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Claims. 

This invention relates to telephone systems 
and particularly to small capacity automatic 
telephone systems in which cross-bar SWitches 
are employed. 
An object of the invention is to provide in 

proved and economically arranged Systems for 
automatically establishing connections between 
the telephone lines and between lines and trunkS. 

Heretofore, systems have been provided for 
establishing connections between two subscribers' 
lines in a single cross-bar Switch unit by means 
of links having line finders and Selector branches 
for connecting the two lines at tWO CrOSS-COn 
necting points of the Switch. A System of this 
kind is disclosed in the patent to L. R. Waller 
1,567,309 of December 29, 1925. Systems have 
also been provided in which, in addition to con 
nections between two Subscribers' lines over a 
link, connections may be established from Sub 
Scribers’ lines to trunks. A system of this kind 
is disclosed in the patent to E. E. Hinrichsen 
1567,054 of December 29, 1925. 
A feature of the present invention is an ar 

rangement, in a System in Which connections are 
established between two Subscribers' lines in a 
SWitch by means of links, whereby such subscrib 
ers' lines may be arranged in groups and in which 
means is responsive to the calling of a first 
line in any of Said groups for establishing a con 
nection through an idle link from the calling line 
to a second line in said group if said first line 
is busy. 
Another feature is an arrangement in a System 

of this kind in Which connections may be estab 
lished between a subscriber's line and a trunk, 
Whereby if a trunk has been called and con 
nected to and a key at the calling subscriber's 
Station is actuated, a holding condition is es 
tablished on this connected trunk so that the 
calling SubScriber may hang up his receiver and 
release his line from this trunk and whereby 
the same or any other calling Subscriber's line 
may establish a connection to the held trunk and 
remove the holding condition. 
Another feature of this invention is an ar 

rangement in which the establishing of the con 
nection from a calling subscriber to an idle link 
is effected by the calling subscriber removing his 
receiver from the Switchhook and operating a 
key at his station and in which the establishing 
of a connection to a trunk is effected by the call 
ing Subscriber lifting his receiver from the 
Switchhook and operating a key corresponding 
to the particular trunk desired. 

(C, E, 9-18) 
The invention has been illustrated in connec 

tion. With the following drawings in Which: 
Fig. 1 shows diagrammatically how lines, links 

and trunks are arranged on a croSS-bar SWitch 
in a Small capacity automatic telephone System; 

Figs. 2 to 7 show the various features of the 
invention applied in detail to a small capacity 
automatic telephone Systern; 

Fig. 2 shows a master station arranged to orig 
inate local and trunk calls, to extend trunk calls 
to another Station. Which is ordinarily arranged 
for local Service only and to make trunk calls 
on an emergency basis; a station arranged to 
Originate local and trunk calls but without the 
other features of the master station, and a sta 
tion arranged to make and receive local calls 
Only 

Figs. 3 and 4 show in detail four vertical units 
and nine horizontal levels of a CrOSS-bar SWitch 
together with the line equipment a SSociated With 
the lines to which the vertical unitS are Con 
nected; and 

Figs. 5 and 6 show the mechanism for allotting 
the links in rotation; one link circuit in detail for 
recording dial pulses and extending the Connec 

O 

5 

tion to the desired line and one trunk circuit in 
detail for extending calls to the central office, 
While 

Fig. 7 shows signaling apparatus used in mag 
neto areas. 

Fig. shows schematically the arrangement 
of the station lines, the links and the trunks on 
a cross-bar Switch. The Station lines appear on 
the vertical units, a station such as 235 (Fig. 2) 
nay appear on Vertical unit and One Such 
as 208 may appear on vertical unit 02. Three 
link circuits 3, .04 and 05 appear on the six 
uppermost horizontal levels and provide for three 
simultaneous inter-Station connections. Three 
trunk circuits 6, 6 and 8 appear on the 
three next lower levels to provide service from 
the stations to control offices. The lowermost 
horizontal level is not used in the system dis 
closed in the drawings but night be utilized for 
another trunk circuit or for other purposes. By 
this arrangement the Station appearing on ver 
tical unit can communicate with the station 
appearing on vertical unit 2 over link (3 by 
the operation of the contacts at cross-points 99 
and 0 and in a similar manner the station ap 
pearing on vertical unit 2 can originate or 
answer a call from the Central Office over trunk 
f6 by the operation of the contacts at cross 
point if . 
The System as disclosed in Figs. 2 to 7 comprises 
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2 
an automatic system of the cross-bar type in 
which all the stations may communicate with 
each other but only certain ones may make and 
receive calls over the trunks. The privileged sta 
tions are grouped into three classes, the first, ex 
emplified by station 2 , is permitted to originate 
and receive calls over the trunks and in addition 
may be connected to any trunk which is in use 
to another station, the second, exemplified by 
station 238 which may originate and receive calls 
but does not have the privilege of being connected 
to a busy trunk and the third (not shown) which 
may receive but may not originate trunk calis. 
The trunks are connected to the privileged sta 
tions by means of keys individual to each trunk in 
such a manner that the station circuit is associat 
ed. With the trunk circuit by operating the key as 
Sociated With the particular trunk desired. Hold 
keys are also provided so that, a call on any one 
of the trunks may be answered at one of the 
Stations having this service and held while the 
station desired is dialed and the person who an 
SWerS is instructed to pick up the trunk call by 
Operating the appropriate trunk key. This fea 
ture makes possible the desirable arrangement of 
answering all incoming calls at the sane point 
and extending them to the desired stations. 
In dial areas, outgoing calls to a central office 

are dialed in the usual manner and in manual 
common battery districts the call is passed ver 
bally. In magneto areas additional equipment, 
shown schematically in Fig. 7, is furnished in 
the trunk circuit which supplies talking battery 
to the station connected to it and signais the 
central office automatically. 

Local calls are made from the key stations by 
operating the local key and dialing in the usual 
manner. Stations having no trunk privileges 
are not furnished with any keys but are provided 
With a dial for local calls. 
The Operation of the Systern Will now be de 

Scribed in detail. 

Outgoing trunk call 
Let it be assumed that the subscriber at sta 

tion 24 shown in Fig. 2 desires to originate a 
call to a central office. To do this he removes the 
handset 258 from the cradle 2 and operates key 
202, which associates his handset. With the first, 
trunk to the central office. The removal of the 
handset and the consequent operation of the 
Cradle contacts cause the operation of line relay 
40. The circuit for this function is traced from 
ground through the upper back contacts and 
upper Winding of reiay 49, upper outer back con 
tacts of relay A52, right-hand middle back con 
tacts of emergency key 25, upper contacts of the 
SWitchhook springs associated with cradle 2: , 
pulsing contacts of dial 23, the receiver of hand 
set 200, left-hand winding of induction coil 23, 
right-hand inner back contacts of key 25, upper 
inner back contacts of relay 362 to battery 
through the lower winding of relay 3. Relay 
40, operated, disconnects the ground through 
its back contacts traced above and substitutes 
a ground through its upper front contacts. This 
ground is fed through a repeating coil (not 
shown) in the common circuit 5 i in order to 
give the subscriber busy tone in case all the links 
Or the trunk selected are busy. In operating, 
relay 4 also closes its five lower front contacts 
which connect the Subscriber station to the coin 
mOn equipment. 

It will be assumed that the first trunk (shown 
in detail in Fig. 6 and associated with key 202) 

2,071,075 
has been selected and that this trunk is idle. A 
circuit is now closed fron ground through resist 
ance 534, contacts 53 of reiay 333, tile Winding 
of relay 53, contacts 43 of relay 48 , right-hand 
outer contacts of key 235, iniddie Switchhook con 
tacts associated with Crade £3, firC}rai, coiiiaCtS 
of key 282, lower inner contacts of relay 33 to 
battery through the winding of reia.57 as . Both 
relays 59 and 35 operate in this circuit. The 
operation of relay 33 causes the operation. Of 
select magnet A 34 in a circuit traced from ground 
through the contacts of relay is to battery 
through the Winding of select ragnet (38. Select 
magnet A 4, operated, moves the fingers of the 
select magnet bar into a position such that the 
cross-bar will be operated when the hold magnet, 
operates and through its operated contacts ener 
gizes relay 5. Relay 588 operates and causes 
the operation of cut-off relay 35 in a circuit 
traced from ground through the lower inner con 
tacts of relay Sf , lower contacts of relay 53 to 
battery through the winding of cut-gff relay 455. 
Relay 45, operated, energizes through its upper 
outer contacts, vertical magnet 3 and through 
its lower contacts connects ground to the contmon 
conductor 466 to the station subset. 
The operation of relay 5 also causes the op 

eration of relay 585 in a circuit traced from 
ground through resistance Sg, contacts 532 of 
relay 533, upper front contacts of relay 52 , back 
contacts of relay 56 and the other relays similar 
to relay 596 associated with the other station cir 
cuits, upper inner back contacts of relay 597, 
upper inner back contacts of relay 53, upper in 
ner back contacts of relay 5.9 to battery through 
the Winding of relay 585, Relay 335, Operated, 
energizes relay 53 which operates and locks to 
ground through the lower outer contacts of relay 
58. The opeiation of relay 523 opens the op 
erating circuits of relays 55, 533, 53, 545 and 
the other similar relays associated with the other 
line circuits (not shown) releasing the Gne Which 
was operated which in this case was relay 5. 
The release of relay 53 S opens the operating cir 
cuit and releases relay 55. 
The operation of vertical magnet f: 2 causes 

all the springs associated with bar 43 to be 
operated and also opens the operating path for 
line relay 48 , releasing it. The release of relay 
És opens the operating pati of relay 33 causing i 
its release and the release of relay 64 opens the 
operating path and releases select magnet 33i, 
which in turn releases relay Si3 which opens the 
locking circuit of relay 533 releasing it. The cut 
off relay 4 C5 is now held operated through the 
contacts of the SWitch. This circuit, is raced fron 
ground through the lower contacts of relay 395, 
conductor #5, right-hand outer contacts of key 
255, the middle switchhook contacts associated 
with cradle 23, front contacts of trunk key 22, 
contacts 45 associated with bar A3 to battery 
through the winding of cut-off relay A35. Relay 
435 holds magnet 32 operated and the springs 
associated with bar 69 remain operated after 
Select magnet 424 has been released in accordance 
With the usual method of operation of this type 
of switch. The tip, ring, hold and busy con 
ductors in addition to the Sleeve conductor are 
also extended through the Switch. Ground on the 
busy conductor operates the busy relay 82 in a 
circuit traced from ground through the upper 
inner contacts of relay A33, contacts is as 
sociated with bar 49 to battery through the 
winding of relay 682. The operation of the lat 
ter relay opens at its left-halind contacts the in 
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Coming ringing bridge; removes the Winding of 
relay SC from conductor 63 to the keys of sta 
tions which do not have the privilege of con 
nection to busy trunks and Connects this con 
ductor to the common tone circuit in connaon 
equipment 8. So that busy tone is returned 
should the No. 1 trunk key be operated at any of 
these Stations and prepares the hold feature 
which will be described later. 
The closure of the tip and ring conductors 

through the SWitch Signals the central office over 
conductors i3 and 604 in the usual manner caus 
ing an operator to be connected where this ap 
paratus is located in a manual common battery 
area, or causing dial tone to be returned in dial 
area.S. When this equipment is located in a mag 
neto central Office area, a special auxiliary ap 
paratus shown Schematically in Fig. 7 is inter 

- posed in conductors 54 and 548 to supply talk 
ing battery to the station line and to signal the 
central office automatically. The trunk circuit 
in the former case is traced from central office 
trunk conductor 603, left-hand Outer back con 
tacts of emergency key 25, conductor 548, left 
hand back contacts of relay 695, left-hand con 
tacts associated with bar 4), right-hand middle 
back contacts of key 25, upper contacts as 
Sociated with cradle 2 , pulsing contacts Of dial 
293, the receiver of handset 29, left-hand wind 
ing of induction coil 204, right-hand inner con 
tacts of key 25, the contacts next to the left 
associated with bar 47, conductor 54, left-hand 
inner back contacts of key 205 to trunk conductor 
64 to the central office. Conversation with the 
central office operator may now take place in 
case of a manual extension of the connection and 
as the station apparatus 2:4 is shown as the 
local battery type, talking battery is supplied from 
battery 22 which is connected in a local circuit 
including the lower contacts associated with 
cradle 28, the transmitter of handset 2E and 
the right-hand winding of induction coil 28. 
If the connection is to be extended automatically 
the moving of the dial 203 off normal short-cir 
cuits the receiver of handset 20 in accordance 
With the standard practice for this type of Sub 
station apparatus. 
Where this equipment is located in a magneto 

central office area, the trunk circuit is the Sane 
as that, described above except that Fig. 7 is in 
terposed in the trunk circuit to the central office, 
relay 5 operates, operating relay 752 monen 
tarily which connects ringing current to trunk 
conductors S3 and S4 as the signal of an in 
Corning call. 
To release the connection the handset is re 

placed on the cradle. This opens the circuits 
through the Switchhook contacts a SSociated With 
the cradle, the upper set of contacts opening the 
line circuit, releasing the central office equipinent 
in manual common battery or dial offices in the 
usual manner or signaling the central Office to 
disconnect by means of Fig. 7 in which the re 
lease of relay it causes the momentary opera 
tion of relay 52, connecting ringing current to 
the line conductors in the case of a magneto of 
fice; the middle set of contacts opening the hold 
jing circuit, of relay 45, releasing it and in turn re 
leasing magnet, i52 which releases the switch and 
the lower set of contacts opening the local bat 
tery transmitter circuit. The release of the 
Switch opens the circuit of the trunk busy relay 
602 releasing it 

3. 
Inconing trunk call 

When ringing current is applied to conductorS 
63 and S4 as the Signal Of an incoming call, 
relay is operates. 
tery or a dial area, where magneto signaling ap 
pa'atus Fig. 7 is not furnished the circuit for this 
function is traced from conductor 63, left-hand 
outer back contacts of key 25, condenser 608, the 
winding of ringing relay 5, left-hand back con 
tacts of relay 62, left-hand inner back con 

In a manual common bat 5 

:0 

tacts of key 25 to conductor S4. In magneto . 
areas, Fig. 7 is furnished and relay 75 is operated 
by the incoming ringing current, operating relay 
743 and extending the ringing current to relay 
S. over the path traced above whenever ring 
ig current is applied to conductors 603 and 604. 

the Operation of ringing relay 607 through its 
outer contacts causes the operation of relay 609. 
Relay 609, operated, locks in a circuit traced from 20 
attery through the Winding and left-hand inner 

front contacts of relay 69, right-hand middle 
back contacts of relay 62 to ground in the con 
in On toine, ringing alian and tining circuit 606. 
The Gps ration of relay 69 closes ground over 
conductC: 35 to the common circuit 60 which 
thereupon operates Several audible signals (not 
ShOWn) as an indication of an incoming call; 
Connects battery through its right-hand inner 
front contacts to the filament of trunk lamp 

which lights and indicates the trunk on which 
the call has appeared; connects ground through 
its left-hand niddie front contacts to conductor 

which operates a, relay (not shown) in the 
poWer Supply circuit and increases the rate of . 
charge Of the battery for the duration of the 
{2il and through its left-hand outer contacts 
ransfers conductor 62 from the busy tone cir 

(iii, G conductor 3 so that restricted Service 

5 

30 

35 

Stations a SSociated with conductor S2 may be 0 
Connected to the trunk on incoming calls. 
The subscriber at station 25 or at any other 

Station where the audible signal and visible sig 
nal 6 appear may answer the call by remov 
i2g the handset from the cradle and operating: 
the trunk key associated with lamp 6 . This 
Connects his telephone instrument to the trunk 
through the cross-bar Switch in the same man 
ner as described previously for an outgoing call. 
The 2.SSociation of one of the Stations With the: 
trunk operates relay 652 as before and the opera 
tion of relay 662 opens the locking circuit of relay 
359 iust, described releasing the latter relay and 
extinguishing the ringing signals. At the com 
pletion of the conversation the replacing of the 
inandset, Cin the clade ireleases the line and trunk 
equipment as before. 

Station-to-station call 

To illustrate the operation of the circuit in 
&king a station-to-Station call it will be as 

SU?ned that the Subscriber at Station. 208 desires 
to con:Illinicate with the Subscriber at station 

4. To do this he renoves handset, 225 fron 
Cradle 225, operates local key 23 and dials the 
Code of the desired line which in this case is 24. 
AS eXplained previously a station-to-station 

Call is competed by neans of a link circuit one 
Cf which is shown in detail in FigS. 5 and 6. The 
linkS are "Cfated in Service in a manner to be de 
Scribed later and for the purposes of illustration 
it will be assured that the link shown is the one 
to be lised. The Calling Subscriber's line is con 
nected to the link in much the same manner as 
that described previously for a trunk call except 
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that in this case a relay in the link is operated 
in series with the relay in the line circuit. Line 
relay S operates in a circuit traced fron ground 
through the upper back contacts and upper Wind 
ing of relay 3S2, upper outer contacts of inagnet 
362, upper switchhook contacts associated with 
cradle 228, pulsing contacts of dial 228, the 
trainsihitter of handset 25, left-hand Winding of 
induction coil 228, upper inner contacts of mag 
net 302 to battery through the lower winding of 
relay 3. ihe series circuit mentioned above 
now connects relays 52 and 5:3 together to 
associate the calling end of the link with the 
particular Station line through the Cross-points 
of the Switch. 
The circuit for this function is traced from 

ground through resistance Sá, back contacts 555 
of relay 533, the winding of relay 53, lower next 
to the outer contacts of relay 35, middle switch 
hook contacts associated with Cradle 226, the 
back contacts of keys 22, 23 and 232 in series, 
operated contacts of key 233, lowermost con 
tacts of eiay 3; , start conductor $29, upper 
back contacts of key 3 3, upper back contacts 
of relay 635, left-hand back contacts of relay 
SS, conductor 633 to battery through the upper 
winding of relay 5 2. Both relays 52 and 5.3 
operate in this circuit. The operation of relay 
582 causes the operation. Of Select magnet 488 in 
a circuit, traced from ground through the lower 
outer contacts of relay 5 2, back contacts 5:6 
of relay 55 to battery through the winding of 
Select magnet 3 (3. The operation of select mag 
net 488 causes the operation of relay 5) as be 
fore and with relays SEC and 5 f3 both operated 
a circuit is closed to operate relay 383 which in 
turn operates inhagnet 362 releasing relay 3 as 
previously described. With select magnet, 48 
and hold Inagnet 332 oth operated the contacts 
associated with bar 53 are operated to connect 
the line circuit to the calling end of the link 
circuit. The operation of relay 533 also causes 
the operation of relays 555 and 83 as previous 
ly explained. 

R°iay 5:3 row, c)erates in a circuit traced from 
ground through a repeating coil (not shown) in 
connor circuit 5 upper front contacts of re 
lay 5:2, upper winding of relay 58, left-hand 
outermost contacts associated with bar 334, up 
permost contacts associated with cradle 226, puls 
ing contacts of dial 28, transmitter of hand 
set 225, left-hand winding of induction coil 223, 
the contacts 32 associated with bar 33 to bat 
tery through the lower Winding of relay 58. Re 
lay 8, operated, closes a circuit through its 
front contacts to energize the Winding of relay 
5 : 5. Relay 555, Operated, opens the circuit to 
select magnet 388 releasing it, prepares the puls 
ing circuit from the back contacts of reliay 58, 
connects ground to conductor 68 to increase the 
charging raie of the battery and puts ground 
on the off-normal conductors to be described 
later. The release of Select magnet 48 releases 
relays 53 and 513 as before. Relay 52 now 
locks in a circuit traced from ground through 
contacts 59 of 1'elay 53, upper inner back coin 
tacts of relay 523, upper inner back contacts of 
relay 52 to battery through the lower inner con 
tacts and lower Winding of relay 52. Relay 52 
is of the slow-to-release type and does not release 
during the interval between the opening of the 
circuit through its upper winding when relay 3 
releases and the cloSure of the locking path 
through its lower winding just described. 

Iner. 

2,071,075 
The line and link circuits are now in a cond 

tion for dialing, dial tone being furnished through 
the repeating coil in common circuit 57 through 
the upper front contacts of relay 5 2. The Sub 
Scriber upon receiving dial tone Will Operate dial 
228 in the usual manner, releasing and reoper 
ating relay 58 in accordance with the number 
dialed Which in this case has been aSSumed to be 
24. When the dia, is noved off normal the 
transmitter of handset 225 is short-circuited and 
the receiver circuit is opened in the usual man 

She release of relay 58 on the first dialing 
pulse causes the operation of relay 522 in a cir 
cuit traced from ground through the back Con 
tacts of relay 58, innermost contacts of relay 
55, back contacts of relay 523, contacts of re 
lay 524 to battery through the winding of relay 
522. Relay 525 also operates on the first pulse 
in a circuit traced from ground through the back 
contact of relay 58, innermost contacts of re 
lay 5 5 to battery through the winding of relay 
525. Relay 525 is of the slow-to-release type and 
does not release during the momentary opening 
of this circuit duiring dialing. The operation of 
relay 522 causes the operation of relay 526. The 
circuit for this operation is traced from ground 
through contacts 583 of relay 55, upper inner 
back contacts of relay 52, inner contacts of 
relay 525, upper front contacts of relay 522, lower 
outer back contacts of relay 52 f, back contacts 
52 of relay 526 to battery through the winding 
of relay 528. Relay 525 locks for the duration 
of the first train of pulses through its make-be 
fore-break contacts in a circuit traced from 
ground through contacts 59 of relay 5 5, upper 
inner back contacts of relay 52., inner contacts 
of relay 525, to battery through the front con 
tacts 52 and Winding of relay 526. 
When relay 58 reoperates after the first pulse 

relay 522 is held operated and relay 523 is op 
erated. Thus when relay 58 Operates ground 
is removed from one side of the Winding of relay 
523 and it operates in series with relay 522 hold 
ing the latter relay operated. This circuit is 
traced from ground through contacts 59 of relay 
55, upper inner back contacts of relay 529, in 
ner contacts of relay 525, upper winding of relay 
523, lower contacts of relay 522, contacts of re 
lay 524 to battery through the winding of relay 
522. When relay 58 releases on the second dial 
pulse relay 524 operates and holds relay 523 
operated but releases relay 522. This circuit is 
traced from ground through the back contacts 
of relay 5 8, innermost contacts of relay 5f 5, 
front contacts and lower Winding of relay 523 
to battery through the winding of relay 524. Re 
lay 522, released, causes the Operation of relay 
52 in a circuit, traced from ground through con 
tacts 59 of relay 55, upper inner back contacts 
of relay 529, inner contacts of relay 525, upper 
back contacts of relay 522, upper front contacts 
of relay 525 to battery through the upper inner 
back contacts and winding of relay 52. Relay 
52 locks through its nake-before-break con 
tacts in a circuit traced fron ground through con 
tacts 59 of relay 55, upper inner back contacts 
of relay 52 to battery through the upper inner 
front contacts and winding of Irelay 521. Upon 
the reoperation of relay 58 after the second 
dial pulse relays 523 and 524 release. 

It has heen assuined that the number of pulses 
in the first digit is two. Had it been three, relay 
522 would have operated again. On the third pulse 
which would have caused the Operation of relay 
530. Should a fourth pulse be dialed (for which 
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2,071,075 
there is no code assigned) relay 529 will be op 
erated when relay 522 releases. The operation 
of relay 529 at this time would prevent connec 
tion to any Station. At the end of the first train 
of pulses relay 525 releases, releasing relay 526. 
When relay 58 releases on the first pulse of 

the second digit relays 522 and 525 are operated 
as before. The operation of relay 525 causes the 
Operation of relay 53 in a circuit traced from 
ground through contacts, 32 of relay 55, lower 
outer front contacts of relay 525, lower inner 
back contacts of relay 526, lower inner front 
contacts of relay 52 to battery through the wind 
ing of relay 53 and resistance 533. Relay 53 
locks in a circuit traced from ground through 
contacts 59 of relay 55, upper inner back con 
tacts of relay 520 to battery through the upper 
inner front contacts and winding of relay 53 
and resistance 533. The operation of relay 522 
causes the operation of relay 67 in a circuit 
traced from ground through contacts 5f 9 of re 
lay 55, upper inner back contacts of relay 520, 
inner contacts of relay 525, upper front contacts 
of relay 522, lower outer front contacts of relay 
52 , back contacts 528 of relay 526, upper outer 
back contacts of relay 68, upper middle back con 
tacts of relay 649, upper Outer back contacts of 
relay 62, upper outer back contacts of relay 62 
to battery through the upper inner back con 
tacts and winding of relay 6. Relay 6 locks 
in a circuit, traced from ground through contacts 
59 of relay 55, upper inner back contacts of 
relay 520, upper inner back contacts of relay 
69, upper inner back contacts of relay 68, up 
per inner back contacts of relay 62, upper inner 
back contacts of relay 620 to battery through 
the upper inner front contacts and winding of 
relay 6. 
Relays 622), 62 and G 88 now successively operate 

on the back and front contacts of relay 522 under 
control of pulse relay 5, 8 over the paths already 
traced. Each relay operates through itS OW 
back contacts and locks through its make before 
break contacts, opening the locking path and re 
leasing the preceding relay. Had five pulses been 
dialed, relay 6 S would have been operated and 
relay G8 released. If six had been dialed, relay 
622 would have been operated but in this case 
relay 629 is not released. If more than six 
pulses had been dialed, relays 6, 620, 62 and 
6.8 would have operated a second time in the 
same manner as described previously depending 
on the digit dialed and the operation of each of 
these relays would have released the previous 
relay as explained before. 
At the completion of the second train of puises, 

relay 525 releases and causes the Operation of 
relay 529. This circuit is traced from ground 
through contacts 532 of relay 55, lower Outer 
back contacts of relay 525, upper outer front 
contacts of relay 53 to battery through the right 
hand inner back contacts and winding of relay 
52s. Relay 529 locks operated in a circuit traced 
from ground through contacts 5:9 of relay 55, 
tipper inner back contacts of relay 52 to battery 
through the right-hand inner front contacts and 
winding of relay 529. Relay 526 now operates in 
a circuit, traced from ground through contacts 
E is of relay 545, upper inner back contacts of 
relay 529, right-hand next to the inner front 
contacts of relay 529 to battery through the 
winding of relay 26. 
A busy test is now made by the connection of 

busy test, relay 534 to the sleeve of the called 
subscriber's line, ground on the latter indicating 

5 
a busy condition. The busy test circuit is traced 
from battery through the Winding and lower 
inner back contacts of busy test relay 534, front 
contacts 535 of relay 538, left-hand inner front 
contacts of relay 529, right-hand outer back 
contacts of relay 53, lower Outer back contacts 
of relay 622, lower outer front contacts of relay 
6:8, to the sleeve conductor of station line 214, 
With Which Sleeve relay 5 is associated. If 
this line is busy, the sleeve conductor is connected 
to ground as explained previously and busy test 
relay 534 operates, opens the circuit to relay 509 
to prevent connection to the line and connects 
buS3 tone thirough condenser 536 to the line. If 
ground is not present on the sleeve of the line 
circuit relay 534 does not operate and relay 509 
operates in a circuit traced from ground through 
resistance St, contacts 537 associated with relay 
583, lower outer front contacts of relay 526, 
lower outer front contacts of relay 531, upper 
back contacts of relay 534 to battery through the 
Winding of relay 588. The operation of relay 509 
closes a circuit for the operation of select mag 
net 9. This circuit is traced from ground 
through contacts 5F9 of relay 515, upper inner 
back contacts of relay 52, lower outer back con 
tacts of relay 538, upper outer front contacts 
of relay 599 to battery through the winding of 
Select magnet (89. The operation of relay 509 
also causes the operation of relay 55 in a circuit 
traced from ground through resistance 54, con 
tacts 53 of relay 583, upper inner front contacts 
of relay 593 to battery through the winding of 
relay 55. The operation of select magnet 49 
causes the Operation of relay 5ft by connecting 
ground to its Winding terminal and the operation 
of relay 585 causes the operation of relay 503. 
Relay 50 Operated, provides a locking path for 
relay 593 and short-circuits relay 53, causing it 
to release. The path over which ground is con 
nected to the right-hand winding terminal of re 
lay 55 has already been described and the path 
Over Which ground is connected to the left-hand 
Winding terminal is traced from ground through 
the lower inner front contacts of relay 5.0, 
lower inner front contacts of relay 599 to the left 
hand Winding terminal of relay 53 . The release 
Of relay 53 causes the operation of cut-off 
relay 45 in a circuit traced from ground through 
ContactS 59 of relay 55, back contacts 535 of 
relay 531, left-hand inner front contacts of relay 
529, right-hand outer back contacts of relay 530, 
lower outer back contacts of relay 622, lower 
Outer front contacts of relay 68 to battery 
through the winding of cut-off relay 405. The 
latter relay Operated, operates hold magnet, 402 
which With the simultaneous operation of select 
magnet 409 causes the operation of all of the 
Contacts aSSociated with bar 4f) in the usual 
ae. 

The Operation of the contacts associated with 
bar ( closes through the wanted subscriber's 
line to the terminating end of the link circuit 
and Operates relay 538. The circuit for the latter 
function is traced from ground through the upper 
inner front contact of relay 465, contacts 4 , 
upper outer back contacts of relay 520 to battery, 
through the winding of relay 538. The operation 
of relay 538 opens the operating circuit of Select 
magnet 49, releasing it which opens the operat 
ing circuit of relay 5 C releasing it and releasing 
relay 53 in turn. The operation of relay 538 
also connects ringing current through ringing 
trip relay 539 to the tip and ring conductors of the 
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Wanted subscriber's line while an audible ringing 
signal is connected to the tip and ring conductors 
of the calling subscriber's line. The ringing 
circuit is traced from the ringing current Supply 
from the common circuit 57, over conductor 540, 
lower inner back contacts of relay 539, upper 
middle front contacts of relay 538, left-hand con 
tacts associated with bar 4fe, right-hand middle 
back contacts of key 25, condenser 26, ringer 
207, right-hand inner back contacts of key 205, 
contacts 47 associated with bar it, upper inner 
front contacts of relay 538, upper middle front 
contacts of relay 52, lower outer back contacts 
and lower winding of relay 539, conductor 54 to 
the ringing Supply in common circuit 5. The 
audible ringing tone path is traced from the 
common circuit 5 over conductor 538, through 
the lower inner front contacts of relay 538, upper 
outer front contacts of relay 52, condenser 542, 
condenser 536, to the tip conductor of the call 
ing Subscriber's line. 
When the Subscriber at the called station 24 

answers by removing the handset from the cradle 
and operating key 237, ringing trip relay 539 
operates in the usual manner and locks in a 
circuit traced from ground through contacts 532 
of relay 5:5, upper front contacts of relay 539, 
lower back contacts of relay 52 to battery 
through the upper winding of relay 539. The 
operation of relay 539 disconnects the ringing 
current from the called line. Relay 52 now op 
erates through the contacts of key 23 in a cir 
cuit traced from ground through the lower Con 
tacts of relay 405, right-hand outer back con 
tacts of key 25, middle contacts associated with 
cradle 28, back contacts of keys 262, 209 and 
20 in series, operated contacts of key 208, right 
hand contacts associated with bar 45 to bat 
tery through the winding of relay 52. Relay 
52) remains operated in the circuit just described 
for the duration of the call and, in Operating, 
opens the operating circuits and releaseS relayS 
538, 539, 526, 521, 529 and 6 8. Cut-off relay 
405 is now held operated under control of re 
lay 520 in a circuit traced from ground through 
contacts 5:9 of relay 55, the upper inner front 
contacts of relay 520, contacts 48 associated With 
bar 40, to battery through the winding of relay 
405. The tip conductor of the calling SubSCrib 
er's line and the ring conductor of the called 
subscriber's line are connected together through 
condenser 536 and the upper inner back contact 
of relay 538 for the transmission of Speech and 
the ring of the calling line and the tip of the 
called line are connected together through Con 
denser 543 and the upper middle back contacts 
of relay 538. Talking battery is Supplied to the 
calling subscriber through the Windings of re 
lay 58 and to the called subscriber through the 
windings of retard coil 544. 
Upon the completion of the conversation, both 

subscribers replace the handsets on the Cradles. 
In the case of the calling Subscriber this Opens 
the operating circuit of relay 58, releasing it, in 
turn opening the operating circuit and releas 
ing relay 515. The operating circuit of relay 
393 is also opened at the middle contacts a S 
sociated with cradle 228 and relay 383 releases, 
releasing hold magnet 302. Cross-bar 304 now 
returns to its unoperated position releasing the 
contacts associated with it. The replacing of the 
handset on the cradle at the called Subscriber's 
station, opens the operating path of relay 52 
through the middle contacts associated With Cra 
de 2, releasing this relay. The release of re 
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lay 520 removes ground through its upper inner 
front contacts from the sleeve conductor of the 
called line, releasing cut-off relay 405. The re 
lease of the latter relay opens the operating cir 
cuit of hold magnet 462, releasing it and per 
mitting cross-bar 49 to return to its normal po 
sition. Both calling and called lines are now 
in their original Or idle condition. 

Line hunting 
The System is arranged to provide line hunt 

ing facilities for some of the lines. This is ill 
lustrated in the drawings by the association of 
lines. 26 and 2 in one group and lines 36 and 
3 in another group in such a way that if, for ex 
ample, line 28 is dialed and is found to be busy, the 
Connection is automatically extended to line 27, 
or, if line 36 is dialed and found to be busy, the 
connection is automatically extended to line 37, 
This is done by substituting relay 67 for busy 
test relay 534 in case line 26 or 36 is dialed. 

It will be assumed that station 2 Whose code 
is 26 has been called. The operation of the cir 
cuit under this condition is the Same as previous 
ly described until the completion of the dialing of 
the second digit. At this time, a circuit is closed 
from the sleeve conductor of the Wanted Station 
line to relay 6 7. This circuit is traced from the 
left-hand winding terminal of cut-off relay 4 3, 
which may or may not have ground connected to 
it, through the right-hand outer back contacts 
of key 2 2, lower next to the outer contacts of 
relay 6, 9, lower next to the inner contacts of 
relay 622, right-hand inner back contacts of re 
lay 520, left-hand middle front contacts of re 
lay 529, lower inner front contacts of relay 53 
to battery through the upper inner back Con 
tacts and winding of relay 67. If station 2 is 
busy, ground will be present on the sleeve con 
ductor and relay 6f 7 will be operated. Relay 6f 7 
operated, locks and connects the sleeve of line 
2' to the terminating end of the link in the Same 
way as if 7 had been dialed as the Second digit. 
Busy test relay 535 is now connected to the sleeve 
of line 2 and the regular busy test is made on 
that line as previously described. If the sleeve 
of line 26 had not been grounded, relay 67 Would 
not have operated and with relays 6 and 534 
both non-operated, the terminating end of the 
link would have been connected to line 26 in 
the line to line call as described previously. 

Calls from and to keyleSS Stations 
When a keyless station 235 originates a local 

call, the operation of the circuit is similar in every 
respect to that just described for key station Op 
eration except that the operation of line relay 
306 causes the operation of relay 52 directly in 
stead of through the switchhook contacts and 
the local key as previously described. Also re 
lay 3) is held operated by relay 55 through 
the contacts of the switch. This circuit is traced 
from ground through contacts 532 of relay 55, 
contacts 339 associated with cross-bar 3C5 to 
battery through the winding of cut-off relay 307. 

If the keyless station 235 is called, the opera 
tion of the circuit is the same as that described 
for a key station with the exception that relay 
539 When it operates, due to the removal of 
the handset from the cradle, connects ground 
through the cross-points of the SWitch to Oper 
ate relay 529. This circuit is traced from ground 
through contacts 522 of relay 55, upper con 
tacts of relay 539, cross-bar contacts 39, Cross 
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2,071,075 
bar contacts 3 to battery through the winding 
of relay 529. 

Station 2 f is also a keyless Station and is 
normally connected to keyless station equipment 
4 2, 4:3 and 4 & through the inner back contacts 
of transfer key 22. With key 22 in the normal 
position, as shown, station 2 may originate and 
receive calls like other keyless stations. It is 
arranged, however to receive trunk calls ex 
tended through the master station 2 A as Will 
be described later. 

Trunk holding 
The system is arranged so that incoming calls 

from the central office may be answered at one 
or more stations and held while the desired Sta 
tion is called locally and informed of the call. 
By operating the trunk key associated. With the 
incoining call the wanted station is connected 
to the trunk and the holding condition is re 
nOWed. 
To illustrate this arrangement it Will be a S 

sumed that an incoming call on trunk it, shown 
in Fig. 6, has been answered by the attendant 
at station 25, shown in Fig. 2, and it has been 
ascertained that station 28 is wanted. The at 
tendant, at station 24 thereupon operates hold 
key 2 3 momentarily. The operation of this 
key releases trunk key 262 mechanically and 
causes the operation of relay 695 in a circuit 
traced from ground through the lower contacts 
of relay 5, right-hand outer contactS of key 
25, middle contacts associated with cradle 20, 
contacts of hold key 23, contacts 49 aSSOciated 
with cross-bar (g 7 to battery through the Wind 
ing of relay 6 (5. Relay 605, operated, locks 
through its right-hand inner contacts to ground 
through contacts 623 of relay 633. The opera 
tion of relay 65 opens the central office trunk 
to station 24 and connects the Winding of relay. 
624 in series with resistance 26 acroSS trunk 
conductors 63 and 684 to hold the connection 
to the central office. The winding of relay 624 
is normally short-circuited by the right-hand 
outer back contacts of relay 6.5 and the right 
hand inner front contacts of relay 6 2. This 
short circuit is removed however, by the Opera 
tion of relay 65 and relay 624 operates in the 
trunk circuit. The operation of relay 626 causes 
the operation of relay 625. Relay 625, operated, 
prepared a holding circuit for relay 624 to be 
described later and connectS ground to conductor 
6 to increase the charging rate of the battery. 
The release of key 22, opens the operating cir 
cuit, releasing relay 465 which in turn releases 
hold magnet AE2 and cross-bar (. When this 
occurs the circuit to relay 62 is opened and re 
lay 62 releases. Relay 6.2, released, opens the 
locking circuit of relay 6.5 which releases. With 
relays 692 and 69 released and relay 25 oper 
ated the winding of relay 6 is connected to 
conductor S 2 so that Stations having restricted 
service may pick up the call and relay 625 is held 
operated and acts as the holding bridge, the 
latter circuit being traced from trunk conductor 
603, left-hand outer back contacts of key 285, 
left-hand contacts of relay 325, the Winding of 
relay 624, resistance 626, left-hand inner back 
contacts of key 25 to trunk conductor 64. 

Station 24 may now nake a local call to the 
Wanted station in the manner described previ 
ously by operating local key 237 and dialing the 
number of the Wanted Station on dial 23. It, 
will be assumed that the Wanted Station is . Sta 
tion 28. When the attendant at Station 28 

ty 
has answered and has been informed that a 
cal from the central office is to be picked up 
on trunk it he operates key 22. The opera 
tion of this key mechanically releases key 230 
which was operated when he anSWered, releasing 
his line from the link circuit as previously de 
Scribed. The operation of key 22 now causes 
the operation of relay 6 in a circuit traced from 
ground through resistance 54, contacts 555 of 
relay 53, the winding of relay 513, the lower 
and next to the outer contacts of relay 30, 
middle contacts associated with cradle 226, front 
contacts of key 22A, lower inner contacts of re 
lay. 3, right-hand outer back contacts of re 
lay 662 to battery through the Winding of relay 
6. The operation of relay 6 associates sta 
tion 268 with the tirunk circuit as previously de 
scribed. When relay 62 again operates through 
the croSS points of the Switch it short-circuits 
relay 624. This short-circuiting path is traced 
from the left-hand Winding terminal of relay 
24, right-hand outer back contacts of relay 695, 

right-hand inner front contacts of relay 692 to 
the right-hand winding terminals of relay 624. 
Relay 624, released, opens the operating circuit 
Of relay 625 releasing it. The trunk circuit is 
IOW Connected in the usual way to station 28 
Under COntrol of the Switchhook contacts and 
keys of this station. 

Eacier SiO2 of trunk calls to into Dire Stations 
The System is arranged to extend trunk calls 

to one or more two wire stations by means of 
keys located at the master station. In the draw 
ingS tWO Wire Station 2 is so arranged by means 
of keys 25, 22 and 26 located at master sta 
tion 2.4. With these keys in their normal posi 
tion the line wires of station 2 are connected 
through the right inner and left inner back con 
tacts of key 22 to line relay 42 which permits 
Station 28 to make and receive local calls in 
the Inanner described previously. If it is desired 
to extend a trunk call which has been connected 
to Station 2.4 to station 2 if the attendant at 
Station 2A first operates key 25 which con 
nectS the line Wires of stations 2 is and 2 to 
gether through condersers 2 fl and 218 and per 
nits him to monitor on station 2 to ascertain 
Whether or not the station is busy. Having de 
termined that station 2 is not busy key 22 
is next operated. The operation of key 22: 
Connects the line wires of station 2 to the line 
Wires of Station 24 through the left-hand front 
Contacts and right-hand inner front contacts of 
key 22 and the right- and left-hand back con 
tacts of key 26; through its right-hand middle 
front contacts connects a shunt across the mid 
dle SWitchhook contacts associated With cradle 
28, to permit station 24 to replace the handset 
On the Cradle without releasing the connection; 
ConnectS ground through its right-hand outer 
front, contacts to the sleeve conductor of the 
line equipment aSSociated with station 2 so 
that this line Will test busy to incoming calls 
and through its right-hand outer back contacts 
disconnects the cut-off relay 43 so that the 
latter relay and hold magnet 4 4 will not oper 
ate falsely. The bell at station may now 
be operated by operating key 2: 6 monentarily, 
the line circuit being opened at the back con 
tacts of key 2:6 and ringing current from the 
common circuit, 29 being applied to the line 
conductors to station 2 through the front con 
tacts of key 26. After station 2 has answered 
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station 24 may monitor on the conversation or 
replace the handset on the cradle as desired. At 
the termination of the conversation key 22 is 
returned to its normali position. 

Rotation of links 
In order that the links may receive equal wear 

an arrangement is provided to rotate them in 
service, that is to preselect them so that they 
are used in rotation, the first link being used next 
after the last is reached. Facilities are shown 
in Fig. 6 to accomplish this for three links. 
When the first link (shown in detail in Fig. 5) 
has been used, which condition is indicated by 
the operation of relay 5:5, ground through con 
tacts 532 is connected over conductor 623, to 
battery through the winding of relay 6 8. Relay 
6 : operates, locks mechanically and transfers 
the start conductoi' 529 from conductor 33 to 
conductor 63 which is connected to the start, 
relay in the second link similar to relay 52. 
The start circuit is then traced from ground on 
start conductor 629, upper back contacts of key 
6 4, upper back contacts of relay 65, left-hand 
front contacts of relay 66, upper back contacts 
of key 635, upper back contacts of relay 335, 
left-hand back contacts of relay 62 to con 
ductor $3 which is connected to battery through 
the winding of the start relay, similar to relay 
52 in the Second link. 
When the Second link is used ground is con 

nected to conductor 32 fron the relay similar to 
relay 5:5 in the second link, operating relay $2. 
which locks mechanically and transferS Start con 
ductor 629 through the left-hand front contacts 
of relay 62; and the upper back contacts of key 
63, the upper back contacts of relay $38 and 
the left-hand back contacts of relay $39 to con 
ductor 333 which is connected to the Start relay 
similar to relay 3:2 in the third link. When 
the third link is used ground is connected to 
conductor 334 and relay G39 operated. With re 
lays SSS, 822 and 639 operated a circuit is closed 
from ground through the right-hand contacts of 
relay 6 E 6, conductor 48, right-hand contacts 
of relay 62, and right-hand contacts of relay 639 
to battery through the winding of relay 66. Re 
lay S4) operates in this circuit and connects 
ground to the Winding of relay 64 operating the 
latter. Relay 6, , operated, connects ground to 
the windings of release magnets 632 and 383 
operating them and removing the mechanical 
iocks from relays 66 and 32.É. If links No. 8 or 
No. 2 or both are still in use at the time link No. 
3 is seized ground will still be present on coin 
ductors 628 or 632 or both and reays 66 or $2. 
or both Will continue in an operated condition. 
With relays 66,627 and 39 operated a new call 
which is evidenced by ground on start lead 623 
returns busy tone to tha calling Subscribei by 
transferring the ground on conductor 629 through 
the upper back contacts of key 4, Upper back 
contacts of relay 5, left-hand front contacts 
of relay 8: 5, upper back contact of key 635, upper 
back contacts of relay 333, left-hand front con 
tacts of relay 62, upper back contacts of key 
63, upper back contacts of relay 333, left-hand 
front contacts of relay 633 to battery through 
the Winding of a relay (not shown) in the con 
non circuit, 6A5 over conductor Sá. 

If either link No. or No. 2 or both are ide 
relays 66, 622 or both release when release inag 
nets 642 and 843 operate. In this case the link 
busy path just traced is opened at either relay 
66 or 6 as well as the Operating path of relay 
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640 releasing relay 84 and release magnets 642 
and 643 and one of the links will be used on 
the next call as previously explained. When 
the call which used link No. 3 is ended ground 
is removed fron conductor 834, releasing relay 
639. 

Facilities are provided. So that any of the links 
may be conveniently withdrawn from service for 
repair or other reasons. Thus the operatio:n of 
key S S 4 transfers conductor 624 to the second 
link and places ground on conductor 646 in effect 
as if relay 6 5 were operated. Similarly links 
No. 2 or No. 3 may be withdrawn from Selvice 
by operating key 835 or 63 i. Relays 6 5, 636 
and 533 are provided so that the links associated 
With them will be automatically withdrawn from 
Service in case the battery fuse associated with 
the individual link operates. This fuse is located 
in the common timing circuit, S&5 and When it 
operates connects battery to conductors 64, 
648 or 6&9 depending on which link is in trouble. 
Battery on conductor 64A operates relay 65 
Winich transfers the start conductor 629 to the 
Second link and grounds conductor 648. The 
operation of relays 637 or 638 perform similar 
functions for the Second and third links. When 
relay 55, 638 or 633 operates due to an operated 
fuse battery is returned to common circuit 645 
over conductor 655 for alarm purposes. 

Einergency Service to the central Office 
Arrangements for Service to the central office 

On an emergency basis are provided to take care 
of the possible condition where for any reason 
iO Calls can be made through the switch. This 
is accomplished by the use of energency switch 
25 Winich. When operated disconnects master 
station 2 & from the station relay equipment 
and connectS it directly to the first trunk to the 
central office. With key 293 operated station 
2:3 may Originate and receive calls in the usual 
manner. Station 24 has been shown with equip 
ment arranged for magneto operation, a local 
talking battery 22 and signalling generator 22 
being furnished. 
What is claimed is: 
i. in a telephone System, a switch, Subscribers' 

lines terminating in Said Switch, links terminating 
in Said Switch, means for establishing a connec 
tion from any one of said lines to any particular 
other one of Said lines through a link, and means 
responsive to the calling of a particular line for 
establishing a connection through a link from 
the calling line to another line if said particular 
line is busy. 

2. In a telephone system, a switch, groups of 
Subscribers' lines terminating in said switch, links 
terminating in Said Switch, means for establish 
ing a connection from any one of the lines in 
any one of Said groups of lines to any particular 
iine in any one of Said groups through a link, 
and means responsive to the calling of a certain 
line in any one of said groups for establishing 
a Connection through a link from the caling 
line to another line in the group of lines in which 
Said certain called line is located if said called 
line is busy. 

3. In a telephone System, a cross-bar switch, 
Subscribers' lines terminating in said switch, some 
of Said lines arranged in pairs, links terminating 
in Said Switch, means for establishing a connection 
from any One of Said lines to any particular other 
one of Said lines through an idle link, and means 
responsive to the calling of a particular line of a 
pair of lines for establishing a connection through 
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an idle link from the calling line to the other line 
of said pair if said particularly called line is busy. 

4. In a telephone system, a cross-bar switch, 
subscribers' lines terminating in said Switch, links 
terminating in said switch, means for establishing 
a connection from any one of said lines to any one 
of the other lines terminating in said Switch 
through an idle link, means for establishing a con 
nection from any one of said lines to a particular 
one of said lines through an idle link, and means 
operated if said particularly called line is busy for 
establishing instead a connection to another line 
through said idle link. 

5. In a telephone system, a cross-bar switch, 
subscribers’ lines arranged vertically in said 
switch, links arranged horizontally in said switch, 
trunks arranged horizontally in said Switch, means 
for establishing a connection from any calling line 
to any other line through a link, a key at each 
subscriber's station for each trunk, and means 
operated by a calling subscriber removing his re 
ceiver from the Switchhook and actuating a trunk 
key for establishing a connection from said call 
ing subscriber's line to a corresponding trunk. 

6. In a telephone System, a cross-bar Switch, 
subscribers' lines terminating in said switch, links 
terminating in said Switch, means for establishing 
a connection from a calling line to any other line 
through an idle link, a relay associated with each 
line, means for operating the relay associated with 
the line when said line is busy, means responsive 
to the calling of a first line in a certain group 
of lines if said first line is busy and the associated 
relay is operated for establishing a connection 
through an idle link from the calling line to a 
Second line in said group. 

7. In a telephone system, a cross-bar Switch, 
lines terminating in said Switch, links terminating 
in said Switch having a calling branch and a 
called branch, means for establishing a connection 
from a calling line through the calling branch of 
an idle link, means thereafter responsive to digits 
represented by series of selective impulses in 
coming over the line for extending the connection 
through the associated called branch of said link 
to any line corresponding to the particular digits 
Selected, a cut-off relay associated with each line, 
means for operating the relay aSSociated with a 
line when said line is busy, means operative 
after the digits representing a first line in a cer 
tain group of lines have been received for pre 
venting the extension of the connection to said 
first line if the associated cut-off relay is operated 
and for extending the connection to a second line 
in Said certain group. 

8. In a telephone system, a cross-bar switch, 
Subscribers' lines arranged vertically on Said 
SWitch, links arranged horizontally on Said SWitch, 
trunks arranged horizontally on said switch, 
means for establishing a connection from any 
calling line to any other line through an idle link, 
a key at each subscriber's station for each trunk, 
a trunk holding key at each subscriber's station, 
means operative by a calling subscriber removing 
his receiver from the SWitchhook and actuating 

9 
a trunk key for establishing a connection from 
said calling subscriber's line to the corresponding 
trunk, means thereafter responsive on the Oper 
ation of the calling subscriber's trunk holding key 
for establishing a holding condition on the en 
gaged trunk, means for releasing Said calling 
subscriber's line from said trunk, and means 
thereafter Operative in response to the establish 
ing of a connection from any subscriber's line to 
said held trunk for removing said holding con 
dition. 

9. In a telephone system, a cross-bar switch, 
Subscribers' lines terminating in Said Switch, 
trunks terminating in said Switch, a key at each 
subscriber's station for each trunk, a trunk hold 
ing key at each subscriber's station, means oper 
ative by a calling subscriber removing his receiver 
from the Switchhook and operating a trunk key 
for establishing a connection between said sub 
Scriber's line and the corresponding trunk, means 
thereafter responsive to the operation of the 
calling Subscriber's trunk holding key for estab 
lishing a holding condition on the engaged trunk, 
means thereafter operative by the calling sub 
scriber replacing his receiver on the switchhook ; 
for releasing his line from said trunk, and means 
thereafter operative in response to the establish 
ing of a connection from any calling subscriber's 
line to Said held trunk for removing said holding 
condition. 

10. In a telephone system, a cross-bar switch, 
subscribers' lines terminating in said switch, links 
terminating in said switch, a key at each sub 
Scriber's station, trunks terminating in said 
SWitch, a key at each subscriber's station for each 
trunk, means responsive to a calling subscriber 
removing his receiver from the switchhook and 
operating said first-mentioned key for establishing 
a Connection between said calling Subscriber's line 
and a link, and means responsive to a calling sub 
Scriber removing his receiver from the switchhook 
and operating a trunk key for establishing a con 
nection from Said last-mentioned calling Sub 
Scriber's line to a corresponding trunk. 

11. In a telephone system, a cross-bar switch, 
Subscribers' lines terminating in said switch, links 
terminating in said Switch, a key at each sub 
Scriber's station, trunks terminating in said 
switch, a key at each subscriber's station for each 
trunk, means responsive to a calling subscriber 
removing his receiver from the Switchhook and 
Operating said first-mentioned key for establish 
ing a connection between said calling subscriber's 
line and a link, means responsive to digits repre 
Sented by Series of impulses transmitted from said 
calling subscriber's station over the connected link 
for connecting the seized link to a called sub 
scriber's line corresponding to the digits trans 
mitted, and means responsive to a calling sub 
Scriber removing his receiver from the switchhook 
and operating a trunk key for establishing a con 
nection from said last-mentioned calling sub 
scriber's line to a corresponding trunk. 

CHARLES D. KOECHLING. 
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