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Patented Jan. 14, 1935

UNITED STATES

2,027,463

PATENT OFFICE

TELEPHONE SYSTEM

Henry Melvin Bascom, Brooklyn, and Otio Al-
bert Friend, New York, N. Y., assignors to
American Telephone and Telegraph Company,
a corporation of New York

Application October 7, 1933, Serial No. 692, 676

14 Claims.

This" invention relates to telephone systems
and particularly to small capacity automatic
telephone systems.

An object of the invention is to provide im-

g Proved and economically arranged systems for
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automatically - establishing connections between

telephone lines by means of switching umts of
the cross-bar type.
Another object of the invention is to improve

-the flexibility of systems of this type whereby

additional lines might be added without mate-
rially increasing the cost of the system.

Heretofore systems have been- provided in
which a connection may be established from any
line to any other line in a ‘single cross-bar switch.
Systems of this kind have been shown in a
patent to L. R. Waller 1,567,308 of December 29,
1925, and in g copending application of W. W.
Carpenter and E. H. Clark, Serial No. 693,287,
filed Oct. 12, 1933, now Patent No. 1,991,183, of
Feb. 12, 1935. Other systems have been pro-
vided in which lines have been divided in groups
with one group accessible to & particular cross-
bar switch and in which link connecting means
have been used with the incoming end of each
iink individual to a particular cross-bar switch
while the outgoing end of each link is multipled
to appear in g plurality of cross-bar switches for
connecting to any called line in any cross-bar
switch. A system of this kind is shown in a
patent to S. B, Williams, Jr. 1,672,970 of Janu~-
ary 12, 1928. 1In still other systems provisions
have been made in which lines have been di-
vided in groups accessible in the same cross-bar
switchh through linking arrangements whereby
any line in any group may be connected to any
other line in any group. In'these systems an
incoming end of one idle link may be seized by
any calling line by connections made at two
points in the switch through an intermediate
link and any other called line may be connected
to an outgoing end of said link by connections
made at two other points in the switeh through
another intermediate link. A system of this
kind iIs disclosed in a patent to E. E. Hinrichsen
1,567,265 of Docember 292, 1925.

A feature of the present invention is a system
of these general types in which lines divided in
groups are accessible in the same cross-bar switch
through links whereby any line in any group is
connectible to any other line in any group di-
rectly through an idle link with a calling line con-
nected directly to an incoming or calling branch

-of the link at a single point and the called line

(CL 179—22)

connected directly to an outgoing or called
branch of said link at a single point.

Other features of this invention relate to ar-
rangements whereby one call may be originated
before a preceding call is compieted and where-
by interference between the originating and com-
pleting of calls in progress at the same time is
avoided. The arrangements in this respect are
as follows:

A second call may be initiated as soon as the
connection for & first call has advanced %o the
stage where the calling line is connected to &
calling branch of an idle link,

Said second call may be initiated and the con-
nection therefore advanced to the stage where the
second calling line is connected to a calling
branch of another idle link until the time that
the connection for the first call is advanced to
the stage where the called line has been se-
lected for connection to a called branch of the
chosen link.

If such a second call is being made and the
first call connection is ready to be completed to
the chosen link, said connection for said second
call is permitted to advance to the stage where
the second calling line is connected to a calling
branch of another idle link at which time the
first call connection may proceed to be completed
after which the second csll connection may pro-
ceed to be completed,

If two calls are in progress at the same time
intended for completion tc the same subscriber,
the call that is first extended to the called line is
permitted to complete the cali while the other
call is permitted to be extended to the same sub-
scriber’s line bub the calling subscriber in this
case receives a busy signal.

If two calls are in progress at the same time
intended for completion to subscribers in different
groups but whose lines are solocated in the switch,
namely, in the same horizontal row, as to require
the operation of the same horizontal magnet to
complete the connections, said connections are
permitted to be completed. In this case the ar-
rangement is such that the connection for the
one call which advances first to the stage where
the called line has been selected for connection
to a called branch of the chosen link is given the
preference while the other connection for the
second call is delayed until the horizontal magnet
is released from use with the prior connection.

" The invention has been illustrated in the ac-
companying drawings in which:

Figure 1 shows in diagrammatic form the ar-
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rangement in three groups of lines and two links
in the same cross-bar switch;

Figs. 2, 3, and 4 arranged as shown in Fig, 5
show the details of the circuit arrangement for
the lines of two groups and one link in a single
cross-har switch.

An ordinary cross-bar switch of the type dis-

“closed in Patent 1,168,419 of January 18, 1916 to

J. N. Reynolds may be employed and has been
shown in Fig. 2 in diagrammatic form for two
groups of lines at S{ and S2 respectively. This
switch may be arranged for ten lines in group
St such as lines 11 to 10 terminate at cross-points
in contact sets for conmnection to link branches
arranged in four vertical rows and in group S2
such as lines 21 to 20 terminate at cross-points
in contact sets for connection to link branches
arranged in four vertical rows. Of the lines in
group St only 1 and 1€ have been shown and of
the lines in group S2 only 2f and 20 have been
shown. The circuits for the first link L{ only
has been shown completely, The calling
branches of this link have been shown in group
S1 at A and in group S2 at B while the corre-
sponding called branches of this link have been
shown at Al in group Si and at Bl in group S2.
The part of the circuit equipment common to a
number of links is shown at CM in Fig. 4 and the
circuit arrangement and apparatus individual to
the first link has been shown at L{, Fig. 3. The
line magnets for lines {1 and 21 and 10 and 20
have been shown at 18 and 9, respectively. That
is, one line magnet serves two lines in the same
horizontal row of the two groups. 'The link mag-
nets for link LI have been shown in group SI at
23 for connecting the calling branch A of the
link to a calling line in this group and at 24 for
connecting the called branch Al of the link to a
called line in this group, and in group S2 at 25
for connecting the calling branch B of this link to
a calling line in this second group and at 26 for
connecting the called branch Bi to a called line
in this second group. Corresponding link mag-
nets for a second link have been shown at 27 and
28 for group Si and at 29 and 30 for group S2.

Referring now specifically to Fig. 1, which shows
three groups Si, 82, and S3 with links L1 and L2
in the same cross-bar switch. The calling
branches of the link Lf terminate in all three
groups at cross-points arranged in vertical rows.
In group St the calling branch is marked A, in
group S2, B, and in group S3, C, while the called
branches of link LI terminate in all three groups
and are marked in groups Sf{, Al in group S2, Bi
and in group-S8, Ci. Similarly for link L2, the
calling branches have been marked D, E, and F,
in groups S{, S2, and S3, respectively, and the
called branches have been marked DI, El, and
Fl in groups SI, 82, and 83, respectively. In this
figure thirty lines have been shown, lines i to
I8 in group Si, 21 to 20 in group S2 and 3! to
30 in group S3. Certain of these branches have
been indicated with heavy lines and marked with
arrow points to designate calls, for example, the
link Li{ is shown as having established a con-
nection from line (8 over the calling branch A in
group Sl through the called branch Bl of group
S2 to line 27. Link L2 has been shown as hav-
ing established a connection from line 25 in
group S2 over the calling branch Ef and the called
branch DI to line 15 of the group Sf, thus in-
dicating that any line in any group may estab-
lish a connection to any other line in any group
through any link. The links are arranged so that

2,027,463

the link L{ has the preference and when this link
becomes busy, the link L2 will be used.

A description will now be made of the circuit
operations for a call originating with line 1 as
the calling line and terminating in line 10 as the
called line using link I.I. The various lines are
equipped with the usual cut-off and line relays
so that when line Il is seized by a calling sub-
scriber, the line relay 31 is operated over a cir-
cuit from battery and ground, both of its wind-
ings, contacts of the cut-off relay 32 and the
loop of line If. The operation of relay 31 closes
a circuit for the operation of the guard relay 33
for lines It to {0 in the common equipment CM.
The circuit for this relay is controlled by a relay
34 in such a manner that when relay 34 is op-
erated, relay 33 can not operate. Similarly a
corresponding relay 35 for lines 21 to 20 can not
operate if relay 34 is operated so that if a call
from any of the lines 21 to 20 comes in during
the setting up of a connection from line (1, this
connection has to wait until line 11 has completed
a connection. In the same manner any line in
the group I to {0 if calling would be prevented
from establishing a connection or disturbing the
call by line Il as long as relays 34 and 33 are
operated. Relay 34 operates due to the operation
of relay 33 to contacts closed through a second
winding of relay 33 and thus remove the battery
from the first winding of relay 33 as well as re-
lay 35. Relays 33 and 34 are locked to giound
at contacts of relay 3f. Relay 3/ in operating
also closes a circuit for the operation of the proper
line magnet, in this case line magnet (8. The
circuit for this magnet may be traced from bat-
tery, contacts of relay 37, one winding of magnet
18, contacts of relays 38, contacts of relay 31,
contacts of relays 33 and 34 to ground at the
centact of relay 39 of the common equipment CM.
The magnet (8 in operating closes an obvious
circuit for the operation of relay 371 to remove
the battery from the other magnets and this relay
is locked in series with the second winding of
magnet 18 to ground at relay 33. Thus no inter-
ference for the establishing of one connection
may be caused by any other line calling. The
operation of relay 37 closes an obvious circuit
for the operation of relay 41 and this relay in turn
closes a circuit for the operation of the link mag-
net 23 for the calling branch A of link Lf from
battery through the winding of this magnet, con-
tact of relay 39, relays 33 and 4! to ground. The
operation of this magnet and the magnet 18 now
therefore causes the connection to be established
between the calling line, tip, ring and sleeve con-
ductors to the tip, ring and sleeve conductors of
the calling branch A of the link L.

It should be noted that at each cross point a
fourth connection is made to ground for the two
branches of a link. The purpose of this con-
nection will become apparent in connection with
the following description hereinafter related to
revertive calling from party lines. It should be
noted also that the sleeve conductor of the calling
branch of link Ll is connected to ground and
consequently this now causes the operation of
the cut-off relay 32 of line | which in turn causes
the release of the line relay 3( of this line. This
line relay in turn causes the release of relays 33
and 34, line magnet (8 and relay 31. Relay 371
causes the release of relay 41 to open the original
energizing circuit for the link magnet 23, but this
magnet is held operated through its locking wind-
ing and operated contacts over a circuit extend-
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{ng through the winding of relay 48 to ground at
contacts of relay 44. \
It should be noted that this relay by this time

will be operated due to the operation of relays.
45 and 46 from the calling subscriber’s loop over

the tip and ring conductors and the calling
branch of link Li through the windings of these

" relays to battery and ground, respectively. These

relays in operating close a circuit for relay 44.
The locking circuit just traced for magnet 23 as
stated extended through the winding of relay 43
so that this relay will now also operate and close
an obvious circuit for the operation of relay 39.
Relay 39 closes an obvious circuit for the opera-
tion of relay 4. Relay 49 in operating removes
a ground from the locking circuit for the magnet
23 which may be provided in case relay 44 does
not operate in time before the original energizing
circuit for magnet 23 is opened. Relay 39 in op-
erating transfers the connections for the link
magnets for the calling branches A and B to the
corresponding link magnets of the second link.
Therefore if a second call is made and link L{ is
busy the connections from relays 33 or 35 will be
extended through the operated contacts of relay

.39 to the calling magnets of the second link

through contacts of a relay corresponding to re-
lay 89. .

‘When the tip conductor cireuit is closed tc the
calling subsecriber’s line a connection is estab-
lished through a repeating coil §¢ to a dial tone
source 52 and off normal contacts of & stepping
switch Rl so that & dial tone will now be trans-
mitted to the calling subscriber indicating that
the switches are ready for the reception of im-
pulses. In the equipment for the link L{ as well
as the succeeding link L2 there is provided three
separate switches Ri, R2 and R3 of the single
bank step-by-step type. The stepping magnet
for switch Rl is 53, for R2 54, and for R3 5§,
The stepping switch Rf is for the purpose of
selecting the link magnet for the called branch
in the group S{ or S2 depending on what group
the calling line is located and the step-by-step

; switch R2 is for the purpose of selecting g linec

magnet, while step-by-step switch RS is for the
purpose of selecting the ringing code. If now
the calling subscriber dials 1 or 2 impuises to
select the group of lines {1 to i8 or 21 to 28 relays
45 and 46 will operate and release in accordance
with these impulses. Relay 45 may or may not
release as it does not necessarily follow the im-
pulses. The purpose of these two relays is to
provide a longer holding time for relay 44 so that
this relay may be maintained operated during
pulsing. Relay 46 is the relay that controls the
pulsing and on the first release of this relay g
circuit is completed for the operation of the
stepping magnet 53 of switch R{ and relay 56 over
2 circuit from battery through the windings of
magnet 53 and relay 56 and the off-normal con-
tacts of the switch R{ through contacts of relays
44 and 48 to ground. Relay 58 is operated and
maintained operated during the pulsing, After
the first step of the switch R the off -normal con-
tacts operate to establish a circuit to the stepping
circuit of magnet 53 and relay 56, over contacts
of relay 56, off-normal contdcts operated by the
first step of the switch to the ground at relay 46
so that the succeeding impulses will maintain
relay 56 operated due to its slow release char-
acteristics. At the end of this series of impulses
relay 56 releases and a connection is established
through its armature and back contact for the
magnet 54 of switch R2 and relay 57 so that the

"impulses.

3

next series of impulses will operate the magnet
54 of switch R2 and maintain relay 57 operated
during dialing over a circuit which may be traced
from batiery through the windings of magnet 54
and relays 57, off-normal contacts of switch R2,
armature and back contact of relay 56, off-normal
contacts of switch R1 to contacts of relays 44 and
48, the off-normal contacts of switch R2 operat-
ing the same as those of switch R to transfer the
stepping circuit through contacts of relays §7.
The second series of impulses selects the desired
line in the group selected by the first series of
Relay 57 in operating closes an obvious
circuit for the operation of relay 58. The pur-
pose of this relay will become apparent as the
description proceeds.

At the end of the second series of impulses, re-
lay 57 releases and a circuit is completed for the
operation of relay 59 from battery through the
winding of this relay, contacts of relay 66, con-
tact of relay 61, off-normal contacts of switch R2,
and contacts of relay 57 to ground. Relay 59 in
operating closes a circuit for the operation of re-
lay 62 from battery, make-befcre~break contacts
of relay 62, contacts of relay 59, to the ground at
relay 37. Relay 62 closes @ circuit for the op-
eration of relay 63 and 38 from battery through
the winding of relay 2§, contacts of relay 62,
winding of relay 63 to ground. Relay 38 in oper-

ating opens the circuits for all the ten line mag- -

nets, such as {8 and {9, leading to the line re-
lays of the two groups of ‘lines so that any line
calling can not now operate any corresponding
line magnet on the operation of ifs line relay
while this selection is taking place. The operg-
tion of relay 68 closes a circuit from- ground

10

20

o
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through its contacts, the brush of switch RZ, the . -

tenth terminal and the tenth line magnet (§ to
battery at the contacts of relay §7. Magnet 19 in
operating closes an obvious circuit for the op-
eration of relay 387 and the magnet and the re-
iays are held operated from ground at contacts of
relay 68. The operation of relay 37 closes a con-
nectiont from the operation of the magnet for
the connector branch of link L{ as the first digii
was 8 indicating the first group of ten lines.
This circuit may be traced as follows: Battery,
winding of link magnet 24, the first terminal ang
brush of switch R, contacts of relay 63, contacis

of relay 37 to ground. Magnet 24 is locked over :

a circuit through its second winding. 'This cir-
cuit extends through the winding of reley 6f
which operates in series with the locking wind-
ing of magnet 24, ground for this circuit being

supplied by contacts of relay 44. As the called -

line was located in group Sf magnet 26 was op-
erated. ¥ad the called line been located in
group S2, the link magnet of .the connector
branch of link L{ in group S2 would have been
operated, that is magnet 26. Relay 6! in operat-
ing closes a circuit for the operation of relay 65
from battery through the winding of relay 8§,
contacts of relay 61 to ground and relay 65 causes
the operation of relay 72, which locks to relay 44.
The purpose of the operation of these relays will
become apparent hereinafter. The operation of

40

43

60

relay 61 also closes anotber circuit for the main- ¢

taining of relay 89 operated and opens the circuit
for relays 58 and 62. The release of relay 62
causes the release of relays 63 and 38 and the
relcase of relay 83 causes the release of mag-
net {8 and relay 37. A third series of impulses
are now transmitted for operating the switch R2
to celect a ringing code. This digit is necessary
for all lines regardless of whether they are party
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4
lines or not. The release of relay 51 completed
the pulsing circuit for the stepping magnet 55
and the relay 67 so that the next series of im-
pulses causes the stepping magnet 55 to operate
the switch R3 and maintain the relay 61 oper-
ated during pulsing. At the end of the pulsing,
relay 61 releases and a circuit is completed for
the operation of relay 68 from battery through a
contact of relay 61, off-normal contact of switch
R3, contacts of relay 69, winding of relay 68,
make-before-break contact of relay 68, the
pick-up contacts of the ringing interrupter 10 to
ground. Relay 68 in operating closes a holding
circuit for itself through its own front contact to
the holding cam to ground of the ringing inter-
rupter 70. The operation of this relay there-
fore now connects the ringing code to the called
line from the ringing source and a code cam in
the interrupter 10 through its contacts, the se-
lected terminal and brush of the switch R3, con-~
tacts of relay 68, contacts of relay 12, ring con-
ductor of the link through the cailed subscriber’s
set, back over the tip conductor, contacts of re-
Jay 12, contacts of relay 68 to ground. Relay 6%
is maintained operated for each ringing period.
At the end of each series it releases so that if the
called subscriber has answered at that time, a
circuit is completed through the called subscrib-
er’s loop, winding of relay 74 and inductance 15.
Relay 14 operates and closes a circuit for the
operation of relay 69 which is locked up to con-
tacts of relay 44 and thus prevents the further
ringing. The circuits are now in condition for
Talking battery for the calling
subscriber is supplied through the windings of
relays 45 and 46 and talking battery for the called
subscriber through the windings of the relays 74
and inductance 75.

In case the called line is busy when the con-
nection is made, ground would be present on the
sleeve lead thereof. This ground would then
cause the operation of the busy test relay 69
from battery through the make-before-breck con-
tact of this relay, contact of relay 12, contacts of
relay 16, to ground at the sleeve of the connector
branch of the link Li. Retay 69 would then in
operating provide a locking circuit for itself
through the ground at the contacts of relay 44
and apply a busy tone from the source at 18 over
the tip conductors to the calling line.

When the calling party replaces his receiver
on the switchhook, relays 45 and 46 release caus-
ing the release of relay 44. This relay in turn
causes the release of the connection through the
switch S1 by the release of magnets 23 and 24.
Relays 43 and 61 also release and in turn cause
the release of relays 39, 48, and 65. The release
of relay 44 also operates the various release mag-
nets 80, 81, and 82 for the switches R, R2, and R3
through 1{he off-normal contacts of these
switches, respectively.

In case of a revertive call, the busy tone is
disregarded and relay 186 is operated from battery
at the armature and back contact of relays 67
and the off-normal contacts of switch R3, winding
of relay 16, make-before-break contacts of this
relay, the revertive call lead through switch Sl
and the revertive lead of branches of the link
used to ground. The revertive call relay 76 in
operating provides a locking circuit for itself
to ground at contacts of relay 76 through contacts
of relay 74. In the meantime the calling sub-
scriber knowing that a revertive call is being
made is instructed to hang up his receiver. This
causes the release of relays 45 and 46 and 44. Re-

2,027,463

lay 44 in releasing causes the release of magnet
23 of the line finder branch and the calling line is
thereby released from the link, but the cut-off
relay 32 of the calling line is maintained operated
over a circuit from battery through the winding
of this relay, the sleeve lead through the con-
nector branch of the link LI and the sleéve cir-
cuit to ground at contacts of relay 76. Relay 44
causes the release of relay 69 and this in turn
causes the operation of the relay 12 from battery
through the winding of this relay, contact of
relay 69, contact of relay 65 to ground and relay
12 is locked in operated position through its own
contacts and ground at contacts of the revertive
call relay 16. The fact that relay 16 is operated
prevents the operation of the release magnets 80,
81, and 82 of the switches RI, R2, and R3, respec-
tively, so that the ringing code may now be trans-
mitted from the ringing code equipment T0

through the proper contacts of switch R3 to the

line over the connector branch of the link Li.
When the called subscriber answers, ringing re-
lay 68 when it releases, permits relay 14 to oper-
ate to provide talking battery for the calling and
called .subscriber. The operation of relay T4
opens the holding circuit for the revertive call
relay 16, which is thereby released so that the
link is in the same condition as when held by a
called subscriber after hanging up of the calling
subscriber. When conversation is finished over
this revertive call connection, the hanging up of
the subscribers’ receivers releases the link as
previously described.

Descriptions will now be made relating to the

arrangements whereby one call may be initiated 5

before a preceding call is completed and where-
by interference is avoided between the originating
and completing of calls in progress at the same
time.

A second call may be initiated as soon as the
connection for a first call has advanced to the
stage where the calling line is connected to the
calling branch of an idle link such as line branch
A in the present case. At this stage it will be
remembered that cut-off relay 32 is operated
which releases relay 31. This relay in turn re-
leases relays 33 and 34. Relay 34 in releasing
restores battery to the circuit for relay 33 so
that when a second call is now made the line
relay of the calling line, corresponding to line
relay 31, may be operated to initiate the second
call. .

It should be noted that such a second call may
be initiated and the connection therefor advanced

to the stage where the second calling line is con- :

nected to a calling branch of another idle link,
from the time on as mentioned above until such
time that the connection for the first call is ad-
vanced to the stage where the called line has been
selected for connection to the calling branch of
the chosen link, that is, when the dialing has
been completed as at this time relay 38 is oper-
ated to prevent the operation from this time on
of the line magnet of any second calling line.
Should such a second call be in progress and the
first call connection has in the meantime he-
come ready to be completed to the chosen link,
that is, if dialing has been completed for such a
first call, such second call is permitted to advance

to the state where the second calling line is con- 7

nected to a calling branch of another line idle
link before the first call connection is allowed
to proceed further. The reason for this is that
relay 38 cannot be operated due to the fact that
if a second line magnet is operated relay 371 is
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imamediately operated which prevents the circivii
for relay 62 from being completad and this latter
relay in turn is prevented from operating relay 38
in secies with relay 63. Relay 63 is the relay
that controls the completion of the first call con-
nection to the calling branch of the link chosen by
the first call.

It should be further observed that if two calls
are in progress at the same time for completion to
the same subsg¢riber the call that is first to be
extended to the called line is permitted to com-
plete the call while the other call is permitted to
be extended to the same subscriber’s line but the
calling subscriber in this case receives the busy
signal by the operation of relay 69, as hereinbe-
fore described in connection with calls to a busy
subscriber,

In case two calls are in progress at the same
time intended for completion to subscribers in
different groups but whose lines are so located in
the switch, namely, in the same horizontal row
as to require the operation of the same horizontal
magnet to complete the connection, said connec-
tions are permiited to be completed. In this case
the arrangement is such that the connection for
the call which advances first to the stage where
the calling line has been selected by the opera-
tion of the line magnet for connection to a
called branch of the chosen link is given prefer-
ence while the other connection for the second call
is delayed in the manner described hereinbefore
until the line magnet is released from use with
the prior connection.

What is claimed is:

i. In a telephone system, a cross-bar switciy,
lines appearing in groups in separate sections of
said switch, links having a calling branch and
g called branch appearing in each section of said
switch, means for connecting a calling line to a
called line through an idle link with the calling
line connected directly to a calling branch of
said link and the called line connected directly
to a called branch of said link at two connecting
points only of said switch, and means for origi-
nating one call through said switch before an-
other is completed, and means for preventing
interference in said switch between calls in pro-
gress at the same time.

2. In a telephone system, a cross-bar switch,
lines appearing in groups in separate sections of
said switch with one line in each group appearing
in the same horizontal row, a line magnet for
each set of lines in the same row, links having
a calling branch and a called branch appearing
in each section in vertical rows, a magnet for
each branch, means for connecting a calling line
to a called line through an idle link including the
operation temporarily of the line magnet of the
calling line and the operation permanently of the
magnet for the calling branch of said link in the
section where the calling line appears to con-
nect the calling line to said branch at a single
connecting point of said switch and including
the operation temporarily of the line magnet of
the called line and the operation permanently of
the magnet for the called branch of said link in
the section where the called line appears to con-
nect the called line to said called branch at a
single connecting point of the switeh, and means
for originating one call through said switch be-
fore another is completed without interfering
with the use of the line magnets in originating
the first call and completing the second call.

3. In a telephone system, a cross-bar switch,
lines appearing in groups in separate sections of

5
said switch, links having a calling branch and a
called branch appearing in each section. of said
switch, means for connecting 'a calling line to a
called line through an idle link with the calling
line connected directly to a calling branch of
said lnk and the called line connected directly
to a-called branch of said link at two connect-
ing points only of said switch, and means for
originating a second call connection through said
switch as soon as the first call connection has
advanced through said switch to the stage where
the first calling line has been connected to a call-
ing branch of an idle link.

4. In a telephone system, a cross-bar switch,
lines appearing in groups in separate sections of
said switch, links having a calling branch and
a called branch appearing in each section of said
switch, means for connecting a calling line to a
called line through an idle link with the calling

line connected directly to a calling branch of o

said link and the called line connected directly
to a called branch of s2id link at two connect-
ing points only of said switch, a relay, means for
operating said relay when a calling line is origi-

‘nating a call through said switch, means for re-

leasing said relay when said calling line has
been connected to a calling branch of an idle link,
and means controlled by said relay for permit-
ting a second call through the switch to be origi-
nated when said relay is released.

5. In a telephone system, a cross-bar c-vitch,
lines appearing in groups in separate sections of
said switch, links having a calling branch and
a called branch appearing in each section of said
switch, means for connecting s calling line to a
called line through an idle link with the calling
line connected directly to a calling branch of
said link and the called line connected directly
to a called branch of said link at two connect-
ing points only of said switch, and means for
originating a second call connection through said
switch from the time a preceding call connection
has been extended to a calling branch of an idle
link until the time said preceding call connec-
tion has been advanced to the stage where the
called line has been selected for connection with
a called branch of the chosen link.

6. In a telephone system, a cross-bar switch,
lines appearing in groups in separate sections of
said switch, links having a calling branch and
a called branch appearing in each section of said
switch, means for connecting-a calling line to a
called line through an idle link with the calling
line connected directly to acalling branch of
said link and the called line connected directly
to a called branch of said link at two connect-
ing points only of said switch, a relay, means for
operating said relay when a first call connection
has advanced to the stage where a called line has
been selected for connection to a called branch
of the chosen link, means for originating a sec-
ond call connection while said first call connec-
tion is in progress through the switech any time
after the said first call connection has advanced
to the stage where said first calling line has
been connected to a calling branch of the idle
link until said relay is operated.

7. In a telephone system, a cross-bar switch,
lines appearing in groups in separate sections of
said switch, links having a calling branch and
a called branch appearing in each section of said
switch, means for connecting a calling line to
2 called line through an idle link with the ecall-
ing line connected directly to a calling branch
of said link and the called line connected direct-
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1y to a called branch of said link at fwo con-
necting points only of said switch, and means for
originating a4 second call connection_while -the
first call connection is in progress through the
switeh and for preventing completion of the first
call connection until the second call connection
has advanced to the stage where the second call-
ing line has been connected to a calling branch
of a second idle link.

8. In a telephone system, a cross-bar switch,
lines appearing in groups in separate sections of
said switch, links having a calling branch and a
called branch appearing in each section of said
switch, means for connecting a calling line to
a called line through an idle link with the call-
ing line connected directly to a calling branch
of said link and the called line connected directly
to a called branch of said link at two connecting
points only of said switch, means for originating
s second call connection while the first call con-
nection is in progress through the switch if said
first call connection has been advanced to the
stage where it has been extended to a calling
branch of an idle link, a relay, means for operat-
ing said relay when a second call connection is
originated through the switch, means for releas-
ing said relay when said second call connection
has been extended to a calling branch of a second
idle link, and means for preventing completion of
the first call connection while said relay is
operated.

9. In a telephone system, a cross-bar switch,
lines appearing in groups in separate sections of
said switch, links having a calling branch and
a called branch appearing in each section of said
switch, means for connecting a calling line to
a called line through an idle link with the calling
line connected directly to a calling branch of said
link and the called line connccted directly to
a called branch of said link at two connecting
points only of said switch, and means for originat-
ing a second call connection before a preceding
call connection is completed to the same called
line, means for completing both call connections
in the order in which they are originated, and
means for transmitting a busy signal to the
second calling line on the completion of the sec-
ond call connection to the same called line.

10. In a telephone system, a cross-bar switch,
lines appearing in groups in separate sections of
said switch, one line in each group appearing in
the same horizontal row, a line magnet for each
set of lines in the same row, links having a call-
ing branch and a called branch appearing in
each section, means for connecting a calling line
to a called line through an idle link including
the temporary operation of the line magnet of
the calling line and of the called line with the
calling line connected to a calling branch of an
idle link directly at a single connecting point of
said switch and with the called line connected
to a called branch of the chosen link directly at
a single connecting point of said switch, means for
originating a second call connection to said switch
before the first call connection is completed to
the same called line, and means for operating the
line magnet of said called line, once to complete
the first call connection and a second time to
complete the second call connection to the same
called line, and means for transmitting a busy
signal to the second calling line on the com-
pletion of the second call connection to the same
called line.
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11. In a telephone system, & cross-bar switch,
lines appearing in groups in separate sections of
said switch with one line in each group appear-
ing in the same horizontal row, links having a
calling branch and a called branch appearing in
each section of said switch, means for connect-
ing a calling line to a called line through an
idle link with the calling line connected directly
to a calling branch of said link and the called
line connected directly to a called branch of said
link at two connecting points only of said switch,
and means for originating one call while a pre-
ceding call is in progress through the switch for
called lines appearing in the same horizontal row,
and means for completing said calls in the order
in which they are originated without interference,

12. In a telephone system, a cross-har switch,
lines appearing in groups in separate sections of
said switch with one line in each group appear-
ing in the same horizontal row, a line magnet for
each set of lines in the same horizontal row,
links having a calling branch and a called branch
appearing in each section of said switch, means
for connecting a calling line to a called line
through an idle link including the temporary
operation of the corresponding line magnet as
line magnets with a calling line connected at a
single connecting point in the switch to a calling
branch of an idle link and a called line con-
nected at a single connecting point in the switch
to a called branch of the chosen link, means for
originating one call while another is in progress
for called lines appearing in the same horizontal
row, and means for operating the corresponding
line magnet once for completing the first originat-
ing connection and a second time for the comple-
tion of the later originated connection without
interference.

13. In a telephone system, a cross-bar switch,
lines appearing in groups in separate sections of
said switch, links having a calling branch and a
called branch appearing in each section of said
switch, means for connecting a calling line to
a called line through an idle link with the call-
ing line connected directly to a calling branch of
said link and the called line connected directly
to a called branch of said link at two connecting
points only of said switch.

14. In a telephone system, a cross-bar switch,
lines appearing in groups in separate sections of
said switch with one line in each group appearing
in the same horizontal row, a line magnet for
each set of lines in the same row, links having a
calling branch and a called branch appearing in
each section in vertical rows, a magnet for each
branch, means for connecting a calling line to
a called line through an idle link including the
operation temporarily of the line magnet of the
calling line and the operation permanently of
the magnet for the calling branch of said link in
the section where the calling line appears to
connect the calling line to said branch at a
single connecting point of said switch and in-
cluding the operation temporarily of the line
magnet of the called line and the operation per-
manently of the magnet for the called branch of
said link in the section where the called line
appears to connect the called line to said called
branch at a single connecting point of the switch.

HENRY M. BASCOM.
OTTO A. FRIEND,
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