N
S -* b .

169
159

Oct. 24, 1939. N. H. SAUNDERS 2,177,079

AUTOMATIC TELEPHONE SYSTEM
Filed June 19, 1936

®
39 <+
291 =

L167
|
Jé[sd L1g22%2

== - , }%&'NN;’S#%S &
e e

Lol
—

I

ﬁmﬂ

= ]
{

7 19

=t 163 180

i I

1
9
289

2
55

==
[ Y —
154
THE
o
A1)
%][
I

r————ESZ’
{ 1 . 5_
ﬂﬁ
19671

50-GROUP
L75 Lv
195 I

LINE¥S4

=lil

|

{

.._..___..___
Y
[,
]
3 3
ry
—
[
[
———

194

44
142

e
AR
.t___‘..l
[
ha——
145
LT
173 |174
93417

R, .

Lwrﬂ[n‘nﬂf§ﬁf.?7—~rf

%ngw wwg?%‘%__gﬁ—

G
EEENN MEM = E | T @

A
| Jjwﬂwﬂvﬂvjt — [k g 2

Ciiiitiu 0
E 5 55 5 5 35 I T 5 R

i ﬂ
| lmg | ;E“T. gEﬁ)L@?- N(SRMAN H{Ngfggggr%s

g BY %%

ATTORNEY.



N. H. SAUNDERS 2,177,079

AUTOMATIC TELEPHONE SYSTEM

- Oct. 24, 1939.

8 Sheets—Sheet 2

Filed June 19, 1936

67 [81H |-98i 762
Eﬁ
8¢’ 87 tes
o
7
96¢ )m
887
98z {82 lizz
]
0X 0L 9X .
S3NIT mmm W@ ..“E
- AVH
092 052
Olelink ) 153l H..stw X152
_ _ €57 R
LD , R4 68V
G962 06}
LﬁNN me ¥4 . U Tho
Sidr 7
762 182 BT {87
98- g2 A 1112 082
pd L2
2'old 2= )
v 82 ,
7 : :
\\\\\\\\1 . 71
o 7
Fe———7]
957 3!
l\\ 7 4
’ oy 27 W
8- mR. < o \
R A SH
S
313
Y

INVENTOR.
NORMAN H.SAUNDERS

777 e

BY

ATTORNEY.



2,177,079

N. H. SAUNDERS

AUTOMATIC TELEPHONE SYSTEM

Oct. 24, 1939.

Filed June 19, 1936

8 Sheets-Sheet 3

_—
78t 9¢ 835
\ThAY
oRE I 98¢
w1 0] 99 09797 7 .0 | e
H, e E85 " LiNn
sas] e ~aue{ b~ —uss|ud — —sus] e~ —lauspi~ —oe o |~ — HE
67 L :
fot LIg 4255 UEEr IS Lsed
768 3 \ N i
8 el T lozed [T loed T |oved|"  osol” owmsu
== X X X
88} X 2k 3 iy s 2
e ot T 5
p S 7 A - - 1 s . _
88l
& 758
Y6E VSiE yno
£
%
168
198
65¢ //
. 995
oo = A
v ISE N\  $9E 99¢”
.jmmm N\ vh alloﬂmmd.
86 o

ey

694

. INVENTOR.
NORMAN H. SAUNDERS®

BY

ATTORNEY.



Oct. 24, 1939. N. H. SAUNDERS = 2,177,078
AUTOMATIC TELEPEONE SYSTEM
Filed June 19, 1936 8 Sheets~Sheet 4

# 331

332 OO+
337 1—o*o+|—1
ot
- b 1
+OO
#3136
-+o'o4:ji :

f_"’H 1 ]
e g '
485 483+ .

480

pa— 1%}
Lo, LINE¥33
472 | 1474 470
) _' lc.o. l “

40 GROUP 30 GROUP 20 GROUP

50-GROUP

60-GROUP

S @ EEE E & S 8 E3 |
I “Ju.' T e

;.n[. e

Sagti= T g =
A B e o

' il y LLI o ' 1 ' 1.1.8J _g %,__2
gl rfh. R st s
RN J Ji ﬁ_—f—
IJ]I LR Rk e o,
ﬁn ; I 'f I ! I ” 1l Lﬁ L
w”l a@}IHI ] ]lﬁﬁl“l L L1 P

INVENTOR.
- NORMAN H. SAUNDERS

ATTORNEY.



Oct. 24, 1939, N. H SAUNDERS 2,177,079

AUTOMATIC TELEPHONE SYSTEM

182
185

Filed June 19, 1936 8 Sheets-Sheet 5
. o M~
~| |eo o ) qumm !\coa\m*:ggp mr:mw oy b
Slie | S & /3/?9 ] b oy R v b st B o 3| SIS S Bk <o
>
o
»
o L
o)
o
oo
i < " Ui
|-i ) - =
x’ (X
I~
= o u
4 S 9
=17 Bl N <
=23 o) =) ot
Lo 8‘9‘ | Qg |_< o .33
[
1 g g
- - T 8 &
«~19 ‘3' Y]
©
: =
e =
' U5 -
< T < g -
A e
2 -
-
[ © o (¥ W'
= & e < <o
© S & 2| L8
- -
O y
m i 5
-
>
=
N
o -t
< -
] P
&
S <u.F_L“° oy
©® o~
O [
o= <
o
Q
=1
—=1 = I3
S |5 ]
} S
RE t‘“ e :
<] 4 .
~
) ‘ TIME
: ol = &= PULSE
= [:_“—
T wl* o 5 1= gTIME
@ @ @ < [ 0CK

,__je{?
BAT TOALL FUSE, USEAL.
LINK RLYS, § it

gl TIME CUT-OFF "

(&)
; INVENTOR,
NORMAN H.SAUNDERS

o D srtlven

ATTORNEY.



Oct. 24, 1939.

2,177,079

N. H. SAUNDERS
AUTOMATIC TELEPHONE SYSTEM

8 Sheets-Sheet 6

Filed June 19, 1936

LS 835
t 3795
gwrll
.wohm alge
195 ?ﬂ
[
% 88
4
699 55

ANV

~06-

.Tgwuau : "85S
E:ELH wum
Ly . 3
G 'Old g’ YOV  00F—1cn
B «ﬁm
X 0LIX 1S
SINITHOY
NI
1s3L 682 905 509 70§ €05 NS 103
Sﬁ_lus . %S &S &E J.PI
iy :BIM YE IR Bmf
Gest | T Ummw
! ¥ L] ¥ L]
, ¥s9o 155 1es 743 615 |ﬂ|m._
|~ 1, w6l byt 6)
) N e S e ,4
= \ﬂ‘q psz|oss _ E
11 sfl  vell csll 26l el sa mw._

INVENTOR.
NORMAN H. SAUNDERS

4

BY

ATTORNEY.



N. H. SAUNDERS 2,177,079

AUTOMATIC TELEPHONE SYSTEM

Oct. 24, 1939.

8 Sheets-Sheet 7

Filed June 19, 1936

LSLy 517 —391 360 e
: %
G ) LS
mw N3A3 959
3 aao 593
_ a°5)
z &L L 2
66L veLt— 5 w
173 17[3 179
2 S
S5 3
V5L g8 et 5 58, €Lt
5]
8¢2 N YA'TA
S Er—l Lk
N7 377
N7 s :
977 s ve9.
o Vilg : mmﬁ | o A
6l§ 1 623
o L8LE — ) r ¥
26t | 1S "NI9—~ee—I5L] TL s Vi _E 379
mm»» v —~3,, CLlp=3 uﬂl ave - T 3 .m
¢8L - "o oedll 1w v 1S
8t 06L] |y O8L <HTeq; 0% 05t N B | ECEYEL Swﬂn o:: 23 oe__ anol
tims *® oL e = . | ASN8 ors
8 L9sy +T96L 009 — e Jpeblle <
: g — TZL R a7, s AT
FY7NLE] 2 -
,wmm GEL T._.I.
99¢ 8, e 79 . I
, ot L 'Old
] T4
L= T
195 S 98¢
_ 6lL

INVENTOR.
NORMAN H. SAUNDERS

TG 7t e

BY

ATTORNEY.



N. H SAUNDERS
AUTOMATIC TELEPHONE SYSTEM

Oct. 24, 1939.

2,177,079

8 Sheets-Sheet 8

Filed June 19, 1936

668 5 /LSL
X A0
AT LNI ONI 0L - —
ONfyL= 000 559
: § &78 E
wad 4 -~ o\.Nw wvw w O—u
|.0®n|04 wmwb mNc» ) 1 Iy _ 779
568 i 798 8.8 o
%8 1758 688—1 T ELLI T 881 TSL
. 'S
m,mw 3 7 )
ij T o = 378 06¢ 88 wwm 689 —ocg
ow.mb YA TATi sww X vEnt x5 388, At
= or8 08 028 08 R
gy 8EL 55 574
€4 6EL 268 - - T - . I
“9EL st _ [rset 1ot 1778 I&F
598 , NIAT |
+|||.0|.U.| I | I |
LeL ews T S . 5 n— m
558 aao
i SAVI3Y 9NILNNQD  sigg—
L 62. 798 X
) ¥ ¥ ¥ER
BEEE T ——3
298 5 cegt ;w o B
ﬁ‘m mvw»l.o'.m» | .qo‘l w_<_D_. , qu mm
I/8% )
Lyl
] ¥ L4 ¥ 3 3 ¥
“T98L il A yAx A4 R4 vt | bssy 88¢-H 8091
m..m._ :m_ _8_ _Nm_ :w_ o6t 688 | L8t
- tlo ¢l s 2l g o ol il
3? Zx 77 IR ¢
_l___ “ 57 [ YA

INVENTOR.

- NORMAN H. SAUNDERS

T Y itsilved

BY

ATTORNEY.



5

10

15

20

25

30

35

40

45

60

&b

Patex_:tedv Oct_. 24,: 1939

UNITED STATES

2,177,079

PATENT OFFICE

2,171, 079
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32 Claims,

This invention relates in general to automatic
telephone systems, but more in particular to
small systems suited for instailation in towns or
villages. An -automatic telephone system of this
type is generally known as a community auto-
matic exchange or C. A. X, and may have a
capacity of about fifty lines, more or less. Usu-
ally the lines are party lines having either bridged
or grounded ringing circuits over which such
subscribers are signalled by means of code ring=
ing. Provisions are made also for trunking calls
to and from distant exchanges. The object of
the present invention is to provide a novel and
improved all-relay community automatic ex-
change of the foregoing character and which
may be considered as an improvement on the
system disclosed in Patent No. 2,023,239, issued

-to John E. Ostline on December 3, 1935.

One of the features of the invention relates
to the semi-directive all-relay finder having im-
proved testing circuits whereby the finder unit
relays test two lmes s1multaneously in the callmg
group.

Another feature relates to an improved test-

ing circuit whereby the connector unit relays

are each used for testing one of two lines in the
called group dependent upon the unit digit dialled.

Another feature relates to an improved sub-
scriber’s line circuit having a shunt field line
relay and a lockout relay.

A further feature relates to an improved lock-

out feature which is operative in case the finder
fails to find the calling line potential, due to
an open marking circuit and in which other links
are prevented from attempting connection with
this line as long as the line circuit is in its call-
ing condition.

These and other features of the invention will
be apparent from the foregoing detailed descrip-
tion of the invention.

Referring now to the drawings, comprising

Figs. 1 to 8, inclusive, there is shown by means
of the usual circuit diagrams sufficient of the
apparatus in an automatic telephone system to
enable the invention to be readily understood.

Fig. 1 shows a group of finder group relays
FGR for connecting the line conductors and test
conductors of the.various groups of lines and
trunk lines to one of the finder connector all-
relay links. The lines are divided into‘five groups
of ten lines each and are designated as the
20, 30, 40, 50, and 60 group. Relays 122, 132, 142,
i52, and 162 operatively connect the test con-
ductors of their respective groups to the link
circuit shown. - Relays, such as relays 120—121,

"line 21 by way of three-conductor cable

(CL 179—18)

130—131, 140—141, 150—i64, and 160—I6I, are
for connecting the line conductors of their re-
spective groups to the link circuit. In the lower
left-hand corner of Fig. 1 is shown the line cir-
cuit LR of the first line in the 20-group. A
plurality of sub-stations such as 2(1, 212, 216,

“and 211 are diagrammatically shown connected

to this line. As will be seen, the line conductors
of this line, or line 21, terminate in contacts 117
and 118 in the 20-group. The line conductors
and called test conductor extend by way of a
three-conductor cable 159 to the outgoing end
of the link- wherein these conductors terminate
in contacts on the connector group relays in
the 20-group. In the upper left-hand corner of
Fig. 1 is shown the trunk line circuit TLR for
trunk line 20. This trunk line terminates in
contacts 110, 111, and 112 of the finder-group
relays 124 and 122. The trunk line conductors
are also connected to the outgoing end of the
link in a manner similar to that described for
169.
Lines 22, 23, 24, 25, 26, 21, and 28 and trunk
lines 29 and 20 terminate in contacts controlled
by the finder group relays of the 20-group.
The trunk lines and subscribers’ lines in the 30-
group and other groups are connected-in a simi-
lar manner. The connect relay 170 in the lower
portion of Fig. 1 operatively connects this par-
ticular link to the common apparatus of Fig. 5.

Fig. 2 shows a group of finder unit relays FUR
for connecting the line of any group to the con-
trol circuits in the link.

Fig. 3 shows a group of connector unit relays
CUR for connecting the link circuit to any par-
ticular called line in any called group as deter-
mined by the operated connector group relay.
The lower portion of Fig. 3 shows a unit-connect~
ing relay 370 for connecting the connector unit
relays to the link circuit.

Fig. 4 shows a group of connector group re-
lays CGR,for connecting the outgoing end of the
link to any line in any group. In the right-hand
end of Fig. 4 is shown the line circuit of line
33, and a plurality of substations thereon. Line
33 is connected to the link as shown diagrammati-
cally by the three conductor cables 149 and 444.
All of the frunk lines and all of the subscriber’s
lines in all of the groups terminate in the out-
going end of the link in the manner illustrated
by line 33. A group-connect relay 400 is shown
in the lower portion of Fig. 4 for operatively
connecting the link circuit to the connector group
relay.

Fig. 5 shows an all-relay allotter for preselect-
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ing an idle link. In the upper left-hand corner

."of Fig, 5 are shown the link-selecting relays

10

16

20

LSR which: control the selection of an idle link
and the operation of the connect relay (10 shown

"in the lower portion of Fig. 1. The right-hand

portion of Fig. 5 shows the common group-start
relays which control the operation of the finder
group relays shown in Fig. 1. In the lower left-
hand corner of Fig. 5 is shown the allotter con-
trol relay ACR, which control. different func-
tions to be described hereinafter.. Each .group
of lines has & start conductor such as start con-
ductor 90 extending from each group of line cir-
cuits to a'terminal such as the terminal 20. The
start - conductor of the 30 group, correspond-
ing to start conductor 90 of-the 20-group, would
terminate in terminal 30 and the remaining start
conductors of the other groups would terminate
in " the correspondingly numbered terminals.
Each group of lines also has a common lock-out
relay such as relay 89 in Fig. 1 and which.is
controlled over a conductor such as conductor
91 by the group-start relay.

Fig. 6 shows a group of relays in the control
circuit of the link, -

Fig. 7 shows another group of relays in the
control circuit of the same line.
' Fig. 8 shows a further group of relays in the
same link and includes the digit-counting relays.

Throughout the drawings numerous types of
relays, well known in the automatic telephone
art are shown. Slow-to-operate relays are shown
having a full black upper section. 'Slow-to-re-
lease relays are shown having a cross-hatched
lower section, and vertical lines or sleeves. In
Fig. 5 relay 597 has a weighted vibrating arma-

- ture 598 which vibrates on deenergization of the

40

45

relay between the two make contacts.

Although only substations having their ringers
grounded for divided or grounded ringing have
been illustrated in the drawings, it will be under-
stood that substations having their ringers
bridged across the line conductors may also be
operated over the circuits shown.

Briefly the operation of this system is as fol-

~ lows: when a calling subscriber initiates a call

50

]

60

65

70
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the test conductor of the calling line is marked
with - calling potential and the corresponding
group-start relay is operated to energize the
proper finder group control relay in an idle
link previously selected by the allotter. The op-
eration of the finder group control relays con-
nects all of the test conductors of all the lines in
the calling group to the finder unit relays which

now operate successively, each relay testing two -

lines simultaneously until the marked calling
line is found.

When the calling line is found the allotter is
operated to preselect another idle link and the
calling line is connected. to the control equipment
of the link in use. ‘The first digit transmitted by
the calling subscriber operates the counting re-
lays to operate the corresponding connector
group control relay which connects all of the
test conductors of the called group to the con-
nector unit relays of the link. The second digit
reoperates the counting relays to operate the
corresponding connector unit to connect the test
conductor of the called line to the link control
circuit. Each connector unit relay is used for
connecting up two of the test conductors of two
of the lines dependent upon the unit digit dialled.
The third digit reoperates the counting relays
to select the ringing code. If the called line is
idle, a ringing relay in the link connects the

2,177,070 | ,
selected ringing conductor to transmit the se-

lected ringing code to the called line. .

In incoming trunk:calls the operation is the
same as just described with the exception that
the local talking bridges in the link are discon-
nected and the link is switched straight through

to the trunk line. . The link is then held from.

the trunk line, In outgoing trunk calls the call-
ing line is found and connected to the link in
the same manner as just described and in re-
sponsive to dialling a single digit, designating a
trunk call, the corresponding connector group

relay connects the test conductors of this line

group to the connector unit relays and a portion
of these latter relays then successively operate
in a hunting operation to search -for an idle
trunk in this group. When an idle trunk is found
the link switches straight through cutting off the
local talking bridges. :

Having given a general description of the op-
eration a detailed description will now be given.
It will now be assumed that one of the subscribers
on line 2 initiates a call. When the subscriber
removes his receiver the circuit is completed for
energizing the shunt field line relay 10 as fol-
lows: from ground through the left-hand winding

- of shunt-fleld line relay 10, contact 63, over the

calling loop to contact 62, and through the right-
hand winding to negative battery. It should
possibly be mentioned at this time that the shunt
fleld line relay 10 will operate only when the line
conductors of line 21- are short-circuited and will
not operate in case either one or both lines be-
come grounded. A shunt field relay, as is well
known, has its two windings wound in opposi-
tion onto iron cores which are connected together
so that it is necessary for both windings to be
simultaneously energized before the relay oper-
ates its armature and contacts. Shunt field line
relay 10, upon energizing, at contact 7( con-
nects marking potential extending from negative
battery through the winding of cut-off relay 60
to contacts 118 of finder group relay 122. At
front contact 72 relay 10 connects direct ground
to test conductor 56 to busy this line and at con-
tact 13 grounds the common start conductor 90
to cause the energization of common group-start
relay 552 in Fig. 5.

Group-start relay 552, upon energizing, at
front contact 562 prepares a point in the circuit
for finder group relay 122, at contact 572 pre-
pares a point in the circuit to the common lock-
out relay 89 of the 20-line group, at contact 517
completes a circuit by way of contact 543 for en-
ergizing relay 551,
own locking circuit to grounded start conductor
90, and at contacts 579 to 582, inclusive, opens
the circuits to the remaining group start relays
to prevent their operation. Relay 551, upon en-
ergizing, at contact 544 grounds conductor 192
to prepare a circuit for energizing relay I22 at
contact 545 opens a point in the original energiz-
irrg circuit of relay 552,  now maintained ener-
gized over its locking . circuit, and at contacts
546 to 549, inclusive, opens further points in the
circuit to the remaining group-start relays to
prevent the operation of these group-start relays

- in case a line in another group should initiate a

call. At contact 559 relay 551 prepares a point in
the locking circuit for relay 594, at contact 560
maintains the all-link busy relay 592 in operated
position, at contact 561 completes the circuit for
operating the connect relay 70, at contact 570
prepares circuits for relays 595 and 596 and oper-

at contact 518 completes its
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point in the circuit to relays 502 and 594. Re-
lay 5§97 is energized from ground at armature
570 by way of contact 515 to negative battery
through the winding of relay 591. Relay. 597,
upon operating, attracts its weighted armature
598 thereby connecting ground at armature 510
through 598 and 599 and the winding of relay 596
to battery. Relay 596 energizes and at contact
569 completes the circuit for energizing slow-to-
operate relay 595 from this same ground at con-
tact §70. After an interval relay 585 energizes
and at contact 559 shunts contact 569 and at

contact 576 completes the circuit from grounded

armature 510 for energizing relay 593. Slow-to-
operate relay 593, upon energizing, at contact 515
opens the original circuit of relay 591. Relay
5987 accordingly deenergizes and releases its
weighted armature $98 to cause this armature
to vibrate between its two make contacts, while
the contact 599 is opened. Relay 596 deenergizes
when its circuit is opened at 599, but relay 595,
due to its slow release characteristics, is main-
tained in operated position as long as the vibra-
tions of weighted armature 598 are of sufficient
amplitiide to engage with the make contacts on
either side thereof.

‘The circuit for energizing connect relay 170
may be traced as follows: from ground by way
of contacts 589, 588, 561, 514, 507, to start con-
ductor 19f and thence through the winding of
connect relay 170 to negative battery, At contact
116, connect-rei.y 170 disconnects conductor 185
from the guard conductor (84, at contact 172
connects the grounded conductor 192 to relay 122
to cause the latter relay to operate, at contacts

1712 to 116, inclusive, prepares circuits to the

other finder group relays, at contact ITT pre-
pares a point in the circuit to finder group relay
120, at contact 178 prepares a point in the test
circuit for the first five lines of a group and for
test relay 557, at contact 179 prepares a point
in the hunting circuit for the finder-unit relays,
at contact” 129 completes a circuit for operating
relay 558 in series with link line relay 630, and

-ab contact 138 prepares a point in the test cir-

cuit for the last five lines in a group and for
relay 270.

Finder group relay 122, upon energizing, at its
upper contacts connects up the test leads of all
the lines in the, 20-group, at contact 123 prepares
a point in the circuit to relay 120, at contact 124

_prepares a point in the circuit to relay 121, at

contact 125 prepares its own locking circuit to
conductor {88, and at contact 128 prepares a
point in the circuit to reverse battery relay 600.
The circuit for energizing line relay 630 in series
with relay 558 may be traced as follows: from
ground through the winding of line relay 630,
conductor 182, contact 129, conductor 181, and
through the winding of relay 558 to battery. At
contact 583 relay 558 prepares a point in the
test circuit for relay 557 and at contact 584 com-
pletes the hunting circuit for the finder unif re-
lays and operates relay 210. :

Line relay 630, upon energizing, at contact 631
completes a circuit for energizing release relay
620 as follows: from ground at back contact 122,
back contact T17, conductor 627, normally closed
contacts controlled by armature 682, conductor
626, contact 631, and through the winding of
release relay 620 to negative battery. At front
contact 632 line relay 630 completes a circuit for
energizing the pulse relay 680 as follows: from
ground by way of back contact 122, conductor 629,
front contact 632, and through the winding of

pulse relay 688 {o battery. At front contact 621
release relay 620 grounds conductor 293 and com-
pletes a circuit by way of contacts 194, 144 and 134
in multiple, through the winding of relay 120 to
negative battery. Pulse relay 680, upon energiz-
ing, at contacts 681 compietes a further circuit
for holding release relay 620 in operated posi-
tion by way of back contact 692, at contact 682
opens. the original energizing circuit of release
relay 620, and at contact 683 connects muitiple
ground through resistance Rl to the reset con-
ductor 629 to maintain itself in operated position
when the ground at back contact 722 is discon-
nected from reset conductor 629. .

Relay 7120 energizing, and at contact 721,
grounds conductor 626 to maintain release relay
620 in operated position. At contact 722 re-
lay 120 opens the original circuit of relays €80
and 620 and relay 680 is now maintained in
operated position through contact 683 and the
resistance RI to ground. At front contact 722
relay 120 prepares a point in the locking circuit
for test relay 7110-and ring-cut-off relay 780,
at contact 723 connects direct ground at the nor-
mally closed springs controlled by contact 605 to
conductors 754, 295, 188, and 388, and also com-
pletes the circuit for operating relay 710. At
contact 724 relay 7120 disconnects one of the mul-
tiple grounds from the all-link-busy conductor
669, and at front contacts thereof grounds con-
ductor- 185 to maintain ground on the guard lead
184 when connect relay 170 deenergizes, and at
contact 125 completes the circuit for operating
relay 608. )

The circuit for energizing relay 710 may be
traced as follows: from grounded conductor 645
by way of 123, 135, 295, 694, 647, 111, 108, and
through the winding of relay T10 and resistance
R2 to negative battery. At contact Tit relay
710 connects battery through resistance R3 in
shunt of relay 610 by way of conductor 617 and
contact 602, at contact 712 connects up dial tone,
at contact TI3 prepares a point in the circuit
to relay 613, at 715 prepares a point in the cir-
cuit by means of which relay 710 is later on
short circuited, at contact 116 starts the tone
machine over the tone start circuit, at 717 pre-
pares points in the circuits to relay 660 and
670, at 718 prepares a point in the locking cir-
cuit of relay 400, and at contact 719 completes
its own locking circuit. This locking circuit may
be ‘traced from grounded conductor 645 by way
of 723, 135, 295, 694, 647, 878, 156, and 719.
The circuit for energizing the time cut-off relay
608 may be traced as follows: from grounded
time pulse lead, through the normally closed
springs controlled by contact 609 and thence by
way of 654, 753, 125, 649, and through the upper
winding of relay 608 to battery. At contact
605 relay 608 connects the grounded time-cut-off
conductor to conductor 645 in place of direct
ground, at 606 grounds conductor (85, at 607
opens & further point in the circuit for ground
all-links-busy conductor 669, and at 609 com-
pletes a locking circuit for itself from grounded
time-lock conductor over its previously traced
circuit, . :

The finder unit relays FUR are slightly slow
to operate as well as release on account of the
resistance R included in their energizing circuit,
and each finder unit relay on operating closes
its “X” contact first. The finder unit relay 210
is energized in response to the operation of relay
558 as follows: from ground by way of 584,

3 .
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sistance R, 251, 241, 231, 221, 2if, and through
the winding of relay 218 to ba.ttery Relay 210
at “X” contacts 212 locks itself to grounded con-
ductor! 188 through contacts 223, 233, 243, 253,

‘and 263." At contact 217 relay 218 prepares the

test circuit for the sixth line in the calling
group, at 216 prepares the test circuit for the
first line in the calling group, at contacts 214 and
215 prepares the line connections for either line
21 or line 26, at contact 211 opens its original
energizing circuit, at front contact 211 completes
the circuit for operatmg the second ﬁnder unit
relay 220.

If the calling line is not- line 21 or 26, then
relay 220 energizes after an interval over the
same circuit as traced for relay 210 except that
in this case the circuit for relay 220 extends
through front contact 211. At contact 222 relay
220 locks to grounded conductor 188, at 228 pre-
pares the test circuit for line 27 in the calling
group, at 228 prepares the test circuit for line
22 in the calling group, at contacts 226 and 221
prepares the line connections for lines 22 and 21
of the called group, at contacts 224 and 225
opens the test circuit to the first and sixth lines
of the calling group, at 223 opens the locking
circuit of the first finder unit relay 218 which
deenergizes after an interval, at 221 opens its
original circuit, and at front contact thereof
closes the circuit for the third finder unit re-
lay 230. .

The finder unit relays 230-to 250, inclusive,
operate in sequence as above described until the
called line is found or until relay 260 is ener-
gized in case the link fails to find the calling line.
Each finder unit relay on operating locks, opens
the preceding relay circuit to cause its de-
energization, disconnects the test leads closed
by the preceding relay, and connects the test
leads for the next two lines.

In case the link fails to find the marked call-
ing potential of the calling line, then relay 260 is
energized by relay 250. At 282 relay 260 locks to

- grounded conductor 188, at 264 and 265 opens
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the test leads to the fifth and tenth lines of the
calling group, at 266 opens the circuit to finder
group relay 126 to prevent its operation, at 263
opens the locking circuit of relay 250 which de-
energizes, at back contact 261 opens the hunting
circuit to the finder unit relays, and at front
contact 261 closes the circuit for operating the
20-group lockout relay 89 as follows: from
ground by way of 584, 587, 199, {19, 292, back
contact 271, front contact 261,
§12, conductor $8f, and through the 20-group
lockout relay 89 to negative battery. At contact
80, relay 89 completes the circuit for operating
the lockout relay 20 of trunk No. 20, at contact
81 completes the circuit for operating lockout
relay 50 of line 21, and at other similar contacts
closes circuits to the lockout relays in the line
circuits of the 20-group. Lockout relay. 20 at
contact 21 opens the circuit to. the cut-off relay
30 to prevent a call on this trunk line from mark-
ing contact (18 with calling potential, and at
contact 22 grounds the permanent alarm lead 99
to bring in an alarm. Lock-out relay 50 at con-
tact §1 disconnects calling potential from con-
tact 119, at 52 likewise grounds permanent alarm
conductor 99 to bring in an alarm, and at con-
tact 83 disconnects ground from the start lead
90 to cause the deenergization of the 20-group
start relay 552 in Fig. 5, and at front contact 53
completes a. locking circuit for .itself from

conductor 288,
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grounded contact 73 as long as the line reIay 16
is maintained in operated position. -

Group-start relay 552 deenergizes and at con-
tact 562 opens the original circuit of relay 122
which is now held in operated position over
grounded conductor 188. At 572 relay 552 opehs
thé circuit to the common 20-group lockout relay
89 which releases, and at 517 opens the circuit to
relay 561 which likewise deenergizes. At contact
80 relay 89, upon deenergizing, opens the circuit
of lockout relay 20 which deenergizes and in a
similar manner at its other contacts releases the
lockout relays in all the line circuits of group 20
in case the line relay of such circuits are not op-
erated. At contact 81 relay 88 also opens the
original circuit of lockout relay 50, but this relay
is now locked in operated position due to the
energized condition of line relay 10. Therefore
as long as line relay 10 is maintained in operated
position the lockout relay 50 is held operated to
remove the calling battery potential from contact
119 at contact 5. At contacts 545 to 549, inclu-
sive, relay 581, upon deenergizing, prepares the
start circuits to the group-start relays, at 560
disconnects multiple ground from the all-link-
busy relay 592, at 561 opens the circuit to con-
nect relay 170 which deenergizes, and at 510 opens
the circuit to relays 593 and 585.

Connect relay 1706, upon deenergizing, at 116
connects grounded conductor (85 to guard lead
184 to operate link selecting relay 502 in series
with relay 594 to cause the latter to preselect
the next idle link. At contacts 172 to 176, in-
clusive, opens the circuit to the finder group re-
lays, at 118 opens the point in the prepared cir-
cuit to test relay 557, at 179 opens the hunting
circuit to the finder unit relays, at 129 opens the
circuit to relays 558 and 630, and at 139 opens
the prepared circuit to relay 270. Relay 558 de-
energizes when its circuit is opened by relay 170
to open a further point in the circuit of test relay
557 at contact 583 and at contact 584 opens a
further point in the hunting circmt of the finder
unit relays,

Line relay 630 deenergizes when its circuit is
opened by connect relay 170, and at contact 632
opens the circuit of pulse relay 680 and at 63
opens one of the circuits for release relay 620.
Pulse relay 680, upon deenergizing, when its cir-
cuit is opened, at 681 opens the circuit of release
relay 620, which accordingly deenergizes after
an interval. Relay 620 at 621 disconnects ground
from conductor 293 and releases relay 720.
Shortly after its circuit is opened slow-to-release
relay 120 deenergizes and at contact 723 discon-
nects ground from conductors 754, 388, 188, and
295 to cause the release of relays 122, 260, and
T106. At contact 725 relay 720 opens the circuit
of relay 608 which likewise deenergizes.  Relay
T18, upon deenergizing, at contact T{l discon-
nects the battery through resistance R3 from
in shunt of relay 619, at 712 disconnects dial tone,
and at T16 opens the tone-start circuit. Finder
group relay 122, upon deenergizing, at its upper
contact opens the test circuit to the lines in the
20-group, and at contacts 123 and 124 opens the
prepared circuit to relays 120 and i21. Relay 260
deenergizes and restores its contacts to normal.
Time cut-off relay 608, upon deenergizing, at con-
tact 605 disconnects the grounded time cut-off
lead and substitutes direct ground, at 606 dis-
connects ground from conductor 185 and there-
fore ground from the guard lead 184, and at 607
again grounds the all-link busy conductor 669.
Link selecting relay 502 is energized In series
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'with the upper ‘winding of relay 894 in response
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to the deenergization of relay 170 over the fol-
lowing circuit; from ground at contact 608 be-
fore relay 808 deenergizes, conductor (88, contact

" 116, guard lead 184, contact 510, upper winding

of link-selecting relay 502, and through the up-

. per winding of relay 594 to battery, At 53 relay

10

18

20

502, upon energizing, closes the start circuit to
the connect relay of the second link over con-
ductor 181’ if the second link is idle, at 516 closes
the circuit to the third link-selecting relay 503
if the second link is busy, at 517 locks in serles
with relay 591, and at 518 opens the locking cir-
cuit of relay 601. Relay 594 energizes in series
with relay 502 and deenergizes when relay 608
deenergizes or when relay 501 deenergizes. Re-
lays 593 and 595 deenergize shortly after the
release of relay 551. 'The link has now been re-
leased, line No. 2{ is locked out of service, as
long as line relay 70 is in energized position, and
the allotter has selected the next idle link.
Returning now to the operation of the finder
unit relays and since line 21 is the calling line,

~ the operation of the finder unit relay 210 there-

25

fore at contact 216 completes the test circuit for
operating the cut-off relay 60 of the calling line
in series with the test relay 857 as follows: from

_ ground by way of contact 583 through the upper

30

winding of test relay 557, and thence by way of
198, 118, 294, 215, 285, 224, 216, 281, (19, 5I, T4,
and through the winding of cut-off relay 60 to
battery. At contact 585 test relay 557 completes
the circult for operating finder group relay 120
as follows: from ground by way of 585, 197, 1711,

-296, 274, 266, 190, 123, and through the winding

_ of relay 120 to battery. At contact 586 relay 557

40

maintains 551 in operated position, and at front
contact 587 completes a locking circuit through
its lower winding from grounded armature 584.
At back contact 587 relay 557 opens the hunting
circuit before the next, or in this case, the second
finder relay can fully operate. Test relay 557
is fairly fast to operate and therefore opens the
circuit to the second finder unit relay before it
can operate to close its “X” contact. Cut-off
relay 60, upon energizing, at 61 locks itself in-
dependent of contacts 51 and TI, at 62 and 63
disconnects the shunt-field line relay 10, and at
contact 64 operates the lockout relay 50. Y.ock-
out relay 50 at 51 opens the original circuit of
cut-off relay 60, at §2 prepares a point in the
alarm circuit, and at 53 opens the start circuit

' .and releases the group-start relay 552 if no other

65

- 60
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‘line.

line in this group is calling. Shunt-fleld line
relay 10 deenergizes in response to the operation
of the cut-off relay 60, and at contact 12 discon-
nects direct ground from conductor 56 and con-
nects ground from the link to guard this line in
the connector end of the link.

- Before proceeding with the description, and in
order to more fully describe the simultaneous
testing of two lines in a group, it will be assumed
that at the time finder unit relay 216 is operated
that fhe No. 26 instead of line No. 21 is the calling
In case line 26 is the calling line, then test
relay 210 is energized in series with the cut-off
relay of the calling line over the following cir-
cuit: from grounded conductor 293, through the
lower winding of test relay 210, conductor 29f,

contact 139, conductor 284, contacts 225 and 217,

conductor 280, contact 116, test conductor of
calling line 26, through the normally closed con-
tacts on the associated lockout relay through the
closed line relay contacts and through the wind-
ing of the cut-off relay of line 26 to negative

battery, At contact 212 reldy 210 locks to
grounded conductor 188, at contact 216 connects
the grounded conductor 293 to the winding of
the cut-off relay of line 26, at 215 opens a point
In the test circuit to test relay 557, at 274 opens
a point in the circuit to finder group relay 120
to prevent its operation, at 218 completes the cir-
cuit for energizing finder group relay 121, at back
contact 271 opens the hunting circuit to prevent
operation of the next finder unit relay, in this
case relay 220, and at front contact 271 maintains
relay 551 operated from ground by way of 584,

587, 199, 179, 292, 211, 289, and thence over the -

previously traced circuit to relay §51. The cut-
off relay of the line No. 26 operates and locks,
disconnects the line relay which deenergizes,
operates the lock-out relay and opens the start
circuit to start-relay 552 in a manner similar to
that described for line 2f. The circuit for oper-
ating the finder group relay 121 may be traced as
follows: - from grounded conductor 295, contact
213, conductor 189, contact 124 and through ths
winding of relay (2! to battery. At its upper
contacts finder group relay {21 connects the line
conductors of the last six lines in this group to
the finder unit relays. Since relay 210 is oper-
ated conductors 282 and 283 are connected to
the link line conductors 286 and 287 by way of
contacts 215 and 214. From the foregoing de-
seription it will be seen that the finder unit relay
210 simultaneously tests lines 2f and 26. In a
similar manner the finder unit relays 220, 230,

240, and 250 likewise simultaneously test for two

lines in the calling group.

In this case, since line No. 21 is the calling line,
then finder group relay 120 is energized as previ-
ously described te connect the line conductors of
the calling line to the link conductors 286 and
281 at contacts 11T and [18. The link line relay
630 is maintained energized over the following
subscriber’s loop as follows: from the calling loop
by way of 117 and 118, 282 and 283, 215 and 214,
286 and 2817, back contacts 792 and 793, conduc-

-tors 617 and 618, contact Ti{ and resistance RC

to negative battery in multiple with negative bat-
tery through the winding of relay 610 and nor-
mally closed contact 602, and through the nor-
mally closed contacts 601 and the winding of
line relay 630 to ground. The closure of contact
{17 also connects dial tone to the calling line as
follows: from dial tone source by way of 88l,
871, 148, 112, through the tone condenser TC to
conductor 618, and thence back over the previ-
ously fraced circuit to contact 117 and the calling
line. At contact 126 finder group relay 120 con-

_nects ground to the guard lead of 184 to operate

relay 502 in series with relay 594 to cause the
allotter to preselect the next idle link.

The circuit for energizing link selecting relay
502 in series with relay 594 may be traced from
grounded guard conductor {84, 510, upper wind-
ing of relay 502, and upper winding of relay 594
to battery. At 590 relay 584 completes a locking

circult for itself through its lower winding to

grounded contact 550, at 513 opens one of the
multiple ground connections to the all-link-busy
relay 592 to cause the deenergization of this relay
if all the links are busy, at 574 reoperates relay
591, and at back contact 514 opens the circuit
to connect relay 170 to cause the latter relay to
deenergize. Link-selecting relay 502 at 513 pre-
pares the circuit for the connect relay of the
second link, at 514 opens a point in the circuit to
the guard conductor 184’’ of the third link, at 515
prepares & point in the circuit from the guard

.
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lead of the second link for relay 591, at 516 con-
nects the guard lead 184’ of the second link to the
upper winding of link selecting relay. 503 to cause
the energization of this relay if the second link is

- busy, at 517 locks itself in series with relay 591,

and at 518 opens the locking circuit of link-select-

ing relay 501 to cause this latter relay to deener- -

gize. Relay 501 energizes and at contact 507
opens & further point in the circuit to connect
relay 170 of the first link. At 508 connects the
guard lead 184’ of the second link to contact 867,

at 509 disconnects the guard lead 184 of the first

link from contact 567, at 510 opens the original
circuit of relays 502 and 534, at 5¢1 opens a point
in its own locking circuit, and at 512 closes & point
in the locking circuit for relay 506. If the subse-
quent links are busy their guard conductors 184’,
184’’, ete., are grounded and cause the link-
selecting relays 503, 504, etc., to operate in succes-

_sion until an idle link is selected. Assuming that

the second link is idle, then link selecting relay
502 energizes and relay 581 deenergizes to permit
the deenergization of relay 594.

If no other line in the 20-line group is calling
then group-start relay 552 deenergizes when
ground is removed from common start conductor
80. At 562 relay 552 opens a point in the original
circuit for finder group relay 122 now locked to
grounded conductor 188. At 572 opens the cir-
cuit to.common lockout relay 89, at 571 opens the
original circuit to relay 551 now held in operated

position from ground at contact 586, at contact - -

518 opens a point in its own locking circuit, and
at contacts 579 to 582, inclusive, prepares the

circuit to the remaining group-start relays.

Relay 597 reoperates in response to the operation
of relay 594 to cause the reoperation of relay 596
and to maintain relay 595 in operated position.
At the lower contact of relay 598 the locking cir-
cuit of relay 594 is opened whereupon the latter
relay deenergizes. At 513 relay 594 reconnects
ground to the all link busy relay 592, at front con-
tact 574 opens the circuit to relay 591 which now

vibrates its armature 598, and at back contact 574’

completes the circuit for the connect relay of the
second link over start conductor 191’. Arma-
ture 598 of relay 597 now vibrates causing the
release of relay 596 and holds relay 595 in oper-
ated position for a certain time interval depend-
ent upon the operated condition of relay 551.
Connect relay 170 deenergizes in response to
the operation of relay 594, and at {16 connects
grounded conductor 185 to guard conductor 184
to maintain the link busy. At contacts {12 to
116, inclusive, relay 170 disconnects the finder
group relays, at 117 disconnects grounded con-
ductor 197 from conductor 296 and connects the
grounded conductor 295 to conductor 296 to hold
relay 120 in operated position. At contact 178
relay {70 disconnects ground extending through
the upper winding of test relay 557 from con-
ductor 284 and connects grounded conductor 293
to conductor 294 to hold the cut-off relay 60 en-
ergized and to maintain line 21 busy. At con-
tact 119 relay (70 opens the hunting circuit for
operating the finder unit relays, at 128 opens the
circuit to relay 558, but the link line relay 630 is
now held over the calling loop, and at 139 opens
a point in the circuit to relay 270. Relay 558
deenergizes and at 584 opens the locking circuit
of test relay 9%7. Test relay 557 deenergizes

and at its contact 586 opens the circuit of relay

551. Relay 551 deenergizes, and at contacts 656
to 548, inclusive, prepares the start circuit for
the group-start relays. At 560 relay 55 removes
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the multiple ground from the all-link-busy relay
§92, at 561 opens the circuit to the connect relay,
at 579 opens the circuit to relays 593 and 595,
and at 571 opens the circuit to relay 594. Relay
593 deenergizes after an interval and at 575 pre-

pares the circuit for relay 597.
deenergizing, at 559 opens a. point in: its own

~ circuit, and at 5§76 opens a point in the circuit

to relay 593.

The foregoing opera.tions ha.ve all taken place
in response to the initiation of & call and when
the calling subscriber hears dial tone such sub-
seriber then dials the digits necessary to connect
with and ring the desired called line. Line relay
630 follows the pulses transmitted and deener-
gizes for each pulse. Line relay 630 deenergizes
on the first pulse and at 63f opens a multiple cir-
cuit to release relay 626, which, however, is main-
tained in operated position during the pulsing
period.. At front contact 632 relay 630 opens the

=5

Relay 595, upon -

20

circuit to pulse relay 680, which deenergizes and -

at back contact 632 closes the priming circuit to
assist in reenergizing link line relay 630 over the
subscriber’s loop. This priming circuit may be
traced' through the resistance R4, contact 622
and back contact 632, through the winding of
relay 680. The resistance R4 is of sufficient re-
sistance to prevent the operation of relays 630
and 680 but primes line relay 630 so that it re-

_sponds to the impulses over the subscriber’s loop.

Pulse relay 680 deenergizes and at 681 tempo-
rarily opens the circuit to slow-to-release relay
620, and at 682 disconnects ground from the hold
lead and grounds the pulse lead. )

On each- odd pulse ground on the pulse lead

closes the circuit to relays 640, 660, and 670..

On each even puilse ground on the pulse lead
closes 650, 660, and 670. The circuit for ener-
gizing relays 640, 660, and 670 may be traced as
follows: from grounded contact 721, conductor
626, normally closed contacts controlled by con-
tacts 682, pulse lead 621, front contact-T17, con-
ductor 628, back contact 615, and in multiple
through the windings of series hold relay 670,
the upper winding of hold relay 660, and by way
of contact 651 through the upper winding of re~
lay 640. At contact 661 hold relay 660 prepares
a point in the hold circuit for relay 640 and a
point in the energizing circuit of relay. 650, at
662 also prepares a holding circuit for relay 640
and for relay 650, at front contact 663 completes
the circuit for operating the group-connect relay
400, at 665 prepares a new holding circuit for re-
lay 710, and at 666 grounds contacts 644. Series
hold relay 670, upon energizing, at 611 completes
a holding circuit through the lower winding of
hold relay 668, and at 672 prepares a new circuit
for relay 680. Odd relay 640, upon energizing,
at contact 641 prepares a hold circuit through
its lower winding as well as the energizing circuit
for the lower winding of relay 650, at 642 con-
nects the hold conductor through the lower wind-
ings of relays 640 and 650, at 643 prepares a new
circuit for the relay 680 and relays 640 and 650,
and at 644 ground the odd conductor to energize
the first counting relay 810.

At the. end of the first pulse line relay 630 is
reenergized over the subscriber’s loop ‘and is as-
sisted in its operation due to the previously men-
tioned priming circuit including the resistance
R4. At contact 631 relay 630 recloses the circuit
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to slow-to-release relay 620 before it has had -

sufficient time to release, at back contact 632
opens the priming circuit. and at front contact

632 closes the circuit for pulse relay 680, relay 75
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650, and completes the circuit for holding relay
640. The circuit for pulse relay 680 may be
traced as follows: from ground by way of 643,
653, 672, 632, relay 680 to battery. Pulse relay
680 reenergizes, and at 681 recloses the circuit to

release relay 620, at 682 grounds the hold con-

ductor to hold relays 640 and 650, and discon-
nects ground from the pulse lead 627 to open
the original energizing circuit of relays 640, 670,
and 680. Relay 610, due to its slow-release char-
acteristics, is maintained energized during the
impulsing period. At 683 pulsing relay 680 again
completes its own locking cireuit through re-
sistance RI. The circuit for operating reset re-
lay 650 is as follows: from grounded contact 643,
653, 672, 632, 662, 652, 641, and through the
lower winding of relay 650 to negative battery.
Relays 640 and 650 are likewise held in operated
position by way of contacts 641, 642, and 661 to
the hold conductor which is now grounded over
682, 626, and T21. Relay 650, upon energizing,
at back contact 65! opens the original energlz-
ing circuit of relay 640 which is now held through

" its lower winding, at front contact 651 prepares
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a holding circuit for its upper winding, at 652

opens a point in the original circult and the

holding circuit of relay 640, and at 653 opens
the energizing circuit of relay 680, but the latter
relay is now held operated through its own con-
tacts 683. )

At the start of the second pulse line relay 630
is deenergized over the loop circuit. At 632
line relay 630 opens the locking circuit of pulse
relay 680 and re-establishes the priming circuit.
Pulse relay 680 deenergizes, and at 682 discon-
nects ground from the hold lead, thereby open-
ing the holding circuit of relay 640 and also
grounds the pulse lead to maintain the series
hold relay 670 and 660, as well as 650 energized.
Odd relay 640 deenergizes after an interval and
at contacts 641 and 642 opens the circuit through
the lower winding of relay 650 which is now held

in operated position over its upper winding. At

643 relay 640 prepares a new circuit for reener-
gizing pulse relay 680, and at 644 disconnects
ground from the odd conductor and grounds the
even conductor to operate counting relay 820.
At the end of the second pulse line relay 630 is
reenergized over the subscriber’s loop to again
complete the circuit to hold release relay 620 in
energized position at contact 631, and at 632
completes the circuit for reenergizing the pulse
relay 680. This circuit may be traced as follows:

from ground, back contact 643, front contact’

653, 672, 632, and through the winding of pulse
relay 680 to battery. At 682 relay 680 -again
grounds the hold lead without effect at this time
since the relay 640 is in deenergized position, and
at the normally closed  contacts controlled by
contact 682 disconnects ground from the pulse
lead to restore relay 650. Relay 650 at 651 re-
establishes the original circuit of relay 640, at
652 prepares.a point in the holding circuit for
relays 640 and 650; and at 653 prepares the cir-
cuit for pulse relay 680. .

At the start of the third pulse line relay 630
again deenergizes and opens pulse relay 630 which
releases. At 682 pulse relay 680 reestablishes the
circuit for relays 640, 660, and 670. Relay 640 re-
energizes to prepare the circuits for relays 652
and 680, and at contact 644 grounds the odd
conductor to operate the third counting relay 830.
At the end of the third pulse line relay 630 and
pulse relay 680 are reoperated and relay 650 is

reenergized. At the start of the fourth pulse .

7

line relay 630 and pulse relay 680 deenergize and -

cause the deenergization of relay 640. Relay 640
at contact 644 grounds the even conductor to op-
erate the fourth counting. relay 840.

In the same manner as just described relays
640 and 650 are energized on each odd pulse and
deenergized for each even pulse for the remain-
ing pulses. At contact 644 each energization of
odd relay 640 grounds the odd lead to cause the
energization of the succeeding odd counting re-
lay and on each deenergization of odd relay 640
contact 644 grounds the even lead to energize
the succeeding even counting relay.

The counting relays are shown in Pig, 8 and
comprise relays 810 to 860, inclusive. These
counting relays are adjusted so that their lock-
ing contacts marked with an “X” are first. to op-
erate to close the locking circuit of such relays.
When the odd conductor is grounded in response
to the first odd pulse counting relay 810 is ener-
gized by way of contacts 853, 845, 835, and 823.
At 811 relay 810 prepares the circuit over the
No. 1 conductor of cable 369, at 813 opens the
locking circuit of connect relay 400 if only one
pulse is transmitted, at 814 connects the even
conductor to the second counting relay 820, at 8i5
Jocks itself by way of contacts 825 and conductor
890 which was grounded in response to the op-

as will be subsequently described, and at 818
connects the No. 1 ring conductor to contact 895.

In response to the even pulse, the even con-
ductor is grounded to energize the second count-
ing relay 820 by way. of contacts 854 and 8(4.
At 821 relay 820 prepares a connection to the
No. 2 conductor of cable 369, at 823 connects the
third counting relay 830 to the odd conductor, at
824 locks itself to grounded conductor 390 by way
of contacts 838, 8471, and 856, at 825 opens the
locking circuit of the first counting relay 810
which accordingly dvenergizes and at 8271 con-
nects the No. 2 ring conductor to contact 896.
" In response to the third pulse the odd pulse
conductor is again grounded and this time com-
pletes the circuit for energizing the third count-
ing, relay 830 by way of contacts 853, 845, and
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823. At 831 relay 830 prepares the circuit for the

No. 3 conductor of cable 369, at 835 opens its

original energizing circuit after completing its
-locking circuit at contact 837, at 836 prepares the

circuit for relay 840, at 837 completes its own
locking circuit by way of contacts 84T and 856
to grounded conductor 398, at 838 opens the
locking circuit of the second counting relay 828
which deenergizes, and at 829 connects the No. 3
ring ‘conductor to contact 895.

In response to the fourth pulse the even pulse
conductor is grounded the second time to cause
the energization of the fourth counting relay 840

_ by way of contacts 854 and 836. At 84l relay
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840 prepares the circuit over the No. 4 conductor

of cable 369, at 845 prepares the circuit for the
fifth counting relay 850, at 846 locks to grounded
conductor 390 by way of contact 856, at 847 opens
the locking circuit of the third counting relay 830
which deenergizes, and at 849 connects the No. 4
ring conductor to contact 896.

In response to the fifth impulse the odd pulse
conductor is grounded the third time to complete
the circuit for the fifth counting relay 859 by way
of contacts 853 and 854. At 851 relay 850 pre-
pares the circuit over the No. 5 conductor of
cable 369, at 853 opens its original energizing
circuit after completing its locking ecircuit at
contact 855, at 854 prepares the circuit for the
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sixth counting relay 860, at 855 locks itself by
way of contact 816 to grounded conductor 390,
at 856 opens the locking circuit of counting relay
840 which deenergizes, and -at 858 connects the
No. 5 ring conductor to contact 895. —

- In response to the sixth pulse transmitted from
the calling line the even ‘pulse conductor is
grounded a third time to complete the operation
of the sixth counting relay 860 by way of front
contact 854. At contact 861 relay 860 prepares
the circuit for the No. 6 conductor of cable 369
by way of contact 852, at 862 prepares a point in
the circuit to relay 880, at 863 prepares a point
in the circuit to relay 613, at 864 shunts contacts
813, at 865 prepares a new circuit for reenergiz-
ing the first counting relay 810, at contacts 866,
867, and 868 prepares the circuit for reversing
the application of ringing current to the called
line, and at 869 locks itself to grounded con-
ductor 390.

In response to the seventh pulse the odd puise'

conductor is grounded a fourth time to cause the
reoperation of the first counting relay 810 by
way of 865, 845, 835, and 823. At 812 relay 810
prepares & point in the circuit to the No. 7 con-
ductor of cable 369, at 814 prepares the circuit

to the second counting relay 820, at 815 locks -

itself, at 816 opens the locking circuit of the
fifth counting relay 850 which accordingly de-
energizes, and at 817 connects the No. 2 ring con-
ductor to contact 893.

In response to the eighth pulse the even pulse
conductor is grounded a fourth time to energize
relay 820 by way of contacts 854 and 814. At
822 relay 820 prepares the connection for the
No. 8:conductor of cable 369, at 823 prepares the

circuit for the third counting relay 830, at 824

locks itself, at 825 releases the first counting re-
lay 810, and at 826 connects the No. 3 ring con-
ductor to contacts 894. .

In response to the ninth pulse the odd pulse
conductor is grounded a fifth time to reenergize
the third counting relay 830 over the previously
traced circuit. At 832 relay 830 connects the
No. 9 conductor of cable 369, at 833 prepares a
point in the circuit for relay 348 if this is the

. first digit transmitted by the calling subscriber,
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at 834 prepares a .point in the circuit for
relay 613 if this is the first digit transmitted by
the calling subscriber, at 835 opens its original
circuit after locking at contact 831, at 836 pre-
pares a circuit for the fourth counting relay 840,
and at 839 connects the No. 4 ring conductor to
contact 893. i

In response to the tenth pulse the even pulse
conductor is grounded the fifth time to energize
the fourth counting relay 840. At 842 relay 840
prepares the circuit over the No. 10 conductor

in cable 368, at 843 prepares a point in the circuit

to relay 340 if the digit just dialled is a first digit,
at 844 operates relay 613 in case this digit is a first
digit, at 845 prepares the circuit for the fifth
counting -relay 850, at 846 locks itself, at 847
releases the third counting relay 830, and at 848
connects the No. 5 ring conductor to contact 894.

Group-connect relay 400 is energized in re-
sponse to the energization of relay 660 over the
following circuit. From ground by way of front
contact 663, back contact 706, 149, 815, 883, 455,
and through the winding of group-connect relay
400 to battery. At 419 connect relay 400 con-
nects grounded conductor 293 to conductor 456,
at 429 prepares a point in the circuit to connector
unit relay 350, at 439 prepares the locking eircuit
for the counting relays by grounding conductor

2,177,079

390, at 449 completes the locking circuit for it-
self, at 459 prepares a point in the circuit to
transfer relay 880, at contacts 490 to 498, inclu-
sive, connects the connector group relays to the
counting relay contacts, and at 468 prepares a
point in the circuit to relay 613 in case the first
digit dialled is either 9 or 0.

After each- digit dialled by the callmg sub-
scriber line relay 630 and pulse relay 680 are held
in energized position for a sufficlent length of
time to cause the deenergization of slow-to-re-

lease series hold relay 679, since the energization .

of pulse relay 680 disconnected ground from the
pulse conductor. Series-hold relay 6710 there-
fore deenergizes shortly after each impulsing
period and at 671 opens the holding circuit of
series-hold relay 660, which likewise deenergizes.
At 66f and 662 relay 660 causes the release of
relays 640 and 660 if the same should be ener-
gized, at front contact 663 opens the original
energizing circuit of relay 408 which is now
maintained in operated position over its locking
circuit, at back contact 663 grounds the -contact
861 to operate the connector group relay prepared
dependent upon the last counting relay energized,

-and at 666 disconnects ground from the even and

odd conductors to prevent further impulsing to
the counting relays. The locking circuit for the
group-connect relay 400 may be traced as fol-

. lows: from grounded conductor 645 by way of

contacts 723, 718, 155, 885, 813 (or 864), con-
ductor 454, contact 449, and through the winding
of relay 400 to battery.

In case the first digit dialled by the calling
subscriber is 1, which in this case is considered
a.preliminary impulse counting relay 810 is en-
ergized and at cortact 818 opens the locking cir-
cuit of group connect relay 400 so that this relay
will deenergize when relay 660 deenergizes in
order to cause the release of the operated count-
ing relay. In case the first digit dialled is 2, 3, 4,
5, or 6, then counting relay 820, 830, 840, 850, or
860 is operated, and when relay 660 deenergizes
to ground contact 861 a circuit is completed for
operating the corresponding connector group re-
lay or relays 420, 430, 440, 450, or 460. In case
the first digit dialled is 9, then relays 430 and
613 are operated when relay 6606 deenergizes. If
the first digit is 0, then relays 420 and 613 are
operated in response to the deenergization of
relay 660 as will be more fully descnbed in con-
nection with trunk calls,

Assuming now that line No. 33 is being called
by the calling subscriber, then the first and sec-
ond digits are 3 and 3, respectively, after which
the ringing digit is dialled. In this case count-
ing relay 830 is operated and when relay 660
deenergizes after the impulsing period for the
first digit connector-group relay 430 is energized
over the following circuit: from .ground by way
of back contact 663, conductor 634, 115, 446, 861,
831, conductor 3 of cable 369, 493, and through
the winding of connector group relay 430 to neg-
ative battery.” At its upper contacts connector
group relay 430 connects the test leads of all the
lines in the 30-group to the test conductors ex-
tending to the connector unit relays, at 433 pre-
pares the circuit for connector group relay 432,
at 434 prepares a circuit for connector group re-
lay 431, at 435 completes its own locking circuit
to grounded conductor 188, and at 436 completes
the circuit for operating relay 880. ‘This circuit
may be traced as follows: from ground by way of
621, 293, back contact 111, 458, 436, 459, 392, 311,
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contact 862, and through the winding of transfer

relay 880 to battery. At contact 881 transfer

relay 880 disconnects dial tone from the calling
line, at! 882 completes its own locking circuit
from grounded conductor 458, at back -contact
883 opens the original energizing circuit of relay
400, at.front contact 883 prepares a point in the
circuit to connect relay 310, and at 885 opens the
locking circuit of group connect relay 400, which
deenergizes. At contact 429 relay 400 opens a
point in the circuit to relay 360, at 439 disconnects
ground from conductor 390 to open the locking
circuit of the operated counting relay, in this
case relay 830, at 459 opens the original cireuit

of transfer relay 880 now locked in operated po- -

sition, at contacts 492 to 499, inclusive, opens
the circuit to the connector group relays, and
at 469 opens a point in the circuit to relay 613.

The calling subscriber may now dial the sec-
ond digit, or digit 3. Relays 630, 680, 640, 650,
660, and 6710 are operated as previously described
to cause the operation of counting relay 830.
At front contact 663 relay 660, upon energizing
in response to the second digit, completes the
circuit for energizing connect relay 310 as fol-
lows: from ground, front contact 663, 633, 705,
749, 815, front contact 883, 381, and through the
winding of unit connect relay 370 to battery. Re-
lay 310 energises, and at 383 locks itself by way
of 388, 874, 154, 145, and 723 to grounded con-
ductor 645. At contacts 311 to 375, inclusive,
prepares circuits for the connector unit relays
310 to 350, inclusive, and at contacts 316 to 380,
inclusive, prepares other circuits for these same
connector unit relays. At contact 381 relay 370
prepares a point in the circuit to relay 360, at
384 prepares a circuit to relay 810, and at 385
grounds conductor 390 to provide a locking cir-

" cuit for the operated counting relays.

10

“t

. After the second digit 3 has been transmitted
by the calling subscriber relays 670 and 660 de-
energize as before, and relay 660 at front con-
tact 663 opens the original energizing circuit of
connect relay 370, and at back contact 663 com-
pletes the circuit for energizing connector unit
relay 330 as follows: ground, back contact 663,
conductor 634, 775, 446, 861, 831, conductor 3 of
369, 313, and through the winding of connector
unit relay 330 to battery. At contact 338 relay
330 prepares a point in the test circuit for line
No. 38 only when connector unit relay 330 is en-

ergized at the same time as relay 360. At 337

relay 330 connects the test lead 443 of line 33 to
test relay 170, At contacts 335 and 336 connects
the line conductors 366 and 365 of the link to con-
ductors 395 and 396, at 334 completes the circuit
for energizing relay 876, at 333 opens the lock-

" ing eircuit to relay 320 if operated, at 332 locks

<

Gt

itself to grounded conductor 188, at back contact
331 opens the original energizing circuit of relay
880, and at front contact prepares a point in
the trunk-hunting circuit which is used only in
case three trunks are included in one group.
The circuit for energizing relay 870 may be

> traced as follows: from ground by way of con-
. tact 334, by way of 384, 389, and through the

winding of relay 810 to battery. At 871 relay 870
opens a further point in the dial tone circuit,
at 812 transfers the locking circuit of relay 880
to the back contact 663, at 763 completes its own
locking circuit to grounded conductor 754, at
874 opens the locking circuit of connect relay

--310 which deenergizes, at 815 opens a further
" point; in the original circuit of relay 3170, at 876

e}
i

prepares a point in the locking circuit for the

counting relays, at 817 prepares a point in the
circuit to relay 700, at 819 prepares a point in the
circuit to ring relay 899, and at 818 opens the
locking circuit of relay 110, but this latter relay
is held operated by way of 708, 111, 694, 135,
and 123, to grounded conductor 645, Unit con-

Tect relay 310 deenergizes when its locking circuit

is opened and at contacts 314 to 381 disconnects
the connector unit relays. At 313 relay 310 opens
a further point in its own locking circuit, at 384
opens a point in the original circuit of relay 8710
now locked in operated position, and at 387 dis-
connects ground from conductor 390 to release
the operated counting relay 830.

The foregoing description describes the oper-
ation of the connector unit relays for the first
five lines in the called group. The overation of

the connector unit relays for a line in the last

five of a group is slightly different. In order to
describe this operation it will be assumed for
the time being, that the second digit dialled is 8
instead .of three. In this case it will be re-
membered that counting relays 820 and 860 are
operated in response to dialling digit 8. Now,
when relay 660 deenergizes after the second digit
connector unit relays 330 and 360 are operated.

_The circuit for operating relay 360 may be traced

as follows: from ground by way of back contact
663, 634, 115, 446, front contact 861, conductor
ti of cable 369, contact 38!, and through the
winding of relay 360 to battery. Relay 360, upon
energizing, at back contact 363 disconnects the
link test lead 364 from the test contacts of the
first five lines in the group, and at front contact
363 connects the link test conductor 364 to the
test contacts of the last five lines in the called
group. At back contact 362 relay 360 opens the
circuit prepared for connector group relay 432,
at front contact 362 prepares a point in the cir-
cuit for connector group relay 431, and at 36
locks to grounded conductor {88. The circuit
for energizing connector unit relay 330 is the
same as that previously described up to.contact
861, and thence through its front contact by way
of contact 822 since counting relay 820 is operated
with counting relay 860, over conductor 8 of cable
369, contact 378, and through the winding of con-
nector unit relay 330 to battery. At contact 332

relay 330 locks to grounded conductor 188 by way

of back contact 343 and 353, at 338 connects the
link test conductor 364 to the test lead of line 38.
At 335 and 336 prepares the line connections, and
at 334 operates relay 810 as before. Relay 870,
upon energizing, causes the release of unit con-
nect relay 370, and the deenergization of the
operated counting relays 820 and 860. Unit con-
nect relay 370 deenergizes and releases the count-
ing relays 820 and 860 by disconnecting ground
from conductor 390. ‘The operation from this
point on is the same for line 38 as for line 33.
Assuming now that line No. 33 has been con-
nected with, the calling subscriber may now dial
the ringing digit to selectively ring the desired
subscriber on this line. In case ringing digit ! is
dialled, then ringing current will extend from the
ring lead No. 1 from the ringing interrupter (not
shown) over the positive line to signal subscriber
No. 331. Relays 630, 680, 640, 650, 660, and 670
are operated in response to the ringing digit, as
previously described. In this case, since digit |
is dialled, then counting relay 810 is operated as
before. Relay 660, upon energizing for the third
digit or ringing digit, at back contact 663, opens
the locking circuit of relay 880 which deenergizes.

At 664 relay 660 completes the circuit for oper-

o

9 .

10

15

20

25

30

3b

40

45

60

b5

60

85

70

7%



10

15

20

30

40

456

50

55

60

7%

10 2,177,079

ating relay 700 as follows: from grounded con-
ductor 188 by way of 811, 639, 648, 638, and
through the winding of busy relay 708 to battery.
At 665 relay 660 completes a new holding circuit
for relay T10 as follows: from grounded conductor
645 by way of 128, 135, 295, 684, 665, 646, and
through the winding of relay 710 and the re-
sistance R2 to negative battery. Relay 880 deen-
ergizes in response to the operation of relay 660
and at 884 connects grounded contact 816 to con-
ductor 390 to provide a locking circuit for the

counting relays. Busy relay 700, upon energiz- -

ing, at 701 shunts the winding if relay 610 by con-
necting battery through resistance R3 thereto,
and at 702 prepares & point in the busy tone cir-
cuit, at 703 prepares a point in the circuit for
grounding conductor 364 in case the call is a re-
vertive call, and at 704 prepares a point in the
circuit for revertive relay 730, at 705 connects
multiple ground to the tone-start lead, at 706
completes the circuit for operating relay 126 by
way of conductor 633 and front contact 663, at
107 completes its locking circuit by way of back
contact 176 and grounded conductor 188, at 708
‘opens one of the circuit holding relays 710 in en-
ergized position, and at 709 opens a point in the
circuit to ring relay 890. Relay 126 energizes
and at 727 prepares a point in the test circuit
for test relay 170. Counting relay 810 is ener-
gized in response to the ringing digit |,’and at 818
prepares the ringing connection.

After the last pulse of the ringing digit relays
660 and 670 release as previously described. At
front contact relay 660 opens the circuit to the
slow-to-release relay 126, and at back contact
663 completes the test circuit for test relay 770
and cut-off relay 471 in case the called line is idle,
and at 665 opens the holding circuit of relay 710
which accordingly deenergizes. '

If line 33 is busy, then the test lead 443 of the
called line will be grounded to short circuit test
relay 110 to prevent its operation over the follow-
ing circuit: from ground by way of back contact
663, conductor 634, contact 727 of the slow-to-
release relay 126, through the lower winding of
test relay 710, link test conductor 364, back con-
tact 363, conductor 349, contact 337, conductor
397, contact 413, test conductor 443, to busy
ground at the called busy line. After an interval,
slow-to-release relay 126 deenergizes and at 127
opens the test circuit through the lower winding
of test relay 710 to prevent the seizure of line 33
in case it should become idle. Relay T10 deener-
gizes in response to the release of relay 660, and
at 112 completes the busy tone circuit which may
be traced as follows: from busy tone source, by
way of 102, 112, tone condenser TC, back contact
193, conductor 287, contact 214, conductor 283,
contact 1171, to the calling line loop. At back
contact 713 relay 7110 prepares a point in the
circuit to relay 613, at 114 prepares a point in
the circuit for grounding test conductor 364 on a
reverting call, at T16 removes one of the multiple
ground connections from the tone start lead, at
117 connects the pulse lead to the reset lead to
prepare a circuit for reoperating relay 680 if the
circuit to line relay 630 is again interrupted for a
reverfing call, and at 718 disconnects ground from
conductor 755. When the subscriber hears the
well known busy tone such subscriber will replace
his receiver and release the apparatus in a man-
ner more fully described hereinafter.

If line 33 is idle then test relay 710 is not
short circuited and is operated in series with the
cut-off relay 411 of the called line as follows;

from ground by way of back contact 663, con-
ductor 634, contact 121, through the lower wind-
ing of test relay 170, test conductor 364, back
contact 363, conductor 349, contact 337, conductor
397, contact 413, conductor 443, back contact 483, 5
and through the winding of cut-off relay 47( to.

‘battery. At T1{ test relay 170 completes a lock-

ing circuit through its upper winding of grounded
conductor 293, at 712 connects direct ground from
front contact 122 over the link and ¢alled line test 15
conductor to hold the cut-off relay and the called
line busy, at 113 connects-ground to the generator
start lead to start the ringing machine, at 778 dis-
connects ground from conductor 448, at back
contact 716 opens the locking circuit of busy re- 35
lay 100 which deenergizes, at front contact 776
completes the circuit for operating the connected
group relay 432 or 431, dependent upon the oper-
ated condition of relay 360, at T17 opens a point
in the clrcuit of relay 710 to prevent its reener- gg
gization in response to the release of relay- 700,
and at 718 prepares a point in the circuit to ring
relay 890. Relay 100, upon deenergizing, at 701
disconnects the battery shunt from around the
winding of relay 610 to allow this relay to oper- 25
ate over the calling subscriber’s loop, at 102 dis-
connects the busy tone from the calling line, at
705 disconnects ground from the tone start lead
to stop the tone machine, and at 709 connects
the pick-up lead to ring relay 890. 30

Cut-off relay 411 of the called line, upon en-
ergizing, at 477 connects the grounded test con-
ductor 443 to test conductor 484 to busy this line
in the finder end of the link, at 478 and 479 dis-
connects the shunt-field line relay 412, and at gg
480 operates lockout relay 410. In this case, since
finder unit relay 360 is not operated, then the
connector group relay 432 is operated in response
to the operation of test relay 770 over the follow-
ing circuit: from grounded conductor 645, by way 4g
of 128, front contact 116, conductor 368, back
contact 362, conductor 394, contact 433, and
through the winding of connector group relay
432 to battery. At contacts 414 and 415 relay 432
connects the line conductors of the link to the 4z
line conductors 485 and 486 of the called line.

At the beginning of each ringing cycle the ring-
ing machine grounds the pick-up lead 659 momen-
tarily and now operates ring relay 890 as follows:
from grounded pick-up lead by way of contact gg
819, conductor 667, 709, 746, 7718, 157, 899, and
through the winding of ring relay 898 to battery.
Ring relay 890 energizes, and at its “X” contact
898 completes its own locking circuit before open- .
ing contact 899. At contacts 891 and 895 relay 55
890 connects the No. | ring conductor to the posi-
tive line 486 of the called line, at 892 connects the
negative line of the called line to the ring-cut-off
relay 180, at 897 completes the ringback tone cir-
cuit to the calling line, and at its remaining con- gp
tacts prepares the ringing circuit for connection
to the remaining ringing leads in case other ring-
ing digits are dialled. Interrupted grounded gen-
erator connected to ring conductor No. 1 now ex-
tends by way of 818, 895, 868, 8566, 891, 137, 182, g5
366, 335, 395, 415, 486, and through the switch-
hook and ringer of the first five subscribers’ lines
in this group to ground. The proper ringing code
is transmitted over this circuit to signal the called
subscriber at 331. The ring back circuit to the 79
calling subscriber may be traced from ring con-
ductor No. 1 by way of 897, 138, ring-back con-
denser RBC, 793, through the operated contacts
on the finder unit and finder group relays to the
calling line conductor, %



‘10

15

45

60

- 86

(]

2,177,079

In case the ringing digit is six or more, then
counting relay 860 is energized and the ring leads
I to 5 are connected, dependent upon the other
counting relays energized, to the negative line
conductor of the called line by way of front con-
tact 867, while the positive line conductor of the
called line is connected to the ring-cut-off relay
180 by way of front contact 866 and conductor 739.
The remaining subscribers on the called line,
having their ringers connected to the negative line
conductor, are selectively signalled in a manner
apparent from the foregoing description.

When the called subscriber answers the ring-
cut-off relay 180 is energized over the called line
loop over the previously traced ringing circuit and

thence back over negative line conductor 488,

contact 414, conductor 396, contact 336, conductor
365, contact 781, conductor 136, contact 882, back
contact 861, conductor 139, and through the upper
winding of ring-cut-off relay 780 to negative bag-
tery. Ring-cut-off relay 180 energizes over the

‘above traced circuit, and at “X” contacts 783 com-

pletes its locking circuit to grounded contact 722.
At contacts 781 and 182 ring-cut-off relay opens
the ringing circuit and completes the circuit for
operating relays 150 and 613 over the called line
loop.

Relay 150, upon energizing in series with relay
613 over the.called loop, at 151 completes the cir-
cuit for operating slow-to-operate relay 740 by
way of 116 and grounded conductor 188. At 752
relay 150 prepares a point in the circuit for the
reverse relay 600, -and at 153 opens the locking
circuit of relay 608 which releases. Relay €13 is
energized over the called loop and performs no
useful function at this time except to feed talking
battery along with relay 150 to the called line.
Cut-off relay 608, upon deenergizing, at contact
605 disconnects the time-cut-off ground and sub-
stitutes direct ground to the link to prevent dis-
connection of this link when the time-cut-off
ground is removed. -This time cut-off ground is
effective to release the link in case the link has

‘not reached talking condition within a predeter-

mined time. Relay 740, upon energizing, at 141
removes the shunt from around contact 134, at
142 completes its own locking circuit, at 743 dis-
connects ground from the generator start lead to
stop the ringing machine, at 144 completes the
circuit for operating the reverse relay 600, at 745
disconnects ground from conductor 154 to release
relays 8710 and 890, and at 746 opens & point in the
original circuit of ring relay 890. The cireuit for
operating the reverse relay 600 may be traced as
follows: from grounded conductor 645 by way of
123, 7135, 2939, 694, 641, 152, 144, 635, 611, 186, 128,
{87, and through the winding of relay 600 to
battery. It should possibly be mentioned at this
time that contacts such as contacts 128, 133, 148,
{58, and 168 are provided for each group of lines
in case such lines reqiiire reverse battery super-
vision for operating a meter or other purposes.
At contact 603 relay 600 completes its own lock-
ing cireuit to 635, and at contacts 601 and 602
reverses battery back over the calling line loop to
operate a meter for coin collect or to give super-
vision if required. Ringing relay 890 deenergizes
in response to the operation of relay 140 and opens
the ringing and ring-back connections to the
ringing machine. Relay 810 deenergizes in re-
sponse to the operation of relay 740, and at con-
tact 876 disconnects ground from conductor 390

-to unlock the operated counting relay to cause the

release of the same. ' The connection between the
calling line 21 and line 33 is now completed over

11

the heavy talking conductors including conductors
286 and 287, back contacts 161 and 162, front con-
tacts 781 and 782, and conductors 3§% and 366.

Release

When the called subscriber replaces his receiver
the called line loop is opened and relays 150 and
613 deenergize. At 15! relay 750 opens the orig-
inal circuit of relay 140 now locked energized, at
152 opens the circuit to relay 600 which releases
and reverses battery, and at 183 reoperates relay
608. Relay 608 energizes and locks as previously
described, and at 605 disconnects ground and
substitutes the time-cut-off ground so as to auto-

matically release the link after a predetermined.

time if the calling subscriber fails to hang up.
When the calling subscriber replaces his re-
celver relays 610 and 630 deenergize. At 631
relay 630 disconnects one multiple ground from
release relay 620, and at 632 releases relay 680.
At 681 relay 680, upon deenergizing, opens the
circuit of slow-to-release relay 620 which deen-
ergizes after an interval. At 621 relay 620 dis-
connects ground from conductor 293, opens the
circuit to relays 720 and 770, removes the busy-
ing ground from the calling line, and causes the
release of cut-off relay 660. Test relay 110 de-
energizes when its locking circuit is opened by
relay 620, and at 712 disconnects ground from
conductor 364 and test lead 443 of the called line,
thereby opening the circuit of the cut-off relay
471 to free the called line. At contact 116 relay
110 opens the locking circuit of relay 740 which
releases and also opens the circuit to the oper-
ated connector group relay 431 or 432 which
thereupon deenergizes. Slow-to-release relay
120, upon deenergizing, at 122 opens the locking
circuit of ring-cut-off relay 780 which releases,
and at 723 disconnects grounded conductor 645
from conductor 295 to release finder group relay
120, disconnects ground from conductor 188 to
release the operated connector group relay 430,
the operated connector unit relay 330 (relay 360

b 1|
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if operated), the operated finder unit relay 240

(2170 if also operated), and finder group relay 122.
At front contact 124 relay 720 removes one of the

multiple ground connections from the guard lead

184, and at back contact 724 opens the locking
circuit of the time-cut-off relay 608 which deen-
ergizes. Time-cut-off relay 608 deenergizes, dis-
connects a multiple ground from guard lead 184
at 606, and at 607 grounds the all-link-busy con-

ductor 559 to maintain the all-link-busy relay-

692 energized. Finder group relay 120, upon de-
energizing, at contact {26 disconnects ground
from the guard lead 184 to make this link avail-
able for use on other calls. Relays 120, 122, 210,
(270 and 360 if operated), 339, 430, and 432 deen-
ergize and disconnect the calling and called lines
from the link. Relay 140 and the remaining link
relays now restore to their normal position. The
cut-off relays 60 and 47( of the calling and called
lines deenergize when their circuits are opened
to open the circuits to their associated lockout
relays 60 and 470, which likewise deenergize after
an interval providing the associated line relays
10 and 452 do not operate when the cut-off relays
release. All of the apparatus is now restored
to normal position and may be used on subse-

- quent calls.

Reverting calls

In order to describe the operation which takes
place in a reverting call, it will be assumed that
subscriber 246 on line 21 desires to call another

70
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- subscriber on his own line or subscriber 211{. In

response -to the initiation of a call an idle link

_is connected to line 21 by the operation of the

[

5

finder relays 120, 122, and 210 as previously de-

-scribed. In response to dialing digits 2 and 1, the

connector relays 420 and 310 are operated in a
manner apparent from the foregoing description.
In response to dialing the ringing digit 1 the
called line is tested for its idle or busy condition,
and the ringing lead is selected by counting relay
810. Since this call is a reverting call, then the
line will test busy with the result that test relay
110 is short circuited and does not operate, and
busy tone is transmitted to the calling line as
previously described. The calling subscriber re-
places his receiver when he hears the busy tone

" to cause the release of relays 810 and 630. Line

relay 630, upon deenergizing, at 632, opens the
circuit of relay 680 which likewise deenergizes.
Relay 680, upon deenergizing, at front contact
681 opens the circuit of slow-to-release relay 620
and at back contact 681 completes a holding cir-
cuit for holding the cut-off relay 60 of the calling
line because relay 700 is still in energized position
and because the test relay 7110 did not operate.
Ground is connected to the test lead 56 of the
calling line because in this case the calling and
called lines are the same. The circuit for hold-
ing the cut-off relay 60 in energized position may

. be traced as follows: from ground by way of back

contact 681, back contact 691, 623 703, 114, 364,
back contact; 363, conductor 348, contact 311,
upper test contact of connector group relay 420
for line 21, conductor 56 of cable 159 to the call-
ing and called line circuit, back contact 72 and
through the winding of cut-off relay 60 to bat-
tery. This same ground also maintains relay 120
in operated position and operates reverting relay
630 as follows: from ground over the prevmusly
traced circuit to the cut-off relay 60 and thence
by way of contact 61, contact 119, conductor 281,
contact 216, contact 224, conductor 285, 215, 294,
118, 293, contact 794, contacts 734 and 141 in
mulfiple and through the winding of relay 720
to battery.

Relay 120 is maintained energized over this cir-
cuit and when release relay 620 deenergizes this
same ground continues by way of back contfact
621, conductor 625, contact 104 and through the
winding of reverting call relay 730 to operate
relay 7130. At contact 131 reverting call relay
130, upon operating, connects direct ground to
link test conductor 364 to hold the cut-off relay
60, and slow-to-release relay 120 operated, at 132
completes a locking circuit for itself independent
of contact 104, and at 133 connects grounded
conductor 293 through the upper winding of test
relay 1710 to cause this latter relay to operate,
at 134 opens the shunt around contact T8f, and
at 735 disconnects ground from conductor 295 to
release finder group relay (28.

Finder group relay 120 accordingly deenergizes
and at contacts 11T and 18 disconnects the line
from the finder end of the link, and at 126 re-
moves one of the multiple grounds from the
guard lead 184. Test relay 110, upon energizing,

at 171 locks itself to grounded conductor 293, at

112 connects ground at armature 7122 to conduc-
tor 364, at 1713 starts the ringing machine, at back
contact 116 causes the release of relay 700, and
at front contact 176 grounds conductor 368 to
operate connector group relay 422.

Busy relay 700 deenergizes when its circuit is
opened by relay 710, At 102 relay 100 opens the
busy-tone circuit, at 703 opens a point in the
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original circuit used on the reverting call, at 704
opens. & point in the original energizing circuit

-of reverting call relay 730 now locked in ener-

gized position, at 705 disconnects ground from -

the tone start lead, and at 109 prepares the cir-
cuit for ring relay 890. Connector group relay
422 energizes and at its upper contacts connects
the link to conductors 81 and 58 of line 21 to
prepare the ringing circuit; Ringing relay 890
energizes when the pick-up conductor PU is

-.grounded and connects No. 1 ring conductor to

the positive line 58 as follows: from ringing con-
ductor 1, by way of 818, 895, 868, resistance RA,
866, 891, 1317, 182, 388, 3i8, to the lower contact
of connector group relay £22, conductor §8 of

-cable 159, and over the positive line conductor
" of line 21 to the ringers connected thereto. The

proper. code ring or the proper generator is con-
necied over this circult to selectively ring sub-
scriber 211. i

When the called party answers, or in case the
calling party should be the first to answer, the
ring-cut-off relay 180 is operated to disconnect
the ringing circuit, and relays 750 and 613 are
operated over the line loop as previously de-
scribed. Relays-608, 880, and 870 release, and
relays 140 and 600 operate as previously de-
scribed, except in this case when relay 740 op-
erates the circuit to relay 120 is opened at con-
tact 141 to cause the release of relay 720. At
723 relay 1720, upon deenergizing, disconnects
ground from conductor 188 to release relays 140,
420, 422, 310, and 122, At contact 725 relay
120 opens the circuit of time-cut-off relay 608,
at 124 removes the multiple ground from guard
lead 184, at 122 relay 120 disconnects the multi-
ple ground from link test lead 364 extending
by way of contact 712, and opens the locking
circult of ring-cut-off relay 7180 which accord-
ingly deenergizes. At contact 123 relay 720 dis-
connects ground from conductor (88 to cause
the release of the finder relays 122 and 210 and
the connector relays 310 and 420, and the re-
lease of relay 140. The finder and connector re-
lays deenergize and open the locking circuit of
the reverting call relay 730 and the locking cir-

cuit of test relay 110 as well as the circuit of

the cut-off relay of the calling and called line.
Time-cut-off relay 608, upon deenergizing, at
606 removes ground from the guard lead 184,
and at 607 grounds the aill-link busy conductor
669. All of the relays in the links are now in
released position and the link may be used on
other calls.

When the cut-off relay 60 deenergizes cone
tacts 62 and 63 close the circuit for energizing
the shunt-field line relay 10 over the line loop,
at front contact 64 momentarily opens the cir-
cuit to lockout relay 50 and at back contact 64
grounds the permanent dlarm conductor 99.

. Line relay 10 energizes over the subscriber’s loop,

at 72 grounds test conductor 56 to mark this
line as busy in the connector end of the link,

* and at 13 maintains the locking circuit of lock-

out relay 50. The talking battery for both sub-
scribers is taken through both windings of the
line relay 70. When both subscribers replace
their receivers after conversation then line relay
70 deenergizes to disconnect ground from con-
ductor 56 to free the line at contact 12 and at
13 opens the circuit to lockout relay 50.  Lock-
out relay 50 deenergizes to open the alarm cir-~
cuit at 52, at 51 prepares a point in the circuit
for marking the line as a calling line, and at 53
prepares a point in the start circuit.
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Trunk calls

Two groups of trunks are accessible to the link
circuit, one group reached by dialling the digit
0, while the other is a group of ring-down trunks
reached by dialling the digit 9 for the first digit.
In case the calling subscriber 2i{ desires to call
one of the trunks in the first group, then such
subscriber will dial the digit 0. In response to
the initiation of the call an idle link is connected
with line 21, and in response to dialling digit C
counting rela.ys 840 and 860 are energized as pre-

viously described. It will be remembered at this .

time that relays 50, 60, 120, 122, 210, 630, 620,
660, 670, 680, 720, 710, 608, and 400 are also ener-
gize¢ Now, when relay 660 deenergizes after the
impulsing period said relay at back contact 663
grounds contact 861 as previously described, and
since counting relays 840 and 860 are in ener-
gized position at this time because of the digit 0
being dialled, the following circuit is completed
for energizing connector group relay 420 and
relay 613. Relay 420 is energized from ground
by way of front contact 861, contact 842, No. 10

conductor of cable 369, contact 490, and through'

the winding of relay 420 to battery. The circuit
for energizing relay 613 may be traced as follows:

ductor 634, contact T15, conductor 446; contact
469 of the operated group connect relay 400,
conductor 445, contact 863, contact 844, con-
ductor 747, front contact 713, conductor 619,
and through the winding of relay 613 to battery.

Relay 420, upon energizing over the above-
traced - circuit, at its upper contacts connects
the test lead of the lines in the 20-group to the
test contacts of the finder unit relays, at 424
prepares the circuit for connector group relay
421, at 425 locks itself to grounded conductor

188, and at 426 completes the circuit for ener-

gizing connector-unit relay 340. This circuit may
be traced as follows: from ground by way of
front contact 621, conductor 293, back contact
114, conductor 458, contact 426, contact 459, con-
ductor 392, through back contacts 311, 321, 331,
341, and 351, to conductor 12 of cable 369, front
contact 862, front contact 843, through conductor
14 of cable 369, and through the winding of con-
nector unit relay 340 to battery.

Relay 613, upon energizing over the above-
traced circuit, at 616 completes the circuit for
energizing busy relay 700 and connector unit
relay 360. The circuit for energizing relay 360
may be traced as follows: from grounded con-
ductor 645 by way of 723, 188, back contact 776,
6317, 616, 638, contact 429, conductor 391, and
through the winding of finder unit relay 360 to
battery. Since the ground is connected to con-

" ductor 638 as just traced, the busy relay 7100 is

energized in multiple with relay 360. At con-
tact 701 relay 700 connects a multiple battery
shunt to relay 618, at 702 prepares a part of the
busy-tone circuit, at ‘105 maintains the tone-
start lead grounded, at 707 locks itself inde-
pendent of contact 616, at 708 opens one of the
multiple circuits holding relay 110, and at 708
opens a point in the circuit to ring relay 896.
Connector unit relay 360, upon energizing over
the above-traced circuit, at 361 locks itself to
grounded conductor 188, at 362 prepares a point
in -the circuit to connector group relay 42{, and
at 363 transfers the test lead 364 from conduc-
tor 349 to 859. Connector unit relay 340, upon
energizing over the above-traced circuit, at “X”
contact 432 locks itself to grounded conductor
188 by way of contact 353, at back contact 34

opens its own original energizing circuit, at front
contact 341 completes the circuit for the next
connector unit relay 350, and at 348 completes a

circuit over the test lead of trunk No. 29 in series

with the test relay 110. If this trunk is busy,
then ground on the test lead of trunk No. 29
short circuits relay 110 as follows: from ground
on the test lead of trunk 29, through the upper
operated test contact of relay 420 of trunk 29,
over the link conductor to contact 348, conductor
3569, front contact 363, conductor 364, through the
lower winding of test relay 110, back contact 114,
conductor 456, contact 419, conductor 293, to
ground at Iront contact 62! Test relay 170
therefore is not energized since the trunk 29 is
busy. The next connector unit relay 350 is oper-
ated after an interval over the following circuit:
from ground: by way of front contact 621, con-
ductor 283, back contact 171, conductor 458, con-
tact 426, contact 459, conductor 392, back con-
tacts 314, 321, and 334, front contact 341, and
through the winding of relay 350 to battery. At
“X” contact 352 relay 350 locks to grounded con-
ductor 188, at 353 opens the locking circuit of
relay 340 which deenergizes, at front contact 351

. prepares & point in the circuit for short-circuit-

ing relay 110, at 358 completes the test circuit
over the test lead of trunk No. 20 in series with
the test relay 170, and at 355 and 356 prepares
the line connection,

If trunk No. 20 is busy, then ground on the
test lead of trunk No. 20 short circuits test relay
110 over a circuit similar to that previously traced
for trunk 28. Relay 710 is now short circuited
over the following circuit: from grounded con-
ductor 645 by way of 123, 135, 295, 694, 641, 818,
156, 119, through the Winding of relay 110, con-
tact 719, conductor 386, front contact 35f, back
contacts 341, 331, 321, and 3{l, over conductors
392, 458, 426 458, back contact 111 to groiinded
conductor 293. At 712 relay 110, upon deener-
gizing, completes the busy tone circuit, at Ti3
opens the circuit of relay 613 which deenergizes,
at T16 disconnects multiple ground from the tone

start lead, and at TI8 opens the locking- circuit -

of relay 400, which relay releases and restores
the operated counting relays. -In response to
receipt of busy tone the calling subscriber hangs
up and releases the connectlon as ~reviously de-
scribed.

In case trunk No. 20 is idle, then test relay 170
energizes in series with cut-off relay 30 as fol-
lows: from grounded conductor 293, contact 419,
conductor 456, back contact 174, through the
lower winding of test relay 110, link test conduc-~
tor 364, front contact 363, contact 358, conduc-
tor 398, test contact 410, test conductor 66 in-
cluded in cable 169, back contact 42 and through
the winding of cut-off relay 30 to battery. Test
relay 110, upon operating over the above-traced
circuit, at front contact T7{ locks itself to
grounded conductor 293, and at back contact
111 opens the circuit to the next connector unit
relay to prevent its operation if the last oper-
ated connector unit relay is not the last relay
in the group; or opens the short circuit previously
traced for relay 110 if the last operated connector
unit relay in the group is operated. At contact
112 relay 110 connects ground by way of front
contact 122 and 7112 to the test lead 364 to_ hold
the cut-off relay 30 and to obusy trunk 20. At
contact 113 test relay 110 grounds the generator
start lead, at back contact 714 opens its original
energizing circuit only after closing its locking
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for relay 790, at 115 opens the original circuit
of relay 420 and 613 to cause the release of the
latter relay, at 116 operates connector group re-
lay 421, and at 7718 prepares a point in the cir-
cuit to ring relay 880.

The circuit for operating connector group re-
lay 421 may be traced as follows: from grounded
conductor 645 by way of 123, front contact 716,
conductor 368, front contact 362, conductor 393,
contact 424, and through the winding of relay
421 to battery. At contacts 411 and 4i2 relay
421 connects the link line conductor to conduc-
tors 61 and 68 of trunk 20, and at contact 427
completes the circuit for operating switch-
through relay 790. This circuit may be traced
as follows: from ground by way of front con-
tact 621, conductor 293, contact 419 of connect
relay 400, conductor 456, front contact 774, con-
ductor 447, contact 427, conductor 448, and
through the winding of switchthrough relay 790
to battery. At contact 794 switchthrough relay
7190 short circuits relay 718 to cause the deener-
gization of this relay, and at contacts 792 and
193 connects the calling line conductors directly
through to connect with the trunk line conduc-
tors 67 and 68 by way of conductors 398 and 300.
At contact 793 relay 790 also opens the circuit
to line relay 630, at 794 opens the circuit to relay
720, at 795 locks itself to grounded conductor
293, at 796 connects grounded conductor 293 to
link test conductor 364 by way of 772, at 797 dis-
connects ground from the tone-start and gen-
erator-start leads, at 798 places a multiple
ground on the lead 188 to hold the finder and
connector relays operated, and at 799 removes a
multiple ground from the guard lead 184.

Line relay 630 deenergizes in response to the
operation of the switchthrough relay 790, and
at 631 removes the multiple ground from release
relay 620, and at 632 releases relay 680. The
toll repeater (not shown) operates in the well-
known manner when the calling loop is con-
nected over conductors 67 and 68 and 471 and
48, and in response to this connection returns
ground back over conductor 66 to busy this trunk
and hold the cut-off relays 30 and 60 and relays
170 and 190 over the following circuit: from
grounded conductor 66 included in cable 169,
contact. 418, conductor 398, contact 358, front
contact 363, conductor 364, contact 1712, and
thence by way of contacts 786 and 795 for lock-
ing the switch through relay 790, and by way
of conductor 293 and front contact 111 for lock-
ing test relay T70.

Relay 110 deenergizes when the short ecircuit
is completed around its winding by the operation
of switch-through relay 739 to open a further
point in the circuit to relay 613 at contact 713,
and at contact 118 opens the circuit of connect
relay 400 which deenergizes. Pulse relay 680,
upon deenergizing at 681, opens the circuit of
slow-to-release relay 620, which accordingly de-
energizes. Relay 120 deenergizes in response to
the operation of switch-through relay 790, at 723
disconnects one of the multiple ground connec-
tions from conductor 188 now grounded at con-
tact 198, and at 725 opens the locking circuit of
time cut-off relay 608 to deenergize the same.
Relay 613, upon deenergizing, at 616 opens the
locking circuit of relay 700 and the original ener-
gizing circuit of relay 360. Group-connect relay

400, upon deenergizing, at contact 429 opens the
circuit of relay 700 which releases, at 418 opens.

the original energizing circuit of switch-througn
relay 790 now locked to ground extending from
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the toll repeater, at 439 disconnects ground from
conductor 3380 to release the operated counting
relays, and at 492 to 498 disconnects the con-
nector group relays from the counting relays.
After an interval relay 620 deenergizes, and at
contact 621 disconnects the multiple ground from

conductor 293, which conductor, however, is now -

grounded from the toll repeater over the circuit
previously traced. Time-cut-off relay 608 de-
energizes,.and at 606 removes the multiple ground
from guard lead 184, Relay 700, upon deener-
gizing, at 703 disconnects a multiple ground from
link test conductor 364 now grounded from the
toll repeater, and at contact 7104 prevents the
operation of reverting call relay 130.

'The calling line loop is now connected straight
through the link to the toll repeater and the re-
mainder of the connection is set up in the well
known manner. The talking circuit between the
calling subscriber and- the toll repeater may he
traced as follows: from the calling line conduc~
tors by way of 117 and 118, 282 and 283, 21§ and
214, 286 and 281, front contacts 792 and 793, con-
ductors 365 and 366, contacts 356 and 355, con-
ductors 399 and 300, contacts 411 and 412, conduc-
tors 67 and 68, and over conductors 47 and 48 to
the toll repeater. Talking battery is supplied
from the toll repeater to the calling line. The
talking bridges in the local link have been dis-
connected in response to the operation of the
switch-through relay 780.

The release of the Ik is controlled from the
repeater since the repeater connects ground to
conductor 66. When the toll repeater is released
after conversation ground is disconnected from

“conductor 66, thereby opening the circuit of cut-

off relay 30, relay 710, relay 190, and cut-off
relay 60.to release the same. Test relay 110, upon
deenergizing, at front contact 116 opens the cir-
cuit to connector group relay 421, which deener-
gizes. Switch through relay 790, upon deener-
gizing, at contact T98 disconnects ground from
conductor 188 to release relays 120, 122, 210, 360,
350, and 420, and at 799 grounds the all-link
busy conductor 669. Finder group relay 120,
upon deenergizing, at contacts 1T and 118 dis-
connect the calling line from the link, and at
{26 disconnects ground from the guard lead 184
to free the link. Finder group relay 122, upon
deenergizing, at- 119 disconnects the test lead of
the calling line from the link. The connector
relays 360, 350, 420, and 421 deenergize and dis-
connect the trunk from the link. Cut-off relay
30, upon deenergizing, at 34 opens the circuit to
lock-out relay 20 which releases, and cut-off re-
lay 60 deenergizes to cause the release of the
lockout relay 50 as previously described. .

In case the calling subscriber desires to ex-
tend a call to the second group of trunks, which
in this case are ring-down trunks, such subscriber
will dial the digit 9. The link is operated as pre-
viously described and counting relays 830 and
86D are operated in response to digit 9. As pre-
viously described relay 668 deenergizes after the
impulsing period and at back contact .663 com-
pletes the circuit for operating connector group
relay 430 and link relay 613 as follows: from
ground by way of back contact 663, conductor
634, back contact 115, conductor 446, to .contact
861 where the circuit divides, one branch ex-
tending by way of front contact 861, contact 832,
conductor-9 of cable 369, contact 499, and through
the winding of connector group relay 430 to bat-
tery; and the other branch extending from con-
ductor 446 by way of contact 469, conductor 445,
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' contact 863, contact 834, conductor T471, front
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contact 713, conductor 619, and through the
winding of relay 613 to battery. Connector group
relay 430, upon energizing, at its upper contacts
connects the test leads of the trunk lines and
lines in the 30-group to the connector unit re-
lays, at 434 prepares a point in the circuit for

.relay 431, at 435 locks itself to grounded conduc-

tor 188, and at.436 completes the circuit for op-
erating-the first of the trunk hunting finder unit
relays 340. At contact 616 relay 613 completes
the circuit for operating relays 700 and 360, as
previously described. The energization of relay
100 accomplishes the same functions as pre-
viously described. Relay 360 at 361 locks itself

- to grounded conductor 188, at 362 prepares the

circuit of relay 431, and at 363 transfers the test
lead as previously described. The circuit for
operating the first trunk hunting connector unit
relay 340 may be traced as follows: from grounded
conductor 293, back contact 17, conductor 458,
contact 436, contact 459, conductor 392, back con-
tacts 311, 331, 341, and 35!, conductor 12 of cable
369, front contact 862, back contact 843, front
contact 833, conductor (4 of cable 369, and
through the winding of relay 340 to battery. Re-
lay 340 energizes over the above-traced circuit
and at contact 342 locks itself to grounded con-
ductor 188 by way of contact 353. At contact 348

connects the test lead of trunk 39 in series with }

the test relay 110, and at contact 341 completes
the circuit for the second trunk hunting con-

" nector unit relay 350. If trunk No. 39 is busy,
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then ground is connected to the test conductor
of this trunk with the result that test relay 110 is
short circuited, as previously described. ‘The sec-
ond trunk hunting connector unit relay 350 ener-
gizes after an interval in case test relay 170 does
not operate and at 352 locks itself to grounded
conductor (88. At contact 853 relay 350 opens
the circuit to relay 340 which deenergizes, at
front contact 351 prepares the short circuit for
relay 110, and at 358 connects the test relay 110
in series with the test conductor of trunk No. 30.

If the trunk is idle then test relay 710 ener-
gizes in series with the cut-off relay of trunk 30

_over the following circuit: from grounded con-
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ductor 293, contact 419 of group connect relay
400, conductor 456, back contact 114, through
the lower winding of test relay 110, link test con-
ductor 364, front contact 363, conductor 359,
contact 358, conductor 398, through the upper
contact of connector group relay 430 to the test
conductor of trunk No. 30, thence through the
winding of the cut-off relay associated with trunk
30 to battery. At back contact 171 test relay
170 disconnects ground from conductor 458 to
cpen the hunting circuit for operating the con-
nector unit relays and at front contact 171 com-
pletes a locking circuit through its upper wind-
ing to grounded conductor 293. At contact 776
relay 710 completes the following ecircuit for
operating connector group relay 431 from ground
by way of conductor 645, 123, front contact 118,
conductor 368, front contact 362, conductor 393,
contact 434, and through the winding of relay
431 to battery. Relay 431 at its upper contacts
connects the link line conductors to the trink
line conductors and at 437 completes the. circuit
for operating relay 690. This circuit may be
traced as follows: from grounded conductor 293
by way of 418, 456, front contact 114, conductor
441, contact 431, conductor 453, and through
the winding of relay 690 to battery. At 691 relay
690 prepares a point in the circuit for holding

15

relay 820, at 692 completes a circuit for operat-
ing relay 760 by way of grounded contact 681
and conductor 624, at 693 locks itself to grounded
conductor 293, at 694 opens the circuit to relay
T10 which deenergizes, and at 895 and 6§95 pre-
pares the ringing circuit.

Relay 110, upon deenergizing, at 713 releases

relay 613 and at 718 releases group connect re-
lay 400. Group connect relay 400, upon deen-
ergizing, at 419 opens the original circuit of re-
lay 690 now locked in operated bosition, at 429
opens the circuit of relay 700 which deenergizes,
at 439 disconnects ground from conductor 390
to release the operated counting relays, and at
contacts 492 to 498 disconnects the connector
group relays from the counting relays. Relay
160, upon energizing, at contacts 761 and 7162
reverses the connection of relays 613 and 150
to contacts 781 and 182 on the ring-cut-off relay
180. Relay 100, upon deenergizing, at 705 dis-
connects ground from the tone start lead, at 701
removes the battery shunt from sround the
winding of relay 610 which now operates over the
calling subscriber’s loop, and at 709 connects ‘the
ring relay 890 to the pick-up lead.

‘When the pick-up lead is grounded by the
ringing machine, ring relay 890 is energized and
locks in the same manner as previously de-

scribed. Ring relay 890, upon energizing, at 897

completes the ring-back circuit for the calling
line, and at 895 completes the ringing circuit
as follows: from No. 1 ring conductor, conductor
658, contacts 695, conductor 657, contact 895,
back contact 868 since counting relay 860 is
deenergized by this time, resistance R4, back
contact 866, front contact 891, conductor 131,
back contact 182, conductor 366, contact 355,
conductor 300, upper contact of connector group
relay 431 associated with the positive line con-
ductor of trunk 30 over the positive line con-
ductor of trunk 38 through the ring-down equip-
ment associated with this trunk back to nega-
tive line conductor and the upper contact of
relay 431, conductor 399, contact 356, conductor
365, back contact 781, conductor 136, front con-
tact 892, back contact 861, conductor 139, and
through the upper winding of ring-cut-off relay
180 to battery. The ring-down apparatus in
the trunk operates and causes the operation of
the ring cut-off relay 7180 over the previously
traced ringing circuit. At 183 ring-cut-off relay
completes its own locking circuit to ground at
front contact 122, at back contacts 181 and 182
disconnects the ringing circuit and connects the
ring-down trunk to relays 615 and 7150.

Relays 150 and 613 are now energized in se-
ries over the heavy talking conductors and the
bridge at the ring-down trunk. At contact 614
relay 613 prepares a point in the circuit to re-
lease relay 620 to place the release of the link
under control of the trunk. Relay 150 at 75i
completes the circuit for operating relay 740, and
at 1858 causes the release of the time cut-off re-
lay 608. Relay T40; upon operating, at 742 locks
itself to grounded conductor 188, at 7143 dis-
connects ground from the generator start to stop
the ringing machine, and at 745 opens the lock-
ing circuit of ring relay 880 to release the lat-
ter relay. Talking battery is furnished to the
calling line through relays 610 and 630. '

After conversation, and assuming that the
calling subscriber is the first to release, then
relays 610 and 630 deenergize. At 631 relay 630
opens the circuit to slow-to-release relay 620,
and at 630 opens the circuit to pulse relay 680.

10

18

30

35

40

45

50

55

ec

65

70

(]



10

15

. down trunk relays 6i3 and 750 deenergize.

40

45

55

Li11]

65

70

(]

16

Pulse relay 680 deenergizes, at front contact 684
opens the circuit to relay 760, and at back con-
tact 681 completes a circuit for maintaining re-
lay 620 in operated position as follows: from
ground, back contact 681, front contact 691, con-
tact 6{4, and through the winding of release
relay 620 to battery. Relay 620 is therefore
maintained in operated position to maintain
the link in operated position. Relay 160 deener-
gizes in response to the release of relay 681 and
at contacts 161 and 762 reverses battery through
the windings of relays 6i3 and 750 over the trunk
conductors for supervisory purposes to signal
the operafor.

When the operator releases from the ring-
Re-
lay 150 at 653 reoperates the time-cut-off relay
608 to again connect the grounded time-cut-off
conductor to the link. Relay 613, upon deener-
gizing, at 614 opens the circuit to release relay
620. Relay 620 deenergizes after an interval,
and at front contact 62{ disconnects ground
from conductor 293 to free the calling line and
release the cut-off relay, and to cause the de-
energization of relays 690, 720, and 770.

In case the operator is the first to disconnect
then relays 150 and 6i3 deenergize.. Relay 7150
at 153 connects the time-cut-off ground so as to

release the link after a predetermined time in-

case the calling line fails to hang up. When
the calling line hangs up, the link is released as
previously described.

The operation of this link when it is seized by a
toll repeater over conductors 66, 46, 47, and 48 of
trunk 20, for example, is the same as that previ-
ously described for a local subscriber making a
call. In this case, however, the toll repeater after
the first pulse of the first digit of the called num-
ber, opens lead 47T to open the circuit to relay 610
while negative battery is connected to conductor
48 for operating relay 630. Relay 610 is not oper-
ated at this time in order to prepare a circuit for
the switchthrough relay 790. After ringing and
when the called subscriber answers ring-cut-off
relay 180 energizes and locks, and transfers the
called loop to relays 150 and 613 which operate
as previously described. Relay 750 causes the
operation of relay 140 and releases relays 608,
870, and 890 as before, and at 152 completes the
cireuit for operating switchthrough relay 7190 be-
fore slow-to-operate relay 7140 operates. This
circuit may be traced as follows: from grounded
conductor 645, contact 123, contact 135, conduc-
tor 295, contact 694, conductor 641, contact 752,
back contact 144, conductor 636, contact 612, con-
ductor 448, and through the winding of switch-
through relay 190 to battery. Switchthrough re-
lay 790, upon operating, at 795 locks itself to con-
ductor 293, at contacts 792 and 793 switches the
trunk straight through to the called line and re-
leases relay 630, 150, and 613. At 794 relay 790
opens the circuit to relay 720 which accordingly
deenergizes, at 196 provides a new holding circuit
for relays 710 and 7180, at 797 disconnects ground
from the generator start lead, at 798 grounds
conductor 188 to hold 'the finder and connector
relays.
release as previously described, and the ground
extending back from the toll repeater over con-
ductor 66 now holds the link relays 110, 780, and
790 in operated condition as previously de-
scribed. The talking battery for the called sub-
scriber is furnished from the toll repeater.

When the toll repeater is released ground is
disconnected from the conductor 66 to release the

Relays 150, 643, 630, 680, 620, and 720 .
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cut-off relay of the called line, the cut-off relay of '

the trunk line, and relays 7170, 7180, and 198 where-
upon the link is released as previously described,
and in addition, in this case the deenergization
of switchthrough relay 790 releases the finder and
connector relays and relay 140.

In case the link is held in its non-talking con-
dition, due to failure of the calling line to dial the
required digit, due to failure of the calling line to
hang up in response to a.busy tone, due to failure
of the calling party to hang up when the called

10

party does not answer or after the called party

hangs up, or due to failure of either party to
answer a reverting call, the link is automatically
released after a predetermined time by the dis-
connection of ground from the time-cut-off lead.
At regular intervals after a call has been initiated,
the timing ‘equipment (not shown), momen-
tarily ‘disconnects ground from the time-cut-off
lead. If the link is not in talking position at this
time, (with relay 608 released,) then the discon-
nection of ground from the time-cut-off lead also
disconnects ground from conductors 645 and (88
to release the finder, the connector, and the link
relays in a manner apparent from the foregoing

“description. -

In case the fuse for supplying battery to the
link relay should blow, then the time-cut-off re-
lay 608 is energized over the fuse-alarm lead. At
608 time-cut-off relay 608 grounds the guard lead
i8d4 of this link to make it busy and at 607 re-
moves the multiple ground from the all-link-busy
conductor 669. An alarm relay (not shown) is
energized in series with relay 608 to operate an
alarm. When the fuse is replaced relay 608 re-
leases: '

When all the links are busy, all of the multiple
ground connections are disconnected from con-
ductor 669 to cause the deenergization of the all-
link-busy relay 592. All-link-busy relay 592 de-
energizes when ground is removed from con-
ductor 669 and when relay 994 operates at the
time the last link is taken into use. This last
circuit of relay 592 is opened at contact 513.
All-link-busy relay 592, upon deenergizing, at
front contact 589 opens the circuit to relay 5981,
opens the start lead and locking winding of the

.operated link selecting relay 501, and at back
‘contact 589 prepares the circuit for operating re-
lay 5971. . At contact 543 relay 592 opens the cir- |

cuit to relay 55f and prepares the circuit to the
tone-start lead, and at contact 500 connects the
all-link-busy tone to the common lead 98 so that
the toll trunk lines will receive busy tone at this
time if a call is attempted. Relays 501 and 551
deenergize and the latter relay at contact 569
opens the locking circuit of relay 594. Relay 595
at 516 maintains relay 593 operated and the lat-
ter relay at 575 maintains open the circuit of re-
lay 8591. Relay 5971 continues to vibrate its
weighted armature, and releases relay 585 after
& predetermined time or at a time when the vi-
brating contact 598 no longer intermittently en-
gages with its make contacts during vibration.
At contact 576 relay 595 opens the circuit of re-
lay 593 and the latter relay at contact 518 re-
operates. relay 597 and the foregoing cycle con-
tinues until an idle link is available. When a link
becomes free, ground is connected to the all-link-
busy conductor 669, and the all-link-busy relay

" 592 is energized. At contact 500 relay 592 dis-

connects the busy tone from conductor 98 at 543
opens the tone-start circuit and prepares the
circuit for relay 551, and at 589 closes a circuit
through the upper winding of link-selecting relay
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§01 in series with relay §94. In response to these
operations relays 593, 595, 596, and 597 release,
Link-selecting relay 501 energizes, at 511 locks in
series with relay. 591, and at 5{0 connects the
guard-lead 184 to the link-selecting relay 502.
Relay 891 energizes in series with relay 501, at
back contact 588 opens the circuit through relays

‘501 and 594, and at front contact 588 prepares

the start circuit to start conductor 191. If link
No. 1 is busy then ground on the guard lead op-
erates the second link-selecting relay 582 and re-

lay 594 and the allotter selects the first idle one A

of ‘the links as previously described.

In case the link is seized and fails to operate
correctly due-to faulty operation, for example,
such as failure of the FUR relays, 210, 220, etc.,
to operate, the call is transferred to another link

" after a predetermined time. Assuming that relay

210 fails to operate at a time when relays 10, 170,

122, 501, 552, 551, 558, 597, 596, 595, and 593 are ,

operated as previously described. When relay
583 is operated by relay 595, the circuit of relay
591 is opened at contacts 515 whereupon the lat-
ter relay releases.to vibrate its weighted arma-
ture. At contacts 599 relay 597 opens the circuit
to relay 596 which deenergizes. When the swing
of the weighted spring 598 subsides to a point
where it no longer alternately contacts its make
springs relay 585 deenergizes. At front contacts
576 relay 586 opens the circuit to relay 593 but
before this slow acting relay deenergizes the fol-
lowing circuit is completed for the second link
selecting relay and relay 594 in series: ground at
contact 570, bank contact 576, contacts 571, 568,
567, 509, 539, and 510, through the upper winding
of relay 502 and the upper winding of relay 594,
In the same manner as previously described, the
operation of relay 534 causes the release of the
link and the release of connect relay 1710. The
allotter now searches for an idle link, as
previously described.

Having described the invention, what is con-
sidered new and is desired to be protected by
Letters Patent will be set forth in the following
claims. .

What is claimed is:

1. In a telephone system, a group of lines, each
line having a pair of talking conductors and a
test conductor, a link circuit for interconnecting
said lines, means responsive to a line in said
group initiating a call for connecting all the test
conductors only of said group to said link circuit,
& group of relays in said link circuit sequentially
operated in response to said connection, and
means for simultaneously testing over two of said
test conductors in said group in response to the
operation of each group relay. )

2. In a telephone system, a group of lines, each
line having & pair of talking conductors and a
test conductor, a link circuit for interconnecting
said lines, means responsive to a line in said group
initiating a call for connecting all the test con-
ductors only of said group to said link eircuit
and for marking the test conductor of the calling
line, a group of relays in said link ecircuit
sequentially operated in search of said marked

" test conductor in response to said connection,

70
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means for simultaneously testing two lines in said
group for said marked conductor in response to
the operation of each group relay, and a pair
of test relays for stopping further sequential
operation of said group relays in response to the
operated group relay finding the marked test
conductor,

3. In a telephone system, a group of lines, a
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link circuit for interconnecting said lines, means
responsive to a line in said group initiating a call -
for marking the calling line, a group of relays in
said link circult sequentially operated in search
of the marked calling line in response to the
initiation of sald call, and means for simul-
taneously testing two lines in said group for said

marked calling line in response to the operation

of each group relay.,
4..In g telephone system, a group of lines, each
line having a pair of talking conductors and a

- test conductor, a link circuit for interconnecting

said lines, means responsive to a line in said
group initiating a call for connecting all the test
conductors only of said group to said link circuit
and for marking the test conductor of the calling
line, a pair of test relays either one of which is
operated when connected with the marked con-
ductor, and a group of relays in said link circuit

_sequentially operated to simultaneously connect

the test conductors of two lines in said group to
said test relays for each groyp relay operated
in response to said connection.

5. In a telephone system, a group of lines, a
plurality of link circuits for interconnecting said
lines, means responsive to a line in said group

‘initiating a call for selecting an idle link circuit

and for marking the calling line, a group of relays
in said selected lnk -circuit sequentially op-
erated in search of the marked calling line in
response to said selection, a test relay in said
selected link circuit and a test relay common to
all said link circuits, each of said test relays be-
ing connected to a separate line in said group in
response to the operation of each group relay to
test -two lines simultaneously, and means for op-
erating one of said test relays in response to0 con-
nection with the calling line to stop further se-
quential operation of said group relays.

6. In a telephone system, g group of lines, a
link circuit for interconnecting said lines, means
responsive to a line in said group. initiating a
call for marking the calling line, a group of relays
in said link circuit sequentially operated in
search of the marked calling line in response to
the initiation of said call, & pair of test relays
simultaneously connected to a pair of said lines’
in response to the operation of each group relay
to test two lines simultaneously, and means for
operating one of said test relays in response to
coniection with the calling line to stop further
sequential operation of said group relays. )

7. In a telephone system, g group of lines, g
plurality of link circuits for interconnecting said
lines, means responsive to a line in said group
Initiating a call for operating an idle one of said
link eircuits to search for and connect the calling
line to said link circuit, a lockout relay common

- to said lines operated in case the idle link circuit

fails to find the calling line, and a lockout relay
individual to the calling line operated by said
common relay to prevent other link circuits
searching for the calling line as long as said
calling line condition persists,

8. In a telephone system, a line, means re-
sponsive to said line initiating a call for marking
said line with calling potential and starting con-
dition, means responsive to said marked starting

[
.

s
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6

6!

condition for finding said calling potential to ex- -

tend the calling line, a lockout relay individual
to said calling line for removing said calling po-
tential and said starting condition when operated,
means for operating said relay in response to said
second-named means finding and extending the
calling line, and means for operating said relay

7«
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in case sald second-named means fails to find
the calling line to prevent other similar means
from operating in an attempt to find the calling
line, N

9. In a telephone system, & plurality of groups
of lines, a plurality of links for interconnecting
said lines, & group relay in each link for each
group of lines, a group of unit relays in each link
common to each group of lines, a group start re-
lay for each group of lines, means responsive to
& call by a line in one of said groups for directly
operating only the group start relay correspond-
ing to the line group of the calling line, means
for directly operating the group relay of an idle
link corresponding to the line group of the calling
line responsive to the operation of said group
start relay, and means for thereafter sequentially
operating the unit relays in said idle link in
search of the calling line to extend the connec-
tion. ' .
10. In a telephone system, a plurality of groups
of lines, a group start relay for each group of
lines, means responsive to a call by a line in
one of said groups for operating the group start
relay corresponding to the line group of the
calling line, means operated responsive to the op-
eration of any group start relay for preventing
the operation of other group start relays, a group
connect relay operated in response to the opera~
tion of said group start relay for connecting the

lines of the calling group, and & group of unit re- -

lays sequentially operated to search for the
calling line in the connected group.

11, In a telephone system, a plurality of groups
of lines, a group start relay and a group eonnect
relay for each group of lines, a group of unit re-
lays common to each group of lines, a circuit
completed responsive to a call by a line in one
of said groups for -directly operating only the
group start relay corresponding to the line group
of the caliing line, a circuit completed responsive
to the operation of said group start relay for
directly operating only the group connect relay
corresponding to the line group of the calling
line, and means for thereafter operating said
unit relays in sequence in search of the calling
ljne to extend the connection.

12. In a telephone system, a plurality of groups
of lines, a link for interconnecting said lines, a
group relay in said link for each group of lines,

a group of unit relays in said link common to

said lines, means responsive to a call by a line
in one of said groups for directively operating the
Lroup relay in said link corresponding to the line
group of the calling line, means for sequentially
operating the unit relays in search of the calling
line, said unit relays being less in number than
the number of lines in any one group of lines, and
means responsive to the operation of each unit
relay for simultaneously testing two lines of the
calling group.

13. In a telephone system, 8 group of lines, a
link for interconnecting said lines, a group of unit
relays in said link, said unit relays being less in
number than the number of lines in said group,
and means in said link responsive to a line calling
another line for operating only one of said unit
relays in case certain lines in said group are called
and for operating two of said unit relays in case
the other lines in said group are called to connect
the calling line to the called line.

14. In a telephone system, a group of lines
divided into a first and second sub-group, a link
for interconnecting said lines, a group of unit
relays in said link equal in number to the num-
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ber of lines in a sub-group, means in said link
responsive to a line calling a line in the first sub-
group for operating the corresponding unit relay
to connect the calling line to said called line, a
sub-group relay, and means in said link re-
sponsive to a line calling a line in the second
sub-group for operating the corresponding unit
relay and sald sub-group relay to connect the
calling. line to said last called line.

15. In a telephone system, a plurality of groups
of lines, a link circuit for interconnecting said
lines, a group relay in said link circuit for each

10

group of lines, a group of unit relays in said link .

circuit common to said lines, means in said link
circuit responsive to a line calling another line
for operating the group relay and the unit relay
in said link circuit corresponding to the called
group and line in such group to connect the
calling line to said called line, said unit relays
being less in number than the number of lines
in any one group of lines, and means for operat-
ing only one of said unit relays to connect with
certain of said lines in the called group and for
operating two of said unit relays to connect the
other lines of the called group.

16. In a telephone subscriber’s line circuit, a
shunt-field line relay, a cut-off relay, & lockout
relay, two windings on said line relay, said wind-
ings being connected to opposite poles of battery,
a pair of line conductors extending through nor-
mally closed contacts on said cut-off relay and
terminating in said windings, said line relay be-
ing inoperative when one or both lineé conductors
are grounded but operative responsive to the con-
nection of one line conductor to the other line
conductor when the subscriber initiates a call,
a circuit for said cut-off relay including normally
closed contacts on said lockout relay, and nor-
mally open contacts on said line relay, a locking
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circuit for said cut-off relay excluding said con- -

tacts, & circuit for said lockout. relay controlled
by said cut-off relay, and a locking circuit for
said lockout relay controlled by said line relay
independent of said cut-off relay. )
17. In a telephone subscriber’s line circuit, a
shunt-field line relay, a cut-off relay, two wind-
ings on said line relay, said windings being con-
nected to opposite poles of battery, & pair of line
conductors extending through normally closed
contaets on said cut-off relay and terminating in
said windings, said line relay being inoperative
when one or both line conductors are grounded
but operative responsive to the connection of
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one line conductor to the other when.the sub~ .

scriber initiates a call, and means responsive to

the operation of said line relay for preparing a

circuit for said cut-off relay.

18. In a telephone subscriber’s line circuit, a
shunt-field relay, two windings on said relay
wound in opposition to each other, said windings
being connected to opposite poles of battery, a
pair of line conductors terminating in said wind-
ings, said line relay being inoperative when either
winding alone is energized by connection of
ground to one or both line conductors, and means
responsive to the subscriber initiating a call for
connecting one line conductor to the other line
conductor to operate said line relay.

19, In a telephone system, a group of lines, a
link for interconnecting said lines, a group of
unit relays and a sub-group unit relay in said
link, each of said unit relays being operative to
connect either one of two lines of said group of
lines to said link dependent upon the operated
or non-operated condition of said sub-group unit

63

60

65

70 .

(]



~10

15

- said lines, a group of circuits closed by each re-'

25

30

35

40

45

55

65

70

2,177,079

19

relay, and means responsive to a call fo one of cluding one line fo be selected, sald lines being

said lines for operating said sub-group relay and
one of said unit relays, said means also being re-
sponsive to a call to another of said lines for op-
erating said one of said unit relays without caus-
ing operation of said sub-group unit relay.

20. In a telephone system, a group of lines, &
link circuit for interconnecting said lines, and
finder means consisting only of relays operative
to connect said link circuit to any one of said
lines, certain of said relays operated responsive
to a line initiating a call, circuits closed by each
relay in its operation, and means controlled over
the circuits closed by each relay to simulltaneously
test & plurality of lines to determine which is the
calling line.

21. In a telephone system, a group of lines, a
link circuit for interconnecting said lines, and
finder means consisting only of relays operative
to connect said link circuit to any one of said
lines, certain of said relays sequentially operated
responsive to the initiation of a call over one of

lay by its operation, and means controlled over
the group of circuits closed by each relay to
simultaneously test said lines in groups, each in-
cluding a plurality of lines, thereby to select the
calling line. )

22, In a telephone system, a group of lines, a
plurality of link circuits for interconnecting said
lines, each of said link circuits having finder
means associated theiewith, means.responsive to
& line initiating & call for selecting an idle one
of said link circuits, means included in the finder
means associated with said selected link circuit
for simultaneously testing a plurality of said lines
to determine which 1s the calling line, and means
operated when said last-named means fails to
find said calling line for preventing other link
circuits from searching for said calling line.

23. In a telephone system, a group of lines, an
automatic switch having access to said lines, a
group of unit relays and a sub-group unit relay
in said switch, said sub-group unit relay being
operative between two positions, each of said unit

- relays being operative to select either one of two

lines in said group depending upon the position
of said sub-group unit relay, and means opera-

‘tive during the operation of said switch to select

one of the lines of said group for causing said
sub-group unit relay to operate from one of its
two positions to the other and for causing the
operation of one of said unit relays, said means
also being operative to cause the operation of
said one unit relay without causing the operation
of said sub~group unit relay during the operation
of said switch to select another of said group. of
lines. ‘ o

24. In a telephone
automatic switch having access to said lines, a
group of unit relays and & sub-group unit relay
in said switch, each of said unit relays being op-

erative to select either one of two lines in said.

group dependent upon the operated or non-op-
erated condition of said sub-group unit relay, and

means operative during the operation of said

switch to select one of said group of lines for
causing the operation of said sub-group unit
relay and one of said unit relays, said means also
being operative to cause. the operation of said

.- one unit relay without causing the operation of

L

said sub-group unit relay during the operation of
said switch to select another of said group of
lines,

25. In a telephone system, a group of lines in-

system, a group of lines, an’

- divided into-two sub-groups, a switch having ac-

cess to sald lines, a group of unit relays and a
sub-group unit relay in said switch, each of said
unit relays being operative to select either of
two different lines in said group dependent upon
the operated or non-operated condition of said
sub-group unit relay, and means operative dur-
ing the operation of said switch to select said
one line for causing the operation of said sub-
group unit relay and one of said unit relays in
the event said one line is included in one of said
sub-groups, said means being operative to cause
the operation of said one units relay without
causing the operation of said sub-group unit re-
lay in the event that said one line is included in
-the other of said sub-group. . .

26. In a telephone system, a group of lines,
said group of lines being divided into two sub-
groups, & finder switch having access to said
group of lines and operative to select a line there-
from, a group of unit relays and a subgroup re-
lay in said finder switch, said subgroup relay be-
ing operable between two positions, each of said
,unit relays being operative to select a line from
each of said subgroups depending upon the posi-
tion of said subgroup relay, means responsive to
the initiation of a call on a line in one of said
subgroups for causing the operation: of the
corresponding unit relay and the operation of
said subgroup relay to one of its positions, there-
by to select the calling line, and means respon-
sive to the initiation of a call on a line in the
other of sald subgroups for causing the operation
of the corresponding unit relay while said sub-
group relay occupies its other position, thereby
to select the calling line.

27, In g telephone system, a group of lines,
said group of lines being divided into two sub-
groups, a finder switch having access to said
group of lines and operative to select a line there-
from, a group of unit relays and a subgroup re-
lay in said finder switch, each of said unit relays
.being operative to select either of two lines from
said group depending upon the operated or non-
operated condition of said subgroup relay, means
responsive to the initiation of a call on one of
said lines for causing the operation of one of
sald unit relays and said subgroup relay, thereby
to select said one line in the event said one line
is in one of said subgroups, and means responsive
to the initiation of a call on said one line for caus-
ing the operation of said one unit relay without
causing the operation of said subgroup relay,
thereby to select said one line in the event said
one line is in the other of said subgroups.

28. In & telephone system, a group of lines,
saild group of lines being divided into two sub-
groups, a finder switch having access to said
group of lines and operative to select a line there-
from, a group of unit relays and a subgroup relay
in said finder switch, each of said unit relays
being operative to select a corresponding line
from each of said subgroups, depending upon the
operated or non-operated condition of said sub-
group relay, means responsive to the initiation of
a call on a line in one of said subgroups for caus-
ing the operation of the corresponding -unit re-
lay and said subgroup relay, thereby to select
the calling line, and means responsive to the

initiation of a call on a line in the other of said’

subgroups for causing the operation of the cor-
responding unit relay without causing the opera-
tion of said subgroup relay, thereby to select the
calling line.
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29. In a telephone system, a group of lines,
sald group of lines being divided into two sub-
groups, a finder switch having access to said
group of lines and operative to select a line there-
from, means responsive to the creation of a call-
ing condition on one of said lines for initiating
the operation of said finder switch to select the
calling line, a group of unit relays and a sub-
group relay in said finder switch, each of said
unit relays being operative to select a corre-
sponding line from each of said subgroups de-
pending upon the operated or non-operated con-
dition of said subgroup relay, and means for op-

‘erating said unit relays individually and said

subgroup relay, thereby to select the correspond-
ing lines from one of said subgroups, and for
operating said unit relays individually without op-
erating said subgroup relay, thereby to select the
corresponding lines from the other of said sub-
groups.

30. In a telephone system, a group of lines,
said lines being divided into two subgroups, a
finder switch having access to said lines, a group
of unit relays and a subgroup relay in said switch,
each of said unit relays being operative to select
either of two lines of said group depending upon
the operated or non-operated condition of said
subgroup relay, means responsive to the creation

. of a calling condition on one of said lines for
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causing the operation of said subgroup relay-only
in the event said one liné is included in one of
sald subgroups and for causing the operation of
one of said -unit relays, thereby to select said
one line, and means responsive to the creation
of a calling condition on said one line for causing
the operation of said one unit relay without caus-
ing the operation of said subgroup relay, thereby
to select said one line in the event said one line
is included in the other of said subgroups.

31. In a telephone system, a number of lines
divided into a plurality of groups, each of said

groups of lines being divided into two subgroups. -
a finder switch having access to said number.

of lines and operative to select & line therefrom,
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means responsive to the creation of a calling con-
dition on one of said lines for initiating the op-
eration of said finder switch to select the calling
line, a plurality of group relays, a group of unit
relays and a subgroup relay in said finder switch,
each of said group relays being operative to se-
lect a corresponding group of lines from said plu-
rality of groups, each of said unit relays being
operative to select a corresponding line from
each of the subgroups depending upon the oper-
ated or non-operated condition of said subgroup
relay, means for operating ‘said group relays in-
dividually to select the corresponding groups of
lines from sald plurality of groups, and means

for operating said unit relays individually and

said subgroup relay, thereby to select the corre-
sponding lines from one of said subgroups, and
for operating said unit relays individually with-
out operating said subgroup relay, thereby to
select the corresponding hnes from the other
of said subgroups.

32. In a telephone system, a group of lines, said
lines being divided into two subgroups, a switch
having access to said lines and operative to se-
lect a line therefrom, a group of unit relays and
a subgroup relay in said switch, each of said
unit relays being operative to select either of two
lines of said group depending upon the operated
or non-operated condition of said subgroup re-
lay, a pair of operating circuits for each of said
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unit relays, means operative during the opera- -

tion of said switch to select one of said lines for
completing one of the operating circuits for the
one unit relay which is operative to select said
one Iine, said last named means only being op-
erafive in the event said one line is included in
one of said subgroups, and means for causing the
operation of said subgroup relay and for com-
pleting the other operating circuit for said one
unit relay, said last-named means only being
operative in the event said one line is included
in the other of said subgroups.

NORMAN H. SAUNDERS.
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