the second-repeater where'it: will-shunt the lower

. winding.of relay T!5 and prevent its energization.

It-follows therefore: that relay 714 of the second
repeater will not have:its circuit opemed. at-con=-
tact TA8-of the associated relay 718 and will re~-
main under the control-of relay 7181.  When the
operator-at; the second manual exchange ans-
wers, therefore; relay ‘181 will.operate relay 711
to reverse the direction of current flow in the
trunk-line-coming-from;the first repeater, oper-
give the

. calling operator: in:the first-exchange answermcr:

70
- protection-of Letters-Patent is desired will be

supervision in.the manner previously: explained.
.The’ invention: having: been. described, . that
which -is -believed: to :be new and: for which the

. pointed out in‘the appended clalms

75.

I-claim:’
1. In-a: relay: automatlc exchange, a: plura.hty
of link circuits; a-relayallotter for assigning idle
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link circuits to calling lines, a pair of relays-in
said allotter, means ¢ontrolled from: said link eir-
. cuits for alternately energizing and deenergizing
said relays in response to successive ‘calls, a

plurality of assighment relays in said. allotter
individual to the link circuits, respectively, and
circuits for the odd and even numbéred relays

of ‘said plurality controlled, respectively, at the

front and back contacts of one of said first men—
tioned relays.
2. In a relay automatlc exchange, a plurahty

of relay finder switches, a set of common mark--

ing conductors, relays individual to said finders,
respectively, for connecting said marking con-
ductors to said finders, a relay ‘allotter adapted
to complete energizing mrcmts for successive con-
necting relays in response to successive ealls; a
control relay included in all said energizing cir-
cuits, a branch circuit common to'said energizing
circuits and extending through contacts of said
control relay, and means operated over said
branch circuit for adva,ncmg said allotter in case
said control relay fails to operate. Wwheén -any -‘en-
ergiZing circuit is closed at the allotter.

3. In a relay automatic exchange, a relay con-
nector. including group and umts relays,” ‘means
for energizing a group relay and a units relay
to select a called line responsive to the dialling
of a plurality of digits in the called number
party selecting means in said ‘connector respon-
sive to the dialling of the firial digit in the called
number, means comprising a test relay in “said
connector for testing the selected line while the
final digit is being dialled, a slow acting change-
over relay for connecting said test relay in series
with the test conductor of the selected line-
throughout the dialling’ of said final d1g1t said
test relay energizing if the selected line is found
idle during the dialling of said final digit, a con-
necting relay having contacts for extending con-
nection to the selected line, and means including
said test relay in energized condltwn for oper-
ating sald COnnectmg relay after the d1a111ng of
the final d1g1t has been completed pr0v1ded the
selected line is idle.”

4. Ina relay automatlc exchanee a connector
comprising group relays each adapted to. selectr
3, group of lineg, units relays each adapted to se-
lect a pair-of lines in a group selected by a group
relay, a.switching relay for selecting one line of
2 pair selected by a units relay, counting relays
for controlling said group and units relays in
response 0 successive digits in a called number,
and means including a relay energized in parallel
with one of said counting relays in responding to
the units digit for operatmﬂr said switching relay
in case the units digitis greater than the digit 5.

5. Ina relay automatic exchange, a connector,

relays in said: connector for selectmg and con-
necting with a desired line, counting relays re-
sponsive to successive ‘digits in the called- number
for controiling said relays, a plurality of code
devices any one of which-is selectable by said
counting relays in response to the final digit in
the called number; means- controlled by the se-
lected code device’ for. connecting rmgmg cur-
rent to one conductor of the'selected line, and a

relay energized in parallel with one of said count-

ing relays while the same are responding- to the
final digit in ‘case said d1g1t is‘greater than the
digit" 5 -for reversing the connectlons between
said ringing means and the selected line to calise
ringing curr ent to be connected to the other 51de
of the line.- E

6. In @ relay automatm exchange, four lmes
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des1gnated respectively, by one, two, three, and-
fotir- digit' telephone numbers, 4 relay type con-
nector having access to all said lines, means in -
said connector for selecting and signalling ‘any
line, and ‘a single set-of counting relays in said
connector adapted to respond to all the digits in
the number of ‘any called line to control sald
selectmg and signalling operations.’

T.In g relay automatic exchange; a group of
trunk lines having a single digit teléephone num-
ber, a group of trunk lines having a two digit
telephone number, & connector including two

- group relays for selecting said groups of trunk
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liies; respectively, lines having three digit tele-
phone numbers also adapted to- be“selected -by

~said group relays, means including a plurality of

units relays for selecting individual lines from
the group of lines selected by any group relay,
and a’sét of counting relays in said connector:
adapted to respond to-all the digits in any called
number for controlling the selecting operations
perforimed by said group-and units-relays, - -

~8. In a relay -attomatic exchange; & conrector
in¢luding “group and -units relays, subscribers’
lines and & group of trunk lines accessible: to
said connector through contacts: of said “units
relays and ohe of said .group relays, and means
‘in said connector for energizing said one:group
relay in'response-to the dialling of ‘two different
digits, the digit used depending on” whether a
subscriber’s’ 11ne or the group of trunk 11nes is
bemg called.

9. I a reélay automatlc exchange,'a connector'
including-group: and units relays, lines accessible
to said connector through contacts of said relays,

~ means in said connector for energizing a first one

of said’ group relays in response to the dialling

- of ‘a single digit, and'means in said connector for:
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energizing ‘another of sald group relays in re-
sponse to the dialling 6f the same d1g1t preceded :
by the d1allmg of a different digit; - : :
10, In -a-relay type connector, a’ plurahty of
group relays, one and two digit groups of lines
adapted fo be selected by said ‘relays, the two
digit groups-having the same prefix, counting Te-
lays, marking conductors normally extending -
from cértain of gaid -counting relays to the single-.
digit- group- relays, a relay for switching” said
markmg cofidiictors-from the single digit group -
relays to the two digit group relays; and a marke
ing: wconductor extending from the counting relay

_which - corrésponds to the . prefix digif to sald

sw1tch1ng relay.

11, In ‘a relay automatlc ‘exchange, a’' con-
nector including group and uhits connecting re-
lays, groups of lines accessible to said cohnector -
through ‘contacts of. said relays, one or more of
said groups of lines including trunk lines while

‘the other groups include only’ subscribers’ lines,

trunk ‘selection control eguipment commor. to -
said connector and other connectors, means in

'saxd connector responsive to the dialling of a digit

in ‘a-called number for energizing one of said .
group relaysto select a group of lines, and means .
responsive to'the dialling of the next digit in the
number for energizing the corresponding units
relay or for' seizing and operating said control

" equipment, depending ‘on’ whether the selected .
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"group- of lines includeés only subscr1bers hnes or

mcludes trunk-lines. :
12 In a relay automatic exchange a plurahty
of ‘connectors, each including group and’ units
relays groups of lines accessible to said connect-
‘ors through contacts of said relays, certain of said
groups each including a group-of trunk-lines,
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means in each connector.responsive to.the dial-
ling of & digit in a called number for energizing a
group. relay, equipment. common to said connect-
ors.for controlling the operation of the units re-
lays in said connectors, mesans. comprising se-
quence relays_mdlwdual to.said connectors,. re-
spectively, for . {emporarily connecting said

‘equipment to any connector, and -means in each
connector responsive to the dialling of a-digit fol-
lowing the group selecting digit for closmg a cir-
cuit to the associated relay: .

13. In a relay automatic automatlc exchange a
connector . including group and. units relays,
groups of trunk lines accessible to said connector
through contacts of said relays; means in said
connector responsive to the dialling of a digit in
a called number for cperating a group relay, a set
of marking conductors in said connector for op-
erating said units relays,-a:set of marking con-
ductors for each group of trunk lines, -means.in-

“cluding a connecting relay individual to each of
said last mentioned sets for connecting the mark-
ing: conductors of each set to the set of marking
conductors in the connector, and means respon-

- slve to the dialling of the next digit in the called

number for energizing the connecting relay which
corresponds to the energized group relay.

. 14: In a relay automatic exchange, a connector
including -group and :units® relays, -subscribers’
lines having-three digit.numbers and a group of
trunk lines having a two- digit humber accessible

to said connector through contacts of said relays,

means in said connector responsive to the dial-

ling of the first two digits-in a-number for select~ .
Ing a subscriber’s line or an idle trunk line of said ..

group, depending on the number dialled; ringing
means in said connector responsive to the dial-
ling of the third digit in case a three digit 2um-
ber is being called, and means automatically ef-

fective in-case the two ‘digit number dis called for .

simulating the dialling of another digit in order
“to bring . aboutf. the. cperation -of sald rlngmg
means.

-15. In- a- relay automatlc exchauge a group of
trunk lines, g relay r'on*lector including means for
selecting said group in-response to- the dialling
-of a digit in the telephone number of the group,
control equipment for selecting: an:idle trunk

- temporarily - assigned to said connector in re- -

sponse to -the -dialling of another dlglt in:-the
numper, means. in_said connector for- releasmg

said equipment after’ trunk selection’ has been,

completed, means in said equipment ;forr majin-
taining it in asscciation with said.conneector for
apredetermined “interval -after it is released at
the connector; an means in said equipment
automatically effective during said. interval to

transmit-an impulse to- said .connector fo startr

ringingover the selected trunk. =

16, In a:relay autematic exchange a relay
connector a twenty party line accessible: to said
connector, & .group of ten. code interrupters,
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nector responsive to the dialling of a digit in: a
cailed . number for-simultaneously selecting -a

group of group relays and.a group of code ring-

. ing.conductors.

18.-In -a relay automatlc exchange a . party
line, stations on-said line havmg grounded ring-

. ers connected to the opposite sides of said line,
) means including a relay type ﬁnder and con-
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nector whereby a station .on said line may call
another station on the same line, means re-
sponsive to the-replacement of his receiver by
the calling subscriber when he hears the busy
signal for releasing - the finder whlle mamtam-
ing the connector on.the line, means.in-said
connector. for projecting ringing current over one
of said lines to signal the called subscriber,
means in. said connector for prOJectvng ringing
current over the other side of the line to signal
the calling subscriber, means for releasmg said
connector .responsive to the removal of the re-
ceiver -at the called- statlon and means. indi-
vidual to said line for- supplymg the: calling and
called statlons with transmitter current. |

19. In a. relay automatic exchange, a -relay
connecf01 subscribers’ lines and .trunk lines hav-
ing access to.said connector means for .con-
trolling :said connector over a calling suoscmb-
er’s:line or over a.trunk line to. complete a con-
nection to a-called line, timing apparatus for
releasmor the connectlon after a .predetermined
time -interval, means .for. startxng said . timing
apparatus -if the calling” line .is 'a .subscriber’s
line,-and - means for preventmg the -starting of
sa1d timing apparatus 1f the calhng line is.a
trunk line,

20..In a relay automatm exchange a. plural-
ity of: connectors .each mcludmg group and
Lmts relays, -groups. of lines ‘accessible to said

- connectors through contacts of said relays, one

of said -groups including.a group of trunk lines,
means in each connector responsive to the dial-
ling of the -first digit  in the number of the
said trunk group for energizing .the correspond-
ing group relay in the connector, in. use, con-
trol apparatus comimon to said ‘tonnectors, means
responsive to the dialling of the second digit in
the number of said trunk group for connectmg
said control apparatus to the connector in use,
and means in: said control-apparatus for ener-
gizing a “units- relay in such connector which
corresponds to. an idle” trunk lme in sald group
01 trunk lines.

- 21, In a relay automatlc exchange a plural-

ity of connectors, each including group -and units

relays, groups .of lines accessible "to said con-
nectors through contacts of said relays, one of

““said’ groups mcludlng 8 group. of trunk lines,
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means_for calling-certain of the parties on said =

line. by ‘dialling:a plurality-cf line selecting digits
and. a code selecting: digit, .and means for-call-
ing the remaining parties on said line by dla]—
ling’ the same digits after first dialling a code
switching digit, said last means including a sec-
ond:group of ten code interrupters,-and-a code
switching relay responsw; to sald sw1tch1ng
. dzglt .

17. In a relav fautomatlc exchande a- relay -
two . groups of grf)up,relays in - said

connector,

connector, two:groups ef code ringing  conduc~
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- ors’in: said connector, and means in said con- 75

means. in each connector responsivé to the dial-

ling of a digit’ designating said trunk group for
energizing the: corresponding group relay in the
connector in use, control apparatus. ‘common to
said connectors, means responsive to the ener-
gization of-said group relay for connecting. said
control apparatus to the associated connector

.and means-in;said . control apparatus for.ener-

gizing a units relay in such .connector which
corresponds to an 1dle trunk lme in said trunk
group..

0 22, In a relay automatlc exchange a -connec-
tor 1nclud1ng group- and units relays, two groups
of ~trunk lines acce551ble to _said. .connector
through contacts . of. said. umts relays .and two
of -said group relays means .effective in ‘case
either group of trunk lines is called for -ener-
glzmg the. correspondmg _eroup, relay;responsive
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to the dialling of g single digit, units relay.con-
trol apparatus common to said connector and
other connectors, means effective automatically

in response to the energization. of the group re-

lay corresponding to one of said groups of trunk

lines for connecting said control apparatus to’

said connector, and means effective in case the
group relay corresponding to the other .group
of trunk lines is energized for operating the
control apparatius connecting means in response
to the dialling of another digit.-

23. In a relay automatic exchange, a relay con-
nector having group and units relays, individual
lines and a group of trunk lines accessible to
said connector through contacts of said relays,
marking conductors individual to said units re-
lays, counting relays in said connector for ener-
gizing said units relays over said marking con-
ductors when individual lines ‘are called, con-
trol conductors individual to. the trunk lines
- of said group and common to said connector
and other similar connectors, means associated
with said group of #drunk lines and controlled

by the busy or idle condition thereof for main- -

taining a potential on:one and only one of said
control conductors to place the same in condi-
tion for energizing g units relay, and means for
energizing said. units relays. when: trunk lines
are-called by connecting said control conductors
to said marking conductors.

24. In an automatic telephone system, a plu-
rality of link circuits, a - relay allotter, assign-
ment relays in said allotter individual to said link
circuits, respectively, two operating circuits over
which said relays are successively energized; -a
control relay in said allotter having contacts for
closing one circuit in .energized condition and
the other circuit in deenergized condition, and
means responsive to each call for changing the
condition. of 'said control relay from energized
to deenergized condition or: vice versa, depend-
ing on the: condmon of the relay at the- tlrne of
the call.

25. In an aufomatfc telephone system a plu-
rality of link circuits, a relay allotter including
a plurality of assignmént relays individual to said
link circuits, respectively, an impulsing relay in
said allotter for successively energizing said as-
signment relays in search of an idle link circuit,
test conductors individual ‘to said link circuits,
respectively, means whereby said assignment re-
lays connect up said test conductors successively
to control said-impulsing relay, and means for
maintaining an -effective test potential only on
the test conductors of busy link circuits, whereby
when the test conductor of an idle link . circuit
is connected the operation of said 1mpu1smg re-
lay will cease.

26. In an -automatic ~te1ephone'system, a .plu~
rality of link circuits, a relay-allotter for prese-
lecting idle link circuits, said allotter including
assignment relays -individual to said link. cir-
cuits, a common operating relay in said allotter,
circuits over which said’ operating relay ener-
gizes said assignment relays successively in
search of an idle link ¢ircuit, test conductors in-
dividual to said link circults ‘contacts ‘on each
- assignment relay for extending its associated test
conductor to said operating relay, and means for

placing a test potential on the test conductor of.

any busy link circuit to control said operating
relay to effect the energization of the assign-
ment relay associated with the next link circuit.

27. In an automatic telephone system, a plu-
rality of link circuits each including a relay type
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line finder, a relay allotter, assighment relays in
said allotter individual to said link.circuits; re~
spectively, means for maintaining sn assign-
ment relay corresponding to. an idlelink circuit
energized, marking conductors; a connecting re-.
lay individual to each link circuit for extending
said marking conductors to its associated finder,
means responsive:to a‘call for energizing the con-
necting relay of’said idle link circuit over & cir-
cuit prepared by said energized. assignment re=
lay, & relay in said allotter energized -from said
link circuit over a circuit exftending. through
contacts of the energized connecting .relay: to:
cause-the opening of the circuit- of ‘such con-=
necting relay.and the deenergization thereof, and.
means in the allotter responsive to the deener-
gization of said connecting relay. for energlzmg
the next assignment relay.

- 28..In a relay automatic exchancre a connec-
tor including group and unifs relays, subscnbers
lines and a group of trunk lines accessible to said
connector through contacts of said units relays
and one of said group relays, counting relays-in
said connector adapted to.respond- to the group
digits in:the numbers :of  called lines,-marking
conductors extending from contacts.of certain
counting relays .o -corresponding .group ‘relays
in:said connector, marking conductors extending
from contacts of two.counting relays to the said
one ‘of said group relays, and means responsive
to’a call- for energizing -sald last mentioned
group relay over -one or the other of said last
mentioned marking conductors, depending  on
whether .the call -is intended for a- subscnbers
line or said group of trunk lines.

-:29,.In 'a relay automatic exchange, a connec-
tor having group ‘and units relays.for extending
connections: to called ‘lines, a train of counting
relays for controlling said group and units relays,

a-marking conductor-extending fro‘m contacts of - .

one counting relay to one of said group relays;a
marking conductor exténding from. contacts of
another ¢ounting relay to the.same group relay,
and a relay for:switching said. .last mentioned .
marking- conductor to another-group relay.: :
30. In a relay automatic exchange, s connector
having group and units relays for extending con~
nections to called lines, a train of.counting relays
for controlling said group relays; a marking con-
ductor: selectable by one of said counting relays
ahd extending to one of said group relays, a relay

- for switching'said marking:conductor to another

group relay, means for energizing either: group
relay. over said. marking conductor, -and. means

5 including a marking conductor selectable by an-

other. of said countlng relays for energlzmg sald

- switching relay.’
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81, In a relay type connector gy oup relays '
havmg access .to called lines, colinting relays for
selectively energizing -said group relays; marking
conductors :over which such: energization is ef-
fected, additional group relays.in said connector,
relay switching means, means for energizing said

- switching means, -and’ contacts operatéd by said

70
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switching -means - for  switching -said  marking

cconductors.:from:said -first mentioned group re- -
lays-to said additional group relays, whereby the -

latter relays may be selectively energlzed under
control of said counting relays.

32. In a relay type connector, group and unlts

‘relays for extending connections. to.called lines,

a train of counting relays for selectlvely energiz-

ing said group and units relays, markzng conduc~

tors over which such energization is effected, said )
marking conductors including a certain aumber L
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which extend directly from contacts of certain of.
said counting relays to certain. units relays and

at.least one marking conductor ‘which extends

from contacts of & counting relay to a units relay.

 through contacts of one of said group 1elays pro-
vided such group relay is energized.

33. In a relay type connector, group and umts
relays for extending connections to. called lines,
group marking conductors-over which the group
relays. are energized, units marking conductors
over which the units relays are -energized, one of
said units: marking conductors being normally
open, and multiple connected: contacts on a plu-
rality of said group relays whereby: said normaliy
open units marking conductor is closed by the
energization of any group relay of said plurality
of group.relays.

34. In a relay type connector group and umts
relays for extending connections to called lines,
group and units marking conductors over which
said relays may be energized, including:a nor-
mally open units marking conductor, contacts on
one or more group relays for extending said nor-'
mally open marking conductor to-the associated
- units relay, a:sequence relay, and -contacts on
another group relay for extending said normally
open marking conductor to said sequence relay.

35. In a relay type connector, group and units’
relays for extending connections-to called lines,
group and units marking conductors over which
said relays may be energized, including a:special
units marking conductor normally-disconnected
from its associated units relay, means controlled

by a group relay for connecting said special mark-~

ing conductor to its associated units relay, addi-
tional units marking conductors, means includ-
ing ‘a relay for connecting said.additional.units
marking conductors to said first. mentioned units
marking conductors, and means controlled- by
another. group relay for connecting said special
marking conductor to said last mentioned relay.

-36. In.a relay automatic exchange, a relay type
connector having access to subscribers’ lines and
trunk lines, means in said connector for selecting
and signalling any line: responsive to the receipt
of three digits, said trunk lines having a telephone
‘number consisting of-only two digits, apparatus
.common to said connector and other similar con-
nectors,: means-for-assigning -said -apparatus to
said connector when the trunk line number. is
called, and means in said apparatus for automati-

cally transmitting the omitted thlrd dlglt to saxd .

connector.
37.In .an automatic exchange a connector
having access to two kinds of ‘lines, the lines of

one kind being designated by numbers having:a-

certain number of digits and the lines of the other
- kind being  designated by numbers having one
less digit, selecting and signalling means: in said
connector requiring the full complement of digits

for its complete operation, and means effective

responsive to the calling-of a line of the second
" kind for automatically transmitting an addi-
tional digit to said connector to, enable 1t to com-
plete its operation.

' 38.. In a relay automatic exchange a relay type
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connector including group and-units.relays -for

selecting lines accessible to.the connector; a train
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of counting relays for selectively controlling said
relays, ringing equipment selectively controlled
and .rendered: operative by said counting relays,
apparatus common -to said connector and other
similar connectors, means for temporarily assign-
ing said apparatus.to the exclusive use of said
connector, and means in said common apparatus
for energizing one of said counting relays to cause
the same to. control said ringing equipment.

- 39. In a relay automatic exchange, a plurality
of connectors, each having group and units reiays.
for -connecting to called lines, means including
counting relays in each connector for controlling
the asscciated group relays and also for control-
ling the associated units relays when certain lines

‘are called, a set of marking conductors common

to said connectors for controlling the units re-
lays in any connector when the same is in use to
call certain other lines, means including a se-
quence relay in each connector for extending said
common marking conductors to the units relays
in:such: connector, and means for insuring the
energization of no more than one of said sequence
relays at a time.: )

40. In a relay automatic exchange, a plurality’
of connectors, each having group and units re-
lays for connecting to called lines, means includ--
ing counting relays in each connector for-control-
ling the associated group relays and also for con-

roliing the associated units relays when certain
lines-are called, a set of marking conductors com-
mon to said connectors for controlling the units
relays in any connector when the same is in use
to call certain other lines, means including a se-
quence relay in each connector for extending said
common marking conductors:to the units relays
in such .connector, means in each connector for
energizing ‘its- associated: sequence relay, and
means comprising " a chain. circuit extending
through'serially related contacts of all said se-
quence relays for preventing the energization of
more than one sequence relay at a time:

41. In a relay automatic exchange, a relay
connector having group and units relays for con-
necting. with subscribers’ lines, counting relays
responsive to group designating digits for-energiz-
ing said group relays, marking conductors over
which such energization is effected, a group of
toll trunks designated by the digit “0” accessible
to. & group relay having a different group digit
designation, and a connection between the group

~marking conductor corresponding to the digit

“0” and the group marking conductor over which
the group relay havmg access._to said toll trunk
1s energized.

42.In a relay automatlc -exchange, a relay
connector having group relays for connecting
with groups of lines, counting relays-responsive’
t0 - group . selecting -digits, marking conductors
corresponding to the respective group digits se~
lected by said counting relays for energizing said
group. relays, a connection from one marking

_conductor .to another marking conductor to en-

ergize the group relay corresponding to said other
marking conductor, and means for switching said

one marking conductor-from said:other mark- .

mg conductor 1o another group relay.
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