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1

~ This invention relates to a path-selection-con-
trol arrangement for a primary-secondary
switching system. :

Its principal object is to provide an improved
control arrangement for path selection which
enables the overall switching-control operations
to be completed within a shorter interval of
time.

It has been chosen to disclose the invention
as applied to the switching system disclosed in
the pending application of Bellamy and Bowser,
for a Primary-Secondary-Spread Crosshar Tele-
phone System, Serial No. 85,292, filed April 4,

1949. This Bellamy and Bowser application will-

hereinafter be termed the “former” application,
system, or disclosure.

I. GENERAL DESCRIPTION

In the noted former application, operations by
which available idle paths are determined, and
a preferred one is selected, are referred to as
matching. Matching is but one of a series of
control operations which are performed by
switching-control apparatus to extend a con-
nection across a frame of primary and second-
ary switches. Since the noted control apparatus
is common to all circuit paths through the frame,
and handles calls on a one-at-a-time basis as
noted in the former application, it is necessary
that the time during which a connection in
progress monopolizes the common control ap-
paratus be held to a minimum to avoid conges-
tion during busy periods. In the system of the
former application, the starting of the matching
operation is withheld until the concerned sub-
scriber line is completely identified if a calling
line, or is tested and found to be idle if a called
line. While this arrangement insures that the
matching operation will be of utility when per-
formed, it often delays completion of the overall
controlling operations for certain ones of them
cannot be performed until after the matching
operation has been effected.

The principal feature of this invention is that
the matching operation is started incidental to
the bringing into the controlling apparatus, for
test, all of the connection-path sections (links
and trunks) necessary for the extension of the
desired connection to or from a subscriber line,

rather than waiting for specific information re-

. garding the concerned subscriber line.
Other objects and features of the invention
will appear as the description progresses.

IA. THE DRAWINGS
The accompanying drawings, comprising Figs.
1.to 21, disclose a preferred embodiment and two

2

additional embodiments of the invention as

- follows:

15

Fig. 1 shows three interconnected telephone ex-
changes A, B, and C, of which exchange B con-
tains telephone switchboard apparatus embody-
ing the features of the invention;

Fig. 2 is a single-line block diagram of ap-
paratus in exchange B which is employed in ex-
tending connections to and from lines of the ex-
change and in extending connections to and from
trunks interconnecting exchange B with ex-
changes Aand C; -

Fig. 3 (Parts 1 to 4) is a complete single-line .
trunking diagram showing the relationship be-
tween the crossbar switches employed to extend
connections to and from lines and trunks of ex-
change B of Fiigs. 1 and 2;

Figs. 4 to 7, taken together, comprise generally

. & redrawing of Fig. 2 to show in more detail the
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circuit paths and intimately associated electri-
cal equipment employed in extending the talking
connections indicated in Fig. 2; Fig. 4 shows ap-
paratus on line-link frame A-of Fig. 2; Fig. 5
is a partial circuit diagram of block-coupler
equipment on the block-link frame; Fig. 6 shows,
with some amplification, the remaining appara-
tus of the block-link frame as shown in Fig. 2;
and Fig. 7 shows in more circuit detail the ap-
paratus on line-link frame B of Fig. 2; .

Fig. 8 is g partial circuit diagram of the line-
controller switches showing in detail only the
circuit parts which differ from those of the line-
controller switches of the former application;

Fig. 9 (Parts 1 to 5) is a circuit diagram of
the line controller on any line-link frame;

Fig. 10 (Parts 1 to 7) is a circuit diagram of
the block controller on the block-link frame:

Fig. 11 shows the block controller of Fig. 10
modified according to the second embodiment of
the invention;

Fig. 12 shows the line controller of Fig. 9 modi-
fied according to the second and third embodi-
ments of the invention; )

Fig. 13 shows the block controller further
modified according to the third embodiment of
the invention; and

Figs. 14 to 21 show the way in which the sheets
of drawings on which Figs. 1 to 13 are drawn,
should be arranged in order to be understood
best.

IB. GENERAL OPERATION (FiGs. 1 AND 2)

Fig. 1 shows three exchanges A, B, and C. As
indjcated, exchanges A and C are each connected
with exchange B by trunk lines over which con-
nections in each direction can be established.
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The apparatus indicated in Fig. 2 is all located
in exchange B of Fig. 1

In Fig. 2, the apparatus of exchange B in-
cludes the main distributing frame M. D. F,,
through which the subscriber lines and the
trunks are interconnected with the switchboard
apparatus; four line-link frames A, B, C, and
D, of which line-link frames A and B are shown
at 250A and 2598B; a block-link frame shown
at 251; and a trunk-coupler frame shown at 252.

The general purpose of the switching appa-
ratus of exchange B is to interconnect the sub-
scriber lines of the exchange with each other,
and with the inter-exchange trunk lines, as de-
sired, as well as to interconnect inter-exchange
trunk lines as desired. o

In the chosen embodiment -of - the ‘invention,

each -of the four line-link frames A to D termi-
nates 250 lines, providing a capacity of 1000
lines for the exchange.

Considering line-link frame A, for example, 1ts

function is to connect any calling one of the 250

subscriber lines which- it serves-with an idle one
of a group of originatihg trunks, such' as-trunk
203A,; and to intercennect any of its terminating

trunks, such as 20674, with ‘any called one of the

subsecriber lines connected with-the frame. For
this purpose line-link-frame A is-provided with
a number of line-link primary switches 8¢3A and
a number of line-link-secondary switches S00A.
The subscriber lines are brought-into the pri-
mary switches in the manner shown for calling
line 288, which is brought-in- through jumper
201 on the main- distributing frame M. D. F. to
its own individual vertical location on line-link
primary switch 880A.

The originating trunks extend from respective
vertical locations on the line-link secondary
switches, such as is shown for originating trunk
283A. The terminating trunks are connected to
their own respective - vertical locations on the
line-link secondary switches, such as is shown
for terminating trunk 20TA. The line-link pri-

mary and secondary switches are inter-connected-

by a suitable number of line links, one of which
is shown at 202A.

The specific interrelation between the line-link
primary and secondary switches via the line links
is shown in Fig. 3, Part 1.

The apparatus on line-link frame A further
includes line - controller apparatus comprising
line-controller switches 1800A and (1064, and
line controller 1280A. The line - controller
switches are (880A and 11804, and are inter-
connected with line controller {260A by a group
of control wires 240A.

The general purpose of the noted line-con-
troller apparatus is to control the interconnection
of lines with trunks through switches 880A and
90iA over two-way line links 202A. This gen-
eral control resides primarily in line controller
12004, shown in circuit diagram in Fig. 9.

The purpose of the line-controller switches
(shown in partial circuit diagram in Fig. 8) is
to interconnect line controller {208A with any
concerned line-link primary switch such as 808A
over conductors such as 211A and 212A.

Line-link frame B (shown at 250B) contains
apparatus similar to that of line-link frame A.
The correspondence is shown by employing the
letter B as a suffix for each reference character
applied at line-link frame B, whereas the lefter
A is used as a suffix for each reference character
applied at line-link frame A.

The purpose of the block-link frame, shown

at 251, is to extend connections received over in-
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coming trunks such as 2885, and over originating
trunks such as 2034, to an idle outgoing trunk
such as 2020 in a called group, or over an idle
terminating trunk such as 2018 to the line-link
frame terminating the called line. For this pur-
pose, the block-link frame is provided with a
number of block-link primary switches such as
1300 and with a number of block-link secondary
switches such as 1400, interconnected by block
links 286.

The .incoming and originating trunks such as
2085 and 203A are required to be suitably coupled
to the switchboard apparatus at the block-link
frame in order that the necessary digit informa-
tion as to call destination be recorded and acted
upon. This general function is assigned to block
couplers 588 individual to the respective incoming
and originating trunks. Incoming block coupler
500-I is connected individually with incoming
trunk 2085 by jumper "284’, while local block
coupler 500-1, is connected ~individually with
283A through jumper 204.
Respective conductor sets 205 extend the in-
coming and originating trunks 2885 and 203A
beyond the block couplers o vertical locations
on block-link primary switches 1383.

The outgoing and terminating trunks (such
as 2020 and 201B) exiend from respective ver-
tical locations on block-lmk secondary switches
1408,

The specific inter-relation between the block-
link primary and secondary switches via the
block links is shown ir the general trunking

diagram, Fig. 3, Parts 3 and 4.

General control over the primary and second-
ary switches on the block-link frame is exercised
by block controller 688, shown in complete cir-
cuit disgram in Fig. 10. When any connection
which has reached a block coupler is ready to
be extended, block-controller switch 1580 (shown
iri Fig. 68) operates to connect block confroller
1680 to the concerned block-link primary switch
such as 1385. The calling block coupler is there-
upon connected directly with block controlier
1609 through conductors in group 221.

If the eall being handled is an outgoing call
(one to be completed over an outgoing trunk
such as 2020) outgoing controller {708 is called
into play over an initial digit wire in group ID.
It is interconnected with the outgoing trunks
over respective conductors 221, and is intercon-
nected with the block controller over the con-
ductors in group 241. Its function is to deter-
mine which trunks in the called group are idle
and to appropriately relay that information to
the block controller.

When the connection being handled by the
block coupler associated with the block control-
ler is for a called line of the local exchange,
hundreds, tens, units, and stations digit informa-
tion already stored in the block coupler, is for-
warded to the block translator {830 over con-
ductor groups H, T, U, and ST. The general
purpose of the block translator is to determine
from the dialed digit information which of. the
four line-link frames A to D terminates the
called line, as well as the specific location of the
called line on such frame, and to transmit ap-
propriate translated information to the line-
controller apparatus on the called line-link
frame, according to the location of the called
line thereon. This information is transmitted:
over conductors in the concerned one of groups
223A to 223D.

The - line-controller apparatus on the called -
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line-link frame acts according to the. informa-.
tion received from the block translator to pre-
pare for the extension of the connection to the
specific called line. Among other things, this
line-controller apparatus indentifies the called
line-link frame at block controller 1688, follow-~
ing which the block controller and the line-con-
troller apparatus cooperate in extending a con-~
nection to the called line over an idle path. 'The
cooperation between the block controller and the
line-controller apparatus on the line-link frames
is controlled over respective conductor groups
222A to 222D.

IB1. Station S1 calls station S2

The subscriber. at station S{ on line 200, to
call the subscriber at station S2 on line 218, re~
moves his receiver, waits for dial tone from a
local block coupler; and then dials the directory
number of station S2, containing five digits,
termed initial, hundreds, tens, units, and sta-
tions.

When the receiver is removed at calling sta-
tion SI, calling line 289 is thereby bridged. in
the usual manner to operate the usual line relay
thereof in exchange B. This results in the oper-
ation of line controller switches [000A and
{100A to associate line controller 1200A with

line-link primary switch 800A at which the call-"
The line links (such as J

ing line terminates.
202A) serving primary switch 890A are there-
upon tested by the line controller {200A over
respective conductors 212A, and the associated
originating frunks, such as 203A, are tested over
respective conductors 213A. From these tests,
the line controller matches an idle path for ex-
tending the calling line to an idle block coupler,
the path over line-link- 262A and originating
trunk 203A, for example. When this oceurs, the
line confroller causes primary and secondary
switches 800A and 900A to effect a mechanical
selection of the matched line link 202A, and

10

20

40

energizes conductors 21 1A and 213A to close the -

appropriate stackups of contact elements in the
‘primary and secondary switches 800A and 900A
to extend the calling line over line link 2024 to
the local block coupler 588-L, to which originat-
ing trunk 283A is connected by jumper 204.
Line-controller switches 1008A and 11004, and
line controller 12898A are now returned to com-
mon use, leaving the calling line 200 connected
to local block coupler 580-L by way of line link
202A and originating trunk 203A.

Upon receiving a dial-tone signal over the es-
tablished ' connection, from the block coupler
500-L, the subscriber at calling station Si oper-
ates his usual calling device to transmit imulses
representing the fives digits in the directory
number of called station S2. They comprise an
initial digit indexing exchange B, and hundreds,
tens, units, and stations digits indexing the
called line and the called station S2 thereon.
These digits are recorded on respective registers
in the block coupler 509-L before any external
switchboard action occurs. As soon as the sta-
tions digit has been dialed, block-controller
switch 1860 associates block controller 1688 with
the primary switch (380 which serves block
coupler §00-L. At the same time, block coupler
500-I, is associated with block controller 15608
over the conductors in group 221. Also, at the
same time, the dialed hundreds, tens, units, and
stations digit information is transmitted to block
translator 1800 over the respectivé conductor
groups H, T, U, and ST.

50

55

60

70

(]

The block translator thereupon determines the
line-link frame which serves the called line (line-
link frame 250B), and transmits thereto (over
conductors in group 223B) translated digit infor-
mation indicating the primary switch (860B)
which serves the called line, and indicating the
specific vertical appearance of the called line on
that primary switch. When this occurs, line
controller 1200B identifies itself at block con-
troller 1600, and exercises a control over conduc-
tors in group 240B to cause line-controlier
switches 1000B and 1100B to position themselves
according to the switchboard location of the called
line. 'The line links (such as 202B) serving pri-

.mary switch 800B are now tested over respective

conductors 212B, and the testing information is
imparted to block controller 1680 over respective
conductors in group 222B. The sleeve conductor
2tiB of the called line 210, is now extended to
block controller 1606 over a conductor in group
222B, enabling the block controller o test the
called line to determine its busy or idle condition.

If the called line tests idle, the block controller
matches an idle path thereto over a block link

3 such as 208, a terminating trunk such as 261B,
-and a line link such as 202B. The biock links

and terminating trunks are tested over respective
conductors 225 and 226. '

When this available idle path between block
coupler 5301 and the called line has been de-
termined, block controller 1860 closes appropri-
ate select-magnet circuits to effect mechanical se-
lection of bleek link 206 at primary and second-
ary switches 1300 and 1400, and to effect me-

5 chanical selection of line link 202B at switches

8398 and 800B. When these selections have
been made, block controller {609 operates through
a conductor in group 221 to close the appropriate
cireuis path through primary switch 1399 to ex-
tend the connection to the selected block-link
206; operates over conductor 226 to cause the ap-
propriate connection to be closed in secondary
switch 14060 to extend block link 206 to termina-
ting trunk 207B, and to cause that trunk to be
extended to the selected line link 2028 by switch
990B, and. operates, over a conductor in group
222B, and over sleeve conductor 2118, to cause
the appropriate connection to be closed in pri-.
mary switch 800B to interconnect line link 2828
with the called line 210. :

‘Upon the foregoing operations having been
completed, local block coupler 560-L begins to
apply ringing current to the called line to sig-
nal the called station S2 thereon over the es-
tablished connection across the block-link frame
and across the called line-link frame, and the
items of common apparatus (block-controller
switch 1§08, block-controller {688, block trans-
lator 1880, and line-controller apparatus (8088
to 1200B) are promptly returned to common use,
leaving the connection intact between the calling
and called lines.

When the call has been answered, the subscrib-

-ers at stations S{ and 82 may converse as de-

scribed. When both subscribers have replaced
their receivers, block coupler 500_L opens front
and rear holding circuits which it had previous-
ly held closed, whereupon the existing connection
is broken at each of the switches 8004, 9004,
1380, 1400, 2008, and 800B.

IB2. Station 81 calls exchange C

When the subscriber at station S1 on line 208
desires to call a subscriber of exchange C, he re-
moves his receiver; waits for dial tone; and then
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dials-the directory number "of ‘the "subscriber in
exchange C. This directory number includes an
initial digit having a value assigned specifically
to lines of exchange C.

When the receiver is removed at calling station
81, the previously described operations occur on
line-link frame A to extend the calling line to an
idle block coupler. It may-be assumed again
that the calling line is-extended to block coupler
530_L over line link 202A and originating trunk
203A.

When the initial digit assigned specifically to
exchange C is dialed and recorded in block
coupler 508_L, a-connection is immediately there-

upon coinpleted over a wire ininitial digit group
ID for calling in outgoing controller 1700 and”

for setting it with specific regard to the trunks in
the group leading to the called exchange C. This
occurs coincidentally with the association of block
coupler 383-L with block controller 1600 over
conductors 221, and with the operation of block-
controller switch 1500 to associate block controller
1689 with primary switch 1300. When the block
controller and outgoing controller are both thus

called in together, the block confroller is adapied ¢

specifically to extend the connection to an idle
frunk in the called outgoing group.” The circuit
arrangements are such that the operations neces-
sary to cause the extension to be made occur with
sufficient rapidity that the calling subscriber is
not required to introduce an additional delay be-
fore proceeding to call the remaining digits in
the desired telephone number.

If block link 286 and outgoing trunk 2823 are
both idle (as shown by tesis made over respective
conducters 225 and 227) block controller 1860,
taking into account information imparted there-
to over conductors in group 241, may select that
path and condition switches 1300 and 1463 to
select block link 286 mechanically. Thereupon,
block controller 15600 causes appropriate cross
points to be closed in switches 1353 and 1430 to
interconnect block-coupler extension conductors
205 with cutgoing-trunk conductor 2020 by way
of block link 28§, thereby extending the calling
line through block coupler 500-L, to trunk cou-
pler 2064 on frame 252, and thence through
trunk-extension 2023 and jumper 2824 to the
trunk conductors outgoing tc exchange C. When
this occurs, block coupler B83-L ‘‘switches
through,” and the connection from the calling
line to the outgoing trunk is thereafter held by

trunk coupler 204(, which coupler includes ap-

paratus for repeating the succeeding digit im-
pulses over the trunk line to apparatus in ex-
change C, which may be similar to the switch-
board apparatus of exchange B. Coincidental
with the “switching through” operation ncted for
the block coupler, the items of common equip-
ment on the block-link frame (block-controller

switch 1588, block confroller 1808, and outgoing -

controller {780) are disassociated from the estab-
lished connection and are returned ig- common
use.

The connection established fromi the calling
line to the outgoing trunk is released responsive
to operations oceurring in trunk ecoupler 239f
when the receiver is subsequently replaced at the
calling station Si.

IB3. Calls from exchange A

When exchange B is called from exchange A,
the call from exchange A reaches exchange B

over an incoming trunk such as that illustrated.”
This “‘trunk -is extended ' through "parts 2082 "to~
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2085 and jumper 204’ to incoming block coupler
500-1, similar to the local block coupler except
that it preferably does not apply dial tone upon
being taken for use. The trunk line in question
may be seized in exchange A by operations pre-
viously described in connection with the seizure
of a trunk line extending from exchange B to
exchange C.

Following seizure of the incoming block cou-
pler, the call may be extended to exchange C
by the dialing of the appropriate initial digit at
block coupler 5086-I or may be extended to any
desired called line of exchange B by dialing the
appropriate initial digit, followed by the hun-
dreds, tens, unils, and stations digits in the di-
rectory number of the called line and station
thereon. The connection may be extended from-
block coupler 589-I to line 280 over conductor
group 232 and asscciated vertical location on pri-
mary switch 1385, and thence as hersinbefore de-
seribed for a call originated at local station Si.

II. GENERAL TRUNKING DIAGRAM (FIG. 3)

The general trunking diagram shown in Fig..;},
Parts 1 to 4, will now be explained,.

In Fig. 3, the switching and trunking plan for
the line-link frames and block-link frame of Fig.
2 are siown more completely.

ITA. THE LINE-LINK FRAMES

Referring now o Part 1 of Fig. 3, there are
ten primary switches 8§8A on line-link frame A,
of which the first two and the tenth are shown.
Each switch 848A has twenty-five vertical loca-
tions, or eross paths, to which twenty-five sub-
scriber lines are respectively connected as in-
dicated. EHach such switch has ten horizontal io-
cations, or longitudinal paths, to which ten line
links %82A arve respectively connected. Each
switch 808A may be described as a-25 x 10 three~
wire switeh, which is one having 250 three-wire
cross peints. The twenty-five subseriber lines
which may be connected to any such switch are
served in common by the ten associated two-way
line links 202A.

Line-link frame A has five line-link secondary -
switches 806A. 'These iive switches, in effect,
serve as ten separate secondary switches in that
each has its “horizonials” or longitudinal patins,
severed at the midpoint to provide two separate
groups of ten horizontals each. ‘That is, each
of the five secondary switches comprises a left
section L and & right section R, each section hav-
ing its own cressing vertical and horizontal paths.-
Five two-section secondary switches 8§88A are
more econcmical to produce, and require less
mounting space on the switchboard, than ten en-
tirely separate secondary switches.

The left and right sections -of secondary -
switches 80CA, considered in regular order from
#1 to #1¢, are referred to as the ten secondary
sections. Each secondary section has eight ver-
tical locations thereon, the first four of which-
serve as attachment points for respective termi-
nating trunks 207A, while the last four serve as
attachment points for respective originacing
trunks 283A. 'The iten secondary sections thus
provide for forty terminating trunks; and forty
originating trunks, for line-link frame A.

There are one hundred two-way line links
202A interconnecting the ten primary switches
800A with the ten secondary sections provided by
secondary switches 980A. These line links are, -
for conivenience, numbered -1 to 100 at their pri- -
mary-switch terminals. The line links inter-
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connect the primary switches with the secondary -

sections in a so-called standard spread, wherein

the ten line links of any primary switch extend
to respectively corresponding secondary sections,
and the ten line links at any secondary section
extend thereto from respectively corresponding
primary switches. More particularly, the links
{ to 10 extend from the respective horizontals
of the first primary switch 808A to horizontals |

of the respective secondary sections; the links

{1 to 20 extend from the second primary switch
800A to horizontals 2 at the respective secondary
sections; the links ! to 20 extend from the
second primary switch 8900A to horizontals 2 at
the respective secondary sections; and so forth
to the tenth primary switch 8068A, from which
line links 81 to {00 extend respectively to hori-
zontal locations 10 at the respective secondary
sections | to {0.

The forty originating irunks 203A which ex-
tend from verticals 5 to 8 of the ten secondary
sections on line-link frame A are considered, for
numbering and testing purposes, as comprising
four groups of ten. Originating trunks | to 10
(group 1) extend from verticals 5 of the respec-
tive secondary sections; trunks {{ to 20 (group
2) extend from verticals 6 of the respective sec-
ondary sections; trunks 2i to 30 (group 3) ex-
tend from verticals T of the respective secondary
sections; and originating frunks 81 to 40 (group
4) extend from verticals 8 of the respective sec-
ondary sections.

Similarly, the forty terminating trunks 20TA
incoming to line-link frame A from the block-

link frame are considered as comprising four :

groups of ten. The trunks in the four groups
extend respectively to verticals I, 2, 3, and 4, on
the ten secondary sections. The first ten termi-
nating trunks extend to the respective secondary
sections in regular order, the terminating trunks
in'groups 2, 3, and 4 connect to the secondary
section with a progressive slip of one. That is,
any terminating trunk in group 2, 3, or 4 is con-
nected to the secondary section next succeeding
the one to which the corresponding trunk of the
immediately preceding group is connected. This
slip in the connections of the four groups of
terminating trunks to the secondary sections is
for the purpose of enhancing matching possi-
bilities over the terminating trunks as will here-
inafter appear.

At line-link frame A, terminal groups 321A
and 322A are provided for the terminating and
originating trunks respectively, to serve as junc-
tion points between the conductors local to the
line-link frame and the cable conductors between
the line-link frame and the block-link frame.
Similar terminals for line-link frames B, C, and
D are shown at 32i1B and $22B, to 32{D and
322D. The originating and terminating trunks
203B angd 287B to 203D and 207D are connected
to these terminals.

1IB. THE BLoCK-LINK FRAME
Referring to Fig. 3, Parts 3 and 4, the crossbar

switehing apparatus on the block-link frame"

comprises ten primary switches 1308 and ten sec-
ondary switches {488. Each such switch is de-
scribed as a 20 x 20 three-wire switch. It has
twenty vertical locations or cross paths and ten
pairs of horizontal locations or- longitudinal
paths. ;
a lower path L: and an upper path U, each repre-
senting a separate block link 2086. FEach switch
{300. or 1400 terminates twenty trunks-on its

Each pair of horizontal paths contains-
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verticals and ten pairs of block links 206 on its
horizontals. There are two hundred block links
206, comprising 100 pairs which are spread by
pairs between the block-link primary and block-
link secondary switches 1308 and 1499 as pointed
out for the spreading of the one hundred single
line links 202A between the line-link primary
switches 800A and the secondary sections pro-
vided by line-link secondary switches 908A.,
That is, from any block-link primary switch {300,
the ten pairs of block links extend respectively
and in regular order to the secondary switehes
1409. The block links are used in pairs, rather
than singly as for the line links, because of the
greater traffic across the block-link frame.

Each primary switch 1368 has g group of
twenty block couplers associated therewith,
such as the block couplers 590-I and 5001, of
Fig. 2. These groups of block couplers are indi-
cated in Fig. 3 as 5006-! to 580—10. ¥ach such
group of block couplers is hereinafter referred
to as a séction of block couplers, or 4 block-~
coupler section, a separate section for each pri-
mary switch {300.

The originating trunks from line-link frames
A, B, C, and D are carried from the line-link
frames to the block-link frames over originating
trunk cables OA, OB, OC, and OD. These cables
terminate at terminal groups 323A to 223D.
Forty incoming frunks are contained in incom-
ing-trunk cable ITC, extending from trunk-
coupler frame 252 to the block-link frame and
terminating at terminals 3281. The three-wire
trunk sets incoming to the block couplers of sec-
tions 500—{ to 506—I10 extend thereto from re-
spective terminal sets 324—1 to 824—[0. Three-
wire jumpers 204 are extended from originating-
trunk and incoming-trunk terminals, as required,
to respective terminals in groups 324—I to
324—18. The indicated terminal groups 323A to
323D, 3231, and 324—| to 324—I10, are so located
on the block-link frame as to constitute an. inter-
mediate distributing frame on which jumpers 204

_can be run to connect desired available originat-

ing-trunk and incoming-~trunk sets of conductors
to respective block couplers only as required for
the actual handling of the traffic, and to enable
such trunks to be diversified among the several
sections of block couplers in any manner which
may from time to time prove to be advantageous.

The first 16 vertical locations on the ten sec-
ondary switches 1400 serve as respective origin
points for the 160 terminating trunks, forty to
each of the line-link frames A, B, C, and D. Ver-
ticals { of the ten secondary switches 1499 serve
as origin points for terminating trunks A! to
AlID, verticals 2 for trunks Aif to A20, verticals
3 for trunks A21 to A30, and verticals 4 serve as

_origin points for terminating trunks A31 to A49.

The forty terminating trunks Bi to B49 for line-
link frame B extend similarly from verticals § to
8 of switches {408; the forty terminating trunks
for line-link frame C extend from verticals 8

to 12; and the forty terminating trunks for line-
link frame D extend from verticals 13 to {§ of

secondary switches {4086.

Terminating-trunk cables TA, TB, TC, and TD
extend from terminals on the block-link frame
to the terminating-trunk terminals on the re-
spective line-link frames A, B, C, and D.

Verticals {7 to 20 of secondary switches {480
serve as origin points for the outgoing trunks
and outgoing branches of two-way trunks (such

in outgoing-trunk
cable OTC, '
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IIC. CAPACITY VARIATIONS

The capacity of the trunking plan -shown .in
Fig. 3, is capable of variations according to (1)
the number of lines required to be served, and
according to (2) the traffic demands of these
lines, such as the number of them demanding
simultaneous service during the so-called busy
hour.

If, for example, only 250 lines are required
initiglly for an installation, only line-link frame
A need be instalied initially, along with minimum
equipment on the block-link frame. Line-link
frames B, C, and D may be subsequently added,
all at the same time, or one at a time as required.
The initial minimum equipment on the block-
link frame may be added to as required incident
to the addition of line-link frames to the full
number illustrated.

At any line-link frame, line-link -primary
switches may he omitted when the full frame
capacity (250 lines) is not required. Omifting
any such line-link primary switech reduces -the
capacity of the line-link frame by twenty-five
lines. It is contemplated that all five secondary
switches 808A will always be provided on g line-
link frame irrespective of any reduction in the
number of primary switches. By this arrange-
ment, all ten line-links are maintained available
for use, at each installed primary switch 8904,

- and all originating and ferminating trunks re-
main available for use, which would not be the
case if one or more of the secondary switches
980A were omitted.

Since there is no expensive item of apparatus
(such as a bleck coupler) individually asscciated
with any terminating trunk, it is contemplated
that the entire forty ferminating trunks will be
provided for each line-link frame irrespective of
any light terminating traffic which may be ex-
perienced. In this manner the calls lost due to
non-availability of terminating trunks is held to
a minimum value, permitting the originating
trunks required to be equipped with the com-
paratively expensive couplers to be kept down to
a number which will just suffice to maintain the
total lost calls during the busy hour at a per-
centage figure not in excess of that specified for
the installation.

In the usual case, the total number of primary
switches 13A8 required on the block-link frame
is simply one-twentieth of the total number of
block couplers required teo handle theé originating
and incoming trafiic. That is, for each section
of twenty hlock couplers raeguired, a separate pri-
mary switch {384 is raguired to be installed. Ex-
perience with telepheone traffic indicates that the
entire ten primary switches 1368 will be required
only very rarely, even when the four line-link
frames A fo D are provided and are fully
equipped.

When an unrequired primary switch 1306 is
omitted, along with its associated section of block
couplers 5§28, the jumpers 284 are simply ar-
ranged to connect the originating and incoming
trunks in use to hlock couplers associated with
the installed primary switches {3886.

Preferably, all ten secondary switches 1408 are
installed on the block-link frame irrespective of
the number of primary switches 1388 in use.
Then, each installed primary switch (308 has
full use of its-ten pairs of block links 208, and
the number of terminating trunks per line-link
frame is not reduced, nor is the number of out~
going trunks reduced.
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_III.. COMPLETING CALLS (FIGS 1. TO T

-The operation of the system in completing
calls will now be described with particular refer-
ence fo Figs. 4 to 7, which show in more cireuit
detail certain of the anparatus of Fig. 2.

ITTA. Brocx CoUPLER 500-L:

A part of the circuit of block coupler 500-L of
Fig. 2 is shown in Fig. 5. Its full circuit arrange-
ment is assumed to be as shown in Fig. 5 of the
former application.

The illustrated relays are switch-through relay
501, back-bridge relay 5§32, line relay 583, reicase
relay 585, and ring-cutoff relay 507.

Digit registers IDR, HR, TR, UR, and SR are
indicated by circles associated with the common
groups of multipled digit wires in cables ID H,
T, U, and 8T, respectively.

IIIB. L.ocALLY-ORIGINATED CALLS

The operations inveolved in meaking locally-
originated calls from stations S!{ on line 2860
will now be described with reference to Figs. 4
to 7.

IIIB1. Initiation of cail

When the receiver (not shown) is removed at
calling station S{ of Fig. 4, the usual direct cur-
rvent bridge is closed across tip and ring condug-
tors T and & of line 290, thereby operating line
relay 801 to hold pilet contacts HP of the asso~
ciated hold magnet 483 on line-link' primary
switch 890A. Line relay 48! applies ground
through contacts of lockout relay 482 to mark
conductor M individual to the calling line, and
to fives conductor F which is common to the five
lines comstituting the fives group in which the
calling line is located,

Grounding fives conductor ¥ applies a ground
potential through fives resistor FR-1 to primary
conductor P which is common to the twernty-five
lines served hy primary switch 853A. There af¢
ten such wires P on line-link frame A, a sepa-

. rate one for each lines=link primary switch.

Grounding the conductieor P illustrated in Fig,
4 causes line controller 12084 {0 set line-control~
ler switches {808A and {{88A upon the calling
primary switch 880A and with specific referénes
to the group of five lines including the calling
line. TUpon being so set, the line-controller
switches ¢lose the indicated cpen points therein.
Line ¢ontroller 1289A now matches an idle path
from celling line 282 to an originating trunk.
This path may be assuméd to be over line link
202A to originating trunk 283A. The test cir-
cuit for line link 262A from line controilér 2004
is from line-test conductor L'T through COﬂtECta
of onie of the line-conircller switches to lik-
sleeve wire LS, connected to the sleeve of 207A.
The test is for an idle indicating battery poten-
tial on the sleeve of the link, which is supplied
through the illustrated resistor in the line con-
troller, link-battery wire LB, and confacts of one
of the line-controller switches. If line link 2§2A
is-busy, holding ground poctential thereon masks
the resistance-supplied battery potential, caus-
ing the link to test busy, but the idle indicating
battery potentiail is effectively received by the
line controller when the line link is idle.

‘When originating trunk 283A (being connected
to block coupler 580-L: through jumper 264) is-
idle the line controller {288A receives an idle
indicating battery potential over a circuit path
which includes match-test conductor MT-213A
through the left-hand winding of hold magnet
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408, sleeve conductor S of originating trunk 2034,
contacts { of release relay 595, and resistor 532.
On the other hand, when originating trunk 2934
‘is in use, the idle indicating battery potential on
its sleeve conductor 8 is replaced by ground po-
tential.

Upon maiching a path over line link 2!}2A to
originating trunk 283A, line controller {2084
grounds link-select magnet wire LSM closing a
circuit through contacts of one of the line-con-
troller switches and over select-magnet wire SM
for primary and secondary select magnets. 482
and 405 which are associated with the primary
end and with the secondary end respectively of
line link 202A. Select magnets 404 and 485 there-
upon operate to effect mechanical selection of
link 202A at primary switch 808A. and at second-
ary switch 908A. When select magnets 484 and
405 have both operated to effect the noted selec-
tion, battery potential from resistor. CR in line
controller {208A is extended through contacts
of magnets 405 and 424 and contacts of one of
the line-coniroller switches to the primary-sec-
ondary off-normal wire PS—ON leading to the
line controller.

Upon receiving battery potential over wire
PS—ON, line controller 1208A operates hold
magnets 403 and 406 to extend the calling line
over the selected line link 2024 to the matched
originating trunk 2083A. Hold magnet 493 is
operated by the line controller upon the applica-
tion of ground potential to the illustrated sleeve-
units conductor SU, which is extended through
contacts of one of the line-controller switches to
sleeve conductor S-211A (an extension of sleeve
conductor S of the calling line), and thence to
‘battery through hold magnet 483 and lockout
relay 482 in series. Upon operating, hold mag-
net 403 closes the illustrated stackup of contacts
of primary switch 808A to extend calling line
208 to line link 202A. Additionally, it opens iis
illustrated hold-pilot contacts HP to disconnect
line relay 40f (in the manner of the usual cut-
off relay), whereupon line relay 401 restores.

Lockout relay 402, upon cperating in series with
hold magnet 483, prepares for placing the asso-
ciated line in lockout condition if called upon so
to do.

10
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IIIB2. Seizure of block coupler 500-L

When block coupler 500-L is seized by the de-
scribed extension of a connection thereto from
calling line 200, over line link 2024, originating
trunk 202A, and jumper 204, line relay 508 oper-
ates over the calling line, through contacts { and
2 of relays 501 and 502. Line relay 503, at its
iront contacts I, operates release relay 585
through contacts 3 of relay 58i. At its contacts
|, release relay 505 transfers the sleeve conduc-

tors of originating trunk 283A from battery
through resistor 532 to holding ground. The

established connection, from the calling line to
the block coupler, is thereby maintained after
the line-controller apparatus of Fig. 4 has cleared
out.

As explained in the former application, dial
tone is placed on the calling line informing the
calling subscriber that the desired number now
may bhe dialed. The dialed digits are stored on
registers indicated by circles IDR, HR, TR, UR,

and SR.

40

Line controller (288A operates hold magnet 406 -

by applying ground potential directly to match-

test conductor MT-2(3A, closing a circuit through
the left-hand winding of hold maghet HM and
thence to battery through the resistor 532 in
block coupler 500-L: over the previously traced

path. Upon operating, hold magnet 468 con- !

nects conductors T, R, and S of line link 2024
respectively to the corresponding conductors of
originating trunk 2634, completing the exten-
sion of the calling line fo the calling trunk. At
the same time, hold magnet 486 locks it to ground
on its right-hand winding to sleeve conductor S
of trunk 203A. Initially the locking ground on
the sleeve wire is maintained on the left-hand
winding of hold magnet 488 and over the sleeve
conductor controlling the line. The line control~
ler 1280A maintains the operate circuits of mag-
nets 403 and 408 clesed for an interval suffi-
cient to permit the seized block coupler 580-I, to
return holding ground over the sleeve conductor
of the seized originating trunk 283A. Shortly
thereafter, line controller [288A clears out and
permits line-controller switches { {8¢A and [685A
to clear out, leaving the extended connection
held by ground applied to the sleeve conductor
thereoi by the seized block coupler.
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IIIBA. Outgoing calls

If an outgoing call is being made, as to exchange
C, this fact is marked by the- setting of register
IDR to select the desired group of outgoing
trunks. Thereupon, the common control appa-
ratus is rendered temporarily individual to the
calling block coupler; the block-controller switch
1500 is positioned on the primary switch 1360
which serves the calling block coupler; and the
single digit of stored information is transmitted
to the outgoing controller. The outgoing con-
troller 1700 and the block controller 1686 now
act together pursuant to matching a path across
the block-link frame to an idle outgoing trunk
in the called group.

IIIBAl. QOutgoing matching and path selection

If trunk 2020 is idle, an idlé path may be
matched thereto over a block link such as 205U
of the pair illustrated in Fig. 6. The idle condi-
tion of trunk 2020 is indicated in the outgoing
controller {700 by idle-indicating battery poten-
tial normally applied to sleeve conducitor S of
trunk 2020 by trunk coupler 2801 and reaching
the outgoing controller through the left-hand
winding of hold magnet HMi1 and match-test
conductor MT-221.. The busy or idle condition
of block links such as 206U and 206L is deter-
mined by the block controller over respective
sleeve conductors 225 extended thereto through
contacts of the block-controller switch (566,
Sleeve resistors RU and RL are connected re-
spectively to conductors 225 by the block-con-
troller switch, thereby applying idle-indicating
battery potential to each of them subject to being
masked by ground potential thereon at any block
link which is actually in use.

When the path over items 206U and 2028 has
been determined by the matching operation of
controllers 1608 and 1700, block controller 568
closes a circuit through contacts of block-con-
troller switch 1500 and over select-magnet wire
SM of principal select magnets 685 and 666 in
series. In order to effect selection of the matched
upper link 206U of the illustrated pair, as. distinet
from the lower link 2061 thereof, block controller
{600 closes a circuit from ground through the
upper auxiliary select magnet SMU-604 of pri-
mary switch {300 over the associated wire SMTJ
and contacts of the block controller switch, con-
ductors and contacts in the block controller, wire
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SMU leading to switch - 1480, and ‘thence to
battery through the upper auxiliary select mag-
net SMU-687. Auxiliary magnet 504 and 887
thereupon operate to complete the mechanical
selection of link 206UT.

An off-normal or pilot circuit now extends from
ground through off-normal contacts controlied in
common by auxiliary select magnets 683 and 664
of switch 1388, contacts of any one of the fen
principal magnets £0%, primary off~-normal con-
ductor PCN, contacts controlled by any one of
the ten principal select magnets 806, contacts
controlled in common by auxiliary select magnets
€607 and 608, and thence over secondary off-nor-
mal conductor SON to block controller (608.

ITIBA2. Trunk seizure and swiich-through

Upon receiving ground as noted over the as-
sociated conductor SON, block controller {593
closes circuits to effect the extension of the con-
nection through switches 1300 and i{480. Closure
of the switch {488 is responsive to the application

of ground potential to match-test conductor -

MT-227 by the block controller thereby closing
a circuit through the left-hand winding of hold
magnet 889 and thence over slesve conductor S
of outgoing trunk 2020 to battery in trunk coupler
2061. Hold magnet §09 thereupon locks its right-
hand winding to the associated sleeve conductor
3, at the same time closing it§ principal stackup
(vertically aligned with magnet §86) which par-
tially extends both block links of the illusirated
pair, and closing its upper auxiliary stackup U
(aligned with select magnet §81) to extend the
conductors T, R, and 'S, of block link 206U re-
spectively to conductors T, R, and S of the
matched outgoing trunk 2020.

The circuit closed by block controller 189§ for
effecting closure of the matched connection at
primary switch (308 is over circuit elements, not
shown herein, to switching conductor SW of Fig.
5, and thence to battery through the right-hand
winding of hold magnet HM2-602., Magnet §§2
locks its left-hand winding to ground on the as-
sociated sleeve conductor S of extension group
265, and at the same time closes its associated
principal and auxiliary stackups selected respec-
tively by magnets 605 and §904. Conductors T, R,
and S in group 205 are thereby extended respec-
tively to conductors T, R, and S in block link
2080, and thence through secondary switch 1469
as stated to the corresponding conductors in out-
going trunk 2620.

Hold magnet 682 grounds hold-pilot wire HP in
group 265, thereby closing an operate circuit
(not shown) for switch-through relay 501 of block
coupler 568-L.

At its contacts { and 2, relay 501 switches the
tip and ring conductors of the attached originat-
ing trunk through metallically to conductors T
and R of extension group 205, now -extended
across the block-link frame to the trunk coupler
298¢ (Fig. 7) associated with the seized outgoing
srunk. Tha line and release relays (not shown)
thereupon operate in the seized {trunk coupler,
whereby holding ground is applied to the sleeve
wire at that point to maintain the extended
connection.

Line and release relays 503 and 505 of the block
coupler now restore, leaving the established con-
nection held by the seized trunk coupler.

The impulses constituting the remaining digits
in the called number are repeated in the usual
manner at trunk. coupler:200i-of -Fig. 7.
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- TIIBA3. Qutgoing-coll. clearout

When trunk coupler.200f on the seized out-
going trunk clears out, responsive to the receiver
being replaced on the calling line, it responds
in the usual manner to remove ground potential
from the sleeve conductor of the established con-
nection, thereby breaking down the connection
hy releasing the primary and secondary hold
magnets 602 and 609 on the block-link frame
and lockout relay 402 and hold magnets 403 and
406 (Fig. 4) on the line-link frame. The release
of primary hold magnet 682 on the block-link
frame ungrounds the associated conductor HP to
release switch~through relay 504 of coupler 500-1,,
thereby clearing out the block coupler as de-
scribed in the former application.

HIBB. Terminating calls

Following the described seizure of block coupler
509-L, if the initial digit dialed and registered
on IDR is the one which indexes the local block
of one thousand line numbers, it is followed hy
hundreds, tens, units, and stations digits which
are registered respectively on registers HR, TR,
UR, and SR. Such digits are transmitied to the
block translator 1898 when the block controller
is called in for terminating operation.

IIIBB1. Testing the called line

Upon receiving the extended digit information,
the block translator transmits a suitably trans-
lated version of the hundreds, tens, and units
digits to the line controller on the line-link frame
at which the called line terminates.  The station-
digit information is used for ringing-control and
station-intercept purposes as explained in the
former application.

If the illustrated station S2 is the one called,
it is served by line-link frame B which includes
apparatus shown in Fig., 7. In this event, the
translated digit information is sent to line con-
troller 1200B over conductors in cable 223B.

On receiving the translated digit information
indicating which primary switch (primary switch
88¢B, Fig. 7) serves the line being called, and
indicating the fives and units location of the
cailed line thereon, line controller 12008 identi-
fies itself at block controller 1600 by a signal
transmitted over a conductor in group 222B and
positions line-controller switches 1840B and {008
in accordance with line-link primary switch 800B
and in accordance with the fives group thereon
in which the called line is located.

When switches {880B and 1180B have been set,
one of them extends the sleeve conductor S-21({B
of the called line over sleeve-units wire SU-2408
to line controller 1260B, whence it is extended
cver a conductor in eable 2228 to the block con-
trolier {600 to enable the called line to be tested
a5 to its busy or idle condition. At the same time,
each of the ten link sleeves associated with the
called primary switch 8069B is connected to the
line controller through one of the line-controller
switches. For example, the sleeve of the illus-
trated link is connected through link-sleeve wire
1S-212B and link-test wire LT. Link resistor
LR is connected to this sleeve conductor over con-
ductor LB and other contacts of the line-con-
troller switches to provide an idle-indicating test
potential on the sleeve of the link unless the link
is'in use. The busy or idle condition of the line
link serving primary switch 800B is separately
indicated to block controller 1608 over respective
conductors in cable 222B.
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IIIBB2. Terminating-busy operation

On testing the called line, if block controller
1600 finds it busy, or finds that no idle path can
be matched thereto, the block controller operates
the busy relay (not shown) in block coupler 500-L
which applies busy-tone current to the calling
line, .

IIIBB3. Called-line seizure

If an idle path can be matched to the called
line, and if the called line is idle, the block con-
troller matches a path thereto, such as over block
link 206U, (Fig. 6) terminating trunk 207B, and

line link 202B.

°  Block link 206U is selected mechanically at
switches 1300 and 1400 by the operation of select
magnets 604 to 607 a5 described, whereupon they
cooperate to ground conductor SON as described
to signal the block controller 1600.

Line link 2028 is selected mechanically by the
operation of select magnets SM-105 and SM-104.
Their circuit is closed at the block controller over

. a wire in cable 222B, through line controller
1200B, wire LSM, a contact pair of one of the line~
controller switches, the associated select-magnet
wire SM, and thence to battery through magnets
7104 and 705 in series.

With magnets 108 and 704 operated, a signal is
transmitted to block controller over a circuit path
from battery at control resistor CR of the line
controller 1200B series contacts of magnets 788
and T04, contacts of a line-confroller switeh,
associated wire PS-ON, and thence to the block
controller over a wire in cable 222B. .

Upon receiving the noted signals that the
select magnets have operated on the block-link
and line-link frames, block controller - 1608
grounds the sleeve of the called line 210 (Fig. T
over the noted test extensions thereof, thereby
operating hold magnet HM-103 in series with
lockout relay 702. Magnet 703 disconnects line
relay 701 and connects the called line to the
selected line link 202B. Block controller 1600
also grounds the sleeve wire of the matched ter-
minating trunk 201B (by way of wire MT-226),
thereby operating magnet HM{-510 on the block-
link frame and secondary hold magnet HM-T06
on the line-link frame. Block link 286U is there-
by extended over conductors T, R, and S of trunk
201B to line link 202B. Block controller 1600
also grounds its terminating switching wire to
close a path over circuit elements (not shown)
in coupler 500-L, and thence over the associated
wire ‘SW, to operate primary hold magnet
HM2-602 to complete the connection over the
matched path to the called-line. Hold magnet
HM2-602 also closes its local contacts to ground
hold-pilot conductor HP, thereby operating the
switching relay (not shown) in the block coupler
to free the common apparatus, and to apply
ringing current to the called line over a circuit
path only partially shown, but which includes
the line winding of ring-cutoff relay 501.

ITIIBB4. Answering

When the call is answered, relay 807 operates
in the usual manner to open the ringing circuit
and close the talking path through condensers
"516 and 517.

IIIBBS. Terminating-call clearout

" If the called subscriber (at station S2, Fig. T
is the first to replace his receiver at the end of
the conversation, back-bridge relay 502 there-
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upon restores, reversing current flow over the
calling line back to normal direction.

When the receiver is replaced on the calling
line, line relay 503 restores and (at its make
contact I) open-circuits release relay 565, which
restores a moment later, removing ground poten-
tial (at its make contact ) from the sleeve con-
ductor S of the established connection. The
established connection is thereby cleared out, by
the release of the primary and secondary hold
magnets 403 and 405 on the calling line-link
frame, the primary and secondary hold magnets
862 and 610 on the block-link frame, and the
secondary and primary hold magnets 706 and
183 on the called line-link frame.

IITBC. Reverting call

To make a reverting call (call another station
on the same line with the calling station), the
calling subscriber removes his receiver; responds
to dial tone by dialing the regular directory num-
ber of the called station; replaces his receiver
upon hearing a distinctive reverting-call tone
prompting him so to do; waits a reasonable time
for ringing current to be applied to the line to
signal the called station; and then again removes
his receiver for conversation. It may be assumed,
for the purpose of this description, that the sub-
scriber at station S| has become connected to
block coupler 500-L as described, and has dialed
the number of another station on calling fine 200.

When block coupler 580-L is used for a revert-
ing call, its operation is as described for a ter-~
minating call, up to the point when the common
apparatus on the block-link frame has been called
in, after the complete number has been dialed
and registered on registers IDR to SR.

In the present example, since the number
dialed is that of a line (200) served by line-link
frame A as shown in Fig. 4, block translator 1800
sends the translated equivalent of the hundreds,
tens, and units digits of the called number over
wires in cable 223A to line controller 12004, which
responds as described for line controller 12008
to set line controller switches 1100A and [i00B
appropriately, thereby closing a test extension
of sleeve conductor S of the called (and calling)
line 200 to the block controller 1600 over con-
ductor S-21iA, line-controller contacts, con-
ductor 248A, and a wire in cable 222A.

The holding ground maintained on the sleeve
of calling line 200 by block coupler 500-L causes
that line to test busy when the block controller
1600 tests it over the described extended sleeve
connection. Before treating the called line. as
normally busy when it tests busy as stated, the
block conftroller applies a reverting-call test to
the called line as described in the former ap~-
plication, operating the reverting-call relay (not

y shown) in the block coupler when the reverting- -

call test so indicates.

When the noted reverting-call relay is oper-
ated in the block coupler, no forward connec-
tion is closed, but switch-through relay 501 is
operated to cause ringing current to flow back
to the calling line, to signhal the called substation
thereon, as described in the former application.

IV. LINE-CONTROLLER SWITCHES (FIG. 8)

Referring to Fig. 8, it has been chosen to illus-
trate the line-controller switches 1000 and 1100
only so far as they differ from the line-con-
troller switches  of the former application.
Switches 1000 and 1100 of this application may
be as shown in Figs. 11 and 12 of the former
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application, with the exception that the connec-
tions to the hold-pilot contacts HP have been
rearranged to provide hold-pilot wires HPI and
HP2, rather than the single wire HP of the
former application.

As described in the former application, the
setting of switches {968 and {108 for originating
and for terminating operation is started when
a select magnet of each (not shown herein) is
operated from the line controller. An off-normal
contact 1087, and a similar contact (107, are
thereby closed to apply ground potential to corm-~
mon off-normal wire CON. Ground on this wire
operates hold magnets HM{ and HM4 in each
switch. The ten select-magnet wires and the
ten link-sleeve wires (such as SM and LS of Fig.
4) of the selected primary switch 880 are there-
by closed through to the line controller, and
battery through a link resistor LR is placed on
each such wire LS pursuant to link test.

At this point, wire HPi of Fig. 8 is grounded
through a series of contacts of the operated
hold magnets HMI{i to HM4 of each switch, as
a signal that the line links of the selected pri-
mary switch 886 are undergoing test (by link-
test relays of the line controller).

Over one or another of the associated wires
HMS5 to HMS9, the line controller operates a hold
magnet HM5 to HM9 of each line-coniroller
switch to effect fives selection with respect to
the selected primary switch 808. On originat-
ing operation, this necessarily occurs later than
the first-noted hold-magnet operation, while
both noted hold-magnet operations occur ab
about the same time on terminating operation
of the line-controller apparatus.

When the desired one of hold magnets HMS
to HMS has operated to each line-controller
switeh, wire HP2 is grounded by their contacts
HP in series, as a signal that fives selection has
been accomplished in the two switches {000 and
f100.

V. LINE CONTROLLER (FIG. 9)

Line controller {200 of Fig. 9 will now be de-
scribed. It represents any one of four line con-
trollers, a separate one for each of the four 250~
line line-link frames A to D of Figs. 2, 3 and 4
to 1.

As will appear hereinafter, the line controller

1200 in this disclosure is generally similar to the
line controller of the former application, dif-

" fering primarily by having certain of its circuit
paths altered pursuant to the improved control
arrangement for path selection with which this
application deals.

Primary points of operational difference in-
clude (1) earlier starting of the originating-
call matching operation (on the noted ground-
ing of wire HPI), and (2) notifying the block
controller as soon as the line-controller apparatus
is in readiness for terminating-call matching.

VA. PURPOSE AND ARRANGEMENT

The purpose of line controller 1200 is (1) to
- control the previously described extension of con-
nections from calling lines, across the associated
line-link frame to available idle originating
trunks, and (2) to cooperate with the block con-
troller in extending connections as described
across the block-link frame and the called line-
link frame to idle called lines thereof:
- In the fulfillment of the foregoing purposes,
- the two associated line-controller switches 1009
“and- {100 are employed to select and connect
with the concerned line-link primary switch 800
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and with the concerned five-line group served
thereby. . o .
Line controller 1208 comprises more than one

~hundred relays (such as 12A{) and associated

circuit apparatus. These parts are suitably in-
terconnected with each other and with the illus-
trated external leads of the line controller.to
perform all control and testing operations re-
quired of the line controller. It may ke noted
that all calls to and from lines of the associated

.line-link frame are handed through its assigned

line controller 1200, one call at a time.

VB. GENERAL ORIGINATING-CALL OPERATION
On originating calls, starting from normal

i_cleared-,out condition, the general operation of

line controller 1200 is as follows:

VB1. Primary selection
It responds to resistance ground placed on the

P lead of any associated line-link primary switch
880 by a calling line, by selecting that primary

switch, exereising an order of preference if two
or more P leads are grounded; locks in the selec-
tion; and opens all such P leads to prevent sub-
sequent interference thereover.

VB2. Starting

It operates its originating-start relay {2Bi0
to disable its terminating-start relay {2B8, there-
by preventing interference, by terminating calls;
it starts a cycle-timing operation preparatory
to clearing itself out shortly if the originating
operation is blocked from normal completion in.
any manner; and it grounds the line-controller
switch select-magnet wire SM which corresponds
to the selected line-link primary switch, causing
both line-controller switches 1009 and 1100 to
select the selected ealling primary switch and
to connect therewith.

, VBS3. Line-link test

On the noted operation of the line-controller
switches, the line controller makes a continuing
test of all the line links of the selected primary

switch for idle-indicating bhattery on the sleeve,
in preparation for matching.

VB4, Fives selection

On receiving ground (from contacts of an oper-
ated line relay) over a fives lead F of the selected
primary switch 808, the line controller selects
the corresponding fives group of lines, exercising
an order of preference if two or more fives wires
are grounded; it locks in the fives selection locally
and disconnects the fives wires to preclude sub-
sequent inferference thereover; and it operates
one of hold magnets § to § in-each line-controller
switch to cause switch 1008 to connect up the
sleeve leads of the lines in the selected fives
group, and to cause switch 1108 to connect up
the individual mark leads of the lines in the
selected fives group.

VB5. Units selection

On receiving ground (from another contact
of the operated line relay) over an individual
mark wire M in the selected fives group, the line
controller selects the corresponding line as the
calling line (by connecting with the sleeve wire
S thereof), exercising an .order of preference if
two or more lines are calling in the selected fives
group; and it locks in the units selection locally
and opens its units chain circuit to preclude sub-
seouent interference with the established units
selection. :
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VBS. Line test

The line controller now tests the sieeve of the
calling line for battery thereon through the as-
sociated hold magnet HM.

VBT. Matching; first call-in

. Subject to the receipt of a hold-pilot signal
showing that all required hold magnets have
been operated in both line-controller switches,
the line controller starts the matching operation
by connecting up the match-test wires (MT) of
the call-in group of originating trunks next suc-
ceeding the one last called in (on the preceding
originating operation) and tests the MT wires
in combination with the line-link sleeve wires
for an idle matching path. Since the ten line
links from any primary switch extend respectively
to the ten secondary sections, there are ten origi-
nating trunks in any call-in group, extending
respectively from the ten secondary sections. An
idle test of an originating trunk requires that
it be jumpered to a block coupler 580-I. which
supplies idle-indicating battery to the sleeve wire
thereof.

VBS8. Matching; succeeding call-ins

If no idle path can be matched from the call-
ing line to an originating trunk of the group first
called in, the line controller calls in the next suc-
ceeding call-in group of ten originating trunks,
and repeats the matching attempt with respect
thereto, confinuing to call in the groups one
after another until all four have been called in.
If no idle path can be matched on the fourth
call-in, the line controller immediately clears
out and returns to normal condition, clearing out
the associated line-controller switches.

VBY. Maiching; path preference

The matching of an idle path requires that the
line link and the originating trunk of such path
both test idle. If two or more paths test idle on
the same call-in of originating trunks, the line
controller exercises an order of preference to se-
lect one as the matched path.

VB10. Select-magnet operation

Upon the selection of the matched path, the
line controller closes a series primary and sec-
ondary select-magnet circuit (through contacts
of line-controller switch 1109) for causing the
matched line link to be selected mechanically at
switches 800 and 800.

VB11. Hold-magnet operation

Upon a signal over wire PS-ON that the
matched line link has been selected mechanically
at the primary switch and at the secondary
switch, the line controller simultaneously closes
a circuit for the secondary hold magnet associ-
ated with the matched originating trunk and for
the primary hold magnet associated with the
calling line. These hold magnets operate as de-
scribed to extend the calling line to the matched
originating trunXk, by connecting it with the pri-
mary end of the matched line link, and by con-
necting the matching originating trunk with the
secondary end of such line link,

VB12. Clearing out

At the end of a time interval sufficient to. al-
low holding ground to be returned over the sleeve
wire of the seized originating trunk, to hold the
operated primary and secondary hold magnets,
the line controller clears out, permitting the line-
controller switches to clear out as described.
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VBI13. Preference-shift

After every originating operation, the line con-
troller operates to change the preference as to
primary switches and as to secondary sections.
First choice shifts from 1 to 2 to 3, and so forth,
to 10, and then back to | again. On each shift,
the preceding first choice becomes last choice.
On each even-numbered step, first choice is ad-
vanced to the next fives group of lines on a pri-
mary switch.

VB14. Cycle-timing

If the cycle of originating operations is not
completed within a cycle-timing interval long
enough for a matching attempt on each of four
call-ins of originating trunks, the cycle timer
clears out the line controller and returns it to
normal condition for a new start.

VB15. Taking time out

When g line controller has made ten successive
unsuccessful attempts to extend a calling line
over an idle line link to an idle originating trunk,
it places itself in a temporary quiescent condition
wherein it will not respond to calling lines. It
resumes its normal active condition responsive to
the lapse of a substantial fraction of a minute.

VB16. Peg count

On the successful completion of each originat-
ing operation, the line controller grounds its
originating-call-completed wire OCC to operate
a corresponding peg-count meter. Each time it
takes time out (by entering its temporary quies-
cent condition), it grounds its originating-calls-
lost wire OCL to operate a corresponding meter.

VC. GENERAL TERMINATING-CALL OPERATION

On terminating calls, starting from normal
cleared-out condition, the general operation of
line controller 12680 is as follows:

VC1. Receiving translated digits P, F,and U

On the receipt from block translator 1860 (over
one of ten P leads, one of five I leads, and one
of five U leads) of translated digit information
identifying a primary switch 800 containing a
called line, the fives group of lines thereon, and
the called line of the five, the line controller re-
cords the information on respective relay chains.

VC2. Starting

It operates its terminating-start relay 12B8 to
disable its originating-start relay 12B10, there-
by preventing interference by originating calls.

VC3. Primary selection

It grounds the line-controller switch select-
magnet wires SM corresponding to the recorded
primary digit, causing hoth line-controller
switches to select the corresponding primary
switch and to connect certain wires of the line
controller therewith, at the same time grounding
hold-pilot wire HPI. i

VC4. Line-link test

On the noted operation of the line-controller
switches, the line controller makes g continuing
test of all the line links of the selected primary
switch for idle-indiecating battery on the sleeve.
For each line link testing idle, the line controller
closes the corresponding link-select-magnet wire
LSM through to its corresponding link wire LK,
thus notifying the block controller that the cor-
responding line link is idle, as well as preparing
for select-magnet operation over one of the LK
wires when the matched path has been selected
by the block controller. :

VC5. Terminating-frame identification
The line controller. earlier prepares a eircuit
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for grounding its terminating-frame wire TF
to identify the called line-link frame at block
controller 1§00. The previously noted grounding
of wire HPI completes this circuit at the proper
time to serve as a match-start signal in the
block controller.

VC6. Fives selection

The receipt of ground over common-off-normal
conductor CON, showing that the select magnets
in both line-controller switches have operated,
completes a prepared circuit through the line
controller for the hold magnet § to 9 of each
line-controller switch which corresponds to the
recorded fives digit, causing line~-controller switch
1000 to connect up the sleeve leads S of the lines
in the selected fives group.

VCT. Units selection

With the uniis digit recorded, the one of the
five sleeve leads connected up which corresponds
to the called line is thereupon extended through
the line controller and over called-line-sleeve
conductor CLS to the block controller, for test.

VC8. C(Clearing out
Following the noted operations, the line con-
troller remains gquiescent while the block con-
troller completes its operation, including match-
ing a path to the called line and operating the
switches to complete it. Thereupon the block
translator withdraws the franslated digit in-
formation, whereupon the line controller clears
out, along with the two associated line-controller
switches.
VCY9. Digit alarm
If a fault causes block translator 3853 f{o
ground two or more digit wires in the primary,
the fives, or the units group, the iline controller
gives a lamp indication of the digit involved and
grounds line-controiler-alarm conductor LC-ATL
until alarm-release key 1207 is actuated. '

VD. FunNcTioNAL RELAY GROUPS
The relays of line controller {280 comprise
the following functional groups:
1. Relays 12A1 to f2All, originating-pri-

mary Chaifn oo 0)
2. Relays 12412 to 12A22, terminating-pri-
mary chain ______ . M

3. Relays 12A23 to 12A38, fives chain (O) (T)
4. Relays 12Bi to (2B7, units chain __ (O) (T)
5. Relays 12B8 and 12BS, terminating-con-
trol group
6. Relays 2B to 12B18, originating-con-
trol group [(s))]
Ga. Relays 12B11 to 12BI15, cycle timer.. (O)
7. Relays 12Bi9 to 12B24, time-out group... (O)
Ta. Relays 12B22 to 12B24, time-out
pulser —__.._ s €e))]
8. Relays 12CI to 12C13, choice allotter___ (O)

1)

9. Relays 12Ci4 to 12C29, trunk-call-in
EIOUP e e [(s)]
9¢. Relays (2Ci4 to 12CI6, call-in.
PUISET oo e e (o))
9b. Relays 12CI7 to 12C2{, call-in al-.
lobter o e )
9¢. Relays 12€22 to i12C25 call-in total-
(2O e ——— ((e))]
9d. Relays 12C26 to 12C23, trunk call-in... (O)

10. Relays 2Df to-  (2Di9, link-test
ETOUP - eemmm e mm e 0O) (D

11. Relays 12Di! and {2D12, match-pilot

(o))

grou i
12. Relays 12DI3 to 2D22, trunk-test group (O)

NOTE & (0) signifies use in. originating operation;
© - (T) signifies use in terminating operation.
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VE. DEeTAILED ORIGINATING-CALL OPERATION
On originating calls, the detailed operation of
line controller 1288 is as follows:

VEL.

When a call is originated on any one of the
250 lines served by the associated line-link frame,
the. line relay thereof (such as 401, Fig. 4) op-
erates on the concerned primary switch 888. As
deseribed, such line relay (1) grounds its individ-
ual mark conductor M, and (2) grounds the
fives wire (Fi to F5) assigned to the fives group
in which the calling line is located.

Units, fives, ond primary marking

VE2. Primary selection

The grounding of any F wire of a line-link pri-
mary switch places a resistance-derived ground
on the primary wire lead of that primary switch,
being one of the ten wires Pl to PI8 (Fig. 9) ex-
tending between the ten primary switches 800
and the line controller. Wiih line controller 1200
in its illustrated normal condition,-the grounding
of any such lead P closes a circuit through a back
contact of cutoff relay {2At for the correspond-
ing primary relay 12A2 to 12Af1.

VE2a. Ezxercise of preference

Battery potential from supply resistor 1209
normally stands on the lower winding of each
relay 12A2 to i2Ail. The choice allotter (Fig.
9, Part 3) supplies this potential directly over
one or another of the wires { to 10 in group 1251
to the associated relay, and thence through the
endless back-contact chain (contacts 2) of relays
12A2 to {2A1{ to the other relays of the chain.
If, for example, the choice allotter is in its illus-
trated position 1 (all of its relays in restored
condition except relay 12C4), battery potential
stands on wire | of group (251 (through break

' contacts | of relays 12BI18 and 12C2, and make

contact | of relay 12C4) to give first choice to
relay 12A2.,

If two or more of the associated wires Pl to
P10 incoming from the primary switches B8O are-
grounded at the same time, each corresponding
one of the relays {2A2 to {2A1{ starts to operate,
but the first such relay in the current order of
preference opens the preference chain (af its
break contact 2) to prevent effective operation
of any succeeding one.

Upon operating effectively, any primary relay
12A2 to {2A11 first opens (at its break contacts
2) the forward extension of the endless prefer-
ence chain, and then closes its make contacts I,
3, and 4. A#t its make contacts 1, it locks ground
on its upper winding terminal through break
contact 2 of clearout relay 12Bi8.

Cutoff relay 12A1 is operated by contacts 3 of
any relay 1242 to {2A11 to disconnect all leads
Pi to Pi0. This leaves effectively operated and
locked the first relay {2A2 to 12A11 (in the cur-
rent order of preference) which had an operat-
ing cireuit closed over its associated P wire, which
is now disconnected by relay [2A1.

VE3. Seizing the originating control group.

In g circuit through contacts 3 of the operated
relay 1242 to 12A{l, and contacts {1 of relay
12A1, cutoff relay §2A1 starts the originating
control group of the line controller into opera-
tion by operating originating-start relay 12B10,
through break contact 5 of terminating-start
relay 12B8 and break contact & of start relay
12B20 of the time-out group. Relay (2B10, at:
its break contact 9, disconnects . terminating-
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start relay 12B8 to preclude interference with
the initiated originating operation by a subse-
quent call for terminating operation, and it pre-
pares a number of circuits for subsequent use.

VE4, Starting the cycle timer

Relay 12BI0 at its contacts 8, starts the cycle
timer (relays 12B1i to 12B15) into operation by
applying operating ground to relay 12B11 throuzh
closed contact 2 of relay I12Bi5. Relays (2BIif
to 12BI5 now operate in succession, and relay
{2B15 closes a short circuit around relay 12B11
to cause relays 12Bi1 to 12B14 to restore in suc-
cession. Each of the relays I12BI{ to 12BI3, on
restoring, short-circuits the next succeeding re-
lay. ‘The time required for the cycle timer to
pass through its indicated cycle of operation is
in excess of the maximum time required for the
line controller to complete originating-call opera-
tion and clear out. The principal portion of this
time is accounted for by the restoring time of the
successively short-circuited relays 12B({ to (2B14,

VEb. Primary selection at line-controller
‘switches

Upon its described operation, originating-start
relay 12BI0 applies ground (at its contacts 8)
through break contacts 3 of terminating-start re-
lay 12B8, and through make contacts 4 of the
locked one of the primary-chain relays 12A2 io
12A11, to the corresponding one of the select-
magnet leads SMI to SMI0 extending to the line-
confroller switches 1000 and 1100. The ground-
ing of this lead causes the corresponding select
magnet to operate in each line-controller switch,
whereupon hold magnets | to 4 operate in each
switch as hereinbefore described to effect elec-
trical selection of the control wires associated
with the selected calling primary switch 800. At
this time the hold-pilot wire HP1 is grounded as
hereinbefore described to start matching opera-
tions as described hereinafter.

VES6. Line-link test

Line-controller switch 1000, as a part of its de-
scribed primary-switch selection, connects the
link-battery leads LBI to LB{9 (Fig. 9, Part 4)
of the line controller respectively to the link-
sleeve wires LS of the line links 262 serving the
selected primary switch. At the same time, this
line controller switch connects these wires LS re-
spectively to the link-test wires LTi to L'TI0 of
the line controller, and consequently to the up-
per winding terminal of link-test relays 12D{ to
12D10. The lower winding terminal of each link-
test relay is grounded, wherefore each such link-
test relay now operates in series with its corres-
ponding one of the battery-supply resistors
1211 to 1220, and over its wire LRI{ to LRI0 (Fig.
9, Part 4) unless the corresponding line link is
busy. In that event, ground on the sleeve of the
line link short-circuits the connected link-test
relay. The link-test relays 12D{ to (2D{0 now
await matching.

VET. Fives selection

Line-controller switch 1180 as g further part
of the described primary selection, connects the
fives wires P{ to Fi of the selected primary
switch respectively to the associated wires FiI to
F3 (Fig. 9, Part 1, upper margin) of the line con-
troller, thereby closing a circuit from any
grounded one of such leads, through contacts of
cutoff relay (2A23, and through the upper wind-
ing of the corresponding fives relay 12A25 to
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12A29, to battery through the associated prefer-
ence chain and contacts of the choice allotter.
If the choice allotter is in its assumed first posi-
tion (wherein only relay 12C#4 is operated) wire
I in group {252 between the choice allotter and
the fives chain is connected to battery through
front confact 2 of the first allotting relay 12G4,
break contact 2 of relay {202, and make contact
5 of originating-start relay 12B{8. This gives
first choice to the first fives relay 12A25.

If two or more fives wires are grounded, two
or more of the fives chain relays 12A25 to 12A29
attempt to operate, but only one fives relay oper-
ates effectively, the first one in the order of pre-
ference counting from the one currently having
first choice. This arrangement is similar to the
preference lockout arrangement described for
the primary chain.

Upon its effective operation, the selected fives
relay 12A25 to {2A29, a4 its contacts 2, locks ocp-
erating ground on its upper winding terminal,
and at its contacts 5, it operates cutoff relay
12A23 to disconnect the fives wires at contacts i
to 8. Thereupon, any ineffectively operated fives
relay restores.

VES. Fives selection at line-controller switches

Cutoff relay 12A23, at its contact §, operates its
auxiliary relay (2A24 to connect common-off-
normal wire CON to the hold-magnet lead. (EXM5
to HMS) selected by the locked fives-chain re-
lay. The operate time of relay 12A24 provides a
delay sufficient to insure that any ineffectively
operated fives-chain relay is completely restored.

If, for example, the first fives relay 12A25 is
the one operated and locked, the ground on
the common-of-normal conductors CON (ap-
pearing responsive to the noted select-magnet
operation in the line-controller switches) is now
extended through contacts { of relays 12A24 and
{2A25, to hold-magnet lead HMS5 extending to
the two line-controller switches, thereby oper-
ating the corresponding hold magnet HMS5 in
each switch to select the first fives group of lines
served by the selected primary switch.

VE9. Units selection

In line-controller switch {180 the noted fives
selection connects the individual mark leads of
the lines in the selected fives group respectively
to the mark-units lead MU| to MUS5 of the line
controller. Marking ground on any one of these
leads closes & circuit for the upper winding of the
associated one of the units-chain relays 12B2 to
12B6, through normally closed make-before-
break contacts 4 of the relay, the common chain-~
end conductor 1218, chained back contacts 3 of
relays 12B6 to 12B2, to battery through closed
contact 4 of originating-start relay 12Bi8, and
resistor 1208. On operating, any one of the re-
lays 12B2 to 12BS, at make contact 4, locks itself
to battery on the input wire of the chain (direct-
Iy in the case of relay 12B2, and through the
contact-3 chain in the case of any succeeding
one); at break contact 4 disconnects its upper
winding from chain-end wire 1210; and a ¢on-
tact 3 opens the chain to restore any succeeding
one of the relays which may have operated. Af
its contact 2, any effectively operated relay 1282
to 12B6 locks its upper winding terminal to
ground at make contact 2 of originating-start
relay {2BI8 to maintain the units selection in-~
dependent of the continued energization of the
calling line relay.

After a slight interval, sufficient to permit the
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clearing out of any transient condition resulting
from two or more relays of the units chain at-
tempting -to operate, auxiliary relay (2B{ oper-
ates, through contact § of the effectively oper-
‘ated relay 12B2 to 12BS, to extend the sleeve lead
-of the selected calling line into the line control-
Jer. This extension is prepared by the described
fives-selecting action of line-controller switch
1800, which connects the sleeve leads of the lines
in the selected fives group respectively to sleeve-
units wires SUl to SUS of the line controller.
The one of such wires which corresponds to the
selected calling line is now extended (through
contact § of the operated units-chain relay
(12B2 to 12B3), and through the associated con-
tact 2 to 6 of the operated auxiliary relay 12B1)
to sleeve wire 1221 of the line controller. With
relay 12BI0 operated, wire (221 is connected
through contacis 10 thereof to ground through
the winding of line-test relay 12Bi6.

VE10. Calling-line test

‘When the sleeve wire of the calling line is thus
extended to line-test relay (2B1{§, if there is bat-
tery on the sleeve wire of the calling line (through
the winding of the associated hold magnet on the
primary switch 800), line-test relay 12B16 oper-
ates as an indication that the calling line has
been selected and is capable of extension. Be-
cause of the relatively high resistance of line-test
relay 12B16, neither the primary hold magnet
HM associated with the calling line, nor the lock-
out relay LO, is prematurely operated, but the
test current flowing through relay 12BI6 sufli-
ciently primes the hold magnet that it operates
promptly when its operate circuit is later closed.

VE1l. Match-start

As previously noted, hold-pilot wire HP-i is
grounded by series contacts HP of hold magnets
HMI to HM4 of line-controller switches 000
and {100 (Fig. 8) incident to the completion of
primary selection thereat. This primary selec-
tion includes the previously noted connection of
link-test relays 12D1 to {2Di8 to the sleeve wires
of the line links of the selected primary switch.
The noted grounding of wire HP{ starts the
matching operation to permit it to occur while
the described fives, and units selection and line
test are in progress.

Ground on wire HPI extends through contacts
{ of originating-siart relay {2Bi0 to match-start
wire 1222 leading to the call-in totalizer, the call-
in allotter, and the call-in pulser (Fig. 9, Part 5).
Ground on match-start wire 1222 starts the call-
in pulser (relays 12Ci4 to 12Ci6) into operation
to control the step-by-step advance of the call-in
allotter during matching, if required.

VEI12. First call-in

The call-in allotter (relays 12CI17 to {2C21{) is
a four-position counting chain so arranged that
one or another cf its counting relays 12Ci8 to
12C21 is in operated condition at any time. If
the call-in allotter is in its illustrated first posi-
tion (relay {2CI8 operated and all other relays
thereof restored), the noted extension of ground
to match-start wire 1222 closes two relay circuits
therethrough. One such circuit is through break
contact 2 of relay {2CI7 and make contact 3 of
relay 12C!8, to battery through the first relay
12C22 of the call-in totalizer (relays 12C22 to
12C24). At its contacts [, relay 12C22 locks to
ground on match-start wire 1222. The other
such circuit is through break contact 3 of relay
f2C11 and make contact 4 of relay 12Ci8, to
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battery through the first trunk call-in ‘relay
12C28. Relay 12C22 now operates and. locks to
record the first call-in of originating trunks, and
relay 12C26 operates to -effect the first eall~in
of originating frunks 203 by connecting the
mateh-test wires (MTI to MTI8) of the ten
originating trunks of the first call-in group to
contacts 2 of link-test relays (2Di to 12Di0
respectively.

As previously described, the ten originating
trunks of any call-in groun extends respectively
from the ten secondary sections on the line-link
frame. The ten line-links-at any primary switch
809 on the same line-link frame extend respec-
tively to these secondary sections. The success-
ful extension of a calling line over an originating
trunk depends upon that trunk being idle and
upon the line link over which it is reached being
idle,

As will later appear, when a match occurs on
any ecall-in of originating trunks, match-pilot
relay {2Di{ operates, followed by its auxiliary
relay 12D12. Among other things, relay 12DI2
opens the coperate circuit of relay 12C1§ of the
call-in pulser to prevent further advance of the
call-in allotter until the line controller is cleared
out.

VE13. Succeeding call-ins

If no mateh occurs on the first call-in of
originating trunks, match-pilot relay 12D{1 and
its auxiliary relay i2DI12 fail to operate, permit-
ting the call-in pulser to advance the call-in
allotter by operating the next succeeding count-
ing relay (i2Ci9) thereof and restoring the pre-
viously operated one (i2Ci8). This advance re-
sults in the restoration of the operated trunk-
call-in relay (12C28) and in the operation of the
next succeeding one (12C27) accompanied by the
operation and locking of the next succeeding
relay (i2C23) of the ecall-in totalizer. 'The
mateh-test wires (MTi{ to MT28) of the new
call-in group are thus substituted for the match-
test wires (MTI to MTI0) of the initial call-in
group.

If no match results on the second call-in of
originating trunks, the call-in allofter is again
advanced by the call-in pulser, causing the oper-
ated trunk-call-in relay to restore and the next
succeeding one to operate, along with the third
totalizer relay. _

If no match results on the third call-in, the
operated call-in relay is restored and the remain-
ing one is operated to call in the fourth and final
group of originating trunks for test.

Since the corresponding call-in totalizer relays
12C22 to 12C25 are operated along with the trunk
call-in relays 12C26 to 12C29, and are held locked
following their operation, if matching does not
occur on the fourth call-in, the next succeeding
operation of relay 12Ci6 of the call-in pulser
closes g circuit through series contacts 2 of call-in
totalizer relays 12C22 to 12C25 for clearout relay
12818, to clear out the line controller and return
it and the line-controller switches to normal con-
dition, as is hereinafter described.

VE1l4, Maiching

As previously stated, the line links serving the
selected primary switch are tested respactively

by link-test relays 12D{ to {2Di0, over wires

LT{ to LTi0. Any link-test relay now stands
operated subject to the corresponding line link
being idle' (having no ground on its sleeve wire
to shunt the link-test relay).

Since the ten line links serving any line-link
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primary switch extend each to a different one
of the ten secondary sections, the ten originating -
trunks of any call-in group each extend from a
different secondary section. Each, therefore, is

capable of use only with its corresponding line-
link, and then only if both the line link and the’

originating trunk are idle.

On any call-in of originating trunks,- the
match-test wires of the ten trunks of the group
called in (by any relay 12C26 to 12C29) are ex-
tended through contacts { to i0 of such relay
to the armatures 2 of link-test relays 12Dl to
12D10, respectively. The make contacts of these
armatures are connected through break contacts
{ to I8 of match-pilot relay (2D!{ to ground
through the high-resistance upper windings of
trunk-test relays {2D13 to 12D22. The energiza~
tion of the test winding of any such relay, from.
idle-indicating hattery potential on the connect-
ed MT wire, shows that the corresponding path
(through a line-link 262 extending to a second-
ary section and over an originating trunk 262
extending therefrom) is available, in that both
the line link and the matched originating trunk
of the path are idle.

If, for example, the first line link extending
from the selected primary switch is idle, link-test
relay 12Dl is operated as previously deseribed.
Accordingly, the match-test wire MT extended
to armature 2 of this relay by the call-in oper-
ation is further extended through the make con-
tact thereof, and through break contact { of
relay {12D11, to ground through the upper wind-
ing (the test winding) of trunk-test relay {2Di3.
If the first originating trunk of the call-in groub
is idle, and is provided with a block coupler 500
(by jumper 204 on the block-link frame),
idle-indicating battery potential is supphed to
the match-test wire MT thereof from the sleeve
wire S of the connected block coupler 590, sleeve
wire S of the originating trunk 263, and through
the operate winding of the hold magnet HM (Fig:
4) serving the originating trunk on the second-
ary switch. This battery potential serves to
effectively energize the test winding of relay
12D13, fully operating the relay.

For each matching path over an idle line link

and corresponding originating trunk, the trunk- -

test relay 12D14 to 12D22 is similarly operated.
VE1l4a. Matching-path preference

When two or more idle matching paths are
available on a call-in of originating trunks, and
two or more trunk-test relays 12Di3 to 12D22
operate as described, one such path must be

selected as the matched path to the exclusion of-

any other available one. TFor this purpose, an
endless-chain locking circuit is provided through
contacts 3 of the trunk-test relays. Locking
ground is supplied to this locking chain and oine
or another of the wires in group 1254. The
choice allotter (relays 12C{ to 12Ct3) shifts the
preference each time it advances a step, by ad-
vancing the point in the locking chain at whlch
locking ground is applied.

With the choice allotter in its illustrated first
position (relay {2C4 operated and all other relays
restored), locking ground is extended through
front contact il of originating-start relay 12810,

back contact 4 of relay 12C2, front contact 4 of-

the operated relay 12C4, and conductor ( in
group (254, directly to the locking armature 8
of relay 12D13, giving first choice to relay 12DI13,

and consequently to secondary section i, which it
If trunk-

and link-test relay {2D! represent.
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test relay 12DI3 is then in operated condition, it
is thereby effectively locked irrespective of the
operated condition of any other trunk-test relay,
and it holds open the locking chain with respect
to them. If relay {2DI3 is not then operated,
then the first succeeding operated trunk-test
relay is thereby locked operated over the chain
through back contacts 3 of the preceding trunk-
test relays.

VE14b. Maich-pilot operation

Upon the closure of a locking ecireuit through
any operated trunk-test relay, match-pilot relay
12DI 1 operates in series with the locking wind-
ing thereof, disconnecting the trunk-test wind-
ings of all relays 12D{3 to 12D22, whereupon any
operated one of these relays restores except the
effectively locked one. Relay 12DIl also oper-
ates its auxiliary relay 12D12, the operate time of
which allows any operated ones of the trunk-test
relays other than the locked one to restore.

Upon operating, auxiliary relay 12D12, at its
contacts !, disconnects conductor 1223 from the
grounded match-start wire 1222, thereby tempo-
rarily halting the operation of the call-in pulser
by preventing operation of relay 12C16. The cur-
rently operated trunk call-in relay (12C26 to
12€29) accordingly remains operated to permit
the calling line to be extended over the selected
matched path.

VEIL5. Primary and secondary select-magnet
operation

A’c its contacts 2, auxiliary relay 12D12 of the
match-pilot group grounds the associated front
contacts | of the trunk-test relays (2Di3 to
12D322, thereby extending sround through front
contact 1 of the locked one of these relays to
the corresponding one of link-select<-magnet
leads LSMI to LSMI0, thereby closing a circuit
for the primary select magnet SM (Fig. 4) asso-
ciated with the matched line link, in series with
the associated secondary select magnet SM (Fig.
4). Thece two select magnets operate in series
to select the matched line link 202 mechanically
at the primary end and at the secondary end.

VE16. Primary and secondary hold-magnet
operation

Serles—connected off-normal contacts 807 and
907 (see Fig. 4) associated with the operated
primary and secondary select magnets extend
battery potential (obtained from control resistor
CR, Fig. 9, Part 5, and secondary-control wire
SC) through contacts of line-controller switch
{109 to the primary-secondary off-normal con-
‘ductor PS—ON between the line-controller
switches and the line controller (Fig. 9, Part 2).
Battery on wire PS—ON completes a circuit for
operate relay {2B11, to ground through the make
contact of the operated line-test relay 12BIi6.
Operate relay 12Bi7 thereupon locks itself to
ground at its make contacts, and closes inde-
pendent circuits for operating the primary hold
magnet associated with the calling line and for
operating the secondary hold magnet associated
with the matched originating trunk.

The primary hold magnet is operated by the
closure of contacts 4 of relay 12BI7 to ground
the sleeve wire S of the calling line by shunting
the line-test relay 12Bi6 previously held oper-
ated thereover as described. The tip, ring, and
sleeve conductors T, R, and S of the calling line
(such as 200, Fig. 4) are thereby extended re-
spectively to the primary end of the correspondlng
conductors of the matched line link 202.
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The secondary hold magnet asscciated with
the matched originating trunk is operated by
the closure of contacts § of relay {2BI7T to ground
the associated make contact 2 of each trunk-
test relay {2243 to 12D22, thereby exiending
ground, through the front contact 2 of the oper-
ated and locked trunk-test relay, through the
associated front contact of the operated one of
the trunk call-in relays §2C26 to {2C28, to the
match-test conductor MT (see Fig. 9) of the
matched originating trunk. The operate wind-
ing of the associated hold magnet (such as
HMS8R) is thereby energized in a circuit over the
sleeve wire S of the associated originating trunk
to battery in the associated block coupler 509,
as previously traced. By the operation of this
hold magnet, the tip, ring, and sleeve conductors
T, R, and S of the matched originating trunk
203 are thereby connected respectively to the
corresponding conductors of the line link 202,
and therethrough with the corresponding con-
ductors of the calling line. ’

The foregoing extension of the calling line,
over the maiched line link to the matched origi-
nating trunk, constitutes seizure of the block con-
pler 509 serving the originating ftrunk. This
block coupler responds to seizure by placing hold-
ing pround on its incoming sleeve (as herein-
before described) in substituiion for the idle-
indicating battery potential formerly appearing
thereon, thereby providing a holding circuit for
the primary and secondary hold magnetls effec~
tive to hold them after the line-controller appa-
ratus has cleared out.

VE17. Clearing out

Line-test relay (2Bi6 restores responsive to
being short-circuited by the noted grounding of
the sleeve wire of the calling line incidental to
the operation of the associated primary hold
magnet. The appreciable interval of time re-
quired for relay 12Bi6 to restore responsive to
being short-circuited is sufficient to permit the
seized block coupler to refurn holding ground
over the sleeve wire of the established connec-
tion before the line controller elears out.

With operate relay {2Bi7 operated and locked,
the restoration of relay (2B16 operates clearout
relay i2B#8, which at its contacts 3 locks to
ground on common-off-normal wire CON, and
at its contacts 2 and |, removes locking ground
and preference-chain battery from relays [2A2
to t2A1{ of the originating primary chain, re-
storing the operated one fthereof. .

Cutoff relay 12Af and originating-start relay
12B10 restore responsive to the opening of con-
tacts 3 of the primary chain relay. Originating-
start relay 12B{0 at ifs contacts 3 and 5 removes
locking ground and preference-chain batiery
from the upper windings of relay {2A25 to 12A29
of the fives chain, restoring the operated one
thereof, followed consequently by the restoration
of cutoff relay (12A23 and its auxiliary relay
i2A24; at its contacts 4 and 2, it removes pref-
erence-chain batfery and locking ground from
the upper windings of units-chain relays {2B2 to
12B6, restoring the operated one thereof, followed
by the restoration of their suxiliary relay 12Bi;
at its contact 6, it removes starting ground from
the cycle timer (relays 12B{( to 12Bi5), causing
immediate restoration of all operated relays
thereof; and at its contact {1 it removes locking-
chain ground from the trunk-test relays (2DI{3
to 12D22, thereby restoring the operated omne
thereof, followed by the consequent restoration
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of match-pilot relay 12DI1 and its auxiliary relay
{2Di2.

The restoration of the operated trunk-test re-
lay 12D13 to §2D22 ungrounds the previously
grounded link-select-magnet wire LSMI to
LSM{8, permitting the operated primary and sec-
ondary select magnets to restore, and the restora~
tion of the operated fives-chain relay 12A25 to
{2A29 releases the corresponding pair of hold
magnets in the line-controller switches. Re-
sponsive to either operation, signal hattery is re-
moved from conductor PS—ON, releasing operate
relay 12B17 to open the initial circuit of clearout
relay 12Bi8, leaving that relay locked to com-
moen-off-normal conductor CON if it is still
grounded.

Upon the noted release of the locked primary~
chain relay §2A2 to {2A#!, ground is removed
from the associated select-magnet wire SM, per-
mitting both line-controller switches (1860 and
1100) to clear out. The restoration of the select
magnets SM in such switches opens contacts 1007
and {107 (shown in Fig. 4) which ungrounds wire
CON to open the locking circuit of clearout relay
12B18. The restoration of relay 12818 completes
the clearing out of the line controller, except for
a partial operaticn of the call-in pulser to cause
an interim advance of the call-in allotter.

Clearout relay 12Bi{8, at its contacts | and 2,
replaces locking ground and preference-chain
battery on the relays of the originating primary
chain, thereby rendering the line controller again
receptive to an originating call. Its contacts 5
reground armature spring 2 of terminating-start
relay 12B8, thereby rendering the line controller
again receptive to a terminating call.

VE18. Progress advance of call-in allotter

As a further result of its described restoration,
originating-start relay 12B{0, at its contacts f,
removes the ground connection originally applied
to match-start wire 1222, but that wire remains
grounded temporarily by the call-in pulser,
wherein relays [2C{4 and {2Ci5 are operated (as
will be later described), and relay 12Ci6 is un-
orerated because its cperating wire 1223 was dis-
connected by relay 12Di2.

Upon its described restoration following the
restoration of relay 12Bi3, relay 12D12 reconnects
wire 1223 to the grounded match-start wire 1222,
whereupon relay 12CI§ operates preparatory to
advancing the call-in allotter another step. Re-
lays 12C14 to 12C16 are thereby restored success-
ively. The operation is terminated at that point,
for the driving ground is removed from the
match-start wire by contacts | of relay f2Ci4.
Upon restoring, relay 12Ci§, at its back contact,
causes the next succeeding relay (such as 12C19)
of the call-in allotter to operate (as will be here-
inafter described), thereby preparing for calling
in the next succeeding call-in group of originat-
ing trunks when the line controlier is again taken
for use for originating-cell operation.

VE19, Operation of call-in allotter

The call-in allofter, comprising control relay
12C{7T and allotting relay {2CI8 to 12C21, is
shown in the first of its four allotting positions,
the position which it assumes automatically when
current is first applied to the line controller. At
this time, the odd branch {233 of its control con-
ductor {231 is grounded, through break contact
2 of relay 12C186 and break contact | of relay
i2C11, operating the first allotting relay 12Ci8
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through the chain contacts 3, 4, and 2 of relays
12C19 to 12C2!1, to battery through resistor 1224,

At its contacts {, relay 12CI8 locks itself op-

34

" relay 12€16 ungrounds conductor 1231 to restore

erated by connecting the grounded lower winding -

of control relay {2CI7 to the odd branch (233 of

the grounded control wire 1231, but relay 12CI7

does not operats for the time being, as it is short-
circuited by the ground on the control wire 123{
through break contact 2 of relay i2CI6.

At its contacts 2, relay 12Ci8 prepares g cir-
cuit for later operating the second allotting relay
12C19 over the even branch 1232 of the control
wire 1231; and at its contacts & and 4 it connects
the first relay {2C26 of the trunk-call-in group,
and the first relay 12C22 of the call-in totalizer to
the match-start wire 1222, The call-in allotter
is thus in position 1.

When the match-start wire 1222 is next
grounded, the connected relays 12C22 and 12C26
operate as described, relay 12C22 locking directly
to conductor 1222,

Relay i2CI£ of the call-in pulser now operates
through contacts { of relay 12C{§ and, at its con-
tacts {, grounds match-start wire 1222 at a new
boint to insure the eventual completion of the
started cycle of operations of the call-in pulser,
after matching has occurred, to bring about the
described interim advance of the call-in allotter.

Relay {2Ci4, at its contacts 2, operates relay
12C1%, and relay 12C15 operates relay 12C16 over
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branch wire 1223, and through break contact { .

of match-pilot relay {2D12, to ground on wire
1222. Relays {2Ci4 to 12C16 are so adjusted that
the time required for them to operate in succes-
sion is somewhat in excess of the time required
for matching to occur and for match-pilot relay
12D12 to operate, if matching ean occur on the
first call-in.

When relay 12C18 next operates (during, or fol-
lowing, the current matching attempt), it dis-
connects relay 12Ci4 to restore relays 12C14 to
12CI§, in succession, and it removes ground from
control wire 123! and from its connected branch
1233, thereby removing the short circuit: from
around the lower winding of relay 12C11. Control
relay 12CI1T now energizes in series with relay
12Ci8, which remains locked operated at its con-
tact |. The wires 1231 and 1222 incoming to the
allotter are thereby transferred respectively from
their odd branches {233, 1235, and 1237 to their
even branches 123823, 1234, and i236. The call-in
allotter is thus in position 1.5. .
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When relay 12CI6 is next restored to reapply |

ground to control conductor {2314, ground is there-

by applied to the even branch | 232 of the control |

conductor, energizing the holding -winding (the
upper winding) of control relay 12C{7, and closing

an operate circuit for the second allotting relay

[2C19, through make contact 2 of relay 12CF8 to
battery through contacts 4 and 2 of relays 12020
and 12C2i. 1
and, at its contacts 2, locks itself directly to
ground; at its contacts 1, it prepares a circuit over
the odd branch 1233 for relay 12C29; at its con-
tacts 5 and 4, it connects the second call-in-
totalizer relay 12C23 and the second trunk call-in
relay 12C27 to the match-start wire 1222, through

make contacts 8 and 2 of control relay {2CI7T; -

and at its contacts 8, relay 12C19 removes chain

battery from relay 12Ci8, thereby restoring it..
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Relay 12C19 responsively operates

control relay 12C1{1, leaving only relay {2C{9 op-
erated in the allotter. The allotter is thus in
position 2.5. C

Upon the next succeeding restoration of relay
12CI16, the third allotting relay (2C28 operates
over the odd branch of the control conductor,
through contacts of the operated relay i2C|8.
Upon so doing, it locks itself to the odd branch of
the control wire and to ground through the lower
winding of the control relay 12C17; connects the
fourth allotting relay 12C21 to the even branch of
the control wire; connects up the third relay in
the call-in totalizer and in the trunk-call-in
group; and it opens its chain contacts 4 to restore
the second counting relay §2C19. The call-in
allotter is now in position 3. :

When relay (2C16 is next operated to unground
the control wire 1231, the lower winding of relay
12C11 is again unshortes and energized, this time
in series with relay 12C20. Relay {2C28 remains
operated, and relay 12CI7 reoperates. The allot-
ter is now in position 3.5. .

When relay 12C16 again restores to ground the
control conductor, the final allotter relay 12021
is operated over the even branch of the control
conductor, in parallel with the upper winding of
relay 12CI7, and through contacts 3 of the oper-
ated relay 12C20. Relay 12C21 locks itself to the
even branch of the control conductor, and opens
its chain contacts 2 to disconnect and restore relay
12C20. The call-in allotter is thus in position 4.

When felay 12Ci6 of the call-in pulser again
operates to remove ground from the control con-
ductor, relays 12CI17 and 12C21{ both restore. Al
relays of the call-in allotter are consequently now
in restored condition. The allotter is thus in posi-
tion 4.5.

When relay 12C16 again restores to ground the
control wire, the first allotter relay 2Ci8 is re-
operated to place the call-in allotter again in its
illustrated position 1, at the start of a new cycle
of operations.

In summary, it may be noted that, when relay
12CI6 operates to end a control pulse to the call~
in allotter, the allotter advances to a half-step
position, in that control relay 12CI7 restores if
operated and operates if restored. This action
Pprepares for the next step of the allotter, and
effectively disconnects.the currently connected
pair of relays in the call-in totalizer group and
trunk call-in group in preparation for connection
of the next succeeding pair without overlap.

The overall result of the operation of the eall-in
allotter as controlled by the call-in pulser is: (1)
it calls in the call-in groups of originating trunks
successively until a match has occurred, or until
all four have been called in with no match hav- .
ing occurred and (2) considering the four groups
arranged in a continuous chain, or circle, the first
trunk group called in on an operation of the line
controller is the one next following the group last
called in on the preceding operation of the line

- controller.. The effect is to offer an equal number
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Control relay 12C7 remains operated by its up- .~
per winding so long as the control wire 1234 re- .
mains grounded. The call-in allotter-is now in -

position 2. :

The next succeeding operation of cali-in pulser

s

of calls to the four call-in groups of originating
trunks 203. As a result, each call-in group should
contain substantially the same number of
equipped originating trunks as any of the others,
keeping in mind that the full number (40) of
originating trunks 203 will seldom. be equipped
(jumpered to respective block couplers) for that
number will seldom be required. The unequipped
originating frunks are preferably non-corre-
sponding trunks in.the several call-in groups to
the end that the line links of any group of ten
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serving a line-link primary switch 806 are equally

loaded. That is to say that the total number of

equipped originating trunks should be appor-
tioned approximately evenly among the ten sec-
ondary sections on the line-link frame.

VE20. Operation of the choice aliotier

The choice allotter (Fig. 9, Part 3), comprising
the thirteen relays 12C1 to 12C13, is a specialized
counting chain arranged to assume allotting posi-
tions 1 to 10 successively in a cycle. Its purpose
is to shift first choice successively among the ten
associated primary switches 860, among the ten
secondary seciiong (sections of five switches 908),
and among the five fives groups of lines served by
any primary switch 800.

The allotting relays are 12C4 to (2CI13. They

are controlled by relays 12C1 and 12C2 over odd

and even control wires. Relay 12C3 is employed
to disconnect relay 12C8 when relay 12C5 oper-
ates, and to hold it disconnected until a new cycle
of operations is about to begin, thereby avoiding
the necessity for a hack-contact chain such as
that of relays {2C19 to {2€C2{ of the call-in al-
lotter.

The choice allotter ig illustrated in position 1.
In that position, the first allotting relay 12C4
stands operated through closéd contacts of relays
{2C2 and [2C3, and all other relays of the allotter
are restored.

VE20a. Residual-stick control relays

Control relays {2CI and 12C2 are referred to as
residual-stick relays. Such a relay, upon being
open-circuited after operation, retains sufficient
residual magnetism to hold its armature operated
against its spring load until the residual mag-
netism is neutralized. Each such relay has tan-
dem windings, differentially connecfed.

Control relays 12Ct and 12C2 are controlled
primarily by relay {2B15 of the cycle timer, which
is operated at the initiation of each originating
operation and is restored when the line controller
is cleared out. The arrangement is such that the
advance of the choice allotter (from one position
to the next) occurs incidental to the clearing-out
operation of the line controller, between suc-
cessive originating uses thereof.

With cycle-timer relay i2B15 restored, and with
both of the control relays 12C1 and 12C2 in their
illustrated restored condition, both windings of
relay 12C1 stand open, but both windings of relay
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tacts 4 of relay 12B1{5 transfer ground back from
the circuit of relay 12CI to the circuit of relay
12C2. Relay i2Ci remains operated by residual
magnetism, and relay {2C2 is operated by its lower
winding, energized alone. The control relays
12C1 and 12C2 are now in position 2, both relays
operated.

When relay (2B{5 operates the next time, on
the line controller being again taken into origi-
nating use, it again removes ground from the
circuit of relay 12C2 (leaving that relay held
operated by residual magnetism), and again ap-
plies ground to the circuit of relay {2Cl, energiz-
ing both its windings. The upper (armature-
end) winding acts to reverse the flow of flux
through the armature end of the core (not shown)
and through the armature (not shown) causing .
the relay to release when the flux therethrough -
approaches zero value. Having released, the re-
lay does not reoperate so long as the two differ-
entially connected windings are both energized.
Relays 12Cf and 12C2 are now in position 2.5,
relay 12C2 being operated alone.

When relay {2Bi5 next restores, incident to the
clearing out operation of the line controller, the
upper (armature-end} winding of relay 12C2 is
energized in parallel with the lower winding
thereof (through the contacts of the restored
reiay 12C{) causing relay 12C2 to restore and
remain restored for reasons given in connection
with relay 12Ci. Relays 12C1 and {2C2 are now
again in position 1 (being both restored), at the
beginning point of a new cycle.

In summary, considering relays {2C1 and 12C2
in position 1 (both restored), (1) relay 12CI first
operates to bring them into position 1.5; (2) re-
lay 12C2 later operates to bring them into posi-
tion 2 (both operated); (3) relay 12C1 restores
to bring them into position 2.5 (relay 12C2 oper-

y ated alone) ; and (4) relay 12C2 restores to bring

- them back into position 1 (both restored).

45
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12C2 stand closed. The lower (heel-end) wind-~ ~

ing of relay {2C2 is energized through break con-
tacts (2 and 4) of relays 12B23 and i2BI5, and
its upper (armature-end) winding is energized in
parallel therewith through the break contacts of
relay 12C1. With the two windings energized in
opposition, as indicated, relay 12C2 remains un-
operated. Control relays 12Ci and 12C2 are now
in position 1, both restored.

When relay 12B15 next operates, upon a seizure
of the line controller for originating operation, its
contacts 4 disconnect ground from both windings
of relay 12C2 (leaving it unoperated) and trans-
fer ground to the circuit of relay 12CI. With
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relay 12C2 unoperated, only the lower winding of

relay 12CI is energized, the upper winding thereof
being disconnected. Relay i2CI is now operated
by its lower winding, energized alone. Upon
operating, it disconnects the upper winding of
relay 12C2 from in parallel with the lower winding
thereof. Relays 12C{ and 12C2 are now in posi-
tion 1.5, relay {2Ci being operated alone.

Whez_l the line controller next clears out, con- .

70

VE20b. dllotiing-relay action

With the gllotter in its illustrated first posi-
tion, all relays thereof are restored except the
first allotting relay {2C4. Relay 12C4 is operated
from ground, closed contacts 3 of relay i2C2, odd
control conductor 1241, the closed contacts of
relay 12C3, and through the upper winding of
relay 12C4 to battery. The input wires of the al-
lotter (control ground at contacts 3 of relay
12C2, and wires {243 to 1246) are thus connected
to their respective odd branches through bredk
contacts 3, I, 2, 5, and § of control relay 12C2,
and the odd branches of wires 1243, {244, and
1246 are connected to their respective output
wires ‘1 through make contacts {, 2, and 4 of
relay 12C4. .

The choice allotter remains in its illustrated
position | until the second control relay 12C2
operates to bring relay {2Ct and (2C2 into posi-
tion 2 (both operated) at the end of the next en-
suing originating-call operation. Relay {2C2, on
operating, switches the input wires {243 to 1245
from their odd branches to their even branches,
thus advancing the allotter to position 1.5.

Through its make-before-break contacts -3,
relay 12C2 transfers control ground from the odd
control conductor 1241 to the even control con-
ductor 1242, thereby opening the initial circuit of
relay 12C4 and energizing three windings in se-~
ries through make contacts 3 of relay 12C4. They
are the upper winding of relay 12C5, the lower
winding of 12C4, and the winding of cutoff relay
12C3. The holdmg wmdmg of relay 12C4 is em~
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ployed to hold: that relay operated after ground is
removed from the odd wire 1241, whereby the

operate circuit of relay 12C5 (through contacts 3
of relay 12C4) is maintained intact. Relay 12C8
is operated to disconnect the upper winding of
relay 12C4 from the odd wire 1241, and is ar-
ranged to be held operated through the holding
windings of succeeding allotting relays until the
point is reached in the operation of the choice al-
lotter at which it should be restored to reconnect
the No. | allotting relay {2C4.

The second allotting relay 12C5 is operated by
the energization of its upper winding. It prepares
a circuit at its contacts 3 for operating relay
12C6; at its contacts 1 and 4, it connects the as-
sociated No. 2 output wires to the currently ef-
fective even branches of input wires 1243, and

1245; and at its contacts 2 it connects wire { of

group {252 to the even branch of conductor 1244,
The allotter is now in position 2 (relays 12Ct to
12C5 operated).

The next ensuing originating use of the line
controller restores relays {2CI and 12C2 as
described.- Relay {2C2 disconnects the even
branches of the input wires and substitutes the
odd branches. The allotter is thus advanced to
position 2.5 (relays 12C3 to 12C5 operated).

The transfer of control ground from the even
control conductor 1242 back to the odd conductor
1241 opens the noted operate circuit (upper wind-
ing) of the second allotting relay 12C5 and closes
the operate circuit (upper winding) of the third
allotting relay [2C6, in series with the lower
winding of relay 12C5 and the winding of 12C3.
Relay 12C6 accordingly operates and relays 12C5
and 12C3 remain operated in series therewith.
The noted opening of the operate circuit of relay
12C5 deprives relay {2C4 of holding current
(through its lower winding) causing it to re-
store. The allotter is now in position 3 (relays
12C3, 12C5, and 12C6 operated).

From this point, the choice-allotter action pro-
cedes in a progressive wave-like motion wherein
the last preceding allotting relay is held operated
in the operating circuit of the newly operated
one, but the second preceding allotting relay is
open-circuited and restored. Accordingly, except
for a momentary half-step (transition) interval,
only two allotting relays (i12C4 to 12C18) are in
operated condition at any one time, but only the

last-operated one closes effective allotting circuits *

because of the action of control relay 12C2 in
shifting the allotter input wires 1243 to 1246 back
and forth between their odd and even branches.
When the allotter reaches its ninth position,
the ninth allotting relay 12Ci2 stands operated
from ground on odd control conductor 1241, con-
tacts 3 of the operated eighth allotting relay
12Ci1, lower winding of relay i2Cli, and relay
12C3, to battery. Relays i12C3, 12Ci1 and 12C12
are held operated over this circuit, and all other
relays of the allotter are in restored condition.

‘When control relay (2C2 is next operated, the

tenth (and final) allotting relay 12C13 is oper-
ated through contacts 3 of relay 12C12, in series

circuit does not include cutoff relay 12C3. As a
result, {2C3 restores along with relay (2Cili,
leaving relays 12Ci2 and 12CI3 operated.

When control relay 12C2 next restores, the
consequent removal of ground from the even
control conductors 1242 restores relay 12C12 and
12C13, and the reconnection of ground to the
odd-control conductor {241 reoperates relay
f2C4, through the contacts of the restoréd cut-
off relay 12C3 to bring the choice allotter again
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into its illustrated first position to start a new
cycle of operations.

VE20c. Effect of choice-allotter action

From the foregoing, it is clear that battery on
wire {241 is applied successively to the ten choice
wires | to 10 of group 1251 leading to the originat-
ing primary chain of relays 12A2 to {2A¢{, there~
by shifting first choice progressively from the first
to the tenth of the line-link primary switches
which these relays respectively represent.

Since each of the five wires | to 5 in group
1252 (extending from the choice allotter to the
chain of reference contacts asscciated with the
upper windings of fives-chain relays (2425 to
{2A29) are connected to the contacts 2 of two
adjacent allotting relays (12C4 and 12C5, 1208
and 12C7, efc., to 12Ci2 and {2C!3) in the choice
allotter, the first choice to locking battery on wire
1244 is shifted succes:ively through the fives
groups which these relays respectively represent.
These five shifts occur on the respective odd-
numbered steps of the allotter. :

Locking ground potential (represented by wire
1245) is applied successively to the ten choice
wires | to 18 in groupi254, leading to the trunk-
test relays 12D13 to 12D22, thereby shifting first
choice progressively from the first to the tenth of
the line-link secondary sections, which are repre-
sented respectively by the trunk-test relays.

The shifting of the preference among the pri-
mary switches insures that a call from any given
primary switch will eventually be afforded aceess
to the line controller, irrespective of circuit con-
ditions and matching conditions relating to the
other primary switches; the shifting of the pref-
erence among the five groups of lines on a pri-
mary switch similarly acts to insure the eventual
access to the line controller of a line in any fives
group, irrespective of conditions surrounding the
lines in the other fives group served by the same
primary switch; and the shifting of the prefer-
ence among the ten secondary sections on the
line-link frame acts to spread the originating
calls evenly among them.

Giving first choice to the secondary sections in
regular order, combined with the previously de-
scribed cperation of the call-in allotter, serves to
randomize the originating trunks 263 almost com-
pletely (provided care is taken as previously in-
dicated with respect to which are equipped and
which are unequipped in any call-in group) to
the end that (1) the block couplers 560 have uni-
form trafiic loads and (2) any tendency toward
unbalanced load distribution which might result

" in unnecessary originating-action matech failures

is greatly minimized.
VE21. Cycle-timer operation

The cycle timer (relays 12BIi to !2Bi5) is
provided primarily to- clear out the line con-
troller and return it to normal condition when
the clearing-out operation does not oecur necr-
mally. As noted hereinbefore, the cycle timer

. must defer its initiation of the clearing-out op-
with the holding winding of relay 12C12, but this **"

eration for an interval long enough to permit
the line controller to function normally when
four successive trunk-call-in operations are re-
quired. The waiting time afforded by the cycle
timer is principally the time required for relays
12BI1 to 12BI4 to restore successively urder
short-circuited slow-restoring conditions.
When originating-start relay {2B#8 operates,
its contacts 6 apply starting ground to the cycle
timer. as noted ' héreinbefore, operating relays
12B1§: {0 .12BI5 in succession.. Relay 12B{i is
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operated through closed contacts 2 of relay (2BIS,

and each of the relays 12B{{ to {2Bi4,. at iis
contacts 2, closes an operate circuit for the next
succeeding relay. Relay i2Bi§, at its make-be-
fore-break contacts 2, locks itself and the pre-
ceding relays to the incoming grounded operate
wire (in preparation for the restoration of relays
{2811 to 12B14 in succession) at the same time
opening the initial operating path to prevent in-
terference with the intended prompt resteration
of all the relays whenever reiay (2B16 restores.

Relay {28185, at its contacts {, grounds the re-
storing wire for relays 12Bif tc {Z2Bi4, thereby
directly short-circuiting the winding of relay
12Bi1. The additional time required for relays
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12Bi2 to 12Bi5 to operate after 12Bil operates :

insures that the current through the winding of
relay i28Bi{ has reach substantially its full value
by the time the restoring short-circuit is applied.
Relays 12Bif to 1ZB{§ now restore in succes-
sion, each of the relays {2Bt{ tc 12BI3, on re-
storing, extending ground at its contacts i to
short-circuit the winding of the next relay.
When the line controller completes its normal
operation and clears out before the action of the
cycle timer has reached the point at which relay
i2B12 restores, the removal of control ground
from the eycle timer, at contacts & of relay 12B{0,
causes a guick restoration of relay {28{¢ and any
still-operated ones of the relays {3Bi! to i2B{4.
If, for example, relays (2Bif to {2B[3 have re-
stored as described, and relay 12Bi4 is stiil cp-
erated when confacts & of reilay (2813 open, o
_local self-locking series circuit exisis, ior relays
{2B14 and 12Bi{5. This circuit is frcm ground
through contacts { of relays {2BI5 and i2B{3,
the winding of relay 12B{i4, contacts 2 of the
same relay, and through the winding of relay
12Bi{5 to battery. When this circuit becomes ef-

fective (upon the opening of the previously closed ..

contacts § of relay 12Bi0), the current flow
through the winding of relay 1ZBi4 reverses,
causing a reversal of flux through the magnetic
structure (not shown). During this reversal,
relay {2B{4 restored, opening the ncled inci-
dental local locking circuit at its confacis 2.
Relay #2315 responsively restores. The action
is similar when any preceding relay of the cycle
timer is still operated when relay 12B{8 restores.
Since the noted current reversal results in a

prompt and satisfactory clearing cut of the cycle ™

timer, the circuit has been left in its illustrated
simple form rather than providing sufficient con-
tact pairs on relay {2Bl@ or on relay (2B{5 to
isolate the several circuits. ]

When the line controller has not cleared out

by the time relay (2Bi4 of the cycle timer re-
stores responsive to being short-circuited upon
the restoration of relay (2Bi3, clearout relay
{2818 is operated through break confact 3 of
reiay {2214 and make contact 3 of relay 12Bi5
to initiate the clearing-out operation.

VE22. Time-out group

The time-out group (relays 12B19 to 12B24) is
provided to halt the originating action of the line
controller for a short period (say, from 9 to 18
seconds) when at least ten successive attempts
to extend a calling line have all been unsuccess-
ful. . The minimum number of unsuccessful op-
erations has been set at ten to give each of the
line-link primary switches first-choice access to
the originating primary chain.

The purpose of the time-out feature is to mini-
mize useless relay operations in the line controller
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and useles§s operations of the line-controller-
switches 1802 and {100. :

Two conditions other than circuit failure with-
in the line controller or in the line-controller
switchies can cause the line controller to execute
a series of unsuccessiul originating operations.

Pirst, the traffic load on the line links and on
the originating trunks may be sufficienily heavy
that, for a pericd of time, no match is possible to
an idle originating trunk from any primary
switeh.

Second, if the sleeve circuit of a calling line
(between its sleeve wire S and battery) is open,
the hold magnet thereof cannot be operated to
extend that line. This condition is detected in-
the line controller by the failure of line-test re-
lay 12Bi6 to operate,

When an originating operation of the line con-
troller is successful, operate relay 12817 operates”
as described (o effzct operation of the concerned
primary and secondary hold magnets) prior to
the operation of clearout relay 12B18, but when
the originating operation is not successful, relay
12B17 does not operate. Clearout relay {2Bi8 is
then operated, either through the chain contacts
2 of the call-in totalizer (relays 12C22 to 12C25, or
contacts 2 of relays i2B14 and {2B45 of the eycle
timer. It is cnly when clearout relay {25 §8:oper-
ates with operate relay §2B17 still unoperated that
ground is placed effectively on input wire {245 of
the choice alotter, which is the wire thereof asso-
ciated with the time-out group. Such ground is
through break contact 2 of operate relay 12Bi7,
make contacts 7 and 4 of relays {2BI{ and 12B18,
to wire 1245. Subject to the choice allotter being
in position 19, the ground on input wire 1245 is
extended through make contacts § of relays {2C2
and {2Ci3 to wire 18 of the {ime-out group 1253,
operating pickup relay 12B18. Relay {2818 locks .
itself to ground through break contacts 2 of re-
lays 12B{7 and 12818, and the break contacts of
stop relay 12B21,

If a successful originating operation oceurs on
any one of the next nine tries by the line con-
troller, pickup relay §2Bi9 is unlocked and re-
stored by operate relay {12B{I. But, if each of
the next nine originating operations of the line
controller are unsuccessful, pickup relay 12319 re-
mains locked operated to cause the line controller
to time out after the choice allotter has advanced
from position 19, and through positions 1 to 8,
to reach position 9. In this event, ground on in-
put wire 1245 of the choice allotter is extended
through break contact 5 of relay 12C2, make con-
tact § of relay {2C{2. Conductor 9 in group 1253,
and make contact { of pickup relay 12BI8, to
start relay (2B28. Start relay 12828 operates and
locks operated (at its contacts ) through con-
tacts 1 of pickup relay 12B18; at contacts 4, pre-

.y bares a circuit for stop relay (2B21; at contacts 3, .

places ground directly on the associated input
wire 1245 of the choice allotter; at contacts €,
disconnecis originating-start relay 12B{8 to dis-
able originating operation of the line controller
during the time-out period; and at comtacts. 2,
places starfing ground on the time-out pulser
(relays 12B22 to i2B24). The line controller is
now at the beginning . of its time-out period
wherein it is unresponsive to calls originated on
its associated line-link frame, as originating-
start relay 12B{9 is disconnected at contacts § of
start relay 12828.

Responsive to the closure of contacts 2 of start
relay 12820, relays 12B22 to- {2B24, comprising
the time-out pulser, operate in succession and to
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restore in succession to generate driving pulses
for the choice allotter during the time-out period
of the line controller, These relays are slow-re-
storing sleeved relays, adjusted to transmit driv-
ing impulses to the choice allotter at a relatively
low frequency, such as one impulse every second
or two. The arrangement is such that nine steps
of the choice allotter are required to return the
line controller to active condition with respect to
originating calls, giving a delay ranging from, say
nine to eighteen seconds, depending upon the ad-
justment of the relays of the time-out pulser.
On each operation and restoration of the relays
of the time-out pulser, relay 12B23, at its con-
tacts 2, transmits a driving impulse to control
relays 12Ci and 12C2 of the choice allotter as pre-
viously described for contacts 4 of the cycle-timer
relay 12Bi5, causing the choice allotter to ad-
vance one step for each operation of the time-out
pulser, )
Nothing further occurs within the time-out
group of relays until the choice allotter has ad-
vanced nine steps following the operation of start
relay 12B20, at which time it arrives in position 8.

The choice allotter arrives in any new position :

with pulser relays 12B22 and [2B23 restored and
with relay 12B24 still operated.

. With start relay 12B20 operated, and with the
choice allotter in position 8, operating ground on
wire 1245 is extended to stop relay i2B21, through
mark contact 5 of relay 12C2 and 12Cl |, and over
conductor & in group {253. Upon operating, stop
relay 12B20 opens its contacts to restore pickup
relay [2B19, which at its contacts {, restores start
relay 12B20.
starft ground from the time-out pulser before the
next cycle thereof starts. At its contacts 6, relay
12B20 terminates the time-out period by recon-
necting the originating-start relay 12B10.

VE23. Trafiic metering

The line controller is arranged to operate two
meters (nct shown) indicative of the disposition
of originated calls handled by the line controller.
These meters are operated over originated-calls-
completed wire OCC and originated-calls-lost

wire OCL (¥Fig. 9, Part 2).

Fach time operate relay 12B7 operates (in~
cidental to the closure of the hold-magnet eir-
cuits in the normal course of events following
matching), it grounds wire OCC as an indica-
tion that an coriginating call has been completed;
that is, extended successfully through the line-
link frame.

The metering of lost originating calls is not so
readily accomplished, as an operation of the line
controller which finds all matching paths un-
-available does not necessarily mean that a call
is lost, for a calling subscriber often has only
to wait a short time for a path to become avail-
able. It is considered, however, that ahy con-
dition causing the time-out group to function
25 described to retire the line controller from
originating operation (after at least ten unsuc-
cessful originating-call attempts) causes a delay
amounting to a lost call. Accordingly, each time
start relay (2B2§ operates to begin a time-out
period, it grounds originating-calls-lost wire
OCL to record a lost originating call. The read-
ing of the originating-calls-lost meter, however,
is not intended to show the precise number of
lost originating calls. In this rezard, note that
a calling Jline with an open sleeve wire S will
cause repeated groundings of wire OCL until the
condition js remedied.

Relay 12B20 restores and removes :i.
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VF. DETAILED TERMINATING-CALL OPERATION
VF1. Primary, fives, and units marking

When the block translator 1800 receives digit
information from a calling block coupler 590
identifying a line terminated on the line-link
frame served by a specific line controller 1200,
it translates that information into a primary
digit, a fives digit, and & units digit, and trans-
mits the translated digit information to the con-

- cerned line controller by simultaneously ground-~

15

30

10

50

5

60

“its contacts 2,
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'~ tacts
"associated control wire, operating relay 12B9

ing one of ten P leads, one of five F leads, and
one of five U leads extending between the block
translator and the line controller. These three
sets of leads are shown at the lower margin of
Fig. 9, Part 1. These sets correspond respectively
to the primary, fives and units digits of translated
information.

The grounding of an F lead or a U lead by
the block translator causes no immediate re-
sponse, for operating battery is withheld from
the associated lower windings of the fives-chain
and units-chain relays until auxiliary relay 12B9
of the. terminating~-control group has operated

to close its contacts 1 and 2. Inferference is
thereby avoided with originating control action,

if it is in progress.
VEF2. Primary selection

The grounding of the selected P.lead incom-
ing from the block translator causes the im-
mediate operation of the associated one of the
ten relays (2A12 to {2A21 in the ferminating
primary chain to select the corresponding line-
link .primary switch. . Upon operating, any relay
12A12 to 12A21, at its contacts 3, prepares to
ground the associated select-magnet wire SM
leading to the line-controller switches, and at
its contacts 2, it grounds the operate wire for
the terminating-start relay 12B8. The circuit
of relay (2B8 includes break contact 9 of origi-
nating-start relay i2Bi0, whereby relay 12B8
does not operate for the time being if originat-
ing operation is in progress.

VE3. Seizing the terminating-control group

Upon operating, terminating-start relay 12B8,
at its contacts 3, opens the input sround wire
to the selecting contacts of the originating pri-
mary chain, and at its contacts 4, it locks op-
erated independent of contacts 9 of relay 128190,
to give terminating operation undisputed pre-
ference in the event of a close race between relays
{2B8 and 12B10; at contacts 6, it connects hold-
pilot wire HPI to terminating-frame wire TF

‘as a preparatory action, rather than immedi-

ately grounding wire TF as in the former appli-
catlon At its contacts 5, relay {2B8 transfers
the associated control wire from the circuit or
criginating-start relay 12Bi0 to the circuit of

_terminating-start-auxiliary relay 12B9; and at

it operates cutoff relay 12A1
through break contacts 5 of clearout relay 12BI8.

Cutoff relay 12A{ disconnects the associated
leads Pi to P10 incoming from the line-link pri-
mary switches 8088 to insure that no more than
one relay 12A2 to #2A1l is operated in the origi-
nating primary chain, thereby avoiding crossed-
wire interference with the selection at the ter-
minating primary chain. Relay 12A1 at its con-
{1, extends its operating ground to the

through make contacts 5 of relay 12B3.
VF4. Fives and units selection

’,Ailxiliary terminating-start relay 12B9, at con-
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tacts 4, connects up the called-line-sleeve .wire
CLS as a preparatory measure; at contacts 2
and |, it applies operating bhattery to the lower
windings of the fives and units -relays (§2A25
to 12A28, and {2B2 to {2BB), whereupon the
selected relay in each chain operates, followed
by relays 12423, {2A24, and {2Bi, as herein-
before described; at confacts § it grounds the
multiplied make contacts 3 in the terminating
primary chain (relays-12A12 to {2A21) which
are assoclated with the select-magnet wires SMi
to SMi8 of the line-controller switches 1808 and

1100, thereby grounding the select-magnet wire

SM corresponding to the selected primary switch.

VF5. Primary selection at the line-conmtroller
switches

The two line-controller switches 1860 and {180
now operate as deseribed to set themselves ac-

cording to the selected primary switch 800. As:

hereinbefore described, operation of hold mag-
nets HMI to HM4 of switches {000 and 1100
grounds the hold-pilot wires HP{. With econ-
tacts § of relay 12B8 closed, as previously noted,
ground is thereby placed on terminating-frame
wire TF of the line controller, thereby identify-
ing the called line-link frame and starting match-
ing in the block controller, as hereinafter de-
seribed.
VFG. Link test

Incidental to their primary-switch . selecting.

operation, line-controller switch 1608 connects
the link-test relays 12D1 to {2DI0 (over wires
LT! to ITIB) respectively to the sleeve wire S

of the line links 202 extending from the selected .

primary switch, causing any such relay to oper-
ate subject to its corresponding line link heing
idle, as described for originating action. On
operating, any link-test relay 12D1 to 12DI0,

at contacts {, connects hattery (on wires LSMI ~

to LSMIiB) to the associated one of link wires
LKI to LK., through the corresponding series-
connected primary and secondary select mag-
nets. Battery so placed on any wire LK informs
the block controller 1608 that the corresponding
connected line link is idle. Moreover, the closure
of the noted contact { of any link-test relay
vrefaces a cireuit for operating the correspond-
ing primary and secondary select magnets on
the line-link-frame if a path is matched over
the corresponding line link.

VF17. Fives selection at the line-controller switches

As a part of their primary selection, the line-
controller switches jointly ground common-off:
normal wire CON (Fig, 9, Part 1) as described,

At this time, ground on wire CON locks relay

12B2 thereover through its contacts 1, and com-
pletes a circuit through contacts | of auxiliary
relay 12A24 and make contact | of the operated
fives relay (12B25 to 12R29), over the associated
wire HMS5 to HMS, for operating the hold mag-

net HM5 to HM9 in the two line-controller -

switches which corresponds to the selected fives
group of lines on the selected primary switch
880. As previously described, the sleeve wires
S of the fives lines in the selected fives group
are thereby connected respectively to the five
sleeve-units wires SU incoming to the line con~
trolier.

VF8. Sleeve of called line extended back

With units selection having been made in the
line controller, by the describsd operation of one
of the units relays {2B2 to i2B6, the wire SU
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which  represents the sleeve of the called line
is now extended through contacts .{ of the oper-
ated ‘units- relay (12B2 to [2BS), a .contact 2
to 6 of the operated auxiliary relay {2Bi, local
sleeve .conductor 224, and contact 4 of relay.
12B3, to the called-line-sleeve wire CLS lead-
ing to the block controller {600, enabling the
block controller to test the called line thereover,:
and to later operate the hold magnet of the called
line thereover..

VF9. Line-test start

The last noted hold-magnet operation in the .
line-controller switches {800 and {{89 causes
hold-pilot wire HP-2 incoming to the line con-
troller to become -grounded as hereinbefore de-
seribed.  The local branch of this wire stands
open .in the line controller at contacts | of
originating-start relay 12B{8, but a multiple of
this wire is extended to the block controller as
the -test-start wire TS. With wire TP of this
line controller grounded as deseribed, the ground- -
ing of this wire acts in the block controller. to
start the testing of the called line.

VFI0. Matching and connection extension

If an idle path can be matched to the called
line (over.an idle block link 206, terminating
trunk 207, and line link 202), and if the called
line tests idle, the block controller {680 first
causes -the elements of the matched path to be
selected, and then operates the appropriate hold
magnets to cause the connection to be extended
thereover to the called line.

To cause the matched line link to be selected,
the block -controller grounds the corresponding
link wire LK, operating the concerned primary
and secondary select magnets on the line-link
frame through make contact { of the associated
link-test relay (12D to 12D10) of the line con~
troller, and over the associated link-select-imag-
net wire LSM.. Operation of these select mag-
nets extends battery to wire PS—ON as here-
inbefore described. Off-normal wire ON (Fig. 9,
Part 2, lower margin) is multiplied thereto, ex-
tending battery to the block controller as a sig-
nal. that line-link selection has occurred.

The primary-and secondary hold magnets on
the -block-link  frame-and the secondary hold
magnet on- the line-link frame are operated as
described.- The ‘hold magnet individual to the
called line is operated (to connect the called ling
to the primary end of the matched line link) by
ground placed on wire CLS by the block control«
ler,” such wire having heen déonhected to the
sleeve of the called line as described.

VFL1l. Clearing out

Wheén. their operation-has been completed, the
block controller (684 znd block transiator {820
clear out. The clearing cut of the block frans-
lator-open-circuits and restores the operated digit
relay in the terminating primary chain, in the
fives chain, and in the unifs chain of the line
controller. This permits the associated relays
12A23, 12A24, and {2B{ of the five and units
chains to restore. The rsstoration of the gigit
relay (12A12 ‘to {2A21) in the terminating pri-
mary chain opens the previously grounded SM
wire to clear out the line-controller switches, and
it opens the upper winding of terminating-start
relay 12B8, leaving that relay locked to wire CON.

‘When the :line-controller switches clear out,
they restore any operated ones of link-{est relays
12D1 fo 12D10, and they unground common-off-
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troller in operating the secondary hold magnet
on the block-link frame.

3. On terminating call§, the seccndary hold

magneb (switch 866) on the.called line-link frams

is operated by the.block controllér.in multinls

with. the secondary hold magnet (switch 1498}
on the bleck-link frame. The primary hold mag-
net (switch 808) on the called line-link frame
is operated by the block controller over the noted
temporary test connection -to the sleeve of the
called line.

~ VIA4. Call preference

On a terminating call, all digits have been
dialed before block controller 1808 and associated
common apparatus are .called in. Therefore, &
terminating call can still be completed even
though its normal completion time (of a second
or less) is extended somewhat when a chance
coincidence reguires it. With calls outgoing to
another dial exchange, however, the normal out-
going-call completicn time (of about one-tenth
of a second) must not be materially exceeded, for
(1) the calling subscriber will ordinarily continue
to dial without pause; and (2) the impulses of
the next digit, and of all succeeding digits of the
called number, must ke repeated over the out-
going trunk as they are dialed. Therefore, any
such ocutgoing call is given preference over ter-
minating calis, to the end that it will be ex-
tended to an idle trunk in the outgoing group
during the usual inter-digit interval. For this
reason, the common apparatus is arranged to
interrupt operations and progress relating to a
terminating call immediately upon being seized
by an outgoing call, unless the operations relat-
ing to the terminating call are just being con-
cluded.

For the sake of uniformity -and cireuit simplifi-
cation, all outgoing calls (whether to a dial ex-

change or to a manual exchange) are treated.

as calls outgoing to a .dial exchange, and are
therefore given preference over terminating calls
as noted.

VIB. FUNCTIONAL RELay GROUPS

The relays 16Al1 to I16E30 of block controller

i668 (Fig. 10) comprise functional groups 1 to 13
as follows:

1. {6Al to 16A5, Line-test - group-eo——— Ter.

2. 18A5 to (6A14, Terminating-control group:
______________________________________ Ter.

3. 15A15, 16A41, to- 16A20, Outgoing-control
B0 o e e Otg.

4, {6D1{ to 16D3, {6EIl .to .I6E(0,.Choice allotter
_________________________________ Ter., Ofg.

5. {681, 16CI, 16C2, Call-in pulser__ .- —_ Ter
. 18B2 to 15B6, Call-in allotter._____.___ Ter

. 16B1 to i6B19, Call-in totalizer________ Ter.

. {88B1{ to 16830, Ternunatmg-trunk call-in

Ter.

{6B11 to 16B15, Line-link frame A.
b. i{6B16 to 16B20, Line=link frame B.
16B21 to 16B25, Line-link frame C.
d. {6B26 to i6B30, Line-link frame D.
9. Odd-numbered relays 18CI1 to 16029 Ter-
minating-trunk test group. .. __._>:_____ Ter.

10. 1503 to 16CI0, Line-link call-in group._ Ter:
. 16C8 to 16C6, Frames A to.D.
b 16CT to {6CI0, Call-ins | to 4.
11. §8D9, [(6E1, 16Di0, Match-pilot. group
__________________________________ Ter., Otg
12, 18D1i to 18D30, Block-link test___ ‘Ter., Otg.
i3. 18811 to 16E30, Matching.relays-.- Ter.,;.Otg.
NoteE: (Ter.) signifies use in “terminating.calls; ..

(Otg.) signifies use in outgoing calls.
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VIC. OUTGoING-CALL OPERATION

Outgoing-call operation of the block controller-
is its operation (in-cooperation -with outgoing
controller {700) in guiding an outgoing-call con-
nection across the block-link frame to an idle
trunk 2020 in a called outgoing group, as distinet
from its terminating-call cperation, wherein the
call terminates at a local called line.

VICl. Quigoing-call seizure of common
apparatus

When the initial digit dialed and registered
in any block coupler 508 has a value assigned
to an outgoing trunk group, outgoing-start relay-
{6A17 in the block controller operates in series
with (1) a-digit relay (not shown) in the out-
going controller 1708, (2) the outgcing-chain
relay (not shown) in the concerned block coii-
pler 888, and (3) a section-preference relay (not
shown) associated with block controller switch
1500. As a consequence, (1) the operation of
the noted digit relay, the outgoing controller
1760 is conditioned to test the trunks in the
called outgoing group and to indicate idle ones
thereof to the block controller; (2) by the noted
operation of the outgoing-chain relay, the con--
cerned block coupler 583 is connected to the

iocck controller over wires specific to outgoing

operation; and (3) by the operation of the noted
section-preference . relay, the block-controller
switch 1500 is set on .the block-link primary.
switch 1300 serving the concerned section of.
block couplers, all as described in the former
application.

VIC2. Starting the block controlier for outgomgﬁ
operation

s

In the block controller 1600 the noted opera-
tion of outgoing-start relay .16Ai7 (over wire
OTG—ST, and through contacts 3 of busy relays
16A18 and 16A19) closes a circuit for outgoing-
start auxiliary relay 16A{5. Relay 16Al5 there~
upon operates. to start the sequence of -opera-
tions necessary to extend the connection to an
idle outgoing trunk in the called group.

Break contfact 2 of relay 16AI15 disconnects
ground from the circuit of terminating-start
auxiliary relay 16A7 to prevent that relay from
operating later, or to restore it if it is operated.

Make contact 4 of relay (6A(5 closes a circuit
through break contact & of relay 16A7 for oper-
ating transfer relay i8A20 over wire 5 of group
1601, in series with match-complete relay (16ET.
At its make contacts | and 2, transfer relay
18A20 prepares circuits for operating a primary
hold magnet and a secondary hold magnet on
the block-link frame, and at its make contacts
3, it extends the outgoing-matching-ground wire
OTG—MG (incoming from the section-prefer-
ence relays, not shown herein, but shown at 1550
in the former application), to the choice allot-
ter, relays 16D1 to 16D3 and I6E{ to 16E{0.

VIC3. Setting the block-link fest relays

On being positioned as previously noted, block-
controller switch 1892 conditions the sleeve wires
of the twenty block links 288 (ten pairs) serving
the connected primary switch, by connecting re-
sistance batiery to each. At the same time, it
connects. those sleeve wires respectively to the
windings : of block-link test relays §(6DIi{ to.
16D36, .over the twenty. sleeve wires SI—I to
SU-10. Any block-link test relay {6D I to 16D30
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normal conductor CON. This opens the locking
circuit of terminating-start relay (2B§, where-
upon relays izB8, 12BSY, and i2A1{ restore, com-
pleting the clearing ouf of the line controeller.

VF12. Conirol and supervision of digit wires

Circuit difficulties within the block translator
1600, or at the terminals of the eable conductors
interconnecting the block translator with a line

controller 1206 may cause two of the primary

wires P, two of the fives wires ¥, or two of the
units wires U extending between them to become
shorted together. Unless prevented, this would
cause operation of two or more relays in the con-
cerned digit chain of the line controller, and that
would mark one or more other lines in addition
to the called line. But, operation by the block
translator of two or more relays in the same digit
chain is prevented by chaining the operating bat-
tery for each concerned digit chain in the line
controller.

As an alarm-supervisory measure, each digit

chain is provided with an alarm relay which
operates when a crossed-wire condition attempts
to operate two relays in the same digit chain. In
the terminatfing primary chain, for example, any
relay 12A12 to {2A2! on operating, opens its
chain contact [ to remove operating battery from
any succeeding digit relay of the chain. As a
result, when ground appears on the P wires in-
coming {0 two or more of these relays, the lowest-
numbered relay in the chain operates normally,
while any succeeding relay in the chain either
fails to operate or restores promptly upon having
its operating battery disconnected by the pre-
ferred relay in the chain. The relay attempling
unsuccessfully to operate now finds high-resist-
ance battery through the lower winding of the
alarm relay 12A22 and the associated high-resist-
ance resistor {204, No relay {2A12 to {2A2{ will
operate in series with resistor 1284 but alarm relay
12A22 is sensitive enough to operate through it
and throush any relay {2Af(3 to {2A21 which is
attempting to draw operating batiery from the
disconnected end of the chain. On operating,
relay 12A22, at contacts {, locks its upper wind-
ing to ground through the alarm-release key 1201.
The associated primary-alarm lamp 12081 becomes
lighted in parallel with the upper winding of
relay 12A22. At its contacts 2, relay 12A22
grounds line-controller-alarm wire LC—AIL: ex-
tending to alarm-supervisory equipment (not
shown), to signal a trouble condition in the
line controller.
It will be observed that the circuit arrange-
ment still permits a call to go through under the
discussed abnormal condition. Such a call has
an even chance of reaching the desired called
line, since the lower-numbered one of two crossed
wires Pl to PI0 should represent the correct
translation about half the time.

The chain and alarm arrangement is similar
at the fives chain and at the units chain of relays,
whereat alarm relays {2A3¢ and {2B7 are pro-
vided, along with their asscociated alarm lamps
1282 and 1283, and resistors {285 and {298.

VI. BLOCK CONTROLLER (FIG. 10)

Block controller 608 of Fig. 10 will now be
described. It is a common apparatus required
for all calls across the block-link frame, com-
prising both outgoing calls and terminating calls.

As shown in Pig. 10, the block controller {683
is generally similar to the block controller of the
former application, differing primarily in that
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certain of its circuit paths are altered pursuant
to the improved control arrangement for path
selection with which this application deals. The
primary point of .operational difference resides
in its cooperation with the concerned line con-
troller to start terminating-call matching as scon
as all the necessary information is available,
rather than wating for the called line to be
tested and to be found idle.

VIA. GENERAL OPERATION
The general operation of block controller 1608
is as follows:

VIAL, Testing and matchiﬁg

1. On all the calls, the block controller 1688
tests the block links 206 extending from the cou-
cerned primary switch 1300 on the block-link
frame to the secondary switches 1408 thereon,
and performs s matching operation accordingly.

2. On outgoing calls, the outgoing controller
1789, through chain ecircuits interconnecting
items 1600 and 1700 (wire group 24{, Fig. 2),
indicates to the block controller 1898 which
trunks 2020 are idle in the called outgoing groun,
enabling the block controller to match an idle
outgoing frunk with an idle block link.

3. On terminating calls the block translator
{808 (Fig. 6) is employed as previously noted, but
gives no information directly to the block con-
troller. Instead, the block translator transmits
franslated primary, fives, and units digit informa-
tion to the concerned line-link frame A, B, C, or
D as to the involved primary switch 868 thereon,
the fives group of lines containing the called iine,
and the units identity of the called line within
the fives group. The line-confroller apparatus
(items 1608 to {200) on the line-link frame there-
upon operates as described to select the indi-
cated primary switch 800, the fives group of lines
thereon, and the called line in the group of five;
and it closes a temporary test connection from
the block controller to the called line.

4. Incident to selecting the primary switch 843,
the line-controller apparatus closes circuits to

5 test the line links thereof (pursuant to notifying

the block controller of their being busy or idle)
at the same time identifying the called line-link
frame at the block controller. The block con-
troller thereupon matches an idle block link 283
with an idle ferminating trunk 207 and with an
idle line link 202. If the cailed line fests idle,
the block controller causes the connection to be
extended to the called line over the matched
path.
VIA2. Select-magnet operation

1. On all calls, the block controller 1598, large-
ly through circuits prepared by the block-con-
troller switeh 1500 (Figs. 2 and 6) operates a
primary and a secondary select magnet on the
block-link frame (switches 1380 and 1400) in
accordance with the block-link path selected by
the mateching operation.

2. On terminating calls, the block controlisy
acts through the line-controller apparatus on the
called line-link frame to operate a primary select
magnet and a secondary select magnet on the
called line-link frame (switches 300 and 969).

VIA3. Hold-magnet operation

1. On all calls, block controlier i698 operates
the concerned primary hold magnet and second-
ary hold magnet HM on the block-link frame
(switches 1300 and (400).

2. On outgoing calls the block controller em-~
ploys a circuit prepared by the outgoing con-
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accordingly thereupon operates from the noted
resistance battery, subject to the associated link
being idle. If any one of the concerned twenty
block links 206 is in use, ground on the sleeve
wire S thereof short-circuits the correspond-
ing block-link test relay.

VIC4. Outgoing matching

On an outgoing call, there are two require-
ments for matching over a possible path: (1)
the block link 2086 in the path must be idle, and
(2) the outgoing trunk 2020 in the path must lie
in the called group, and must be idle.

When the block-controller switch 1530 is com-~
pletely set on the primary switch serving the
connected block coupler, it grounds its wire
OTG—MG. With transfer relay {6A29 operated
as described, matching ground is thereby ex-
tended over wire {617 to the associated contact
portion of the choice allotter (Fig. 10, part 3).
With the choice allotter in its illustrated posi-
tion 1" (relay I8E{ operated and all other relays
thereof restored), first choice stands on the first
secondary switch 1408. Accordingly, the ground
on wires OTG—MG and 1517 is extended, through
break contact 3 of relay {6D2 and make contact
3 of relay I6E(, and over wire | in group. 1602,
to point 1 in the endless chain of break contacts
3 on the twenty block-link test relays (6Dii to
16D30. This endless chain constitutes the main
portion of the outgoing matching chain circuit

~used for outgoing calls. This chain has ten
normally open branches { to 10 extending to the

outgoing controller 1768. Each branch includes

a ground-in wire G—IN and a ground-out wire
G—OUT, and has a matching-ground wire MG
associated therewith. '

_The ten noted branches correspond respec-
tively to the ten secondary switches 1400. Since,
from any primary switch (380, two block links
206 extend to each secondary switch 1408, the
ten branches. | to 10 of the outgeoing matching
chain are controlled by respective pairs of the
block-link test relays 16D11 to 15D38.

In the outgoing controller {780, the wire G—IN
of any noted branch is connected to the wire
G—OUT thereof unless one of the associated out-
going trunks is in the called group, and is idle,
in which event the last noted wire G—IN is
transferred from wire G—OUT to the associated
wire MG.

By way of example, if both block links ex-
tending from the connected primary switch 1300
to the first secondary switch 1400 are idle, block-
link test relays 16DII and {6DI2 are both op-
erated. Consequently, the noted ground on wire
i of group 1602 is disconnected from the suc-
ceeding portion of the chain and is transferred
to ground-in wire G—IN-{. If there is an idle
associated trunk in the called group, wire
G—IN-| is connected to wire MG-I in the out-
going controller as noted, and matching occurs
through the first block-link secondary switch as
a consequence. Otherwise, the ground on wire
G—IN-1 passes through the outgoing controller
and reenters the block controller over wire
G—OUT-1, connected to the second point in
the noted main endless outgoing chain. The
effect at the chain is the same as though neither
of the link relays {6D11 and 16Di2 had operated.

When no match occurs at the first secondary
switch 1400, matching occurs over an outgoing
trunk 20206 extending from the second secondary
switeh if (1) one or another of the link relays
I6D13 and 16D14 is operated, and if the out-
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going contreller has indicated that a trunk of
the second secondary switch 1400 is idle (by
transferring wire G—IN-2 from wire G—QUT-2
to wire MG-2). Otherwise, the main outgoing-
chain ground extends uninterruptedly to the
circuit parts associated with the third block-
link secondary switch, and so on to the tenth.

Assume that matching cannot occur through
any one of the first nine secondary switches
1490, and that it occurs through the tenth sec-
ondary switch and over the trunk connected to
vertical V20 thereof. In this event, if relay
{8D28 is cperated, the complete outgoing match-
ing circuit is as follows: From ground on the
outgoing-matching-ground wire OTG—MG in-
coming to the block controller 1680 from the
block-controller switch 1500, contacts 3 of relay
16A20, wire 1611, break contact 3 of driver relay
{6D2 of the.choice allotter, make contact 3 of
allotting relay 6E(, the associated wire { in
group (602, break contacts 3 of relay 16D{1 and
{6DI2 (or over wires G—IN-{ and G—OUT-{
by way of the outgoing controller) to armature
spring 3 of relay {6DI3 associated with the sec-
ond secondary switch, similarly through the por-
tion of the outgoing chain associated with the
second to ninth secondary switches, to armature
spring 3 of relay 16D29 associated with the tenth
secondary switch 1409, make contact 3 of the
operated link-test relay 18D29, the associated
ground-in wire G—IN-10, contacts (not shown)
in the outgoing controller, matching-ground
wire MG-10, make contact | of block-link test
relay 16D28, the upper winding of matching re-
lay 16E29, and through match-pilot relay {6DI0
to battery. Relays 16E29 and 16DI0 operate in
series over this circuit.

VICS. Primary and secondary select-magnet
operation

At its contacts 6, matching relay 16E29 (which
corresponds directly to block-link test relay
16D29) prepares a hereinafter-traced operate
circuit for the secondary hold magnet associated
with the matched outgoing trunk 2020, and at
its contacts | (in series with closed contacts 1 of
relay 16D7) grounds the associated tenth select~
magnet wire SM-{d extending from the block
controller to the block-controller switch 1500.
Grounding this wire closes a circuit for the tenth
principal select magnet SMI8 on the connected
primary switch 1300, which controls the selection
of the tenth link pair, including the matched
block link 208, the nineteenth. As previously
noted, this select magnet is operated in series
with the secondary select magnet which controls
selection of the same pair of block links at the

- secondary switch (the tenth) to which the con-

60

cerned pair of links extends. For example, the

tenth principal select magnet on the first pri-
mary switch is in series with the first principal

select magnet of the tenth secondary switch. Op-
eration of the two concerned prinecipal select mag-
nets effects mechanical selection of the pair of
links including the matched one.

Since matching relay 16E29 is the first relay of
the pair, it represents the upper block link in the
matched pair. At its contacts 2, relay 16E29
connects conductor SMU-i8 (representative of
the extension select magnet SMU of the tenth
secondary switch), through contacts 8 of the
operated match-complete relay (6ET, to conduc-
tor SMU between the block controller and the
block-controller switch 1500. Conductor SMU
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now extends to ground through select magnet
SMU of the connected primary switeh 1380, while
conductor SMU-10 extends to battery through
select magnet SMU of the tenth secondary
switch. These two extension-select magnets are
accordingly operated in series to select the upper
link 206 of the selected pair.

VICS. Series off-normal ground

In the connected block-link primary switch
1300, the operation of the noted extension select
magnet SMU and principal select magnet SM
closes the associated series-connected off-normal
contacts (see Fig. 6) to extend off-normal ground
over the associated wire PON {o the secondary
switches {400. In the tenth secondary switch
t4080 (through which matching has occurred) op-
eration of the noted principal select magnet SM
and extension-select magnet SMU closes the as-
sociated series-connected off-normal contacts to
extend the noted off-normal ground potential to
secondary off-normal conductor SON, extending
from the secondary switches to the block con-
troller.

VICT. Primary and secondary hold-magnet
operation

The placing of ground on secondary off-normal
wire SON incoming to the block controller 16008
closes two circuits in parallel through respective
make contacts of the operated transfer relay
{6A20. One circuit is through contacts § of re=~
lay 18AZ28, over the outgoing switching conduc-
tor OTG—SW, to the concerned primary hold
magnet such as HM2-682 (Fig. 6), by way of the
connected block coupler such as 508-L (Fig. 5).
The other circuit is as follows: From ground
through a make contact 2 of transfer relay
{6A238, conductor § of group 1631, make contact
8 of the operated matching relay 18E28, operate
wire OP-{{ extending to the outgoing controller
{700, thence over a wire such as MT227 (Fig. 6),
to battery through the left-hand winding of sec-
ondary hold magnet HM20 (not shown) of the
tenth secondary switch {400 similar to magnet
HMIT of the illustrated switches 1400 (Fig. 6).

The operation of the last-noted secondary hold
magnet results in the connection of the tip, ring,
and sleeve conductors of the matched outgoing
trunk respectively to the tip, ring, and sleeve con-
ductors of the secondary end of the matched
block link.

At the same time, the primary hold magnet as-
sociated with the connected block coupler oper~
ates over the other noted parallel circuit, to con-
nect the outgoing tip, ring, and sleeve conductors
of the block coupler respectively with the tip,
ring, and sleeve conductors of the primary end
of the matched block link, completing their ex-
tension to the tip, ring, and sleeve conductors of
the matched outgoing trunk 2020.

VICS. Switching through

The hold-pilot contacts of the primary hold
magnet operate the switch-through relay 561 of
the connected block coupler, connecting the in-
coming tip, ring, and sleeve conductors thereof
metallically with the ocutgoing ones, and discon-~
necting the line-relay bridge as hereinbefore de-
scribed. Holding ground is thereby extended
forward momentarily over the sleeve conductor
by the block coupler to hold the block-link pri-
mary and secondary hold magnets of the estab-
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lished connection. The switching-through oper-
ation of the block coupler seizes the outgoing
trunk 2029 and associated trunk coupler, causing
holding ground to be placed on the sleeve of the
extended connection (as previously described) by

- the trunk coupler before it is removed at the
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block coupler.

VICO. Clearing out

The noted operation of the switch~through re-
lay 501 of the connected block coupler opens the
outgoing chain circuit thereat to clear out thé
common apparatus as described in thée formeér
application.

In block controller 1560, the réstoration of out-
going-start relay 16A1T permits outgoing-start
auxiliary relay 16A15 to restore to returh the
block controller to its illustrated normal condi-
tion. This includes open-circuiting and restor-
ing transfer relays 16A20 and match-pilot relay
16D18 (Fig. 10, Part 7). The operated matching
relay (such as {8E29) is thereby restored.

VIC10. Outgoing-call progress timing

Since all calls through the block-link frame are
handled through the block controller and related
common equipment on a one-at-a-time basis, if
the progress of outgoing-call operations in the
block controller is halted or materially delayed,
the block controller must be cleared prompily
to free it to handle other outgoing calls. So-
called busy relays 16Ai8 and 16A19 in the out-
going-control group of the block controller are
employed successively to time the progress of
outgoing-call operations. Relay 16A18 limits the
time allowed between outgoing seizure of the
block controller and the completion of matching.
Relay 16A18 limits the tfime allowed between
outgoing matching and switch-through. Eaech
of the busy relays i16A18 and I18AI19 is slow-op-
erating because of & comparatively high-imped-
ance winding and a comparatively strong re-
storing-spring adjustment.

VIC10a. All outgoing paths busy

When relays 16A17 and 16A{5 operate as de-
scribed upon the seizure of the block controller
for outgoing-call operation, make contact 2 of
auxiliary relay 16A15 extends ground through
contacts 2 of relay i6A7 to wire 1 of group 160{,
grounding wire 2 of the group through break
contact [ of match-pilot relay I6DI0. Ground
on this wire, completes a circuit for the first busy
relay 16A18. o

If ‘all possible matching paths to trunks in
the called group are busy, matching does not
occur. Therefore, match-pilot relay 16DI0 re-
mains restored until the end of the delay time
of busy relay i6A18 is reached. Af this point
relay 16A18 operates.

At its preliminary make contacts I, relay 16A18
grounds the outgoing-busy wire OTG—BU, there-
by operating the busy relay (not shown) in the
connected block coupler 580 to return an out-
going-busy-tone signal and o initiate the clear-
ing-out operation of the common equipment as
described. )

At make contact 2, relay 16A18 locks itself
to ground on conductor | of group 1601, and at
contact 3, it disconnects outgoing-start relay
{6A17 to initiate the clearing out operation of
the common equipment irrespective of the noted
operations in the connected block coupler. Re-
lay 16AI8 is restored by the opening of make
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contact 2 of outgoing-start auxiliary relay (6A15
in the ordinary course of the clearing-out op-
eration of the block controller.
The described operation of busy relay (5A18
occurs responsive to the outgoing matching op-
erating being delayed for any reason.

" VIC10b. Post-match progress timing

When match-pilot relay 18D10 operates as de-
scribed responsive to the occurrence of the
matehing operation, it disconnects operating
ground from the first busy relay 16A18 and trans-
fers it to wire 8 in group 1601, connected to the
second busy relay (6A19. The pre-match phase
of progress timing is thereby ended, and the
post-match phase is started. ,

If the block controller has not caused ‘the
matched path to be seized, or if.for any reason
has not cleared out by the time the post-match
delay period has run, the second progress-iiming
relay 16A19 operates. At its contacts i, 2, and
3 it performs operations as described for relay
16A18, causing a busy signal to be transmitted
to the calling line, and causing the common
equipment to be returned to common use,.

VID. TERMINATING-CALL OPERATION

As previously noted terminating-call operation
covers the operations involved in guiding a ter-
minating connection across the block-link frame,
over an idle terminating trunk 267, and across
the called line-link frame, to the called line, as
distinet from its outgoing-call operation wherein
the call terminates at an idle trunk in a called
outgoing group.

VID1. General

As described hereinbefore, a terminating call is-
made by dialing the initial digit assigned to the
local 1000-line block of lihe numbers, followed
by the dialing of the hundreds, tens, units, and
stations digits in the number. When the initial
digit assigned to index the 1000-line block of
local numbers is dialed in any block coupler 503,
the outgoing-start wire OTG—ST is rendered
ineffective by outgoing controller 1700 to call in
the common apparatus.

VID2. Seizure of blocy: controller and associated
common equipment

When the assigned directory number has been
complztely dialed (digits ID, H, T, U, and ST),
the. operation of the calling block coupler 500
at the end of the dialing of the station digit
closes a circuit over the associated section of
the terminating chain from ground through one

of the section-preference relays {556 (not shown).

which corresponds to the section in which the
calling block coupler is located, through the ter-
minating-chain relay in the calling block coupler

500, and over the wire TER—ST to battery

through contacts 2 of relay 16A13 of the block
controller 1680 and terminating-start relay 16AS.

The noted operation of the terminating-chain
relay in the ealling block coupler guards the as-
sociated section branch of the terminating chain
from seizure by another block coupler, and con-

nects the calling block coupler with the ‘“ter-

minating” wires of the block controller, at the

same time grounding the selected hundreds, tens,

units, and stations digit wires multipled between

the block couplers and extending to the- block

translator.
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The operation of the main-terminating-chain
relay in the section-preference relays guards the
main terminating chain from seizure at any other
block-coupler section, and positions the block-
controller switch (500 according to the block-link
primary switch 1300 serving the block-coupler
section at which the call originated.

The operation of terminating-start relay 16A6
in block controller (600 starts the block con-
troller into its hereinafter-described sequence of
operations leading to the extension of the con-
nection to the called line.

VID3. Starting the cycle timer

On operating, terminating-start relay 1{6A6 of
the block controller operates terminating-start
auxiliary relay 16AT through back contact 2 of
relay [6A15. Relay 16AT7 adapts the block con-
troller for .terminating-call operation by opening
certain circuit points and by preparing certain
circuits to be subsequently closed. It also starts
the cycle timer (relays 16A8 to I6A11) into op-
eration by extending ground at its contacts 4
through normally closed contacts 3 of relay
16A11 to the winding of relay 16A8. Relays 16A8
to {6A{1 now operate in rapid succession, each of
the relays 16A8 to 16A10 operating the next suec-
ceeding relay. When relay (6All operates, its
contacts 3 lock its own winding and those of re-
relays 16A8 to 16A19 directly to ground at the
contacts 4 of relay {6A7, opening the initial op-
erating circuit of the relays in preparation for
the restoration of relays 16A8 to 16A10 in a timed
sequence.

Contacts 2 of relay 16A'1 apply short-circuiting
ground potential to the junction of the winding
of relay I16A8 and the agsociated battery-supply
resistor, causing that relay to restore after a
predetermined interval, followed by the successive
restoration of relays 16A9, 16A9’, and (6AI0 at
the end of like intervals.

It may be noted that the cycle timer (relays
{6A8 to I6A11) of the block controller is similar
in purpose and function to the cycle timer (re-
lays 12BI1 to 12B'5) of the line controller {200,
hereinbefore described. -

Normally, the block controller completes its
terminating-call operations and clears out before
its cycle timer has run down.

VID4. Preparing for matching

At its contacts 5, relay 16AT grounds wire 1641
through contacts 5 of relay i6AI15, thereby op-
erating match cut-through relay 16D9 through
contacts 4 of relay 16DI8, in preparation for
matching,

VID5. Setting the block-link test relays

Block-controller switch 1580, closes test circuits
over wires SU! to SLiQ for block-link test relays
16D11 to i6D30 respectively. Each such block-
link test relay thereupon operates subject to the
corresponding block link being idle in the group

- of twenty serving the connected primary switch.
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The block controller now awaits terminating-
frame information which is received indirectly
from the block translator 1808 which will enable:
it to match a path toward the called line.

VIDS. Translating the called number

.Reépo.nsive to’the noted grounding (by th'ér
connected block coupler) of the digit wires cor-.
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responding to the dialed hundreds, tens, :and
units digits, block translator 1800 determines from
these dialed digits which of the four 250-line
line-link frames A, B, C, and D serves the called
line, and transmits translated digit information
thereto indicating the primary switch 8860 serv-
ing the called line, the concerned fives group of
lines thereon, and the units identity of ‘the called
line within the group of five.

VID7. Setiing the line-controller -apparatus

The line-controller apparatus (the line con-
troller 1206 and the two ‘associated line-con-
troller switches 0600 and 1100) responds as de-
seribed to the translated digit information, by
grounding ifs associated terminating-frame wire
TF (one of the wires TFA to TFED (Fig. 10, Part'5)
at the block controller {888); it indicates to the
block controller that matching operations .may
take place; it selects the called line and the pri-
mary switch serving it, and, for each .idle line
link serving the selected primary ‘switch, it .con=
nects battery through the corresponding select-
magnet wire to the corresponding one of the ten
link wires LX. These are wires LK1 to LKIi0 for
each line-link frame A to D as they appear at
the block controller, Fig. 10, Part 6.

Incidental to ifs ‘foregoing operations, the
line-controller apparatus on the called line-link
frame connects its called-line-sleeve wire CLS
(extending between it and the block controller)
to the sleeve conductor of the called line, and
grounds the associated test-start wire TS as &

signal to the block controller that the festing of -

the called line may begin.

VIDS. .Seiting the block coniroller according to
ihe called line-link frame

The noted grounding of the terminating-frame
wire TF by the line-controller apparatus -sets
block controller 460§ -according to the line-link
frame at which the called line terminates. For
example, if the call is to line-link frame A, wire
TFA in the frame-A group of wires (TFA 1o CNA,
Fig. 10, Part 5) is the one grounded. Ground
on this wire operates frame-A connecting relay
16Bf1 in the terminating-trunk call-in group in
parallel with relay 16C3 in the line-link call-in
group. Relay (6Bl connects output wires {621
to 1624 of the call-in allotter (&ig. 10, Part 4)

respectively to terminating-trunk call-in relays

16Bi2 to 16B1{5, corresponding te the four ca:l-
in groups of terminating trunks serving the
called line-link frame A, and also connects frame-
A wires TSA, CLSA, and ONA to the correspond-
ing wires TS, CLS, and ON of the block -con-
troller.
LKIi0 of the called line-link frame A respectively
to the ten corresponding local wires 1630 in the
block: controller which extend to successively op-
erable call-in relays {6CT to (6C10.

VIDY. Mateh start

The hereinbefore-described operation of any
frame-connecting relay 16B11, (6BI6, 16B21, and
16826 starts the matching operation by placing
ground (from contact 10 of ‘terminating-start
auxiliary relay 16A7) on match-start wire 16{32.
Ground on match-start wire 1610? starts the call-
in pulser (relays 16BI, I16Cl, and {6C2) into oper-
‘ation to control the step-by-step advance of the
associated call-in .allotter during matching, if
such advance is required.

Relay 76C3 connects link wires LKI 1o
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VIDI10. First call-in of terminating trunks

The call-in allotter (relays {6B2 to {6B5) is a
four-position counting chain so arranged that
one or another of the counting relays 16B3 ‘to
{6B6 is in operated condition at any time. If
the call-in allotter is in its illustrated first posi-
tion (relay 16B3 operated and all other relays
thereof restored), ground on match-start wire
1618 reaches the first call-in ‘wire 1621 through
break contact 2 of driver relay 16B2 and make
contact 3 of the operated counting relay 16B3.
Ground on the call-in wire 1621 now operates the
first eall-in totalizer relay {6B1, which locks to
match-start wire 1610. Ground on call-in wire
1621 also operates line-link call-in relay I6C7 to
connect the local link wires 1630 to the wires in
groups {605 and 1686 in specific correspondence
to the first call-in group of terminating trunks.

Ground on the first cali-in wire (621 also
closes a -circuit through a make contact of the
operated frame-A relay {6811 for the first termi-
nating-trunk call-in relay 16B12 associated with
the called line-link frame A. Relay 16BI2 con~
nects the match-test wires MTH to MTI0 of the
terminating trunks of the first call-in group of
line-link frame A respéctively to the ten odd-
numbered terminating-trunk test relays (6CIl
to 16CZ8. Any such relay I6CI1 to 16C29 now
operates subject to the connected terminating-
trunk being idle, in which case it has an iule-
indicating battery potential on the match-test
wire MT thereof. As aeseribed in connection
with Figs. 4 to 7 for the match-test wire MT-226
of Fig. 6, the match-test wire MT of a terminat-~
ing trunk 287 is an extension of the sleeve con-
ductor S thereof, and battery potential normadily
stands thereon through the two associated sec-

onaary hold magnets, such as 610 on the block-

link frame and 146 on the line-link frame (Figs.
7 and 6). But, when a terminating trunk 201 is
busy, holding ground is on its sleeve conductor
and the attached MT conductor, to prevent the

. concerned ground-connected trunk-test relay

{6Ct1 to {6C29 from operating thereover.

It will be recalled that the terminating trunks
of any call-in group comprise ten trunks extend-
ing from respective secondary sections on the

. called line-link frame.

As more fully described hereinafter, matching
may now occur to seiect a path over any one of
the terminating trunks in call-in group i of line-
link frame A (1) subject to such terminaiing

., trunk 2907 being idle, (2) subject to a block-link

206 of the pair over which it is reached being
idle, -and (3) subject to the line link being idle
over which the ferminating frunk must bz ex-
tended {o the called line. As will be described,
when matching occurs, match-pilot relay 16Di0
is -operated to open the operate circuit of relay
16C2 of the call-in pulser to temporarily prevent
the call-in allotter from advancing to the next
call-in of terminating trunks. )

VID1l. Succeeding call-ins

Tf no match occurs upon the first call-in of
terminating trunks, match-pilot relay {18Dig
fails to operate, permitting the call-in pulser
(Fig. 10, Part 4) to advance the call-in allotter
by operating the next succeeding counting re-
lay 16B4 and restoring the previously operated
one, relay 16B3. This results in the transfer of
ground from the first call-in wire 621 to the
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second call-in wire 1622. The operated pair of
call-in relays, {6CT and (6Bi12 are thereby re-
stored and the next succeeding pair, {6C8 and
16Bi3, operate. The next succeeding relay
(16B8) in the call-in totalizer now operates and
locks. The match-test wires MTI{ to MT20 of
the second call-in group of terminating trunks
207 of frame A are thus substituted for the
match-test wires MT({ to MTI0 of the initial
call-in group, and by the operation of relay 16C8
in" place of relay (6CT, the link wires LK of
the called line-link frame A are presenled in
the correct order of slip for the second call-in
group of frame-A terminating trunks 207.
:.If ‘mo match results on the second call-in of
terminating trunks, the call-in allotter is again
advanced by the call-in pulser, causing the op-
erated pair of call-in relays (16Bi3 and 16C8)
to restore and the next succeeding pair (16814
and {6C9) to operate over wire 1623, along with
the operation and locking of the third totalizer
relay 16B9.
“"If mo match results on the third call-in of
términating trunks, the third pair of call-in re-
lays (16Bi4 and 18C9) is restored and the fourth
pair- (16Bi5 and (6CI0) is operated over wire
1624 to call in the fourth and final group of
terminating trunks of line-link frame A for test,
and.the fourth call-in totalizer relay {6B10 op-
erates and locks.

VID1la. All terminating paths busy

.If no match results on the fourth call-in of
terminating trunks, the next succeeding opera-
tion of relay 16C2 of the call-in pulser closes a
series circuit through contacts 1 of the locked
call-in totalizer relays {6BT to 16B10 for ground-
ing the terminating-busy wire TER—BU, which
causes the connected block 500 to.return g busy
tone to the calling line and to relinquish the
common equipment, as well as operating clear-

out relay 16A13 with hereinafter-described re-
sults. - . ‘
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of the called line, but the resistance of the wind-
ing of relay iBA{ is sufficiently high that the
hold magnet does not operate in series there-
with. "~ Relay [6Al thereupon operates idle re-
lay 16A2 before the retarded busy relay (8A3
has had time to operate. Idle relay 16A2 dis-
connects busy relay [6A3 at its break contact
4 and locks to the grounded conductor TS at
its make contact 4.

VID13. Successful conclusion of terminating
matching

The foregoing essential preparations for the
successful conclusion of terminsting matching
may be restated briefly as follows:

1. Block-link test relays §6D{{ to {6D38 are
connected respectively to the sleeve wires S of
the block links 208 serving the connected pri-
mary switch, and any relay (6D to 1§D38 now
stands operated subject to the corresponding
block link being idle.

2. On any call-in of terminating trunks, the
match-test wires MT of the ten trunks 287 of
the group called in by any cne of the call-in
relays {6Bi2 to 16Bi5 are extended respectively
to the ground-connected windings of terminat-
ing-trunk test relays 16Cti to 16C29. Any such
relay operates as described subject to the cor-
responding terminating trunk 297 of the curk
rent call-in group being idle. -
" 3. The link wires LKI to LKIi0 of the called
line-link frame A are associated respectively with

~ the line links serving the line-link primary
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VID12. Testing the called line

While the foregoing operations are occurring
incident to matching, the called line is under-
going test.

When the line-conitroller apparatus on line-
link frame A (called as assumed) connects the
associated call-line-sleeve wire CLSA to the
sleeve of the called line as hereinbefore described
and grounds the associated test-start wire TSA,
and when frame-A relay I6Bil has operated,
a- eircuit. is closed from ground on wire TSA,
contacts of the operated relay 1§Bi1, wire TS
in the block controller, contacts 7 of relay 16471,
and break contact 4 of relay 16A2 to battery
through the lower winding of busy relay 18A3
in the line-test group of the block controller.
Relay (6A3 is rendered slow operating by hav-
ing a relatively strong restoring-spring adjust-
ment, and by having its upper (armature-end)
winding short-circuited through its break con-
tact 3, to provide s retarding shading effect.

VID12a. Called line tests idie

_'When the called line is idle, the ground-con-
nected test relay (6Al operates (through con-
tacts 2 of relay 16A4 and over wires CLS and
CLiSA) in series with the primary hold magnet
(such as HM-1703, Fi5. 7) connected to the sleeve
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switch 869 on which the called line is connected,
For each idle one of these line links, idle-indicat<
ing battery potential is impressed on the corre-
sponding LK wire from the corresponding select-
magnet wire on the line-link frame. )

Consider, for example, the described call-in |
of terminating trunks (relays {6C3 and I6CT
energized) : (1) If both block links 206 are idle in.
the first pair serving the connected primary
switch 1300, block-link test relays (6DIl and
{6DI2 are operated; (2) if the first terminating
trunk 207 of the first call-in group is idle, termi-
nating-trunk test relay 16Cil is operated; and
(3) if the first line-link serving the connected
line-link primary switch 880 is idle, there is bat-
tery on link wire LKI of frame A. Subject to
each of the foregoing three conditions being met,
the first pair of ten possible pairs of matching
circuits are closed as follows: .

From battery on link wire LK{ of the frame-A
group (Fig. 10, part 6), through make contacts
of frame-A relay {6C3, local line-link wire {638-1,
make contacts of relay 18C71, wire | in group.
1805, make contact { of relay {(5Ci f, wire
1631—I1, make contacts { of relay 16D9, and thence
over parallel branches through make contacts 2
of relays 1€D11 and 18DI2, to ground through the
high-resistance test windings of the first pair of.
matehing relays (8E{1 and (6E12. Matching re-
lays ISEf! and I6E{2 consequently both operate:

With the choice allotter (relays 16D to 16D3
and [6E! {o 16E10) in its illustrated first position,
locking ground through contacts | of relays
IBAT and 16A 15, wire 1614, break contact 1 of re-.
lay 18D2, and contact | of relay i16E{ stands on
wire | in preference locking group 1603 incom-
ing to the locking chain of contacts 5 of the
matching relays (6E{i to 16E30. Relay ISE1{,
consequently has locking preference over all
other matching relays. Upon operating, relay
18RIt closes a locking circuit from ground on
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wire | in group 1603, its make contact 5§, through
its upper winding, to battery through the winding
of matech-pilot relay 16D10, at the same time dis-
connecting locking ground from. the locking arm-
atures of all succeeding matching relays. Con-
sequently,; the second matching relay 16812 can-
not lock operate, nor can any subsequent relay
in the matching chain.

Match-pilot relay 16D10 operates in series with
matching relay {8E{i. Its break contact 3 re-
moves ground from wire 1612 to stop the opera-
tion of the call-in pulser by depriving the third
relay 16C2 thereof of operating ground.

At.its contacts 4, relay 16D10 open-circuits and
restores match-cut-through relay 18D9. The
ten matching wires 1831 extending between the
make contacts of terminating-trunk fest relays
{6CLI to 16C29 and the contacts 2 of the block-
link test relays 16DI{ to
opened, open-circuiting the ground-connected
test windings of all the matching relays I6E{{ to
{6E30. Relay 16Ell remains operated over its
noted locking circuif, but all other operated
matching relays immediately restore, not having
been able to lock operated with the choice allot-
ter in its first position, and with break contact §
open at relay (6EIL.

The terminating matching operation is now
complete. The locked condition of matching re-

lay [6Eil (with all other matching relays re- S5

stored) identifies the matched path as over the
first (or upper) block link 206 of the first pair
serving the connected block-link primary switch,
and. consequently over the first terminating trunk
of the currently connected call-in group (the
first), and over the first ene of the ten links,
serving the concerned primary switch 880 on the
called line-link frame A.

With the terminating matching operation hav-
ing been completed as described, match-complete
relay (6E7 now operates subject to the called.
line having tested idle as hereinbefore. described..
In that event, idle relay I8A2 stands operated
and busy relay 6A3 stands unoperated, extend-
ing ground through contacts § of relays 16A2 and
16A3 through confacts 9 of terminating-start
auxiliary relay LBAT to wire 1609. Ground on
wire (609 operates relay {6ET through make con-
tacts 2 of relay I6Di8 and break contacts, 1 of
match-cut-through relay {6D9.

VID14. Primary and. secondary select-magnet.
operation

At its make contacts {, 3, and 4, match-com-~
plete relay 16ET closes three prepared select-
magnet circuits, two on the block-link frame, and
one on the called line-link frame, for selecting
the matched block link and the matched line
link.

Selection of the first pair of block links (con-
taining the matched one) is accomplished
through contacts | of relays 16ET and I6E{l
which ground the first principai select-magnet
wire SMI{ extending between the block control-
ler and the block-controller switch 1580. Selec-
tion of the matched upper link of the pair is
accomplished through contacts 3 of relay {6E7F
and contacts 2 of relay (6E1l, which connect

wire: SMU of the block-controller switch (leading 7

to ground through the corresponding select mag-
net of the connected primary switch) to wire
SMU-I, which lead to battery through magnet
SMU of the first secondary switch 808 on the
the block-link frame. The primary and second-

16D29 are thereby
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ary select magnets associated. with the block
link in the matched path are thereby operated
to select the matched block link as described for
outgoing operations.

Selection of the matched line link occurs. re-
sponsive to the extension of ground, through
contacts 4 of relays I6ET1 and I6E(l, over the
associated wire { in group 1696, and through
make contacts 1 of relay 16C1, wire 1638-1, and
through contacts { of relay 16C3 to link wire
LKI{ of line-link frame A. As previously de-
seribed, the primary and secondary select mag-
nets SM on the line-link frame which. are assoc-
iated with the selected line link in the matched
path are operated in series over this wire to
effect mechanical selection thereof.

VIDi5. Block-link off-normal ground

When the primary and secondary select mag-
nets have operated on the block-link frame to
select the matched block link, they establish the
deseribed series ground connection aeross the
block-link frame. to secondary off-normal wire
SON (Fig. 10, Part 5) incoming to the block con~
troller. Ground is thereby extended, through
break contact 3 of outgoing-start auxiliary relay
16A15 and through make contact 3 of terminat-
ing-start auxiliary relay 16A7, to the: upper
winding terminal of operate relay (6A14.

VIDI16. Line-link off-normal battery

When the primary and secondary select mag-

* nets have operated on the called line-link frame

A to select the matched. line link, they extend
the described. series. baftery connections across
the line-link frame, and through the line-con-
troller apparatus, to off-normal wire ONA of
frame A (Fig. 10, Part 5), thereby extending bat-
tery through a make contact of frame-A relay
16B1l to local wire ON. of the block controller,
and thence through break contact { of reset re-
lay 16A12 to the lower winding terminal of oper-
ate relay i6AI14.

VID17. Hold magnetl operation

Operate relay (6Al4, having been supplied
with a ground potential at upper winding- term-
inal, and with a battery potential at its lower
winding terminal, now operates to close three
operate circuits for four hold-magnets as fol-
lows:

1. Contacts § of relay 16A14 ground terminaf-
ing-switch wire TER—SW to operate the block-
link primary hold maginet (such as 602) assoc-
iated with the connected block coupler 508, over
the hereinbefore traced circuit;

2. Its contacts § ground wire 4 in group 1601,
extending ground, through make contacts 3 of
relay {6E{l, wire | of group {604, and contacts
| of relays I18E1l and I6E{2 to the match-test
conductor MTi of the matched terminating
trunk 207 to operate the associated secondary
hold magnet on the block-link frame and the
one on the line-link frame in parallel, as shown
in Figs. 6 and 7 for magnets 619 and 706; and

3. Its contacts T ground the called-line-sleeve
wire CLS to close a circuit through a. make con-
tact of frame-A relay 18Bf{ and over the
frame-A wire CLSA, for the hold magnet. (such
as 103, Fig. 7) associated with the called line. -

The four noted hold magnets operate to ex-
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tend the connection to the called line over the

matched block link, the matched originating

trunk, and the matched line link as hereinbefore:

described.
' VID18. Clearing out

The clearing out of the block controller (600
and associated common apparatus is initiated
from two points. First, the switching relay (not
shown) in the connected block coupler 500 opens
the associated section of the terminating chain
as described in the former application. Second,
clearout relay I16A13 in the block controller is
operated by contacts 6 of relay 16Ai4. The
clearout relay is adjusted to be comparatively
slow in operation to allow time for the noted
hold magnets to operate. When clearout relay
16A13 operates, its contacts 2 open the terminat-
ing-start wire TER—ST. The closed terminat-
ing-chain circuit over which the common ap-
paratus was seized is thus opened independently
at two points to insure that it is cleared out.
The noted relays previously held operated in the
terminating chain thereupon restore.

In the block controller, terminating-start re-
lay 16AS5 responds to the noted opening of the
terminating chain by open-circuiting and restor-
ing the associated auxiliary relay 16AT. Relay
16AT opens its contacts 4 to clear out the asso-
ciated cycle timer (relays 16A8 to 16Al{); its
contacts | remove ground from wire 1614 of the
choice allotter, unlocking and restoring the
locked matching relay (6Eil and match-pilot
relay
match-complete relay {6ET. Contacts {0 of re-
lay {6AT remove the initial ground connection
from wire 1610, and consequently from match-

16D106, followed by the restoration  of
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Fig..10 (the call-in pulser, the call-in allotter,
and the call-in totalizer of the block controller)
is not described in detail, for these items operate
as. described for the corresponding equipment
of Fig. 9, Part 5, of the hereinbefore-described
line controller 1200. The only circuit difference
is that each of the call-in totalizer relays {6BT
to I6BI0 has a second locking winding which
enables them to be operated directly off call-in
wires 1621 to 1624, rather than requiring a sepa-
rate group of contacts on the-call-in allotter such

* as contacts 3, 4, 5, and 3 of relays 12C18, 12C19;
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start wire (619!, but ground is held locked on. -

wire 16101 by relay (6Bl until the call-in pulser
completes its cycle of operation which was ar-
rested by the described operation of match-pilot
relay 16D10.

Frame-A relays 16Bif and i6C3 are restored,
along with relays in the line-test group, when the
line~-controller apparatus on the called line-link
frame clears out.

Reset relay (6A12 is operated by relay 16AI13
to open-circuit and restore relay 16A14, where-
upon relays 16A13 and {6Ai2 restore in succes-
sion,

VID18q. Progress advance of the call-in qllotter

The block controller {860 is now cleared out

40

65

and returned to its illustrated normal condition -

except for such relays as are held operated by
ground locked on match-start wire (610! at con-
tacts 2 of relay 16B1 of the call-in pulser.

When match-pilot_relay 16DI0 restores as
noted, it reconnects ground to the circuit of relay
[6C2 of the call-in pulser, thereby operating relay
18C2 through contacts | of the operated relay
I8CI. Contacts 2 of relay 18C2 disconnect relay

t6B( from the match-start wire 16101, whereupon .

relays {6B{, I18CI, and 16C2 restore successively.
The operation of the call-in-pulser terminates at
this point, as relay {6B{ removes locking ground
from match-start wire 16191, The operation and
restoration of relay 16C2 causes the associated
call-in allotter to advance one step. The next

succeeding call-in group of terminating trunks
is thus advanced to first call-in position for the

next terminating-call operation.

The operation of the apparatus on- Part 4 of ©
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12C20, and {2C21.
VID18. Called line is busy

If the called line is in use when tested by the
block controller as described, test relay 16AI
of the block controller fails to operate, being
short-circuited by holding ground on the sleeve
wire S individual to the called line. Under this
condition, idle relay 16A2 has not been operated
when slow-operating busy relay (6A3.operates
at the end of the time interval for which it is
adjusted. Therefore, the described operate cir-
cuit of match-complete relay 16D10 is maintained
open at contacts 5 of each of the relays 16A2 and
(6A3, for there is no point in further extending
the connection toward a busy line.

‘A moment following the operation of busy
relay {6A3, slow-operate test-cutoff relay 16A4
operates. Its make contact | grounds terminat-
ing-busy wire TER—BU through a break contact
3 of relay 16A2. The busy relay is thereby oper-

“ated in the connected block coupler 500, and

clearout relay {6A13 is.operated in parallel there-
with. A busy signal is thus returned to the calling
line and the common apparatus is cleared out as
described.

VID20. A reverting call

" Reverting calls are handled through the block
couplers 500 and the block controller 1600 by
dialing the regular directory number of the sta-
tion on the same line with the calling line. The

“called” line, being also the calling line, always
tests busy when a reverting call is made. Conse-
quently, whenever busy relay I6A3 operates,
block controller 1600 must make a reverting-call
test before it can treat the called line as normally
busy, in the above-described manner.

‘When busy relay 16A3 operates as described,
its break contact 3 opens its short-circuited upper
winding to render it fast restoring, and its make
contact 4 closes a circuit for test-cutoff relay
(6A4. Relay (6A4 is slow-operating as pointed
out for relay 16A3, to provide the time interval
required for the reverting-call test.

During the interval of time occurring between
the operation of busy relay I16A3 and the ‘opera-
tion of test-cutoif relay [(6A4, direct ground is
removed, at break contact 2 of relay 16A3, from.
the associated sleeve-ground wire SG, leaving
this wire grounded only through the associated
resistor 1613. As hereinbefore described, wire
SG is the extended incoming sleeve conductor S
of the connected block coupler 580. Conseguently
the holding ground supplied over this conductor
to the hold magnets of the line-link primary and
secondary switches on the calling line-link frame

is now obtained through the resistor (613. If the’

calling and called lines are the same, test: relay
18A1 is now connectéd to the sleeve of the calling”
line and concequently is operated in parallel with'
resistor -1613. - It thereupon operates idle relay’
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16A2. The operation of relay 18A2 following the
operation of relay 18A3 signals a reverting call
rather than a call to a normally busy called line.
Reverting-call wire RC and terminating-switch-
ing wire TER—SW are each grounded (through
make contacts 2 and [ respectively of relays
16A2 and i6A3 in series), conditioning the con-
nected block coupler 580 for operation as a re-
verting-call ring-back switch as described in the
former application. The block coupler 508
thereupon initiates the described’ clearing out
operation’of the common equipment.

"VID21. Terminating-call progress timing

The progress of the bloc controller and asso-
ciated apparatus during terminating-call opera-
tion is timed by the cycle timer, comprising re.ays
16A8 to I16Ai1l, which orerate sequentially, as
described, responsive to the operation of termi-
nating-start auxiliary relay {8A7. Following op-
eration of relay {8A11, relays I6A8 to {5A10 are
restored sequentially. 'The cycle timer is com-
pletely run down upon the restoration of relay
16A10. Relays i5A8 to I6AI0 are adjusted to be
sufficiently slow-restoring that the block con-
troller has time to complete. its outgoing opera-
tion and clear out before the cycle timer has run
down.

When the clearing-out operation occurs before
the cycle timer has run down, the restoration of
relay (6AT open-circuits the locked relay 16A1!
and any one of the relays {6A8 to {6A16 which
is still operated. All the relays of the cycle timer
thereupon. promptly restore.

This eycle timer operates:in detail as described
fully for the cycle timer (relays (2B{{ to {2Bi5)
of the line controller 1280, but the relays of the
cycle timer of the block controller are preferably
adjusted for a longer cycle to enable the block
controller to wait for the concerned line controller
to complete an originating operation in which it
may be engaged.

If a circuit failure in the block controller or
associated common apparatus, or in the con-
cerned line-controller apparatus, halts the nor-
mal progress of terminating-call operations, the
cycle timer of the block controlier runs.down
before the block coniroller has cleared out.
Under this condition, the cycle fimer of the
block controller grounds terminating-busy wire
TER—BU through contacts i of relays (8AI0
and 16Ali. The busy relay in the connected
block coupler 888 and clearout relay 16A13 of the
block controller are thereby operated to initiate
the deseribed clearing out of the block controller
and associated common equipment by opening
the terminating-start wire TER—ST.

VID22. Operation of call-in allotter

The call-in allotter of the block controller com-

prises driver relay 16B2 and four allotting relays.

{6B3 to 16B6. As previously noted, this allotier
operates as described for the call-in allotter of
any line controller {200. In its four positions,

this allotter connects match-start wire 160 to

the four call-in wires 1621 to 1624.

The overall resulf of the operation of the call-.
in allotter of Fig. 10, Part 4, as controlled by the. ¢
associated cali-in pulser is: (1) it calls in the
call-in groups of connected terminating frunks.

suceessively until a match has occurred, or-until
all four have been called in with no match hav-
ing occurred, and (2) considering the four call-in
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groups of terminating trunks 207 extending to
any line-link frame as arranged in a continuous

-chain, or circle, the first call-in group called in

on an operation of the block controlder is the
call-in group next following the ecall-in group
(for the same or ancther line-link frame) last
called in on the preceding terminating operation
of the block confroller. The effect is to ran-
domize the calls offered to the four call-in groups
of terminating trunks extending to any line-link
frame.

VID23. Operation of the choice allotter

The choice allotter comprising the thirteen
relays 16D1 to 18D3 and (6El to {6E(Q is a spe-
cialized counting chain arranged to assume al-
lotting positions 1 to {0 successively in recurring
cycles as described in detail for the choice allotter
comprising relays 12Ci to {2C13 of line controller
1200 (Fig. 9). Its purpose is to shift first choice
successively among the ten secondary switches
1409 on the block-link frame.

The allotting relays are 16E{ to {6E{8. They
are controlled by driver relays §i6D{ and 16D2
over the associated odd and even control wires
as described for the choice allotter of Fig. 12.
Relay 16D3 is employed as described for relay
i2C3.

Driver relays 16Di and (6D2 are controlled by
ground applied alternately to wires 1645 and 1616
by make and break contacts 4 of relay 16A11 of the
cycle timer, which is operated as described at the
initiation of each terminating-call operation and

5 is restored when the block controller is next

cleared out.

Ground is supplied to armature 4 of relay 16Al1
through break contact 4 of relay {6A15, which
operates whenever the block controller is seized
for outgoing operation. By this arrangement,
the advance of the choice allotter from one posi-
tion to the next occurs between successive ter-
minating~call uses of the choice allotter.

As the choice allotter of the block controller
progresses through its allotting positions 1 to 10
as described in detail for the choice allotter of
Fig. 9, outgoing matching-ground wire OTG—
MG is applied successively to the ten choice wires
in group 102 leading to the ften points of entry
to the outgoing matching chain carried through
contacts 3 of block-link test relays 16D{1 to
{6D30, thereby shifting outgoing-call first choice
progressively from the first to the tenth of the
block-link secondary switches 1480, which the
ten pairs of these relays respectively represent.

Additionally, the locking ground wire {614 is
applied successively to the ten choice wires in
group 1603 leading to the locking chain of con-
tacts 5 of matching relays {6E1{ to 18E30, there~
by shifting terminating-call first choice progres-
sively from the first to the tenth of the block-
link secondary switches 1400, which the ten pairs
of these relays respectively represent.

Giving first choice to the secondary switches
in regular order for outgoing calls, tends to bal-
ance the trafiic load through the secondary
switches and among the trunks in any called out-
going group, which also distributes the outgoing-.
call load more or less evenly among the block-
link pairs serving any block-link primary switch
1300. e

Giving first choice to the secondary switches:
in regular order for terminating calls combined
with. the. previously. described action of the call-
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in allotter to randomize the terminating trunks
almost completely to the end that any tendency
toward unbalanced load distribution which might

result in unnecessary match failures is greatly -

minimized. o

VID24. Terminating-trunk slip

The following four tables give the trunk num-
ber and identity of each of the forty terminating
trunks serving line-link frames A; B, C, and D,
respectively.

A. TERMINATING TRUNKS TO FRAME A

Trk. No. From To
SW1-V1 SE1-V1
SW2-V1 SE2-V1
SW3-V1 SE3-V1
S| s
) LB 5
CallTn Lo gW6-V1 SE6-V1
SW7-V1 SE7-V1
EW8-V1 SE8-V1
SW9-Vi SE9-V1
SW10-V1 8E10-V1
SWI-V2 SE2-V2
SW2-v2 SE3-V2
- SW3-ve: SE4-V2
- v
5-V2 | SE
CallIn 2o SW6-Vv2 SE7-V2
SW7-V2 SE8-V2
SWs-V2 SE$-V2
SW9-V2 gF10-V2
BW10-V2 SE1-V2
SWI1-V3 SE3-V3
SW2-V3 SE4-V3
SW3-V3 SE5-V3
ver|
5-V3 -
CallIng.... ... SW6-V3 SES-V3
SW7-V3 SE$-V3
SW8-V3 SE10-V3
SW9-V3 SE1-V3
SW10-V3 SE2-V3
SW1-V4 SE4-V4
SWo-V4 SE5-V4
SW3-V4 SE6-V4
: Swivi|  Spevd
: 5- 8-
Call-In 4 e 5 SW6-V4 SE9-V4
SW7-V4 SE10-V4
SW8-V4 SE1-V4
SW9-V4 SE2-V4
SW10-V4 SE3-V4
B. TERMINATING TRUNKS TO FRAME B
Trk. No. From To
SEI-V1
SE2-V1
SE3-V1
SE3vI
5
Call-In 1 SE6-V1
SE7-V1
SE8-V1
SE9-V1
SE10-V1
SE2-V2
SE3-V2
SE4-V2
SEs-“t;g
SE6-
Call-In 2 SE7-V2
SES-V2
SE9-V2
SE10-V2
SE1-V2
SE3-V3
SE4-V3
SE5-V3
SE6-V3
Call-In 3 gk
SE9-V3
SE10-V3
SE1-V3
SE2-V3
SE4-V4
SE5-V4
SE6-V4
SEavi
B
Call-In ¢ SEg-V4
SE10-V4
SE1-V4
SE2-V4
SE3-V4
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C. TERMINATING TRUNKS TO FRAME O
Trk. No. From - To
SW1-V9 SE1-V1
SW2-v9 SE2-V1
SW3-V0 SE3-V1
Nes B
5~ E5-V1
CallIn1 SW6-V9 SE6-V1
SW7-V9 SE7-V1
SWR-V9 SE8-V1
SWo-vo SE§-V1
SW10-V9 SE10-V1
SWI1-V10 SE2-V?2
SW2-Vio SE3-V2
SW3-V10 SE4-V2
Swivio|  Sweve
6-V3
Call-In 2 SW6-V10 SE7-V2
SW7-V10 SE8-V2
SWS-V10 SEe-V2
SW9-V10 8E10-V2
SW10-V10 SE1-V2
SW1-Vi1 SE3-v3
SWa-Vil SE4-V3
SW3-v11 SE5-v3
SWivil|  Seovs
: 7-V3
Call-In 3 SWe-V11 SE&-V3
SWT-VI1 SE9-V3
SWe-V11 SE10-V3
SWe-V11 SE1-V3
SW10-V11 SE2-V3
SWI-VI2 SE4-V4
SW2-V12 SE5-V4
SW3-VI2 SE6-V4
o
4
Call-In 4 SW6-VI2 SE§-V4
SW7-V12 SE10-V4
SWs-VI2 SE1-V4
SWo-Vi2 SE2-V4
SW10-V12 ‘8E3-V4

D. TERMINATING TRUNKS TO FRAME D

Trk. No. From To

SWI-VI3 SE1-V1
SW2-V13 SE2-V1
SW3-v13 SE3-V1
Swavis|  Smavi
. 5-V1
Call-lceeneooeooeeom SW6-V13 SE6-V1
SW7-Vi3 SE7-V1
SWs-Vi3 SE8-V1

SWe-Vi3 SF9-V1
SW10-V13 SE10-V1
SWI-V14. SE2-V2
SWo-V14 SE3-V2
SW3-V14 SE4-V2
Swavii| Sweve
2
Call-In 2. SW6-V14 SE7-V2
SW7-V14 SER-V2
SW8-V14 SE9-V2
SW9-V1d SE10-V2
SW10-V14 SR1-V2
SW1-V15 SE3-V3
SW2-V15 SE4-V3
SW3-V15 SE5-V3
ok ek
5 £7-V3
CallIn3 SW6-Vi5 SER-V3

SW7-V15 E9-V
SWE-V15 SE10-V3
SWoV15 SE1-V3
SW10-V15 SE2-V3
SW1-V16 SE4-V4
SW2-Vi6 SE5-V4
- SW3-V16 8E6-V4
Swevie|  Smeva

5_

Call-In 4 SWE-V16 SE9-V4
SW7-V16 SE10-V4
SW8-Vi6 SEI-V4
SWo-V16 SE2-V4
SW10-V16 SE3-V4

In the foregoing tables A to D, “SW” is an
abbreviation of “switch” and refers to a second-
ary switch (400 on the block-link frame; “SE” is
an abbreviation of “section” and refers to a sec-
ondary section, being a section (left or right)
of a secondary switch 900 on a line-link frame;
and “V” is an abbreviation of “vertical” and
refers to g vertical location on a secondary switch
1406 on the block-link frame or to a vertical loca~
tion on a secondary section on a line-link frame.

The information opposite any frunk number
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on a table identifies -the .block-link-secondary
switch 1408 and vertical thereof from which the
terminating frunk extends, and it identifies the
-secondary -section and -vertical - thereof on the
~line-link frame to which the trunk exiends.

- Considering the forty terminating trunks ex-
“tending to any line-link frame, the group of ten
comprising call-in | extend “straight,” or with.
out “slip,” from secondary:switches | to 18 to
“the'secondary sections { to 10, while the terminat-
“ing trunks of call-in 2 extend to the secondary
-§ections in the order of 2,3, 4,5,6,7,8,9, 19, 1.
“This shifted order at the secondary sections is
‘referred to as a slip of 1. 'The trunks of call-in

-3 connect to the secondary sections with a slip:

-0f'2 and the trunks of call-in 4 have a slip of 3.

The purpose of the terminating-trunk slip is
- to-enhance the probability of matching during
‘periods of héavy traffic by presenting the pairs

of block links to the line links in a new order on -

‘each call-in. )
"The four-call-in relays I8C7 to I6CI0 of the
“block controller (Fig. 10, Part 6) are provided to

“connect up the line-link wires LK of frames A
“to'D in correct correspondence with the termin- =2

-ating-tronk test relays and the block-link test
“reldys in ‘view of the noted slip in call-ins 2 fo
‘& -of the terminating trunks. With this slip in

view, the first call-in relay {6CT connects the
link-extension wires (630 (to which the wires LK -

‘of the calléd line-link frame A, B, C, or D have
‘been connected by the concerned one of relays
16C3 to 16C6) to the corresponding -local exten-
-sions (groups 685 and 16085) without slip; the
second call=in relay  {6C8 connects the nofed
“wires together with aslip of one; the third call-in
“relay 18C9 connects the wires together with a
slip of two; ‘and the fourth’ call-in relay 16CIQ

corinects these wires together with a slip of three.
In this way the matching circuits over wires LK ™

“and the ‘wires in group {605, and the select mag-
‘net eircuits over the wires in group (606 pass
‘through’ contacts of the line-link call-in relays
“in‘the same order that paths exist from the block
“links over ‘the‘terminating trunks to the line
links.

VIE. OVERLAPPING TERMINATING-CALL AND
OUTGOING-CALL OPERATION

‘Since, as described fully in fhe noted former
“application, two separate: chains {(an outgoing
‘ehain and a terminating chain) are provided
through: the -block couplers 589 and the section-
‘preference - felays - (not -shown herein) for the
“geizure of the block controller {680 and associated
apparatus, over-lapping seizure can occur, as a
seizure over-either chain does not preclude seiz-
ure over the other chain. The two separate
“chains permit outgoing-call operations to take

-precedence’over terminating-call operations in'all:

cages in which circuit confusion is unlikely; that
-i8,’in all ‘cases-exeept the: special one in which
“the block ‘controller is just concluding terminat-
ing-call operation when the outgoing-call seizure
soeeurs. ‘The cases'under'which overlapping seiz-
~are-of “the block controller and common appa-
- ratus can-occur over-the ouigoing chain and the
‘Fermifiating ‘¢hain are -seperately -described -as
-follows:
“VIEL. Terminating-call end outgoing-
.call seizures occur together
“When: terminating-call and outgoing-call seiz-
ureés of -‘the control chains by respective -block
vebuplers.oceur, together, terminating-start relay
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-16A6 ‘and outgoing-start relay [8AIT of the:block

-controller 1683 -boéth operate at the:same time,

each over a separate chain circuit. Terminat-
ing-start auxiliary relay {8A7 and outgoing-start
auxiliary relay 16A15 thus operate at the same
time. Outgoing-start.auxiliary relay {6A185, at its
break contact 2, open-circuits relay 16A7, usually
before it has completely operated. Contacts T
‘of ‘rélay {8AT 'withhold -operating-current from
relays 16AZ and t6A3 and coatacts 19 withhold
sround from wire {840, thereby -holding -the
called-line testing. operation, and the terminat-
ing-call matching operation in abeyance while the
outgoing-call eperation proceeds as hereinbefore
described. Through a chain-preference arrange-
-ment described in the former application, the
‘seizure of the terminating :chain is temporarily
ignored when “both chains. are seized together,

“wherefore the block-controller switch 1500.is set

in-accordance-with the block-link primary switch

‘through which the outgoing call is to be handled.

When the outgoing-call operation is concluded,
‘relays §6AIT and (6Ai5 restore as described,
wheéreupon terminating-statrt auxiliary relay 16AT
is reconnected at break.contact 2 of relay 16AI85,
and thereupon reoperates to permit terminating-

-call operations to proceed in'the block controller

16690.
In the meantime, the block franslator 1880 has

~remained set and has forwarded the translated

- gigit information for the waiting terminating call
-to :the line-controller apparatus on the called
line-link frame, which has performed its opera-

‘tions preparatory to the testing of the called

line by the block - controller. If the line-con-

“troller apparatus is ready, the testing of the called

line starts immedately -upon the noted reopera-
tion of relay (8AT to close test-start conductor
TS:at its contacts 7. In the example assumed,
the completion of the terminating-call operation
of’ the block controller thus:is not materially de-
layed, if-delayed ‘at all, by the comparatively
rapid -oufgoing-call operation which was given
preference, for the lattér took:place during a
short interval of normal waiting time at the
block controller.

VIE2. Qutgoing-call seizure occurs first

‘When the  outgoing-call ‘seizure of the block
controller -and related apparatus occurs before
the overlapping -seizure for terminating-call
operation, -the operation is the same as when

- both seizures occur at the same time, except that

the momentary operation described for terminat-
ing-start relay 16A7 does not occur, as that relay

‘has already been disconnected at break contact
-2 of oufgoing-start auxiliary relay 16A15.

VIE3. Terminating-call seizure occurs first

‘When the terminating-call seizure of the block
.controller .and related apparatus oceurs before
the overlapping seizure for ouigoing-call opera-
tion, the immediate result depends upon whether
the outgoing-call seizure occurs before or after

‘the operation:of operate relay 16Al4d.

VIE3a. ‘' Operate relay-16A14 still unoperated

‘If the terminating-call operations have not
proceeded to the point where matching and
select-magnet operation have been followed by
the described operation of -operate relay 16A14
to close the hold-magnet circuits, the operation

“of relays 16A1T and 16A 15 restores terminating-

start-auxiliary relay i6AT-as described, which
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restores any operated one of relays 18A2 and
16A3 by opening its contacts 1.

The terminating-call operations in progress are
thereby halted. But, to secure a faster clearing
out of the matching-relay circuits (relays (SEil
to 16E30), contact | of relay 16A15 disconnects
the allotter-controlled locking-ground wire 1614,
and contact 5 of relay (6AI15 disconnects wire
i611 to open-circuit match-cut-through relay
16D9, which disconnects the ground-connected
test windings (the lower windings) of the match-
ing relays {6E{l to 16E30.

After the oufgoing operations have been dis-
posed of and relay 16A1T and 16A15 have restored,
terminating-start auxiliary relay 16A7 reoperates
as described to restart the interrupted terminat-
ing-call operations in the block controller.

VIE3db. Operate relay 16414 already operated

If the terminating-call operations have so far
proceeded that the described matching and
select-magnet operations have been followed by
the operation of operate relay 16A14, the ter-
minating-call operations are permitted to proceed

to their conclusion notwithstanding the operation.

of outgoing-start relay (6A{T and its auxiliary
relay {6A16. To disrupt the operations at this
point would often lead to circuit confusion, as
(for example) some of the concerned hold mag-
nets may have operated, and locked, but not
others. _

With operate relay 16A14 operated, ground at
its contacts 3 remains on the circuit of terminat-
ing~start auxiliary relay (6AT notwithstanding

the operation of relay 16A15; operate relay 16A14
remains locked operated through its own con-

tacts 4 rather than being disconnected by break
contact 3 of relay {6Al5;: and ground through
contacts | and 2 of relay 16A13 and 16A14 re~

mains on locking wire 1614 rather than being -

disconnected by contact | of relay 16A15. The

~opening of a point in the circuit of match-cut-
through 16D8 by contact 5 of relay {6A15 does
no harm, as relay 16D9 has been restored before
the operation of relay 16A14,

With relay 16AT held operated, the outgoing-
call progress-timing action of relays 16Ai18 and
16A19 is withheld at break contact 2 thereof,
and break contact 6 of relay {6AT maintains
transfer relay {6A20 disconnected.

With relays 16AT and 16Al4 operated, ground
through contacts 8, 4, and 8 of relays I6AT,
I6A(23, and 16A14 is held on hold-magnet wire
HM of the block-controller switch 1580 to main-
tain that switch set for the terminating call
notwithstanding that its select magnets have
been reset for the outgoing call.

When the described hold-magnet operation
oceurs responsive to the operation of relay 16A14,
the described outgoing-call clear-out operation
of the block controller is initiated at the con-
nected block coupler 580 and also by the oper-
ation of the slightly slow-operating clearout re-
lay 16A13. Reset relay {6A12, operated by relay
16A13, open-circuits operate relay I16A(4, which
is also open-circuited at contacts 3 of relay {6A7T
responsive to the opening as described of the
terminating-start-wire TER—ST. Relays 16A14,
16A13, and 16A12 thereupon restore.

Upon the restoration of relay 16A7, or upon
the operation of clear-out relay 16A13, ground is
removed from hold-magnet wire HM to permit
the block-controlled switch 1500 to be reset
for the outgoing call, whereupon conductor
OTG—MG becomes grounded as described in the
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former application to control the outgoing
matching operation.

‘Also, upon the restoration of relay 16AT or
upon the operation of relay 16A13, locking ground
is removed from locking wire (614 restoring the
operated matching relay (I6ElI1 to {16E30) to
open the primary and secondary select-magnet
circuits. )

Upon ‘the restoration of relay 16A7, its break
contact 6 extends ground to the lower terminal
of transfer relay 16A20 to operate that relay in
series with the lower winding of match-complete
relay I6ET as previously described. Transfer
relay 16A20, however, is short-circuited by ground
on the associated wire SON until the primary
and secondary select magnets on the block-link
frame have restored to remove the ground there-
from. When ground is thus removed from con-
ductor SON, transfer relay [6A20 operates in
series with the lower winding of match-complete
relay I8ET with results as hereinbefore described.

By the foregoing operations, the terminating-
call operations just being concluded are allowed to
proceed to normal termination, whereupon the
temporarily delayed oufgoing-call operations
proceed normally,

VII. SECOND EMBODIMENT
(FIGS. 11 AND 12)

The second embodiment of this invention
(shown in Figs., 11 and 12) provides a further
improved control arrangement for path selection.

Fig. 12 shows a partial circuit diagram of the
line controller and Fig. 11 shows a partial circuit
diagram of the block controller. The circuit
parts omitted are assumed to be shown in Figs.
9 and 10.

As will hereinafter appear, the prinecipal fea-
ture of the second embodiment is that the ter-
minating-call matching operations are effectively
started somewhat sooner than in the first embod-
iment. The noted improvement is based on the
line controller first effecting frame identification
in the block controller, following which it trans-
mits a mateh-start signal to the block controller
as soon as the line-controller apparatus is ready.
These successive operations, while speeding up
match comvletion as noted, require two wires
(TF and MC) in place of the single signal wire
TF of the first embodiment.

VIIA. Ling CONTROLLER 1200’ (F16.12)

Referring to Fig. 12, originating-call operation
of line controller 1289’ is the same as hereinbe-
fore described for line controller 1200 of Fig. 9.

On terminating-call operation, terminating-
start relay 12B$ of line controller 1200’ operates
incidental to the grounding of the selected P lead
by the block translator as hereinbefore deseribed.
Its contacts 6 place ground on the terminating-
frame . wire TF to identify the ecalled line-link
frame to the block controller as disclosed in the
former Bellamy and Bowser application.

Responsive to the hereinbefore described oper-
ation of the associated line-controller switches
to select the concerned primary switeh and line
links thereof, ground appears on hold-pilot wire
HP--{ as previously described. This ground is
transmitted to the block controller over match-
control wire MC fo start matching operations
therein. _—

Except as noted above, the terminating-call
cperation of the line controller 1200’ is as here-
inbefore described for line controller 1200 of
Fig. 9. ’ -
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- VIIB. -BLocK CONTROLLER: 1600 - (FIG..11)

Referring to Fig. 11, .the operation of block
controller 1609' on outgoing calls is as herein-
before described for block -controiler 1588 of
Fig. 10, ang its operation on terminating calls is
the same -as described, except as noted herein-
after.

On terminating-call operation, when termi-
nating-start auxiliary relay {6A7 of block con-
troller 1609* operates as described for Fig. 10, its
.contaets 18 prepare a path for grounding match-
start wire 1610,

“If the called line is one served by line-link
frame A, line controller 1208’ (fig. 12) of line-
link frame A is the one used in the extension of
the connection toward the mnoted called line.
Then, when such line controller {289’ grounds its
terminating-frame wire TF as described, wire

TFA of Fig. 11 is consequently grounded, thereby.

operating frame identity relay 1€B!{ in parallel
with' call-in relay {3C3 of Fig. 10. Contacts of
‘relay {8B{{ connect the output wires (1621 to
i{524) of the call-in-allotter to the frame-A-ter-
- minating-trunk call-in relays {8Bi2 to 8BIS,
and also connect frame-A wires TSA, CLSA,
MCA and ONA fo the corresponding internal
wires TS, CLS, MC; and ON.

When ground is later placed on match-control
wire MCA by the line controller apparatus as
described for Fig. 12, such ‘ground -is extended
through contacts of relay 16B{i to wire MC of
the block controller, and thence through con-
tacts 10 of relay 16AT, to match-start wire 18§19,

" Ground on wire {618’ causes matching to ocecur
as described for Fig: 10.
~Since relay {iB{{ is already operated when
ground is placed on wire MC as noted above, the
matching operations are started immediately in
‘the block .controller 1698’ rather than awaiting
the operating time of the noted frame identity
relay 18Bi1 as:is required in the block controller
- of ‘Fig. 10.

As noted above, the subsequent operation of
block controller {6081 -is as described for block
-controller 1889 of Fig. 10.

VIIIL. THIRD EMBODIMENT (FIG. 13)

The :third -embodiment . of this .invention
(shown in Fig. 13, considered with Fig. 12) pro-
vides a still further improved control arrange-
ment for path selection.

Fig. 13 shows a partial circuit diagram of block
-controller 16882, The circuit parts not shown are
assumed tc be as shown in Fig. 10.

As will hereinafter appear, the principal fea-

ture -of the third embodiment is that the ter-
minating-call matching operations are effectively
started somewhat sooner than in either of the
-other embodimenis. The noted improvement is
‘based on block controller 16582 operating the
currently allotted terminating-trunk call-in relay
and associated line-link:call-in preparatory to
‘matching before the line-controller 123§ trans-
mits the described match-start signal (over its
wire MC).

The operation of ‘block controller 16882 of Fig.
13 on outgoing ealls-is as deseribed for block con-
troller 1600 of Fig. 10, and its operation on ter-

minating calls is the-same as described for Fig. .

10 except as noted hereinafter.

-On terminating-call operation, when - fermi-
~nating-start auxiliary relay 16A7 of block con-
-troller 15002 operates as described for Fig. 10, its

contacts i join wires MC and 160! preparatory
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~t0 starting the call-in pulser--(zelays 15Bi, Cl,
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_corresponding line link is idle.

and C2 of Fig. 10).

If the called line is one served by line-link
frame A, line controller 1206’ (Fig. 12) of line-
link frame A is the one used in the extension-of
the connection toward the noted called line.
Then, when such line controller 1208’ grounds

its terminating-frame wire TP as described, wire

TPA of Fig. 13.is censequently grounded,-thereby
operating frame-identity relay (€211 in parallel
with call-in relay 18C3 of Fig. 10. ‘

Contacts of relay {5Bi{ connect the output
wires. (1621 to 1624) of the call-in allotter to
terminating-trunk call-in relays 16Bi2 to 16B15,
and connect frame-A wires TSA, CLSA, MCA,
and ONA to the corresponding internal wires
TS, CLS, MC, and ON. Relay (§B11 also grounds
wire 16162, branch {380 of which serves as the
locking wire for the call-in totalizer (relays {6BT
to 16818, Fig. 10). The ground on wire 15102
extends through contacts of the call-in allotter
(relays 16B2 to 16BS, Fig. 10) to one or another
of the output wires 1621 to 1624 depending .on
the position of the call-in allotter. Ground on
any such wire operates the associated one of the
frame-A terminating-trunk call-in relays 16B12
to 16Bi5 through contacts of relay (8Bi{, and
operates the corresponding one of call-in relays
{8C7 to 18CI8 (Fig. 10).

When the line controller 1288’ of Fig. 12 is
ready for the terminaiing matching operation,
wire MC thereof is grounded as described. This
occurs coincidentally with the described bringing
in of the sleeves of the concerned group of line
links for test by link-test relays {201 to 12D
(Fig. 9). On operating, any such relay closes the
associated one of the link wires LKI{ to LKI0 to
serve as a signal to the block controller that the
With the noted
calli-in relays operated in the block confroller
16662, along with match-cut-through relay {6D39
(Fig. 10), the closing of any noted wire LK re-
sults immediately i the operation of one.or
both of the two associated ones of the matching
relays (1BEil to i6E30, Fig. 16), subject to the
existing setting of terminating-trunk test relays
16CI1 to 16C29 and of block-link test relays
16D11 to 16D30. The matching operation is thus
initiated in block controller 16082 over wires LK
of the concerned line controller, causing one or
more matching relays to operate immediately if
a mateh is available on the current call-in of
terminating trunks, and this occurs without the
necessity of awaiting the operation of one or

more relays in the block controller {6062, as re-

quired for block controllers 1580 and {6001,
When wire MCA of block controller {§002.1is

~grounded as described, ground is thereby ex-

tended through contacts of relays {6B1{ and {6A7
to wire 16101, thereby starting the call-in pulser

-into operation to .control the advance of -the
- eall-in-allotter if matching does not occur on
-the.current call-in of terminating trunks.

- With locking wire 1300 of the call-in totalizer
constituting a branch- of wire 18102, which-re~

‘mains grounded during-any outgoing-call oper~

ation which may intervene as -described during
terminating-call operation, the :call-in totalizer
remains set during any such intervention, thereby

-permitting the use of -only-the -unused- call-ins
-when terminating-call operations-are- resumed
- following -the -noted -intervention. - If -the- full
--number of call-ins-are-desired -under the noted
~eircumstances,- it- suffices- to- transfer wire 1360

75. from-wire 16192-to wire 16{6?, - which loses ground
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at contacts {0 of relay I16AT wheiiéver an out-
going call intervenes. o

-I claim: ) .

1. In a switching system, means including
block links and respectively corresponding ter-
minating trunks and line links serially related
therewith for extending connections to desired
called lines, switching apparatus for extending
connections to said block links respectively, for
interconnecting them with the terminating
trunks, and for interconnecting the line links
with the terminating trunks and with the called
lines, means effective when any said line is called
for extending a temporary test connection there-
to over a circuit path excluding said trunks, links,
and switching apparatus, means effective coin-
cidentally with the said extension of the tem-
porary test connection for matehing a path to the
called line over an idle terminating trunk and
an idle corresponding line link, and means effec-~
tive following said matching and controlled over
said temporary test connection for operating said
switching apparatus to extend a connection to
the called line over the matched path subject
to the called line being idle.

2. In a crossbar switching system including
a controller crossbar switch having individual-
ly operable select magnets and contact sets com-
brising groups selectable by said select magnets
respectively, said switch having first and sec-
ond groups of hold magnets, each hold magnet
being operable to close a separate contact set
in any group selected by an operated select
magnet, a common operate circuit for the hold
magnets of the first group and separate operate
circuits for the hold magnets of the second group,
a first hold-pilot circuit path and means for clos-
ing it subject to the operation of all the hold
magnets of the first group, and a second hold-
pilot circuit path and means for closing it sub-
ject to the operation of any hold magnet in the
second group.

3. In a crosshar switching system including a
pair of crossbar controller switches each having
individually operable seleect magnets and con-
tact sets comprising groups selectable by said
select magnets respectively, each said switch
having a first and a second group of hold
magnets, each hold magnet being operable to
close a separate contact set in any group selected
by an operated select magnet, a first hold-pilot
circuit path and means for closing it subject
to the operation of all the hold magnets of the
first group in both controller switches, and a
second hold-pilot circuit path and means for
closing it subject to the operation of any hold
magnet in the second group of either switch pro-
vided it is accompanied by the operation of any

hold magnet in the second group of the other

switch.

4. In a switching system including switching
apparatus operable to extend calling ones of a
number of lines to respective idle trunks over
respective idle line links, said lines comprising
groups served respectively by groups of said line
links, said trunks corresponding respectively to
the line links in any said group thereof, g line
controller common to all said lines, means con-
trolled by the line controller responsive to a
calling condifion on any one of said lines for
identifying the group in which such line is located
and for calling in the line links comprising the
group serving the identified group of lines, means
in the line controller for thereupon testing the
called-in line links and said ftrunks to match a
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path from the calling line to an idle trunk over
an idle line link, means in the line controller
for operating said switching apparatus to ex- -
fend the calling line over the matched. path
ana for clearing out the line controller, timmg

" apparatus operable to clear out the line con-
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trouer when no path can be matched. from the
calung line, and means operable coincldental-
ly witn tne said calling in of line links 1or ininat-
ing the operauon of sald timing apparatus.

6. In a switcning system inciuaing switching
apparatus operaple t0-extend. ca.ing ones of a.
nhumpeer of ines TO respecilve ldie trunks over
respective idle lme links, said lines comprising.
groups SErved respectlvely by groups ol sa.d ine

-links, said trunks comprising separate call-in

groups, each sucn group comprising trunks cor-
responding respectively to line links in any said .
group tnereoi, a lme contro.er common 10 ail
said lines, meanhs controlied by the line con- .

“~troler responsive to a calling conaition on any-
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one of sa:d lnes for loenuiying the group in
which such line is locatea ana 1or caiing mn the
line links comprising the group serving the
identifieq group ot .ines, means i the line con-

-troller ior tnereupon testing the called-in line

links, call-in apparatus Ior. caliing i tne trunk
groups 1 succession. and ior vesting tnem with
the une ks to matcn a path irom the caling
line to an iale trunk over an icie line link, means

“"in the line controller ior operating said switck-

ing apparatus to extend the cauing line over
the matched path ana for clearing out the line
controller, and means operable coincidentally
with the said caling in of line links for initiat-
ing the operation of said call-in apparatus.

6. In a crosshar switching system including
lines comprising groups served by respective line
controllers and by respective groups of termi-
nating trunks and line links, a block controller
common to the said line controilers and acting
in cooperation with the line controller serving
a called line for extending a connection there-
to over a matched path including in tandem an
idle biock link, an idle terminating trunk, and
an idle line link, means controlled by the last-
noted line controller for calling in a group of line
links for test incidental to the selection of a
matched path to the called line and for signalling
the block controller coincidentally therewith that
the line links have been called in, the block con-
troller responding to said signal by calling in
for test terminating frunks in the group cor-
responding to the line controller from which
the signal was received and by matching g path
to the called line over a block link, one of the
Jast-named terminating trunks, and one of the
last-named line links.

7. In a crossbar switching system including
lines comprising groups served by respective line
controllers and by respective groups of terminat-
ing trunks and line links, a block controller com-
mon to the said line controllers and acting in
cooperation with the line controller serving a
called line for extending a connection thereto
over a matched path including in tandem an idle
block link, an idle terminating trunk, and an
idle line link, means controlled by the last-
noted line controller for calling in a group of
line links for test incidental to the selection of a
matched path to the called line and for signalling
the block controller coincidentally therewith
that the line links have been called in, the block
controller responding to said signal by matching
a path fo the called line over a block link, a.
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terminating trunk serving the-group: containing:.
the-called line; and ‘one of “the-last-noted- -line’

links.

8.VIn a crossbar switching systemr ineluding:-
lines comprising groups served by-respective line-

controllers and by respective groups of terminat-
ing trunks and line links, a- block: controller
common to the said -line controllers and-.act-

ing ‘in cooperation with the line.controlier serv-
ing any-called one of said called lines:for ex-~

tending a connection thereto: over a- mafched
path including an idle terminating trunk-and an

idle line-link in tandem, means for faking for-
use the: block-controller and the line controller

serving the called line, means in the: block - con-

troller for ‘testing terminating - trunks- in the-
group serving the called line and for- preparing-
matching cireuits corresponding- respectively-to-

the- terminating trunks, means:in the- line ¢on-

troller for- testing line -links' serving thecalled -
line and- corresponding respectively to said-
matching circuits, the-last said testing means.

closing: the matching circuit corresponding to
any idlé one of the testing-line-links subject to
the corresponding terminating trunk having been
found idle by the block- controller.

9: Tn a crossbar switching system -including
lines comprising groups served by respective line
controllers and by respective groups of terminat-~

1ng trunks and 11ne links, a- block: controller- 30'
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common: to the said line:controllers and acting: i
cooperation with the line controller-serving: any
called one of said called lines for extending'a

connection thereto over a.matched path-includ-

ing an idlé’ tefminating trunk:and -an: idle line

link  in -tandem; means for taking for use: the

block: controller and: the line controller serving

the called line, means in: the block controller for

testing. terminating trunks-in the group-serving-
the- called line and for preparing- matching:
circuifs corresponding respectively- to the termi-

nating’ trunks, means-in the: line: controller for

testing line links serving the called: line and

corresponding respectively to said matching- cir-

cuits, the last said testing means closing the
matching - circuit corresponding: to any idle-one

of the tested line links subject to the correspond-

ing terminating trunk and block link having heen

found idle by the block controller, means ef--
fective coincidentally with the-said testing of

line links for transmitting a-control signal to:
the block' controller, the block controller re-

sponding to said control signal by starting &

timing operation which culminates in- abandon-

‘ment of the attempt to close a matching circuit

if none has been-closed: before the-end of the tim-

ing operation.

' ' RICHARD P. BOYER, JE.
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