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'12 Claims.

1

This invention relates to telephone systems and
more particularly to’ small capacity telephone
systems of the pnvate branch “exchange’ type
(P. B. X) in which cross bar switches are em-
ployed having teleplioné lines, links and trunks
termmatlng thereon, each of said telephone lmes
being equipped with an altéernating current gen-
eratmg device -for” producing and transmlttmg
pulsés of different combmatmns of frequencies
designating wanted lines or trunks whlch can be
reached over. the links.

According to the present invention means-are

[

10

prov1ded whereby a link eonnected to a callihg -

line, in response to a trunk desighation and the
calhng line designation, functions to extend the
line to the wanted trunk and thereafter returns
to hormal.

Another feature of the invention is a number
checking circuit which operates to verify the ¢all-
ing line numbper as keyed therefrom, and if found
to agree with ‘the numerical desighiation of ‘said
line as registered in the link, causes said link to

extend the line to the wanted trunk; otherwise it
causes said link to dismiss the corinéction and ap-.

prise the subscriber by a distinct ‘tone to restore

20

25

the telephone instrument and attempt once agalnf -

to establish the connection.

Still another feature of “the 1nvent10n 1s a'
number checking circuit which, in comb1nat1on'

with an electrical condition individual to each
line, is adapted: to discriminate, when checking
the calling line number, between a line that'is
éntitled to trunking service and one that is not,

30

causing the link to establish the connection to a -

trunk if ‘the call has originated. on a line en-
titled to trunk service and causing it to d1srmss
the connection if the call has originated on a
hne which is not entitled to trunk service.

Yet another feature of the mventlon is'a trunk
marker which is available in common to ‘all the

hnks which controls the as&gnment ‘of an .avail- -

able ‘trunk to a link which is taken'into use by a

calllng line if the frunk digit is keyed before the
digits of the calling line number and .which is

disconnected from the lmk immediately if the
first digit keyed is not the truhk digit.
These and other features of the invention will

28

40

45

be better understood from the following detalled

descnptlou and accompanylng "drawmgs
wh1ch
Flg 1 shows two of the twenty statmns in the
P.B. X, station A having a line de51gnat10n of 29
and station B having a line designation of 39;
Figs. 2 and 3 show, dlagrammatlcally, a cross
bar switch flame of knoj n constructlon hamng

59

<t
=

2

tWenty vertical and ten horizontal outlets. To
each of the vertical outlets a’ station is con.nected

station A’ beihg connected to Ve1t1ca1 20 ‘station
B being connected ‘to ‘vertical 39 ‘and ‘the other
eighteéen stations, in the order of their respectlve
numerical de51gnat10ns, being’ connected to verti-,
cals 21 ‘to-38, inclusive. "Of the ten horizontal
olitlets, of levels, the uppermost six are reserved
for three links and the lowermost four are re-
served for four trunks Wh1ch may extend either:
t6 one main central office or to as many dlfferent
central offices;

Fig. 4 in the left portion thereof shows a link
allotter circuit, wh11e the rest of this figure, to-
gether with Fig. 5, shows the call allotter circuit;

Pigs. 6 and 7 show the detalls of the llnk cir-
cuit;’

- Figs., 8 and 13 show the link connector and
trunk marker connector respectlvely, i

Figs. 9 and 10 show the common translator
and- alternating current receiver, reSpectlvely,

Fig. 11 shows, in dlagrammatlc form, two other
links and a power generatmg, tone and alarm
circitit;

Fig. 12 shows in detail one of the four trunks
extending between the P. B. X and the central
office, the other three trunks extendmg to the

-same central ofﬁce bemg conventlonally 1nd1-

cated;

Fig. 14 shows the trunk marker; while

Fig. 15 shows the mannerin which' Figs. 1 to 14,
inclusive, are to be arranged with respect to each
other to completely disclose the invention..

Before descmblng the deta;lled operatlon of the
mventmn it is de51rab1e to ‘call attention to the

*-fact that the mventlon has been 1llustrated in

connectwn with the circuits and ‘equipment com-

pletely disclosed ‘and descnbed in Patent 2, 300 -

951 1ssued to me on November 3, 1941, the equip-
ment and 01rcu1ts shown in sald patent having

" been modified and adapted to carry out the new

functions. and features const1tut1ng the essence
of the present invention, 1nc1udmg the;lr adoptmn
for cooperat1ve actlon Wlth 01rcu1ts and equip-
ment: not shown' therem Reference therefore
is made to said patent for an understandmg for
stch operatmns as are not descrrbed here, for ex-
ample, the estabhshment of local- connectlons
that is, connectlons between stahons m the
P.B. X. )

Referring, now to Fig, 4, there are shown there-
in three" relays namely, relays CHI, _CH2 and
CH3, which form a link" allotter c1rcu1t Re-
lays. CHI ‘and CH2 are shown in the operated

B posrtmn, Whll relay CH3 is shown 1n the un-
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operated position.
the sequential allotment of an available link to a
calling line, and the function of the relays CHI
and CH2 in the positions shown is to route the
start conductor 1 to the first available link in
the office. As stated before, in the present em-
bodiment of the invention it i§ dssuméd that the
quantity ¢f traffic from and between the various
lines of the office, including trunk service to the
central manual office, may be adequately handled

by the use of only three links so .that the relays

These three relays control

[}

CHI, CH2 and CHS3 serve to route a calling line -

to one of the three links depending upon which

one of them is free in the:order.of allotment. .~

The operated condition of relay CHI indicates
that the link to which it provides access is in the
idle condition, the relay remaining locked until
said link is taken into use, the locking circuit of
said relay extending from battery, through the
winding thereof, contacts of key KY!, conductor
2, No. 1 back contacts of relay B of link No. 1
(Fig. 6), conductor 3, No. 3 front contacts of re-
lay CHIi to ground. The locking circuit of relay
CH2, which controls access to link No. 2, is traced
over a path which extends from battery through
the winding of said relay, contacts of key KY2,
conductor 2’ in the bracket line 4, the No. 1
back contacts of relay B in link No. 2 (said
link being conventionally indicated in Fig. 11),
conductor 3’ in the bracket line 4, No. 6 contacts
of relay CH2 to ground.

On the other hand, the operating circuit of re-
lay CH32, which provides- access to link No. 3,
while traceable over the contacts of its associated
key XY3, conductor 2’’ within the bracket line
5, through the No. 1 back contact of relay B of
link No. 3 (said link being conventionally indi-
cated in Fig. 11), and conductor 3’’ within the
bracket line 5, terminates in the No. 3 normal
contacts of relay. CH3 and also in the No. 3 open
contacts of relay CHI.

In other words, for a calling line to have accessi-
bility to link No. 1, relays CHI and CH2 must
be operated and relay CH3 must be normal. It
will be shown that as each link is allotted in ro-
tation, the circuits of relay CHI, CH2 ahd CH?

are changed to provide for the advancement of

start conductor { from one link to the next in
the order designated by the numerical indication
of each of the three links.

Bearing in mind that relays- CHI
assumed to be operated and that relay CHS3 is
assumed to be normal, it may now be further as-
sumed that a call is originated at station A (line
20) for a trunk connection to the manual cen-
tral office. As before stated, the present inven-
tion is in the nature of an improvement over
the small capacity office disclosed in my Patent
2,300,951,
equipped either with a dial device or an alternat-
ing current generating device, and in which links
are provided whereby local connections between
the several lines may be established over said links
by the dialing or keying the number of the want-
ed station. In the present invention, each of the
stations is assumed to be provided with an al-
ternating current device LG and that local con-
nections between the several stations in the of-
fice may be established over the links in the man-.
ner described in said patent. Although the link
circuit herein shown and used has been modified
in some respects over the link in said patent to
provide for the performance of functions essen-
tial to the operation of the features.of the pres-
ent invention, its structure, is so far as it per-

CH2 are

in which the stations thereof are
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: station line number, that is, 20.

, 4

tains to thé establishment of local connections,
remains substantially unaltered. The operation
of the link, therefore, with respect to the estab-
lishirient of local connections is not described
heréin, reference being made to the above patent
for a description of said operation.

We may now assume that station A desires to
establish a connection to the manual central
office. To do so the station attendant removes
the telephone instrument from its cradle and then
waits for “key” tone upon receiving which he
keys an arbitrarily assigned digit indicative of
the trunk connected and, thereafter, keys his own
The removal
of the telephone instrument from the cradle com-
pletes a circuit for line relay 128 which extends
from battery, over the No. 1 normal contacts
of the hold magnet HO28 associated with ver-
tical 20, winding of relay L28, ring conducter R,
over the station loop, tip conductor T, No. 3 nor-
mally made contacts of relay 120 to ground on
the No. 2 contacts of cut-off relay CO28. Relay
L20 operates. Over its'No. 3 front contacts, the
ground terminal of its circuit is switched from
solid ground on the No. 2 contacts of relay CO28
to ground through the secondary winding of
transformer LBT to the primary winding of
which is connected s source of distinctive tone
which, as will be shortly described, is transmitted
to the calling line in the event that no link is
available for completing the connection.

Over its No. 1 and No. 2 contacts, relay 128
causes a circuit to be completed for relay LO28
of the call allotter circuit (there being one relay
LO— for each line) and relay ST of link No. 1
which, since relays CHI and CH2 of the link al-
lotter are assumed to be operated and relay CH3
is.assumed to be normal, is the preferred link in
the order.of selection. The circuit for the relays
ST and LO20 is traced as follows: ground
through the No. 1 contacts of relay Ef, winding
of relay LO20, conductor 6, No. 1 and No. 2 con-
tacts of relay LO20, start conductor I, No. 3 con-
tacts of relay CH2, No. 1 contacts of relay CHI,

5 conductor 1, winding .of relay ST to battery.

Both relays T.O29 and ST operate in this circuit.
Relay LO20, upon operating, completes a circuit
for relay N, the path of whith may be traced
from ground on the No. 1 contacts. of relay L.O28,
conductor 10, No, 1 back contdacts of relay M,
No. 4 contacts of relay MS, winding of relay N
to battery. Relay N operates and completes a cir-
cuit for relay M which extends from ground on
the No. 2 contacts of rélay N, No. 1. contacts of
relay MS, winding of relay M to battery. Relay
M operates opens the circuit of relay N at its
No. 1 back contacts and causes the latter relay
to release.  The release of relay N opens the oper-
ating circuit of relay M but this latter relay,
however, remains locked to ground on conductor
10 under the. control of the No. 1 contacts of re-
lay MS and its own No. 2 coritacts, When relay
MS operates, as described below, relay M re-
leases. This cycle for operating relays M and N
ordinarily performs no useful function, but will
perform an emeérgency function which will be ex-
plained in due course. . At the same time, relay
LO20 completes: a circuit for relay E which may
be traced from ground on the No. 1 contact of
relay El, No. 2 contacts of relay L.O26, conductor
8, serially through the No. 1 back contacts of the
individual link relays LK3, LK2 and LK!{ in
the call allotter, conductor 9, winding of relay E
to battery. Upon operating, relay E locks to
ground on the No. 1 contacts of relay 1L.O20 and,
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at the same time, closes a c¢ircuit for relays El
and E2 from ground on its:contacts traced there-
through from the No. 1 contacts of relay LO20,

No.- 2 riormally made contacts ‘of relay ‘MS, the

windings of relay El. and E2-in parallel to

- battéry.  Relays El and ‘E2 operate bubt relay
1.020, which operated from ground on the No. 1
contacts of relay El, now holds locked to ground
on its -own No; 1 contacts from battery through
relay ST of the selected link, as previously traced
to-conductor 6, winding of relay LO20 and its No.
2 contacts, conductor 8 as traced to conductor 9,
contacts of relay E to ground on the No. 1 ‘con-
tacts of relay L0O20. Hence, with the operation
and lockmg of relay T.O20 individual to the call-
ing  station A and with the-operation ‘of relay
El and E2, all ether lines may not receive service
if'calls are-initiated thereat during thetime when
station A is having:a lmk assigned ‘to its since,
with- relays E{ -and E2 operated, no ground. is
available for completing the circuit of any other
relay LO— ‘individual to a -calling line.

When relay El operates it -completes a circuit
for relay ‘MS, said -circuit ‘being traced from
ground on conductor 10, No. 14 contacts of relay
El, winding of relay MS to battery. Since relay
MS ‘has slow-operating characteustlcs ‘it oper-
ates after an interval, at which-time it opens
the locking path of relay N, supplies holding
‘ground -over its No. 2 contacts for-relays El-and
E2 and, -over its No. 3 contacts, -applies ground
on ‘conductor 0 to conductor 14.- ‘Ground -on
conductor I ‘is used to complete the circuit of
the link select magnet 8 in virtue of -operations
which will ‘be shortly described and -which have
een taking place in the link as the result-of ‘the
-opération of relay ST therein.’ ’

In ‘the event that, due to some trouble condi-

‘tion,-relay B of-the call allotter fails to operate,
telay "MS ‘cannot -eperate -and ‘ground will ‘not
‘e applied to conductor 11 -over -its No. '3 -con-
tacts. ~If possible under-these cn'cumstances, it
ig-desirable ‘to - complete ‘the connection and -so
-emergency means are -provided ‘for- applying
‘ground- to-conductor “H when rélay ‘MS fails-to
‘operate.: Tt will be remembered ‘that, upon-the
‘operation ‘of “relay LO20, g- circuit -was ‘com-
‘pleted for-rélay N, and-that prior ‘to the oper-
ation’ of ‘relay " MS, relay ‘N caused ‘the operation
‘of felay M. Now, when relay M: operates,-it-opens
the:circuit of rélay N, but relay M remains locked
“over-its MNo. ‘2 ‘contacts to-ground: on -conductor
‘10, -and -it -will ‘e chbserved ‘that, -with relay ‘M
normal and relay M -operated, - ground -on . con-
dtictor -10-is applied to conductor ‘1 via: the No.
“1'front- contacts- of relay M and the No 1 con-
tacts of relay N.

‘Retirning, now, to-the operafmn of relay ST
of the allotted link No. 1,a circuit is“completed
for -select magnet'§, the path of “which may he
‘traced from battery, through'the wmdmg -of said
‘magnet, conductor {7, No. 2 contacts-of relay B,
“No. 4 contacts -of relay ST, conductor {1, to- the
-aforetraced ;ground ‘thereon. -Select magnet ' 9
operates and conditions the group of cross-points
inthe ninth horizcntal -level for - selection, in-
cluding ‘cross-point ‘8 ‘on -verticdl 20 ‘throligh
which “he calling loop will'be extended into'the
link, “as ‘shown hereinafter. “Select ‘magnet- 9,

. Upon operating, completes a cireuit from-ground
‘over its contact and paralleled ‘conduetor 18, -to
tha commen  windings of ‘relays-8-and-S!, eaus-
“ivig ‘said-relays to-operate'and complete a circuit
“for -cut~off ‘relay -CO20; ‘the- circuit of said: ‘relay
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of relays S and 84, No. 3 contacts of relay LO26,
conductor 18, winding of relay €028 fo battery.

‘Relay €020, upon operating, closes :ian obvious

circuit: for hold magnet HO20 of the vertical 20
to 'which line: 20 (station A) is connected and,
because select magnet 8 is operated, cross<point
9 on: vertical 20 is ‘also -operated. This cross-
point 9 rémains operated after the circuit of se-
lect magnet 8 has been opened, and sinee this
is standard cross bar switch operation, it -will
not be amplified any-further.. When hold ‘mag-
net ‘HO20: operates; it releases’ line relay L:28
which, in turn, releases relay LO28 and the lat-
ter; upon releasing, opens the .circuit of CO20
and further disconnects ground from start con-
ductor 1 which caused the operation of relay ST.
Relay CO20 (as well as every other relay -CO—)
is slow release and slow operate and will'holdwup .
for the nonce until a holding - circuit therefor
will have been .completed in" the link as de-
seribed hereinafter. Alse, while -conductor - is
now opened, the fact that cross-point 8 on ver-
tical 28 is .closed, relay: 8T will not release, it
having . a locking circuit through a .cross-point
contact, which circuit may be traced over the
No. 2 centacts of said relay, No. 1 contacts of
relay T2, conductor 181, No, 5. normally made
contacts of relay LC1’, conductor S, No.-3 .con-
tacts of cross-point 9:on vertical Zu re51st0rs RC
and RCI to ground.

Since cross-point 8 on vertical 20is closed the
line tip and ring -conductors T and R are Jomed
to the link tip and ring conductors LT:.and LR,
respectively, .over ‘the ‘No, 6 and No. 5 contacts
of the operated cross-point 9, respectively, and
this ;joining of .conductors completes an operat-
ing ‘path for relay-A of the link, which circuit

- may ‘be traced from battery, through the lower
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winding of said relay, No. 2 back contacts of Te-
lay ‘HS, conductor LT, No. 6 conbtacts of -cross-
point 9 on vertical 28, line conductor T, over the
calling line leop, ring conductor R, No.-5 con-
tacts ‘of .cross-pdint 9 on’ vertical 20, conductor
LR of the link, No. 3 back contacts of relay HS,
upper winding -of relay A to ground. Relay A
operates and completes a -circuit ‘for rélay B
which extends from ground on conductor St, No.
5 and No. 4 normally made continuity contacts
on relay LCU’, conductor (1082, front contacts -of
relay A, No. 4 normally made continuity con-

‘tacts -of relay B, -winding of relay B to battery.
‘Relay B operates and locks over its No. 4 front
‘contacts, conductor 18

No. 5 normally made
continuity contacts on relay LCI’, to ground on
conductor Si. At its'No. 7 contacts relay B now
completes a‘holding cireuit for 'CO29 which traces
from battery through the winding of -said .relay

‘C020, No, 4:.and No. 2 contacts'in series of -¢ross-
-point ‘9 in vertical.20, conductor 57, 'No. 7 con-
‘tacts of relay B, front -contacts-of rélay A, con-

ductor 102 and theénce as:traced to ground on
gonductor SI.- Relay CO20 thus holds: operated,
in-turn-holding magnet HO23 which keeps cross-
point 8 closed. At its No. 2.contacts, relay B
opens-conductor ‘£1, thereby causing the release
of ‘select magnet 8. However, -since the hold
magnet- ‘HO28 ‘is ‘beéing held, -cross-point . § -on

-vertical 20 will ‘likewise be held. . ‘Relay B ‘fur-

ther -completes ' g -circuit ‘from ground -over its

‘No. ‘8 contacts to a relay (not-shown) in the

power .charge eircuit (00 “by means of which,

‘when the ‘rélay-is -operated, circuits are closed
‘thereby that will.increase the.charging .rate to

the link-power: supply during-thé time that -the

“peing traced  from -ground-on the’No, 3 contacts w7 1linkiisvbeing: used -and, over its’ No 5-and:No,6
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conftacts, telay B further applies grolind to hold
conductors 20 and 21, respectively, for holding
and operating certain other relays as noted be-
low. Over its:No. 1 contacts, relay B opens. the
locking circuit of relay CHI in the allotter cir-
cuit, which, upon releasing, advances the com-
mon start conductor { over the No, 3 contacts of
relay CH2, No. 2 contacts of relay CHI, No. 1
contacts of relay CH2 to conductor 1’ which fur-
ther extends to relay ST of link No. 2 (conven~
tionally indicated in Fig. 11).

It is now evident that if, at the time a call is
initiated at station A (or any other station) link
I is busy or is otherwise made unavailable, its
relay CHI in the link allotter circuit would be
normal and the start conductor I, with ground
applied thereto, would be connected to conductor
T’ of link 2 to cause the operation therein of relay
ST in the manner described for relay ST of link
I. On the other hand, if both links | and 2 are
busy or otherwise made unavailable, relay CH2
as well as relay CHI will be normal since their
respective locking circuits will be opened at the
No. 1 contacts of relay B of their respective links.

However, as soon as these relays are both nor-
mal, a circuit is completed for relay CH3 which
extends from battery through its winding, con-
tacts of key KY3, conductor 2’ within bracket
line 5, No. 1 contacts of relay B of link 3 (con-
ventionally indicated in Fig. 11), conductor 3’/ to
ground over the No. 1 normally made contacts of
relay CHI. Relay CH3 orerates and, with relays
CHf and CH2 normal, represents the condition
in which links 1 and 2 are unavailable but link 3
is available. If, now, a call is initiated at a line
station, as for example, station A, ground on
start conductor f is extended to conductor 7'’
which is connected to the winding of relay ST of
link 3, the path being from ground on con-
ductor | as applied thereto from . conductor 6
through the No. 2 and No. 3 contacts of relay
1,20, No. 4 contacts of relay CH2, No. 2 contacts
of relay CH3, conductor 7/, to the winding of
relay ST of said link, causing the operation of
said relay and the connection of the associated
link 3 to the calling line.

If all three links are unavailable, relay CH3

will be normal along with relays CH{ and CH2.
The initiation of a call under these circumstances
will cause ground on the start conductor | to be
applied to conductor 22 vig the No. 4 contacts of
relay CH2, No. 1 contacts of relay CH3, No. 2
contacts of relay CHI, No. 2 contacts of relay
CH2, to conductor 22. This conductor extends
(within bracket line {3) fo the power tone and
alarm circuit {10 and completes a circuit therein
which causes a distinct “Link busy tone” to be
applied to conductors 23 and 24 which are con-
nected to primary winding terminals of busy tone
transformer LBT. Since the secondary winding
of this transformer is connected to ground and
is completed into a circuit over the winding of
the line relay I— to battery on the upper nor-
mally made contacts of the hold magnet HO—,
the subscriber at the calling station will hear the
tone as an indication that, due to unavailable
links, the connection cannot be established.

As scon as a link becomes available, say link
I, a circuit is completed for relay CHI which ex-
tends -from- battery through its winding, thence
as traced to conductor 3, No. 5 contacts of relay
CH2 to ground. Relay CHI operates and locks to
ground over its No. 3 front contacts to reestab-
lish the path of start conductor 1 to the winding

of relay ST of link | in readiness for seizure on.
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the next call. If link 2 becomes available, relay
CH2 operates over g circuit traceable from bat-
tery, through its winding, thence as traced to
conductor 3’ to ground on the No. 3 normally
made contacts of relay CH3.

Returning, now, to the operation of relay ST
of link 1, assumed to have been taken into use as
a result of a call having been initiated at station
A, ground on the No. 3 contacts of said relay
completes a circuit for relay LSI of its private
link connector and this circuit is traced from
ground on said contacts, conductor 58, winding
of relay LS|, serially through the No. 2 normally
made continuity contacts of relay L.S2 and LS3
(the former being individual to link 2 and the
latter individual to link 3), to battery. Relay
LS1 operates, connects operating battery to its
winding. through its own No. 2 front contacts
and, over its No. 1 front contacts, closes two cir-
cuits, the first extending from ground, winding
of relay LCI to battery, and the second extend-
ing from the same ground,; conductor 103, No. 3
contacts of relay DCT, winding of relay LCi’ to
battery. Both relays LCI and LCI’ operate, the
former to connect the translator and alternating
current receiver shown in Figs. 9 and 10, respec-
tively, to the link and the latter to connect the
trunk marker of Fig. 14 to the link.

In connection with the circuit for operating
relay LCI’ (or LC2’ or LC3’), it should be ob-
served. that the link is designed to control the
setting up of two types of connections, namely,
a local connection between two local stations as,
for instance, between stations A and B, and a
trunk connection between a local station as, for
instance, station A and a trunk extending to the
desired central office. In the case of a local con-
nection no trunk is required. and, therefore, the
services of the trunk marker (Fig. 14) may be
dispensed with whereas, on a trunk connection,
its services are required and, therefore, connec-
tion of the trunk marker to the link is necessary.
Discrimination between the two types of connee-
tions is achieved by the first digit that will be
keyed by the calling subscriber. Since, in the
present embodiment of the invention, the private
branch exchange is limited to twenty lines with
each line having a numerical designation from
20 to 39 depending upon the cross bar vertical
in the cross bar switch to which the designated
line is connected, and since for the establish-
ment of a local connection the calling subscriber
merely keys the digits of the wanted number as
set forth in my above-mentioned patent, whereas,
for a trunk connection, he keys the trunk digit
ahead of the digits of his own station designa-
tion, it is obvious that if the first digit keyed by
a Subscriber is a 2 or 3 and such digits are not
used for trunk digit designations, said digits may
be used to apprise the link that the connection
will be local and, therefore, that the use of the
trunk marker can be dispensed with. As de-
scribed in my above-mentioned patent, the key-
ing of a digit 2 or 3 as the first digit will cause
the operation of relay T2 of the link or relay T3
(if digit 3 is keyed) followed by relay T2 (if digit
3 is keyed), for registering therein the digit 2 or 3,
respectively, whichever digit it may be. Relay
T2 completes a circuit for relay Cl (as set forth
in said patent) and the latter, upon operation,
completes a circuit for relay DCT of the trunk
marker connector. This circuit may be traced
as follows: Battery through the winding of relay
DCT, No. 4 normally made continuity contacts
of said relay, conductor 104, serially through the
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No. 8 contacts of the individual trunk relays TK1,
TKS, TKS5, and TE4 (assuming that four trunks
are prov1ded between the private branch. ex-
change and the central office), No. 9.-back. con-
tacts of relay RTT, conductor 165, No. 3 front
contacts-of relay LCI’, conductor IOG, No.-5 con-
tacts of relay ClI, to ground on the No. 5 contacts
of relay B. Relay DCT operates over the above
circuit, locks over its No. 4 front contacts, con-
ductor 108, to ground on the No. 6 contacts.of
relay ON which is operated at this time as-will be
shown, and opens the circuit of relay LCI’ which
releases and, in so doing, disconnects the trunk
marker from the link,
© In the event of a trunk connectlon however,

the subscriber first keys the trunk digit desig-
nation 4 and, thereafter, follows this digit by
keying in ‘succession the two digits of his own
- number which, in the case of -station A, would
be a 2 and 0. TUnder these: circumstances, relay
T2 will not: be operated until the digit 2 is keyed,
and-in the interval between the keying of the
trunk digit and the keying of the tens digit of
the calling line, the trunk marker remains con-
nected to the link. . .

.The operation of relay LCI’ transfers the hold-
1ng circuit-of relay B-from ground on: conductor
§1. and conductor: 101-as traced thereto over the
hormally made: contmulty contacts of relay LCI’,
to the same conductor Sl as traced thereto from
conductor 101, No. 5 front contacts of relay LCI’,
conductor 84, No, 8 back contacts of relay NC
conductor 81, No. 6 front contacts of -relay LCI’
to conductor:Sl. It also transfers over its No. 4
front contacts the holding ground for cut off re-
lay CO20 which now holds over conductor (i
to ground on the No, 5 contacts-of relay COK.
Relay LCI’ (or relay LC2’ or relay L.C3’ depend-
ing upon which of the relays LS!, L.S2 or LS3

is operated) also performs certam other func-

tions in the progressive establishment of the con-
nection. which are best described when .these
functlons come into play.

. Relay LCI closes a circuit from ground on its

No. 5 contacts over conductor 80 to the winding 4

of relay ON which operates to complete a circuit
over its No. 1 contacts to a relay (not shown) in
the “Time out” circuit 120, and applies ground

over its Nos. 3 to 6 contacts, inclusive, to the con~
nected conductors for controlling certain relays ,

of the circuit as described hereinafter. With the
operation of relay ON, a circuit is also.completed
for relay ONA extending from battery through
the w1ndmg of said relay, No, 1 contacts of relay

HR, No. 3 normally made continuity contacts of 5t
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_ 'The .object of operating relay LSI and, lo-
cally therefrom, relays LCI and LCI’ is, as be-
fore stated, to connect to the link when taken into
use to the common alternating current pulse re-
ceiver and translator shown in Figs. 9 and 10
and.to.the trunk marker shown in Fig. 14. When
these circuits are connected to the link (the sig-

‘nal for which is the operation of relay LSI1), the

receiver and the trunk marker- rnust be made
unavailable to the other two links. This is done
by removing the operating ground for. relays LC2,
LC3, LC2' and LC3’ at the No. 1 back contacts
of relay LSI so that, if either relay LS2 or LSB
should have its operating circuit established by
relay ST of links 2 and. 3, respectively, the cir-
cuit of relays LC2 and LC2% or LCS and LC3" will
Be cut off at the No. 1 back contacts of relay
L.81. On. thé other hand, if the link taken into
use happens to be Imk 2 or 3, then the corre-
sponding operation of relay LSZ or LS8, respec-
tively, will cut off .the operating circuit of relay
LSI at their respective No. 2 normally made con-
tinuity contacts so that if link t is seized there-
after, the failure of relay LS| to operate will pre-
vent the operation of relays LCI and LCI’ and
thereby prevent the connection of the common
alternating current receiver, translator and trunk
marker simultaneously to two calling links:

‘The alternating current.receiver of Fig. 10 is
adapted to receive alternating current impulses -
from a calling station which, as said before, is
equipped with an alternating current generating
device LG, and this receiver as well as the trans-
lator and trunk marker must be connected to
the link before the calling subscriber can be ad-

' vised, by an appropriate warning tone, to trans-

relay ONA, conductor 16, No. 4 contacts .of relay -

LCI, .conductor .15, No. 1 back contacts of relay-

C, conductor 2{ to ground on the No. 6 contacts
of relay B.. Relay ONA operates, locks over its
No. 3 front contacts under the control of the No, 1

60

contacts of relay HR to ground on conductor 60

and,.at. the appropnate time, performs certain
functions whlc_h are noted below. The operation
of the relay in the “Time out™ circuit 120 initiates
the operation of a group of relays or similar in-

strumentalities. by -means of which a.predeter-

mined time interval is measured, which interval
is the time allowed the calling subscriber to com-
plete keying the wanted number which, in. this
case, is the trunk digit and the two dlglts of his
own number.
a circuit is completed for relay HR which oper-
_ates to perform certain functions best described
in -connection with the keying of the wa,nted
4trunk or called number as the case may be

65

70

When that interval is terminated, = -

mit the c¢alled line or trunk designation. Ac~
cordingly, when relay ONA operates, it closes
the primary circuit of a low frequency tone de-
rived from the tone oscillator 19 through ad-
justable resistance pad 62 and transformer 61.
The path ig traced as follows: from the lower
terminal of the secondary winding of trans-
former 61, conductor 14, serially through the No.
1 contacts of relays TRT-TK4, inclusive in the
order named, conductor {5, No, 3 contacts of
relay RR, No. 2 contacts of relay RA, No. 2
contacts of relay ON, No. 2 contacts of relay
ONA, conductor {2, through the low-pass filter
63 to the upper terminal of the secondary wind-
ing of transformer 61. The tone frequencies pro-
duced by the oscillator 10 are thus induced over
the circuit above traced.

Through a . transformer arrangement (not
shown) in the low-pass filter 63, the low fre-
quencies are induced in the closed circuit com-
prising the transformer 68, a transformer in said
low-pass filter 63 and a transformer in high-pass
filter 64." Beyond the secondary winding of the
transformer (not shown) in the filter 64 are
connected suitable filter networks (not. shown)
which are designed to pass only frequenmes with-
in the signal frequency band of the frequencies
that are produced by the station generator LG
when operated. Hence the tone frequencies pro-
duced by ‘oscillator 760 will not pass into the vol-
ume limiter 85 or into the enabler 80. They will,
hOWever be induced into the secondary winding
of transformer 88 if said secondary winding forms
part of a closed electrical system, which it is,
because conductors Tl and 72 are but extensions
of .the line conduvtors T.and R into the link and
alternatmg current receiver connected theretc.
The path of this circuit is traced as follows:
From the left side of tlie secondary winding of
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transformer 68, conductor 71, No. 2 back con-
tacts of relay HR, conductor 72, No. 6 front con-
tacts of relay LCI, conductor 54, condenser C2,
No. 2 back contacts of relay HS, conductor LT,
No. 6 contacts of cross-point 8 on vertical 20,
conductor T, over the loop of station A, conductor
R, No. 5 contacts of cross point § on vertical
20, conductor LR, No. 3 back contacts of relay
HS, condenser C3, conductor 85, No. 7 front con~
tacts of relay LCI, conductor 14, No. 3 back con-
tacts of relay HR, conductor 12 to the right ter-
minal of the secondary winding of transformer
8. Inasmuch as the receiver of the telephone
instrument of station A is included in the above-

closed circuit, the tone induced thereover is !

heard by the subscriber, which he understands
as a signal to proceed with keying the number
of the wanted subscriber or trunk.

If the subscriber fails to key the wanted num-
ber or trunk (including the digits of his own
number) in the time taken for relay HR fo oper-
ate as above set forth, it is presumed that the
connection so far set up was due tc the tele-
phone instrument at the station being accident-
ally removed from its cradle and not restored.
In any event, the fact that but three links are
provided to serve twenty lines makes it impera-
tive that no link be unduly kept out of service
after key tone is transmitted to the calling line
without performing the necessary connection-
completing functions that follow the transmis-
sion of the wanted number designation. Hence
if the subscriber fails to fransmit the number by
the time relay HR operates, relay ONA is un-
locked, g circuit is completed from ground over
the No. 4 contacts of relay HR, No. 4 contacts
of relay ONA to a relay (not shown) in the
howler circuit {30 which operates to complete
a sharp howler tone which is applied over the
No. 2 and No. 3 front contacts of relay HR fo
conductors 13 and 74, both of said conductors ex-
tending over the calling lcop (a$ previously
traced) including the station telephone instru-
ment. The tone is sufficiently loud to be heard
at a distance from the receiver and is intended
to apprise the subscriber that the telephoné in-
strument should be restored, an occurrence thab
will cause the link to be disconnected and re-
stored to normal as described hereinafter,

Assuming, however, that relay HR has not op-
erated, the subscriber, upon hearing key tone,
operates the device LG to transmit the wanted
designation which, since the connection desired
is to a trunk extending to the manual central
office, will consist of the arbitrary digit “4” in-
dicating a trunk to said central office, followed
by the subscriber’s own number “20.” He does
this by first operating a key in the device LG
bearing the numeral “4” thereon and then, in
succession, similar keys bearing the numerals “2”
and “Q,” respectively. The depression of each
key causes two out of five reeds to be plucked
according to a code combination individual to
the numeral indicated, and the reeds are set
into vibration to produce two alternating cur-
rents of specific frequencies which are now
transmitted over a circuit which may be traced
as previously to conductors 13 and 714 at the No. 2
and No. 3 back contacts, respectively, of relay
HR and, thereafter, to conductors Ti and 12, re-
spectively, corinecting with the secondary wind-
ing of transformer 68. These frequencies aré in-
duced into the circuit comprising the primary
winding of sald transformer and the high- pass
filter 64.
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The alternating current pulse receiver shown
in Fig. 10 is a conventional disclosure of the re-
ceiver shown in Patent 2,269,022 issued to G.
Hecht and A. A, Lundstroin o January 6, 1942,
It comprises the channel composed of trans-
former 88, the high-pass filter 64, the volume lim-
iter - 85, the transformer 86, the adjustable pad
671, five detector amplifiets fA-fE with relays
FA-FRE in the respective anode circuits thereof
ahd a suitable filter BPFP— intermediate the pad
67 and each one of the detector amplifier tubes
fA—fE, each of said filters being deésighed to pass
only the frequency intended for the particular
channel in which the filter is included. Between
the high-pass filter 64 and thé volume limiter
65 is bridged the primary winding of transformer
i12 to the secondary winding of which is con-
neéted the enabler 80, This enabler is identical
t0 that discloséd and described in the above-
nientioned patent to G. Hecht and A. A, Lund-
strom and is sBown only in conventional form
except for polarized relay T1. The enabler re-
sponds to a portion of the energy in each of
the sighal pulses that pass through the high-
pass filter 64 and functions to operate polarized
relay 11 aftef a predetermined interval. Relay
17T grounds conductor T8 which is connected to
the ¢athode of each of the detector tubes fA-fE
thereby acétivating them to respond to the por-
tion of the signhal energy that passes through
the' voluttie limiter 65. Since the operation of
the enabler 80 is completely described in the
above-mentioned patent to-G. Hecht and A, A.
Lundstrom, reférence is made to said patent for
a compléte description thereof, only so much of
said deseription being supplied herein as will be
necessary to an understandmg of the Dresent in-
vention.

It will further be noted that the No. 1 con-
tacts of relay ONA are bridged across-the high-
pass filter 64 (through conductors {6 and {IT)
to short-circuit said filter when the relay is nor-
mal. This is a safety measure to insure that if,
at the time the subscriber initiates the call, the
Nos. 5 and 6 contacts of cross-point 2 on verti-
cal 20 close last; and should close after the al-
ternating current receiver is connected to the
link, the impulse produced over the line loop will
not find a passage into the high-pasg filter. For
if it does and this pulse corntains frequency com-
pohents within the signal frequency band, these
frequencies would falsely operate one or more of
the signal channels, By the time relay ONA has
operated, however, the pulse will have been dis-
sipated, the short circuit is removed and the re-
ceiver is connected to the line as above described.

As said before, each detector amplifier tube
FA=fE is preceded by a filter BPF which passes
only the frequency intended for the channel in
which the tubé therein is to operate on the en=
ergy carried by said frequeney. It is assumed
that the device LG is capable of producing five
d1fferent frequencies which, for convenience,
may be designated A-E, inclusive, and that, in
accordance with the opelatlon of the receiver as
deseribed in the above-mentioned patent to G.
Hecht and A. A. Lundstrom, frequency A will
cause the operation of tube fA, frequency B will
cause the operation of tube fB and so on up to
and including frequency E which will cause the
operation of tube fE,

As-already mentioned, each detector amplifier
tibe has a relay P— connected in it§ anode cir-
euit, and & front contact of this relay is further

75 connected to thie winding of one of the five re-
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lays TA-TE in the translator circuit shown in
Fig. 9. -Relay FA in the anode. circuit .of the
first channel which responds to frequency A has
its front contact connected to the winding of
relay TA, while relay ¥B.of the gecond channel,
~ responding to frequency B, is connected to the
winding of relay TB and so on ub to.and in-
cluding relay FE in the anode circuit of the fifth
channel which responds to frequency E, the front
contact of which relay is connected to relay TE.
Hence the operation-of any combination-of de-
tector amplifier tubes FA—fE will: cause a corre-
sponding operation of the register relays in the
translator circuit of Fig. 9.0~ - o L
The . combination . of -frequencies for-each of
the digits which may be ‘keyed from the calling
station, the operation of the channels and trans-
lator relays operated thereby.are as follows:

Translator
- relays
Qperated

Channels

Dlgitlkeyed operated

When, therefore, the subscriber keys the first
or trunk digit 4, frequencies B and E are gen-
erated and these  frequencies are transmitted
over the previously described loop, including 2
winding of transformer 68, whence -they pass
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the current. flowing through the upper winding

‘of relay. TLT is ina direction to cause its-arma-

ture to engage the stationary contact while that
flowing ‘through the lower winding is in.a direc-
tion to do the opposite. The strength of the
current through the lower winding, however, is
the effect of
the current flowing through the upper winding
so that, when both windings are energized, the
armature will engage- its contact and provide
locking ground .for relays TB and TE (or any

other- combination of relays TA-TE) -as above

described. . -

Tt will be noted that the ground which. forms
a part of the circuit of the upper 'winding of relay
7T, also keeps condenser C5 short-circuited. How-
ever; the operation .of any:one of  the register
relays. TA .. . . TE removes this ground, and &
charging circuit is established for the condenser
through the circuit of the upper winding of relay
TL. Relay TL continues to hold for a short-in-
terval until -the charging current through the
condenser . dies down -after which, being then
solely responsive to the current through its lower
winding; the relay will release and unlock the
register relays TB and TE. However, the inter-
val in which relays TB and TE (or other register
relays-in the translator)-are locked is sufficient

to'operate or release relay. RA as described here-

under and-to cause the number indicated by re-
lays TB and TE to be transferred to the direct
current pulse register of the link (Fig. 7) if said

- number is a digit of a local station number, or

35

through high-pass filter 64 from the  output of -

which the energy thereof divides, part of it pass-
ing through transformer {12 to operate the en-
- abler 80 and part of it passing through the-vol-
ume limiter 65, transformer 66, resistance pad
61, the filters preceding the tubes /B and /E to
the grids of said tubes. Since the operation.of
the receiver has heen amply described . in the
above-mentioned patent to- G. Hecht and A. A.
Lundstrom and to which reference is made for
a complete description ‘thereof, it- may be: stated
that a definite time interval is constimed -in ‘the
operation of enabler 80 subsequent to whichrrelay
11 operates to apply ground to conductor 18.
Since this conductor is connected to the cathode
of each of the tubes fA © . {E, ‘those detectors
will respond through whose channels. the filters
have caused the passage of the frequencies in the
signal to be passed. -Hence for the digit 4 for
which the frequencies B.and E are produced to
cause the response of ‘channels /B and fE, relays
FB and FE will be operated and they, in turn,
close obvious circuits for operating relays 'TB and

TE which, upon operating, jock- over -conductor -
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to the trunk marker if it is the code of the wanted
trunk to the central office. Since those opera-
tions of the link which have to do with the estab-
lishment of local connections are not involved
in the present invention, reference-being made
t6 my above-mentioned patent for a description
of the same, the digit 4 registered by the opera~
tion of relays TB-and TE is immediately trans-
ferred to the register of the trunk marker. In
other words, during the time or immediately
upon' the operation of relays TB and TE and
during the interval that the same are locked to
the contacts of relay TL, a circuit is: completed
for relay TKA: over.the following path; Jbattery

through the winding of relay TK4, No. 4 normally
~made continuity contacts of said

relay TKA, No. 5
contacts of relay RTT, conductor D4’ (which is-in
parallel with -conductor D#4), No. 11 contacts .of -
relay TE, No. 10 contacts of relay TB, No. 6 con-
tacts of relay TH, No. 5 contacts of relay TD, No.
4 contacts of relay TB, No. 3 contacts of relay

“TC, No. 3 contacts of relay TA, No. 1- contacts of

relay BEI, No. 1-contacts of relay BKS3, No. -1

 contacts of relay KBD, to aforetraced ground on

60

81 under the conftrol of polarized relay TLi-to -

ground on the No. 3 contacts. of relay ON; relay
TI. having operated in the ‘meanwhile: (before

the operation of relays TB and TE) over a:cir- -

cuit which may be traced from battery,
contacts of relay TLT, serially through the upper
winding of relay TL, No. 3 contacts of relay TLT,
No. 3 contacts of relays TE, TD, TB, TC and TA,
No. 1 contacts of relays BKI{, BK3 and KBD, con-
ductor 16 and ground previously traced thereto.
Relay TL also has a circuit: through its lower
winding; which may be traced from ground on
the No. 3 contacts of relay ON, No. 4 contacts of
relay TLT, lower winding of relay TL, No. 1 con-
tacts of relay TLT to resistance battery.

the No. 2 65

‘70

-which, within bracket line 93 and over the

conductor 16.. Relay TKA4 -operates over this

circuit and, among other functions to be described

in due course, locks over its No.. 4 front contacts
and conductor 153 to ground on the No. 5 con- .
tacts of relay ON, causes key tone to.be cut. off
to the line by opening its No. i contacts and
thereby opens-the. secondary path. of ‘the circuit
of-‘oseillator 19.- The ground above traced to
conductor D4’ -is also. applied:to conductoexr; D4
No. 4
contacts of relay RT extends to the upper wind-
ing of the link digit register relay IV. However,
due to the fact that relay RT is normal at: this
time, ground on said conductor D4 will have no
effect. . PR

The subscriber, after keying the trunk digit 4,
procéeds to key the two digits of his-own' num-

Now 75 ber which, as said before, is 20.’ The keying of
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the tens digit 2 causés the operation of relays
TB and TD of the translator, whereupon a cir-
cuit is completed for relay T2 of the link, said
circuit- extending from aforetraced ground on
the No. 1 contacts of relay BKI, No. 3 contacts of
relay TA, No. 3 contacts of relay TC, No. 4 contacts
of relay TB, No. 6 contacts of relay TD, No. 9
contacts of relay TE, No. 2 contacts of relay TB,
No. 11 contacts of relay TD, conductor D2, No. 3
contacts of relay LC{, conductor 2D2; No. 2 con-
tacts of relay RT, conductor 2D2a, upper wind-
ing of relay T2 to battery. Relay T2 operates,
locks over a circuit traced from battery through
both of its windings and No. 2 front contacts,
conductor 28, No. 5 contacts of reiay. HS, con-
ductor 28, to ground on the No. 5 contacts of
relay B, and unlocks relay ST which releases.
Relay LSi, however, does not release on this
account, it having a holding ecircuit over the No. 1

‘contaets of relay CX to ground én conductor 28. .-

Relay T2 registers the tens digit 2 in the link,
Had the tens digit of the calling subscriber’s

number been a 3 instead of a 2, then relays TD

and TE would have been operated and, under such

circumstances, a circuit would have been com- :

pleted for relay T8 instead of T2, said. circuit
‘being traced from aforetraced ground on the No.
1 contacts of relay BKIi, No. 3 contacts of relay
TA, No. 3 contacts of relay TC, No. 3 contacts
of relay TB, No. 4 contacts of relay TD, No, 6
contacts of relay TE, No. 1 contacts of relay TD,
No. 2 contacts of relay TE, conductor D3, No. 1
contacts of relay LCi, conductor 3D3, No. 3 back
contacts of relay RT, conductor 2D3b, No. 2 nor-

mally made continuity contacts of relay TR, up- 35

per winding: of relay T8, to battery. Relay T3
operates and locks over its No. 2 front contacts in
serles with both windings, conductor 28, to afore-
traced ground on the No. 5 contacts of relay B.
Relay T3 by its operation and locking registers
the tens digit 3 in the lHnk. At the same time a
circuit is completed for relay T2 extending from
aforetraced ground on the No. 1 contacts of re-
lay Bkl, No. 3 contacts of relay TA, No. 3 con-
tacts of relays TC and TB, No. 4 contacts of re-
lay TD, No. 6 contdcts of relay TE, No. 1 con-
tacts of relay TD, No. 2 contacts of relay TR,
No. 8 contacts of relay RAI, No. 10 contacts of
relay TE, conductor D2 and thence as traced to
the upper winding of relay T2 which now oper-
ates and locks as previously described. Note
that for either digit ground is applied to conductor
D2’ which is joined to conduetor D2.. There-
fore, upon the keying of the tens digit of the
calling line number regardless of whether it is
a 2 or g 3, & path is completed for relay RTT
through its normally made No. 3 contacts. Relay
RTT operates, locks over its No. 3 front contacts
to ground on conductor {08 and performs cer-
tain functions to be noted in due course.
Simultaneously with the operation of the reg-
ister relays TB and TD in response to the key-
ing of the tens digit 2, or with the operation of
relays TD and TE in response to the keying of
the digit 3, a circuit is completed for relay RA.
For either digit, the ground-on conductor 7§ may
be traced to the common términal of the No. 6
and No. 9 contacts of relay TE. These paths are
through a network of contacts which extends
over certain contact sets of relays TA-TE in
order to insure that exactly two of these relays
are operated before grounding any of the link
register relays. From the common terminal of
this network at the Nos. 6 and 9 contacts of
.relay TE, the circuit for relay RA may further
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be traced through either No. 1 contacts of re-
lay TE, or No. 1 contacts of relay. TB, No. 10
contacts of relay TD, No. 5 back contacts of re-
lay' RAf, No. 1 normally made continuity con-
tacts of relay RA, No. 1 contacts of relay RR,
winding of relay RA to battery. Relay RA op-
erates and, by the closure of its No. 1 front con-
tacts, applies ground on conductor 7§ to one
terminal of the winding of the relay RAt, the
other terminal being grounded over the No. 4
back contacts of said relay to the same ground.
When the translator register relays: TB and TD
release upon the release of relay TL, ground. is
removed from the conductor which completed the
circuit for relay RA (said relay, however, lock-
ing up over its front contaets to ground on con-
ductor 78 via the No. 1 contacts of relay. RR)
and since, by the operation of said relay RA,
ground on conductor 16 is now applied over its
No. 1 front contacts of one side of the winding
of relay, RAI, said relay operates and closes a
circuit for relay RT, the path of which extends
from ground on the No. 1 contacts of relay RAT,
conductor 89, No. 2 contacts of relay LCi, con-
ductor 8i, winding of relay RT to battery. Re-
lay RT operates, locks over its No. 6 contacts,
coniductor 92 within bracket line 83, to ground
on cenductor §9, and connects the windings of
the link units register relays I-VI with the con-
tact network of the translator relays TA-TE so
that the operation of any two of the latter re-
lays in accordance with the digit code for the
alternating current transmission of the units des-
ignation of the calling number, will result in
the operation of the appropriate one or two re-
lays therein for the registration of said units
digit.. Relay RT further completes g partial path
for relay KBD that traces from battery through
the winding of relay KBD, conductor %4 within
bracket line 93, No. 10 front contacts of relay
RT, conductor 26, No. 4 contacts of relay T2, Mo.
| contacts of relay 8W to the No. 1 front con-
tact of relay C. Now, if the subscriber should

‘by accident flash the switchhook after having

keyed the tens digit, the relesse of relay A in
consequence of the momentary opening of the
line will cause the operation of relay C over a
circuit completed from. aforetraced ground on
conductor 182, back contacts of relay A, No. 3
contacts of relay B, No. 2 contacts of relay I,
back contacts of relay P3, windinz of relay C
to battery. Relay C operates, and by applying
ground on conductor 182 over its front contacts,
completes the aforetraced circuit for relay KBD
which now operates and applies ground over its
No. 3 contacts to conductor 25 within bracket line
13 which extends to a relay (not shown) in the
pbower, tone and alarm circuit {10 that controls
the production of a distinctive source of tone.
This tone is applied to conductor 98 which, over
the No. 2 contacts of relay KBD, connects with
conductor 713 -and thence as breviously traced
over the calling subscriber’s loop, lower winding
of relay A to battery; This tone warns the sub-
scriber that the connection will not he completed,
and that he should restore the teleghone instrii-
ment and try once more to establish the con-
nection. In the event that the subscriber ignores
the tone and proceeds to key the units digit, the
same will not be registered since, with relay KBD
operated, the ground on conductor 78 used for
operating the units register relays I-VI of the
link from the setting of the translator relays
TA-TE, will not be available; said ground now
being opened at the No, 1 contacts of said relay
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'KBI‘) Relay ‘KBD -further completes a circuit
for message register. KBO over 2 clrcurt extend-
ing from ground on conductor 16, No. 5 contacts
of relay KBD, conductor 83, No.:1 back- contacts
of relay WNK winding of reglster KBO to bat-
tery. - The: operatxon of: this register fur*nshes

“ . the trafiic division of the: 0perat1ng company. w1th

information as to: how often.- subscribers.. ﬂash i

after keying the tens digit.

‘When the calling: subscnber depresses a &ey.

of the device LG for the second -or-units digit
of his own number; the: receiver of Fig. 9 responds
to the two frequencies supplxed to operate: which-
ever two channels are:tuned to said frequencies.
~Thus, if the units digit-is .0; as assumed, chan-

nel relays FA and FB are operated followed by .

the operation of .translator relays:TA. and TB,
respectively, which lock to ground on-the con-
tacts of relay 'TL as before, -Since relay RAI
is now operated, a circuit-path is completed for
relay RR which extends from battery through
“the winding of said relay and its No.:2 normally
made continuity contacts,-No. 4 front-contacts
of relay RAIl, No. 5 contacts of relay RAI, No..9
contacts of relay TE, No. 9 .contacts of relay. TD

No. 6 contacts of relayr ‘TB, No. 5 contacts of;

relay TC, No. 4 contacts-of relay TA, No..1 con-
tacts of relays BKi to aforetraced ground. there-
on. Relay RR operates, locks to ground on con-
ductor 108, releases.relay RA and applies ground
to conductor 101 to hold relay B overthe follow-
ing path: ground on the No. 3 contacts of relay
TKA4, No. 4 contacts of relay WNK, conductor

122, No. 5 contacts of relay RR, conductor 109,

No. 8.normally made continuity -contacts of relay
WNK,; conductor. 84, No. 5 front contacts of re-
lay LCI’. to conductor 101,
completes a -circuit- ‘for relay NC :which extends
from' aforetraced .ground on conductor 122, No. 4
contacts of .relay RR, conductor 971, winding of
relay NC to battery. Relay NC operates to per-
form- functions noted hereinafter. On  the re-
.lease of ‘relay RA, relay RAI will not release it
‘being held. over the No. 1 continuity contacts of
relay RA and No. 4 .front contacts of relay RAI
to the same ground which: caused the operation
of relay RR. Relay RAIl now remains locked
.during the .interval in which translator relays
“TA and TB remain operated that is, until relay
"TL releases. - :

* . Relays I-VI of the hnk umts reglster are op-
erated as follows to'register each :0f: the ten nu-
merals of the units-digits: .

Vigit .| Translator | Units register ;

Digit relays relays )
1 TA, TD I
2. TB, TD I
.8 TD, TE II1
4 ezl TB,TE v
5 TC, TD v
6. TA,TC vV, VI
7 TB, TC VL1
8 TC, TE VI, IT
| TA, TE V1, III
0. TA, TB VLIV

. Since: the digit 0.requires the operatmn of Te-

lays IV and VI, the operation of reiays TA and
“TB completes the. following twe. circuits for re-
"lays IV and VI: Aforetraced ground on No. 1 con-
tacts of relay BKI; No. 4 contacts, of. relay 'TA,

Relay RR- further.
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"No. 5 contacts of relay TC, No. 6 contacts of”

relay TB, No. 9 confacts of relay TD, No. 9 con-
_tacts. of relay TE, No, 2 contacts of relay TB,
-No."2 contacts. of relay TA, conductor 118, No, 7

_gontacts of relay R’I_'l‘,“conductor D4’, conductor

75

-service.

18 .
D4 within bracket ling .93, thence as fraced to
the No. 4 contacts of relay RT, conductor 4D4,
upper winding of relay IV to battery. Relay IV
operates and then locks to-ground over both of
its windings in series, its No. 4 front contacts, No.

.5 normally made continuity contacts of relay V,

conductor 28, No. 5 contacts of relay HS, con-
ductor. 20, to ground on the No. 5 contacts of
relay B. The circuit path for relay VI traces
from ground on the No. 1 contacts of relay BKI,
No. 4 contacts of ‘relay TA, No. .5 contacts of

telay TC; No.. 6 contacts of relay TE, No, 9 con~

tacts of relay TD, No. 9 contacts of relay TE,
No. 1 contacts of relay 'TB, No..7 contacts of re-
lay TA, conductor 121, -No. 8 contacts of relay
RTT, conductor D§ within bracket line 93, No. 9
contacts of relay RT, conductot 6D6, No. 5 nor-
mally made continuity contacts of relay VI, up-
per winding of relay VI to battery. Relay VI op-
erates and locks through both windings in series
and its No. 5 front contacts to. ground on con-
ductor 28.

. In the same Way, if the umts d1g1t of the call-

ing line ‘were to be any other digit from 1 to 9,

inclusive,. circuits to the appropriate relays I-VI
in accordance with the above table may be traced
from aforetraced ground on the No. 1 contacts
of relay BKI through the various contact com-.
binations of the translator relays TA-TE includ-
ing, for some digits, combinations on.relay RAI
and relay RTT, to conductors within bracket line
93 extending to the windings of the respective
relays I-VI which then operate and lock to reg-
ister the indicated digit. Since the tracing of
these circuits may be easily followed from the
above example in conjunction with the above
table “setting forth the relays in the translator
and in the units register of the link which are
to operate. for the various units digits 1nd1cated
in said table, these circuits. are not traced o
After the calling line number. has ‘been reg-
istered in the link, the tens digit 2. by .the op-
eration of-relay T2 and the units digit 0 by the
operation of relays IV and VI, the link proceeds
to check or verify the calling line number be-
fore extending the calling line to the trunk. This
operation is necessary. for two. reasons.. In the
first place, it is desirable not to disrupt an exist-
ing connection in the event that a station call-
ing for‘a trunk, keys the trunk digit and there- -
after, instead of keying the digits of his own
number keys. those of another who, at the. time,
might be engaged in'a local coninection with some

“other station. In the second place, if the lines
.of the private branch exchange are divided into

one’ group of lines which are accorded outside
trunk service and another group which are denied

“this service, it will be necessary, on a2 trunk call,

to ‘ascertain, of courseé, whether or not this call
has been placed by a line having access to this
Obviously a check ‘of the calling line
will prevent the disturbance of an- exXisting. con-
nection in-the .event that a number is keyed at
the calling station which is different from the
number of said station, and will prevent the es-
tablishment of the connection if the trunk call
has been placed’ from a statron to. Whlch this -
service is denied.

‘It has been stated ‘that after the reglstratlon
of the units digit of the calling numbe?, relay Ci
is operated Remembering that after the regis-
tration ‘of -said ‘digit relay RAl is released, the
path. over which relay Cl is operated traces as

“follows: Battery through res1stance RS, wmdmg

of relay Cl, No. 4 normally made continuity con-
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tacts of said relay, conductor 25, No. 8 contacts
of relay RT, ¢onductor 88 within bracket line 88,
No. 6 contacts of relay RAI, to aforetraced glound
on the No. 1°contacts of relay BKIi.  Relay C!
operates and locks over its No. 4 front contacts
to ground on conductor 29, A circuit is now
completed for relay DC which may be traced as
follows: Battery through the lower winding of
said relay, No. 5 normally made contacts of said
relay, No. 2 contacts of relay Ci, No. 1 back
contacts of relay C, to ground on CO”ldU.CtOl 21,
Relay DC operates over said circuit and then
locks through its No. 5 front contacts and both
of its windings in series to ‘aforetraced ground
on conductor 28, A circuit is mow closed for re-
lay SW extending from battery through both
windings in series, No. 2 ¢contacts of relay DC to
ground on conductor 28. Relay SW operates
‘arid complétes a circuit for relay LK4 which ex-
tends from battery threugh the winding of said
reldy, conductor 36, No. 3 contacts of relay BY,
No. 3 contacts of relay SW, No. 3 cotitacts of
relay C1, conductor 37 to ground on the No. 11
cohtacts of relay Ei. Relay LK! ¢gperdtes and
opens the serial locking path of all relays LO—
which, if any ¢f them have beeni operated in
response to the initiation of a call during the
time that a link is setting up the terminating
of a coninection (which, in the addptation of the
iink to this invention, nieans extending the call-
linz line to the ¢central office trunk), the same
will be prevented from locking at the tifne relays
El and E2 operate in the manner previously de-
scribed. The failuré of réelay LO— to lock will
then prevent ground from being applied to con-
ductor {{ over the contacts of relay MS. In this
manner, a line which calls "during the setting
up of a connection will be prevented from in-
terfering and, of course, will 8150 be denied serv-
ice until the previous connection has been set
up.” Relay LKl also completes a circuit for re-
lay E of the "eall allotter which may bhe traced
from battery through the winditig of said relay,
conductor 9, No. 1 front contacts cf relay LK,
conductor 37, to ground on the No. 11 contacts
of relay El. Relay E now operates relays Ef, B2
and MS-as previously described and, when the
latter relay operates, ground is applied to con-
ductor 11 which, as will be showh, i§ 1iséd to com-
plete the circuit of the trurik seléct niagnet after
the link has checked thie calling linie number
through circuit functions which Have taken place
following the opera,tlon of relays Cl and Du as
described below.

After the operation ‘of relays Cl and DC, and

remembering that relays TK4 and NC in tle
trunk marker are operated, the link, in coopera-
tion with the trunk marker, proceeds to make ‘a
check of the calling line number, ’

It procéeds to do this by applying an alternat-
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ing current over a path which includes conductor -

St individual to the line which has initiated the
call. This alternating current circuit path is as
follows: One branch extends from ground through
the alternating current source 128 and impedance
network in series therewith, No. 5 contacts of re-
lay NC, No. 3 contacts of relay COK, conductor
123, No. 2 front contacts of relay LC1’, conducior

124, No. 1 front contacts of relay Cl, No. 4 front

contacts of relay DC, No. 1 back contacts of
relay T8, conductor 125, No. 3 front contacts of
relay VI, No. 2 contacts ‘of relay IV, conductor
88, No. 2 front contacts to hold magnet HO28,

resistances RC and RCI to ground; the second
branch extends from grounded battery through
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condenser C8, winding -of relay TST, No. 8 fronf
contacts of relay NC, conductor &7, No. 6 front
contacts of relay LCI’, conductor S! and thence
as traced to resistances RC and RC1 in series to
ground. It will be observed that both of these
paths have resistances RC and RCI to ground in
common and that, so far as number cheeking 'i§
concerned, the resistances to -ground is' entirely

unnecessary since the: direct path between gen-

erator 140 and the relay TST, once established at
the terminal of said resistances; will be sufficient

to causé the operation of reldy - TST; With re-

spect to the alternating current supply 448, how-
ever, resistances RC arid RC{t6 groiind and relay
TST, condenser C6 to battery may be considered
as parallel branches of ‘& circuit of- which the
alternating current supply 146 and the imped-
ance in series therewith is the common branch.
The quantity of alternating current which flows
into the branch ciretit including relay TST will
depend, therefore, upon the resistance values.of
resistors RGC and RC!. Now,.for lines entitled to
trunking service, resistors-RC.and RCi are .com-

paratively high so-that most.of the ¢urrent will

take the cireuit: path including relay 'TST and
cause said relay to operate on that account. For
lines not entitled to trunking service, on the other
hand; resistors RC and RCI are comparatively lew
so that most of the current will flow to .ground
through ~said resistors; leaving an insufficient
quantity of the total current to flow through the
parallel path which includes relay TST thereby
causing said relay notf to operate. . Hence the dis-

.crimination between lines entitled to trunking

service and lines not entitled to trunking service
is achieved purely by the value of-the discrimi-
nating resistors RC and .RCl: As a matter of
convenience, these two resistors: may be made,
if- desired, -into 2 single unit (as shown) divided
into two series elements each preferably though

‘not necessarily of equal ochmic value, and the

conductor extending . to the-No. 2 front contact
of. the held magnet HO—-and: to the No.:3 verti-
cal wire of the involved:cross bar vertical, may
then be connected to the upper terminal of the
two elements to include in the above-described
circuit the two elements in series for a line en-
titled to trunking service and to-the middle termi-
nal of the unit to: include the lower element only
for a line not entitled to trunking service. Hence,
if -a lihe is entitled to trunking service, relay TST
is caused-to operate; if a line is not entitled to
trunking service, relay: TST is caused not toc op-
erate,

It will now also be evident why if, after keying
the trunking digit, the subscriber at the calling
station should key a number other than his own,
the check circuit will fail to complete the above
parallel circuits and, therefore, will cause a fail-
ure of relay TST to operate. For, under such
circumstances, that branch of the circuit which
has been traced from the alternating current
source 148 to resistors RC and RC/!, will be closed
over the path including a conductor correspond-
ing to conductor 98 as determined by the setting

.of the tens relays T2 and T2 and the units relays

I-VI for the number erroneously keyed. The
other branch of the cireuit including relay TST,
however, cannot be completed since conductor
S1, being individual to each link, can have no
access to resistors RC and RCI of the number
erroneously ‘called through any other link except
the one of which it is an integral part, and the
link of which it is an integral part is connected

‘to the line originating the trunk c¢all and not to
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‘the one which has been erroneously keyed.. Un-
der these circumstances, the ‘path of relay TST.

not, being closéd, said relay will not operate and, .

of course, the chieck circuit will not clear the link

‘for suéceeding operations. - - S P T z
i " the holding"circuit of -cut-off relay €020 which,

-7 Thus, for example, assume that station A er-
roneously keys the number 39 after the trunk
digit4. The tens digit 3-will be registéred by the
operation and-locking of relays T2 and T3, and
“the units digit-9 will be registéréd by the ‘oper-
gtion and locking' of relays VI‘and IIL. “Now, if
station B (line 39) is normal, no:link will be con-
riected to the vertical thereof and the alternat-
ing current path from’source- 140- will be closed
to the No. 1 front contacts of relay T3 ‘4§ previ-
‘ously ‘traced thereto,” conductor 30; No. -4 front
contacts of relay VI, conductor 3f, No. 6 con-
‘tacts of relay DC, conductor 32, No. 6 contacts
-of relay III, conductor 33, No. 2 back contacts of
‘hold magnet HO38, winding of relay CO039 to bat-
“tery. - However, since relay CO38 is slow operate,
‘the “alternating current flowing through it will
‘ot affect the relay and; therefore; the hold mag- -
-net HO38 will not’be disturbed from its ‘nofmal

condition. The brarich of the check
includes relay TST remains as previously traced
to ‘ground via resistors-RC and RCH of line 20.

‘However, since the-alternating current branch of
-the ‘cireuit now is not joined to these resistors,

and since condenser C6 intermediate the battery ::30

and the winding of relay TST prevents the flow
-of direct current through the circuit traced be-
‘tween this relay and ground through- resistors
“RC and RCI, said relay will not operate.
Again, consider that station B “(line
‘local “connection with- some other - station: over
‘link 2, for example, and that station' A (line 20)
-erroneously keys 39 after keying the trunk digit.
Sirice’ rélay CO39 and hold magnet HO39 are
opérated in this case to hold one end of link
connected to station B, the-check ‘path from
‘Source '140 through link { ‘is- now completed to
ground ‘through resistors RC and RCI agsoci-
“ated with vertical 39, exactly as it would be if
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-4s previously traced via conductor Sf fo grotnd
-through resistors:RC and RCI."BY. breaking its
‘No.. 3 contacts,” relay COK opens: the alternat-
ing current-branch of the eircuit from the source
140, and:by breaking its No. 5. contacts it. opens

prior to theoperation of relay LC{’ held to ground
“on:- conductor Si and subsequent. to: the operation
“5f "said- relay held to ground.on ‘the No. 5. con~

10 tacts-of relay COK. via conductor f1l, the No. 4

“$ront- contacts. of relay LCi’.and conductor 102.
The release of relay CO20 causes the release of
‘magnet HO20 which, in turn, opens .cross-point 9
.on; vertical 28 and thereby opens the holding cir~

15 ‘cuit-of relay TST which now releases. - The open-
" ing of the cross-point-also releases the link relay

-A which was being held operated. over ‘the line
‘1oop; -but since relay B is held ‘locked to.ground
on the No. 3 contacts of relay TK4 via the No.H

‘90 contacts of relay LCI", conductor 84, No."3 nor-

mally_made. continuity contacts .of relay WNK,
-conductor 109; No. 5 contacts of relay RR, con-
ductor 122:and No. 4 contacts of relay WNK, the
.release of relay A-hasno effect at this'time upon
operated “condition of. relay B. The release
of relay 'TST, however, completes a circuit for
relay OXP extending from battery through the
winding of said relay, No. 4 front contacts “of
. relay COK, No. 7 contacts of relay NC, to ground
on the back contacts of relay TST.. This relay
" _operates and completes-a circuit for relay T:of
trunk 4 (marked by relay TK4) which extends
from ground on the No. 2 contacts of relay OXP,
.gerially through the No. 2 back contacts of relays

39) is-in a-35 TKI, TKS, and TKE, No: 2 front contacts of relay

TKA4, conductor 113, winding of relay T to batiery.
Relay T operates and extends ground on. con-
ductor |1 over its contacts to complete the circiit
‘of ‘selector magnet-3 which operates to:condition

9::40 the cross-points on the third ‘horizontal ‘level for

selection and locking in order now to-connect the
-calling line :to: the' trunk.- "The operation of se-
lector magnet 3.closes the circuit of relays S-and
SI° (the circuit of these relays being closed by the

‘the check path had been routed to ground through 45 pperation of any selector magnet) and, upon their

resistots RC and RCI “agsociated with vertical 20
‘had’ the subscriber at station 20 keyed his ‘own
‘humber- 20 instead of 38. However,; the other
branch of the check: ¢ircdit (the one including

operation, ground is applied to the common ter-
minal of resistance RS and relay C, the path for
_this ground tracing from ground.on the No. 2
“contacts of either relay S or relay 81, conductor

relay TST) is now traced as before to éonductor 50 -42, No. 4 -contacts of relay. LK, conductor 43 to

‘St of 1ink I, but since link | is connected to ver-
-tical 20 instead of vertical 39, said path will be
“completed to ‘ground through resistors: RC- and
RCI associated with vertical-20. ‘Under these

‘said :common ' términal: - Relay . Cl is: thereby
-shunted and: caused to release, “subsequent - to
which a circuit is then closed for relay CO20
extending from ground on the No.'1 back contacts

"circum'stant:es,uthe two’ paths are not ‘joined at 65 Tof relay €1, No. 4 contacts of relay DC, No. 1 back

‘the terminal of a common seb of resistors RC and
“RCI; and- since condenser C6 blacks the flow of
direct current in the €ircuit path between relay
TST and 'the resistors RC- and"RCI associated

_contacts of relay T3, conductor 125, No. 3 front
contacts of relay VI, No. 2 contacts of relay IV,
:conductor 98, No. 2 back contacts of the- hold

. magnet HO20, winding of relay CO29 to battery.

with vertical 20; relay TST will fail to operate. :60 “Relay CO20 operates and: closes the circuit of said

“In’either. case, the check circuit, by failing to
identify the number of-the calling station, sig-
“nals- the link as described hereinafter to return
a1 appropriate tone to the calling station that
the call may ot be established. T e

" Assuming, niow, that the calling stafion A has

‘keyed its- own number 20 -and that relay TST

Has operated in‘-consequence thereof, an obvious
Cciréuit is closed- for relay COX which operates

-hold magnet which, upon operating, and in view
-of the fact thatselector magnet 3'is still operated,
“closes cross-point 3-on vertical 29 and thereby
-extends the calling line to the trunk. “The closure

165 _of contacts §-and § on said cross-point effects a

juncture of the line conductors T and R with the
trunk conductéor TT and TR, tespectively; the
“latter two conductors extending to the central
“ office over the following path? conductor H, No.'1

-and then locks over its No. 1’ contacts to ground 70 ‘normally made contacts of relay TT, upper wind-

~on’-the No. 3 contacts of relay TK4. Relay COK
:completes & locking ¢éircuib for relay TST:from
battery through theNo: 9:contacts of reldy COK,
resistance ROK; winding-of relay TST, No. 8 fromnt

ing of relay Hi; conductor TT! which extends to
“the central office and is in series thereat with a
:gignal responsive device, a battery and conduetor
~TRI, lower winding of relay HI, to conductor: TR.

_contacts of relay ‘NC; conductor 8T:and ‘thence 75 -Since the line‘loop beyond conductors TR and TT



'
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is closed by the ecalling station as ‘previously
traced, the signal device at the central office oper-
-ates to indicate to the operator that service is

demanded upon the trunk, and relay Hi operates

to provide locking ground for various relays that :

function on incoming calls with which this inven-
tion is not involved and, therefore; not described ;
also; to provide holding ground for the cut-off
relay. CO20. over conductor 126, No..2 contacts
on-cross-point 3 of vertical 26, the common ver-
tical:wire, No. 1 contacts on said cross-point, -the
common vertical wire, winding of relay CO20 to
battery. Relay CO28isthus maintained operated,
in turn maintaining the hold magnet HO20 oper-
ated.-and the cross-point 3 closed. A branch of
conductor. 26 completes a circuit for relay CX
in the link through the operated relay TK4 in
the marker corresponding to.the trunk assigned
(similar paths being available from other trunks
through their corresponding marking relay in the
trunk marker). This path is as follows: CGround
on conductor {28, No. 4 front contacts of relay
NC, No. 6 contacts of relay TKA4, serially through
‘the No. 6 back contacts of relays TKS-TKT.incly-
sive, No. 1 front contacts of relay XOP, conductor
127, No. 1 front contacts of relay LC1{’, conductor
128, No. 3 normally made contacts. of relay CX,
resistance CR to battery. Relay CX operates,
locks over its No. 3 front contacts to ground on
conductor 20 and, its Mo. 1 contacts, opens the
cireuit of relay LS{, causing it to release and, in
turn, release relays LCI and LCI ’, the former
disconnecting the translator and alternating cur-
rent receiver from the link and the latter dis-
connecting the trunk marker from the link, thus
causing them both to be available for service with
another link. The release of relay LC! of the
link connector releases relay ON in the translator,
and since all operated relays therein are locked
to ground on its Nos. 3-6 contacts, said relays,
including relays RR and TK4, release, the latter
in turn releasing all relays holding. to ground on
its No. 3 contacts. The release of relay RR opens
the circuit of relay NC which, upon releasing,
restores the number checking paths of the trunk
marker. The release of relay LCI further rejoins
conductor i0f to conductor Si. However, since
the link is no longer connected to the line, con-~
ductor SI does not have ground thereon. Relay

B, therefore, will release and disconnect ground

from conductors 28 and 21 thereby releasing all
link relays holding thereto and restoring the link
to normal.

The trunk connection now holds over .cross-
point 8 on vertical 20 under the control of ground
from the trunk relay H{. When the calling sta-
tion disconnects, relay Hi is released, relay C0O20
releases in consequence thereof and hold magnet
HO20 also releases and opens the cross-point.
Both line and trunk are thus restored to normal,

- Having described the operation of the invention
with respect to above functiong which have to
do. with the normal set-up of the call, on. the
assumption that the calling number is correctly
checked by the link and on the further assump-
tion that one trunk only interconnects the central
office with the P. B. X, the operation of the inven-
tion will now be further described with respect
to a failure to check the calling line number and

with respect to the utilization of more than one-

trunk interconnecting the central office. with the
P. B. X.

In the event that the link fails to check the
calling line number, relay WNK is operated. It
-will be .observed that relay WNK is slow operate
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and that its circuit path traces through the No. 4

‘back eontacts of relay COK, No. 7 contaets of

relay NC-to ground on the back contacts of relay
T8T. Now when relay NC is operated and the
check circuit, including relay TST, is connected

‘t0. the terminal of resistors.RC and RCI indi-

vidual to the calling line, the ecircuit of relay
WNK 1is alse closed.  Since relay WNK is slow
operate, ‘sufficient time is thus allowed for oper-
ating relay TST, if the number is correctly
checked, before relay WNK is allowed sufficient
time:to operate. If the number does not check,
relay-TST remains normal and relay, WNK oper-

.ates. This relay now completes-a. eircuit for relay

HR over conductor 129 to ground on its No. 5

reontacts, closes an obvious circuit over its No. 2

contacts for meter WNKI to register the fact that
8 wrong number was keyed, and opens its No. 4
contacts. 'The opening of these contacts discon-

‘nects-ground on the No. 3 contacts of relay TK4

from conductor 122 causing the release of relay
NC and the disconnection of the number checking
cireuit. . Ground is also thereby ' disconnected
from conductor 189 over which, it will be recalled,
relay B of the link is: maintained locked. Mow-
ever, due to the fact that the No. 3 contacts of
relay WNK are continuity contacts, conductor Si
is immediately joined to.conductor 101, via con-
duetor 81, thereby transferring the holding cir-
cuit of relay B to ground on conductor Si through
the front contacts of relay A.

. The operation of relay HR now causes the ap-
plication of the howler eircuit 138 to. conductors
13 and 74 and, therefore, to the calling line loop.
‘The tone from said howler circuit will indicate to
the calling subscriber that he should restore the
receiver and key the number over again. ‘The
link now holds over the loop, and when the sub-
seriber restores, relays A and B release and cause
the restoration of the link as well as the trans-
lator, receiver and trunk marker.

The number of trunks which may interconnect
the P. B. X with the central office will, of course,
vary with theneeds of the traffic and the capacity
of the switch. In the present embodiment of the
invention wherein a twenty line switch with ten
horizontal outlets is utilized, the needs of three
links for local traffic leaves four horizontal outlets
which may be used for as many trunks. Assum-
ing, therefore, that a maximum of four trunks
is provided between the P. B. X and the central
office, each trunk is marked by its own relay TR-
in the trunk marker. Thus, relay TK4 marks

-the - trunks whose  circuit is shown in detail in

Fig. 12, while relays TKS5, TK§ and TKT mark
the trunks designated. trunk 5,8 and 1, respec-
tively, in said figure. When the subscriber keys
the trunk digit 4, the trunk marker immediately
assigns a trunk, if one is available. The trunks
are arranged in a numerical order of preference
so that trunk 4, marked by relay TK4, will be first
choice. Should this trunk be busy, the next idle
trunk in the order of preference will be selected.,

It will be recalled that as soon as a trunk is
taken into use and relay Hl operates, ground is
applied to conductor 126 individual to the trunk.
Now when a subsecriber keys the trunk digit 4
and the trunk marker is connected to the link,
relay TK4 operates in the manner described.
However, if the trunk marked by this relay is
busy, ground will be present in its conductor
126 and a circuit will be closed thereby for relay
"TKb if the trunk marked by this relay is free.
The circuit of said relay TKS. traces from afore-
traced ground on conductor 126,"No, 4 back con-
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tacts’ of relay NC, No ‘5 contacts of . relay TKA,
winding ‘of rélay "TKS: to’ battery.: Relay - TKS:
operates and then: functmns at the proper time,:
to complete the: circuit: of relay T of -trunk 5,

operations thereafter proceeding as already de-
seribed’ in :connection with:.trunk 4. ~ Should
trunk $:-also be busy; ground will'be present on
the conductor corresponding to conductor 126
and. connected to - the stationary: spring:of the

No. 5 contacts: of relay TKS, so that; with relay:

TK4 operated by the trunk marker and relay
TKS5 operated by ground: onconductor 126, a
- eireuit will be completed for relay TK6 from
ground extended from trunk 5 to the No. 5 con-
tacts. of relay TKS5, winding of relay TK6 1o
battery. “Relay TKS6 now -assigns-the idle trunk
and performs and controlsthe ‘same operatmns
whrch have been described for trunk 4. <

< Tf all the four trunks dre busy, relays TK4-
TK1 inclusive; will 'all be operated by the ground
on private conductor 126 individual to the preced-
ing trunk, and a circuit will be closed for the all-
trunks-busy meter ATB extending from battery
through the winding of the meter coil ATB, No.'5
contacts of relay TK1, No. T back’ contactsof
relay NC to ground on the private conductor (not
shown) of trunk T. - The operating ground- for

the meter ATB-is further applied through theNo.:

3 contacts of relay OXP, conductor 13f, No. 7

contacts of relay LCI”, conductor: 132, No. 4 nor~

mally made contacts-of ‘relay BY, lower winding
of relay BY to battery.. Relay BY: operates, locks
through its No. 4 front contdcts in series with its
upper. .winding, No."5 contacts of relay: HS to
ground on -conductor 20, ‘Relay "BY: applies
ground through its ‘No. 1. contacts-to ‘conductor
34 extending to’ the power, tone and alarm cir-

cuit (10 whereby: circuits ‘are ¢losed therein to

apply a “busy’” tone source to conductor 35. ' This
conductor extends over the No. 2 contacts: of ‘Te-
lay BY, to one side of condenser.C2 through which
the tone current passes over the No. 2 back con-
tacts of relay HS, conductor LT, over the callirnig
loop to conductor LR, No.-3 hack contacts of relay
HS, upper winding. of relay A to ground.” The
busy tone thus furnished the calling line indi-
cates to him that no trunk is available.

. Upon the operation of meter ATB, ground is
applied to conductor |64, thereby completing the
circuit of relay DCT which operates, locks to
off-normal ground on conductor 108 and opens

the ‘paths to the :three relays LCi"; 1.C2% and
- LC¥%.

Relay LI’ releases and puts the: control
of relsy B again under the control of. ground on’
conductor S{-through the front contacts of relay

A, thereby making the release ‘of the link de-

pendent upon the restoratlon of the calling sub-
: scriber

-While I have deseribed my mventmn in connec-~
tion - with a specific application thereof, it is
understood that various other applications and
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extending means, line settable means, and a cir-
cuit for verifying “the number of said line com-~.
prising one branch established by said line ex-
tending means and: another branch established
by said -line’ settablé meaiis-when set from said
calhng hne 1n accordance w1th the number there-
2 Ina telephone system, a callmg l1ne a ter-
minal individual to said  line, line extendmg
means, l1ne settable means, and a circuit for Verl-
fying the number of said line comptising one
branch’ estabhshed from ‘said terminal by said
line extendmg means and ancther branch estab-
lished from said terminal by said line settable’
rmeans when set from said calling lme in accord-
ance with the number thereof. - :

'3 'In a telephone system, a calling hne a ter-
minal individual to said”’ hne, line extending
means, line settable means, ‘and ‘means for ‘veri~
fying the number of said line ‘comprising 3 source
of power connected to said terminal by said line

- settable means when set from said calling line,
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and ‘a responsive device connected to said ter-’
minal by said line extending means when said
line ‘Settable means are set in- accordance Wlth"
the number of said calling line. 8

4, In a telephone system,-a calhng 11ne a ter--
minal individual to - said line; line extending
means, line settable means; and means for veri-
fying the number of said line comprising a’ source
of ‘alternating current connected to:said terminal
by said liné settable means’ when set from said’
calling line in accordance with the number there-
of,“and a responsive device connected  to said
termlnal by said line extending means, whereby
upon the establishment of both of said- connec—»-

“tions, said responsive device operates.

5. In a telephone system;a calling line, a hnk:

“having a first element for ‘extending - said: line,’
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embodiments thereof may be made by those skilled -
in the art without departing from the spirit of -
the invention as defined within the scope of the .

appended claims. ' For example, different trunks

may extend to different central offices instead of

one central office, and the same may then be
keyed by a digit individual to. each trunk. -‘The
relay which marks the trunk is then operated by
the translator in response to the digit that marks
the wanted office, in the same manner as relay
TKA4 is operated, 5 different digit other than a 2
or 3 being needed, of course, for each trunk.
What is claimed is:
1. In a telephone system, a ca.lhng lme, ‘line

75

and a sécond element for registering the number
of ‘said line, and a circuit. for verifying the num=
ber of said line comprising one branch ' estab-
lished by said first element of said link and an-
other branch established by said second element
of said link when sef in accordance W1th the
number of saidline.’

6. In a telephone system, a calling llne, a
terminal individual to said line, a link having:
a first element for extending said line and-a
second element for registering ‘the number ‘of
said. line, and ‘a. circuit for verifying the number
of said line comprising one branch established
from said terminal by the first element of said
link and another branch established from said
terminal by the second element of said link when
set in- accordance with the number of sald 11ne
from said line. .
- 7.'Atelephone system comprising a plurah‘r,y

‘of stations each having an individual terminal,

a plurality of links available to said stations,

plurality of trunks for connection to said. sta-
tions, means responsive to one of said lines
initiating a call for connecting one of said links
thereto, means in said link for registering the
designation of a trunk connection and the desig-

nation of said calling station, means responsive

to the registration of both of said designations
foI connecting a source of alternating current
to the terminal individual to. the calling line
through said line registering means, and & signal
responsive device connected to said terminal
through the.link extension of said calling line
whereby said signal responsive device is operated
by the current supplied through said source of
alternating current.
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8. A telephone system comprising a plurality.

of stations each having an individual terminal,
a plurality of links available to said stations, a
-plurality of trunks for connection to .said sta-
tions, means responsive to one of said stations
initiating a call for connecting one of said links
thereto, means in said link for registering the
designation of a trunk connection and the desig-
nation of calling station, means responsive to the
registration of both of said designations in the
order named for connecting a source of alter-
nating current to the terminal-individual to said
calling line through said link registering means,
and a signal responsive device connected to said
terminal through the link extension of said call-
ing line whereby said signal responsive device
is operated by the current supplied from said
source of alternating current.

9. A telephone system comprising a cress bar
switch, lines connected to the verticals of said
switeh, each of said lineg including a terminal in-
dividual thereto, a plurality of links connected
to a number of the horizontals of caid switch for
access to all of said lines, a plurality of trunks
connected to another number of the horizontals
of said switch for connection to all of said lines,
means responsive to one of said lines initiating a
call for connecting one cf said links to said line
through the common cross-point of said line and
said link on said switch, means in said link for
registering the designation of a trunk connection,
other means in said link for registering the desig-
nation of the calling line number, means respon-
sive to the registration of both of said designations
in the order named for connecting a source of
alternating current to the terminal individual to
the calling line through the line registering means
of said link, and a signal responsive device con-
nected to said terminal through the cross-point
connecting said line with the link whereby said
signal responsive device is -operated. by the cur-
rent supplied from said source of alternating cur-
rent.

10. A circuit for discriminating between tele-
phone lines entitled to two  different classes of
service comprising a network having a first
branch individual to each line, the impedance of
said first branch having one value for & line en-
titled to one class of service and a higher value
for a line entitled to the other class of service, a
second branch connectable to said first. branch,
and a third branch including a signal responsive
device connectable to both of said kranches,
whereby said signal responsive device operates if
the first branch has the higher impedance vaiue
and does not operaie if it hias the lower imped-
ance value.

11. A telephone system comprlsmg a plurality
of stations divided into two groups each entitled
to a different class of service, a resistance element
for each line, the resistance elements of the lines

10.

15

20.

25.

30-

35

40

50

55.

60

: 28

entitled to one class of service being -of :a-higher-
ohmic -value than the resistance elements of the
lines entitled to the other class of service, a plu-
rality of links available. to said lines, a-plurality
of trunks for connection to said lines, means re-
sponsive to one of said .lines initiating a call for
connecting one of said links:thereto, means in
said link for registering the designation of a trunk
connection, other means in said link for register-
ing the designation of said calling line, means re-
sponsive to the registration of both of said desig-
nations for .connecting: a source of alternating
current to a termingal of the resistance element
individual to said calling line ‘through the line
registering means of said link, a signal responsive
device connected o said terminal through . the
link extension of said line. whereby said signal
responsive. device ‘operates - on -current. supplied
through said source of alternating current if the
resistance element individual to the line has the
higher chmic value, and does not operate if said
resistance element hag the lower ochmie value, and
means responsive to the operation of said signal
responsive device for extevxdmg said calling hne
t0 one:of said trunks.

12, A telephone system comprising a plurality
of stations divided- into. two groups, one of said
groups being entitled to trunking service and the
other of said groups heing entitled to local service
only, a resistance element for each line, the re-
sistance elements of the lines entitled to trunking
service being of higher ohmic value than the re-
sistance elements of -the. lines entitled to local
service only, a plurality of links available to said
lines, a plurality of trunks for connection to said
liries, means responsive to one of said lines initiat-
ing a-call for-connecting cne of said links there-
to, means in said link for registering the desig-
nation of a trunk connection, other means in said
link for registering ‘the" de51gnat10n of said call-
ing line, means responsive to the registration of
hoth of said registrations in the order named for
connecting a source of alternating current to a
terminal of the resistance element individual to
said calling line through the line registering
means Of said link, a signal responsive device
connected o said terminal through the link ex-
tension of said line, whereby said signal respon-
sive device operates on current supplied through
said source of alternating current if the resistance
element individual to the line has the higher
ohmic value, and does not operate if said resisi-
ance element has the lower-ochmic value, means in
said link responsive to the operation of said sig-
nal responsive device for extending said calling
line to one of said trunks, and means in said link
responsive to the extension of saig calling line to
one of said trunks for disconnecting said link
from said line and restormg it to normal
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