Nov. 2, 1943. S. E. PETERSON 2,333,489
TELEPHONE SYSTEM :
Filed Nov. 8, 1940 10 Shéets—Sheet 1

F'?W,sz!:té_&lim LINE CIRCUIT 10 . FINDER SW. 1/
’ \ Pr——,
( 9a-J = S
O—=—
"
\ ap/ - :
g k.‘_.. )‘ ——
R//'O L?Q/ Y “"0"73;3‘_ '
Fig.1 | l ’;I”___l
NG —~ ](;d .
—t -
! )y N33 .,
1731 -
, N | :
: 147 o
©® [ 1 =
' : FROM .  E——
K CONN, BANKS loe " -
T 717
/16 I LINE CIRCUIT - 20 l6ay 11 )
19/ DISTRIBUTOR]
61— L5 jaz 2z
/83
: /5/7 ?2‘.23) / 8
192 -‘—-—n——s’ /90 /o9 185 /84 P
2_[_ ey 17 D e
d) T —l[ 7| TRe0 Hk/eo 17 l
B
/_,).25 | T )64, »
153 =% 2T 765 /74)‘_|
/54) :
INVENTOR

SETH E. PETERSON

ATTORNEYS




Nov. 2, 1943. , S. E. PETERSON
TELEPHONE SYSTEM

Filed Nov: 8, 1940

RESTRICTED SERVICE & TIME BLOCKING RELAYS 25 )
. -\
rlee A

-/

2,333,489

) —~
oﬂﬂ~ [_’/—24}_’- EZiJAL

I
/?Z/ojw L‘z_z‘z e :
[ - : (4 ]
agbe7m -

| | Fz5o
21

10 Sheets~Sheet 2

@m%j

Fis! | FiG3 FIG.4 Fi6.5 FIG.6

Fle.7

Flc.8

Fl6 2 'Fi6.9 FIG.10

Y
M;:JJAV

INVENTOR

SETH E. PETERSON -
, Imith v Hhoonts

ATTORNEYs




Nov. 2, 1943. S. E. PETERSON 2,333,489

TELEPHONE SYSTEM

Filed Nov. 8, 1940 10 Sheets-Sheet 3
52 =2 — e
ey ﬁ) . S = W aNery
| Cay (63,
1067
CONNECTOR 40
LC65
it 3z ‘ Liee
3264~ N 354~ Nons e
>y . e
Sl Q?ZL ' (C70
I 3R uwk SWITCH. 37/ ’
FEERL™| controL e 345 TRV LNE — c7
o | e Ao o e
HOLD
SLAVE |
Rr310) | |R320 | R33 R350° | Raeo | Fano 37
. rC72
326e~ ¢ (333 Yl
326c~ - r326c¢
. L: /C7
* D) ;343 %l (7
-, 32 3@J j = ez
3/6) . cx
36, | |G| 55 : 77
,‘_JA [C78
@[ 7 [P
Fig3d RARE: oy [T
AR R O L W =T o
N [ —
. . (€02
C34fL_.. J 36 3) L 374
34 Pl
e L gg—-
— [C86
s
3..76"J 7087
318 . 7C88
P__QA T 5 689
o 3. 90 ,
28 = Lo
INVENTOR .
;325 ) SETH E. PETERSON .
'ﬁww

ATTORNEY



Nov. 2, 1943.

S. E. PETERSON 2,333,489
TELEPHONE SYSTEM ' _
- Filed Nov. 8, 1940 10 Sheets-Sheet: 4

e ce0 <Im_ C607_C6iz
g6z j : -7 Co2L7

- ==
s CONNECTOR 40 | Y coz
Tced : LMf#ZI 4017 . 1 48/ €93,
T Gl 4T [ e Bt

(Cé5 424 AW . 377
LEEE ' - i
€67 I::6‘45/ 484-} cé66-7
£E62 f, LocK L T cﬁé;
€70 D PULSE | 441y —43¢ C70;

412 ' [o}

C71 ”x/;_‘ F430y r [ 453 C712

CALLING| L o | T_:r/468 o X >
£R480 |~
SIMPLEXT~_ . BT LNE oic. | (e H%E puse | _HUNT =)
i TRANSE 1461 {47 3
. raS ) (%420 R4 P4y : —1-
N T - - ryye——

872 < < ] <755 VM 477 1c722
7C73 26~ 4427 C73;7
£32%¢ ' 326¢;

LE74 456 C74; 1485y

—0/46 [FSE3—|407 443U Y773 SR N XYLV 5] -
C At" y - I - ’ .

5] ~417 4/8 468 ) o

€% | 458t o d [y 40‘31684; S
120 459)° : _ L C495

77 27 | |43P Z I T
©mnl ] w2362 A

A 1] W Crrry- 408 cagol L[

419 - b <-—>—-—-—>.X“ C-
408 463~ 4887 L58L
€80 45— C80;
CH81>
€81 c8ly |
€82 C8%2;:
et 460, 465\~ 4208
2 s |4 4P o) Tooas
(084 432~ 7% A 405
1085 . C’gﬁ)
86 /f458' If467 C92/7 c86;
445’:'“/ > CREE
235\.

. " -— [4%8~__CBE7~ 474
(£87 428 459> C * %JLL’
188 " Cc88> [%409" 409
189 €89,
€90 C90,
(a1

INVENTOR -~ C9F
SETH E.PETERSON -

iy, Bict oLl

ATTORNEYs




Nov. 2, 1943. S. E. PETERSON

TELEPHONE SYSTEM

2,333,489

Filed Nov. 8, 1940

10 Sheets-Sheet 5

€6l - LCe0’

53]

C6l”  _¢6ly
‘062 2
CONNECTOR 40 Pl C588,
€22y > 522 571 ¢h89,
€93 C937
7094 1C%4 >
7C3%5 C95H7
Jc%g 523~ 590,
4 - < . 1cs91
7C66 52An) C66) - 5723 2
WAt 0593,7 592,
(098 T o 7
€595 “—=52¢ CH9b,
2
',cw 7~ 5 42) — — (R560 £
R550 | [C71
v RING
9 ~R570
551 j;i“ Bk
1> 597
<56/ CH987
CH99,
_1326¢ 7
[of 74 2
553 C492; -
C6707
C67!;
C494;
c495;
5732 C6727
~"=T1¥*c498,
o
CH8ly
c80;
C8l7
CR2>
/€583 535 E‘ /r545 C673;
7C584 .
/c8d L7 1 ] YIS c674
685 539— 547 599 c857
1086 < - C86;
1 €92 528 .____4_35 ’ 579 :
256, — [ em i C 6757
C587° 538~ 548 : :
rC87 | - i - )
zc88 | | S U339 C6767
789 ’ C89,
7C90 Cc907
r¢9l/ . C9l2
496 C677” INVENTOR

SETH E.PETERSON

;B'Y. yRymy,

TTORNEYs




. LE95

Nov. 2, 1943.

S. E. PETERSON
TELEPHONE SYSTEM

Filed Nov. 8, 1940

[C6l _ Lcel
,C62

2,333,489

10 Sheets—Sheet 6

[C588

6'6‘0\XL

€589

/€93

LE94

1059

CONNECTOR 40

651

[652

Lg3

L8591

653
, ~33:%66’

[E70

1596

5

655

LT

658,

[C7

™,

o

R630
L.l TE3F

ﬁ540
|I7WWNG

LINE
SWITCH

(€597

7C598

éﬁij‘-—i. 4525

4C599

BAfdbe

7326C

/64/

€74

1C42

CALLED
SIMPLEX

L0670

JC67

Res50

1C494

LCA95

1672

(C498

£C499

£€581

Lc80

LC8I

p

62

€82

LC673

1C674

(f??

/L85

(€86

(C6T5

7676

I

[£82

790

&l

c679-"

c80—

(680

A Ec ’L639

i

C685

2L

INVENTOR

{663

SETH E.PETERSON

IChmna,dfudaéyAJ;nAlaf

TTORNEYs

e Monle




Nev. 2, 1943. S. E. PETERSON - 2,333,489

TELEPHONE SYSTEM

Filed Nov. 8, 1940 10 Sheets-Sheet 7
. C776,
ﬁg%%f b 20 LOCK PULSE C7683;
N~ A 2
T | (o8 E 1
(73l 702’  BRIDGE {g PULSING
= HB—L 706 2 v e (12
7 :: r(‘732 T | #5287 |70 RZS y
T — , 7
[ /7 L 72/3{/\/\] _,7\%{/ R750 L7e/ C785 5
" LINE 7 »
R7I0 R720 7423/1:4' - C786>
: Cos v, - e
. =t Lwr
} :7/5 4! C7882
75 C790,
L, L )"'" . C7917
-} ) 751" ,
_ SV ‘ ;&732
) - PULSE ' 0792”7 ¢793;
{78 . C794;
' ' C795)
(72/ o o ' L762 C796)
R730°  R740 . _
Fig1 |73 C797,
LOCK
PULSE
. . L ' C798>
733 27 7
Y T
C70/,
r772 C702;
| :' C703>
' L5 2
TWO WAY REPEATER 30 . 709
w9, | R770 e
N ¢
£ '
773 _
753
F——e o 772
— AWl 754
i S~
%6 =t ooy,
‘ C775
INVENTOR

SETH E.PETERSON

' ATTORNEYs




Nov. 2, 1943.

- LETZ

S. E. PETERSON 2,333,489
TELEPHONE SYSTEM

Filed Nov. 8, 1940 ' 10 Sheets—Sheet 8

[C783

————— CONTROL ——— /88/ .

87/7
. H:———‘I "o
VLIIVE 7850
= : 372U £ 583
~ X

817
(C788

LE7%

€79/

1C782

LC793

(€794

LE75

LC7% (B8R

_(83%

C797
R820,

(€799
70 . 8l3

'SLAVE

~ HoLD L /_83%__ 845 (B6R ﬂa LINE

R870 CIRCUIT
3!
”_ 1

L rg30 RN
. - IST. TO FINDER
(846 Hfmo SPART  "BANKG
i LINE

SWITCHING

£z
703

Rr8lo

et

84 =y
PULSE

(£704

TWO

825

-l

§847 [852
> —— ]
. 875/ Hjﬁ’880

6~

WAY REPEATER 30

DISTANT -AUTOMATIC

EXCHANGE 35

INVENTOR
SETH E.PETERSON ‘

BY .
M,M, Snetd s SRl

ATTORNEYS



Nov. 2, 1943,

54~ 55

~C 496

S. E. PETERSON

2,333,489

TELEPHONE SYSTEM
Filed Nov. 8, 1940 10 Sheets-Sheet 9

L SC677

Fig

LC678

TIMER START CIRCUITS 50

56

C549c468

(

| /93/ » o
“_i:—l _Ce79

Loz

f933
> AN

922

E

k9z20

Y o
—— ~R 930

€657
57

PERM.
TIMER

51

DAL
Bysy

co

& | riex rome
TONE | |GENERATING
GEN.- || EQuiPMENT

52

'Il_.’ / 9?3

48 59

CONVERSATION
TIMER

CIRCUIT
53

INVENTOR
SETH E.PETERSON

ATTORNEYs




Nov. 2, 1943. S. E PETERSON -~ 2,333,489

TELEPHONE SYSTEM ~

Filed Nov. 8, 1940 10 Sheets-Sheet 10
{ ' ) - /
€77 |cor Lcso | |
tcers “  Feeao o
o8l |
Q&m%h@\ <
J & °§§ N ‘\??l? S 8
YRR S, 9
(€679 ‘
./-7'5,. 10
1605,
L
g
wos/} (/003
‘'
[ RLSEQ 70T, ‘{
1007 1004/= |
1000 : 001
s 3 o&—»»- 03—»

— CODE |
——-CODEZ
CODE3
- CODE4
7
FROM CODE SH
—

CODE SELECTING & CONVERSATION TIMING SWITCH 45

INVENTOR'
SETH E. PETERSON

M %
A TORNEYS




Patented Nov. 2, 1943

UNITED  STATES:

2,333,489+

PAT OFRICE

2,338,4897
TELEPHONE SYSTEM®

Seth. E. Peterson,. Cali, .Colu\_mbia,.»ass'ignon.té
Automatie Eleétric Laboratories, Ific., a c6rpo-

ration’ of ‘Delawate™

Application November8, 19405 Serial' N0.r-364,824 -
22 Claims.” (CL 179—17Y

The present inventionrrelatesto:telephone sys="
tems, and more particularly to ‘improved auto=
matic line-switching equipment which is. control«
lable'in a simple and reliable: manner over lines::

According to:4 fustheriolject of thein ventiony.,
the type ofsiringicut-off Utilized in:terminating
thestransmission of:ringing current: over«a seized
lin¢/is automiatically deteiminadduring seizure of-)’

of-different: types; such, for example, as.full:me= - 53 thédines

talli¢' lines'of both'the loop:and. simplex: types;: .
and‘ground- return lines,. to 'provide different -
classes of:service to subscribers paying different::
rates.-

Itlis a'furterobiecsofithe inventiontapravides:
ina-2lingsselectinguswitchjvannimproved cireuttic
arrangentent’ whereby cthé backsbridgesreldjofs:
théswitdh ifunctionsibothias asupstvisoryssighak

It'is'an’ebject of the invention to provideiin:a- 10 control relay and Aasva ringingcontrolrelay.

system-of the character described, an:improved -
and exceedingly simple arrangement whereby the -
regular-line-terminating equipment, individual to:
the lines of the system;-is utilized -to. signal:the

Itisianothérobiect:of thie fnventioirto.provide:«
inig telephonésystem’ of theichardcter deéscribed;:
certéin restrictedutinksiswhieh :are utilized: too
handié callsiorigmatingathonsrestricted stations::

automatic switching apparatusias-to the type or 15ontyirand 'whishiarendatkedagainst seizure from:

class-of the callitig lines ever which the apparatus::
is seized.

According to-anether object of the invention;
the line-class signaling circuits‘are so - arranged:

restrictedstationsion andndividushirunk:basis:s.
Adedrdintovanother iobjedtof:sherinventions..

the callirestiiicting:apparatuszofsthé automaticc

switeHing cequipmentitis fjcintly “controiled 1ovet:

that exira control paths extending through:the "90::maiking pathéindividWalaa the linestartanged:.

outlet contacts of the automatic switches arenot .
required for the transmission of the signals;: -

It is'another object of -the invention to provide:
in a telephone system of the.character described;..

an-arrangement whereby :the station: selective:25 »paths, whichdi

operation of the ringing control equipment pros:-
vided-in theconnector switches of: ‘the system::
istin' part controlled- from:the line circuits.terz
minating the calling-lines'over ‘which 'theicon-+
nector switches-are seized.:

It is another object of the invention:to provide
in'a telephone system of thie character described; .
an arrangement wherein the “station::selective:
operation -of the ringing control.equipment pro=:
vided in the connector switches of the systemris:-
in'part controlled from the line circuits:terminatx: -
ing called lines seized by the connector switches;:

In accordance with'a further object of the in~-
venition, an impreved arrangement is” provided

foFirestrictéd serviceandi nrarking pathsiindi--
vidualy identifsiing thesrestricted druuks::.

Iis'ahother object of the inventionito provides
antimprevediicontrol metwork forrthe :marking::
~s0 “arranged that contrel pulses::
are transmitted over eertainofithe marking pashs:
towcontrol'the servicerestricting apparatusot the
automstierswitchingegnipmient;:

Adcording tok another: objett ot theninvention,.

30-“the controb prlses transmittedtoverthemarkingy

pothisarewntilized:toiecontrolztidoperation of the: :
tithie~contrciled dirikrelédse relays providedin:the::

repeatarsiare egchifequibped with line:
pparatusi whichufunetions:ctosignal laxw
seized repeateiras toitheicharacter of thecalling::
lirig“overwhich’ theé seizédl repeater is torhe comns:

whereby-the line circuits terminating multiparty 40 troled Tallowing dtsseizupe::

subscriber lines of the ground return type are ar=-
ranged to control the ringing control equipidert::
of the connector switches ina manner such that.
ringing current:transmission over the ground re=-

In*aedordance. with a:furthersobjectof the in-r:
vention;* provisichs atéimadeé whereby one:of the
control-leads cennecting: one: ofytthe= trinksre=:
peatéitsv‘-WithfftHe)~‘out1‘et‘r‘centéct'sﬁoﬁd;he‘-»meceding‘e.

turn side of a selected line of this type is posis 45:«'=sél’e‘ét6i‘»‘-‘S\ivitchés":\is‘-iutﬂi’ze&i‘.-fun::contxiblling';;thé=:

tively prevented.

It is another object.of the invention to provide«
in a telephone system of the character described;: .
automatic switching equipment which is so:am -

trufikselecting opevationsof:the seleetar-switches:
anéalse: for the-purpose of indicating to.thetses: -
legtor switchesothenréstricted jor-non-restricteds-
chgraeter “of stheztrunk-terminated:by-the-re--

ranged that one type of ring cut-off is provided 50 -pegter::

for terminating the transraission :of ringing cur=-
rent:over certain called lines of the systemand.:
a different type ci-ring cut-off is utilized in-ter~ -
minating:the transmission of ringing current-over-:
other:called dines of the system.:

It.'isistill lanotherrobiect ofithe-invention:ita-.
providerfor -userincontrolling. the - automatic.
switchingrapparatus-of i feléphone system,.im-
proved ‘timing -equipment..which-is so-arranged::

55+thatithe starting.of: the equipment and .the.cons.




2

trol of the automatic switching apparatus.are
exercised over a single control lead extending
from the switching apparatus to the timing
equipment.

In the illustrated embodiment of the invention
there is provided a system which comprises a
plurality of subscriber lines, certain of which are
of the multiparty type individually having a plu-
rality of substations associated therewith, and
automatic switching apparatus in the form of
finder-connector links for setting up connections
between the lines of the system. The connector
switches of the links also have access to one or
more groups of trunks which are provided to
serve only the substations arranged for unre-
stricted service and may extend, for example, to
one or more distant suburban or central ex-
changes. Timing equipment common to the links
is provided for conversation timing and for
forcibly releasing links held over lines having
permanent calling conditions thereon.

The subscriber lines of the system are of sev-
eral different types and include lines arranged
for loop circuit control of the automatic switch-
ing equipment, simplex circuit control of the
automatic switching equipment, and also lines
of the ground return type. These lines are indi-
vidually terminated in line circuits which con-
ventionally comprise line, cut-off and lockout
relays. In accordance with one feature of the
present invention, the cut-off and lockout relays
provided in the line circuits terminating lines of
the simplex and ground return types, are ar-
ranged to transmit a control pulse over the posi-
tive talking conductors of the respective asso-
ciated lines when calls are initiated on these
lines. A control pulse of this character, when
transmitted to a link assigned to the use of a
calling simplex or ground return line, is utilized
to condition the relay equipment of the link to
be controlled over the metallic side of a ground
return line or the two sides of a simplex line in
parallel. These line circuit relays, when oper-
ated in response to seizure of the associated line
through one of the connector switches of the
system, function to transmit a control pulse back
to tre connector switch which serves to control
the setting of the ringing control equipment pro-
vided in the switch in a manner such that the
transmission of ringing current over the ground
return side or positive talking lead of the asso-
ciated line is positively prevented. Further in
accordance with this feature of the invention,
the circuit arrangement of the finder-connector
links is such that the ringing control equipment
of an assigned link is, in setting up a reverting
call connection involving a line of the ground
return type, so controlled from the line circuit
terminating the calling line that the possibility
of ringing current transmission over the positive
or ground return side of the line is precluded.

In accordance with another feature of the
present invention, the cut-off and lockout re-
lays embodied in the line circuits terminating the
subsecriber lines are also arranged to control the
ringing control equipment of the links in a man-
ner such that one mode of ring cut-off,i.e., instan-
taneous ring cut-off, is provided for terminating
the transmission of ringing current over a called
line of the full metallic loop type; and another
mode of ring cut-off, i. e., silent period cut-off, is
utilized to terminate the transmission of ringing
current over a called line of the simplex or ground
return type. More specifically, the circuit ar-
rangement of the finder-connector links is such
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that when the cut-off and lockout relays of the
line circuit terminating a called line operate to
transmit a control pulse over the positive talk-
ing conductor of the associated line in response
to seizure of this line, the back-bridge relay of
the link cccupied with the call is conditioned to
function as & ringing control relay before the
call is answered, and to function as a supervisory
control relay after the call is answered at the
called substation,

The inter-office trunks forming a part of the
system are terminated in repeaters which are
accessible to tne connector switches of the sys-,
tem, and are arranged to be controlled over call-
ing lines of any one of the three types mentioned
above. These repeaters are normally arranged
for conftrol over a loop line, and in order to con-
dition the control equipment of a seized repeater
for control over a simplex or ground return line,
each link circuit is equipped with a relay network
which functions, incident to the seizure of a
repeater, to transmit a.control signal to the
seized repeater, indicating that the calling line is
of the simplex or ground return type, Each
repeater terminating a restricted trunk is pro-
vided with a marking path individual thereto,
which serves to identify the restricted character
of the associated trunk. These marking paths,
together with additional marking paths identi-
fying the restricted subscriber lines, serve jointly
to control the link circuit equipment in a manner
such that calls from substations arranged for
restricted service cannot be extended to the
restricted trunks. By virtue of this arrangement,

‘the restriction as to trunk calls is on an indi-

vigual trunk basis as contrasted with the trunk
group marking arrangements known to the prior
art. The advantage of the present arrangement
resides in the fact that both non-restricted and
restricted trunks may be terminated in the same
line groups.

The marking paths individual to the subscriber
lines and extending to the contacts of the finder
switches ave also utilized to control the timing
relays of the links. More specifically, a relay net-
work is provided for intermittently transmitting
ground pulses over these paths. These ground
pulses, as transmitted to a seized link, are utilized
to render the conversation and permanent timers
ineffective to release the seized link.

The marking path extending from a repeater
terminating a restricted trunk to the outlet con-
tacts of the connector switches includes one of
two control conductors extending between the
repeater and the outlet contacts of the connector
switches. In accordance with another feature
of the present invention, the control conductor
forming a part of the marking path indicating
a restricted trunk is also utilized for controlling
the trunk selecting operations of the connector
switches. More specifically, relay means are pro-
vided in the repeater for interrupting the mark-
ing path and for conneciing the two control leads
together incident to the seizure of the repeater
by one of the connector switches.

In accordance with another feature of the
present invention, the timing equipment common
to the finder-connector links is connected with
the links over a single control lead, this lead being
utilized both as a start lead over which operation
of the timing equipment is initiated, and as a
control lead over which the timing pulses are
transmitted to the links. More specifically, this
lead is included in the circuit for energizing the

‘start relay of the timing equipment, the arrange-
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ment. being. :such  that: this:start: relay: remains: "
" operated-toprevent ‘the release -of the ‘timing..:

equipment during.:pulse:-transmission: over sthe
control-.lead tot the:automatié switching -equip= -
ment;

Thenovel features-believed to be characteristic:-
of~the invention-are set-forth with Pparticularity -
inithe appended: claims. . The invention, both as-:-
totits erganizatioh and method-of operation; o=~ -

gether.-with -further- objects -and advantages:

10t

thereof,-will best: be understood by reference to’ -
thespecification-taken ‘in connection -with the -
accompanying drawings, in which Figures-1 to -
10;: inclusive, -when- combined - in-- the: manner -

illustrated- in -Fig. 11, illustrate an automatic
telephone system having embodied- therein -the -
features of-the-invention -briefly-cutlined- above.

15+

Motre-specifically, Fig. 1 illustrates the lire equip= -~
ment serving two-of thé subscriber lides -of the -

system, :the  link ‘distributor,-and; in diagram=

20

matic-form, one-of the finder switches at which -

the llustrated lines terminate; Fig. 2 illustrates

a relay network-which is utilized for controlling
the-restricted service and timing relays of “the -

links;-Figs.-3 to-6, inclusive; and 10 illustrate the

connector-end of the link comprising the finder

shown in Fig. 1; Figs.'7 and 8 illustrate the re-

peater terminating one of the inter-offiée trunks

of ‘the system; and Fig, 9 llustrates, in partially".
schematic form, the timing and tohe equipmeént
common-{o.the link circuits;

Referring now more particularly to the draw-
ings, the telephone lines and automatic switch-
ing -equipment there illustrated may . comprise,
for example, a small exchange, commonly known .
as a community automatic ‘exchange or.C. A. X.,-

o5

-30°

which is designed to serve a suburban area of. -
limited population and is geographically adjacent -.

8 larger.city or town served by a central .ex-
change. More specifically, the exchange. is illus-.

40

trated as being connected with a distant central

automatic exchange 35 by .means of.a group of .

trunks. including . the trunk 26. This. trunk is .

~r

terminated. in the C. A. X..exchange:in a re-
pepter 30, The subscriber substations served by

45

the .automatic switching .apparatus illustrated - .
may.be arranged .for -three different classes of -
service, . For. example, the line 9, which extends. -

only.to the substation.A and.terminates.in the
exchange in. a line cireuit, 10, may be arranged

50°

for unlimited central exchange trunk service, and -
alsp.for local calls of unlimited duration. The -

other, illustrated subscriber. line 16, which ter-

minates in the exchange in the line circuit 29, is

of the multiparty type, this line being arranged -
to serve the two substations B and C. These two

55

substations. may be arranged for- either semi~ -
restricted -or fully restricted service.: For exam- -

ple, the substations B and C may be arranged so
that. central office trunk calls over the restricted

607

trunks. are prohibited, but local connections . :
established - through the - automatic switching -
equipment of the C. A. X. may be held for un-=- .
limited - periods.- Alternatively, ‘the. subscribers :+

at the substations B and C may. be.prohibited:
both from routing calls over the restricted central
office trunks, and also from holding local call
connections -for unlimited periods.: The particu=
lar type;of service provided for the various sub-
stations is determined: by the wiring arrange-
ment: of : the-line-circuits' individual to ‘the lines
with which the substations are associated.  ‘More

70"

specifically, -if all.of ‘the substations: associated &
with:a particular.line are to be denied central

office-trunk:service, the line circuit: termindting:-
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vided:in the restricted-service and tithe: blockin

+acter:-of the- associated line.: These.line. circuitsis

‘RI20°and-RI18, respectively. Similarly, the:ling:.:

3

this‘lide is°previded-with an g ¢ marking Ppath.-
extending:to' thé-firider-E.1C L contaiet bank land s
having' resistance battery potential dpplied:thres.
to through thewinding -0fonsiof the relays: PRO=

relay network -25!%.Ifithé subseribers Servedaby:v
theiline {6 are also to'be restricted asito the durs
tion:of-local call ‘connections; the:E. C: marking:
path just mentioned is’arranged.to have grovund--
bulses intermittently- applied:-thereto: throughii
operation:of- the relays: in--the relay-network:25:%-
The-subscriber -lines:terminatitig -ay the. ex-.-
change may be of -several. different: types. - Fofi
example;: the:line«$ :and. the substation Cequipwoe
ment: conneected to. this: linevmay:-be:igrranged:s
for:either. simplexor- loopueircuis conirel .of-theic
aubomatio---switch’ingf»;»’equipm'ent',-u and-! may bei
either an-exiremelyilongiline-ora relatively:shor
line.s: Further, the'substation apparatus provided s
at:-the:substation: A may- be-of theé. conventiongls:
comron battery. type or of the.conventionallocalt:
batiery: type..: Similarly;:the line (g may:elof.
the - full’ metallig: type .employing: two line.cont:-
ductors; . or may:be of thie.ground return type uti-i:-
lizing 'a ‘conductor .as: one-side:-of ‘the:line and:
ground-as:the: return side-of:the: line;: Inthest
llustrated -arrangement, thedine 9 is.shown: asge
being:of ‘the full: metallic-type; and: the:line {6 4
as-being of the.ground return types In prdep to:o
adapt the automatic 'switching’--:equipm‘gnt: for::
control overithe lines-of different types, different .
wiring -arrangements. are: utilized' in: the:line ci
cuits, the:particular type: of wiririg:.of -each:ei
cuit being- determined by the: particular:cha

are substantially conventional:in. so-far as:the.re~:-
lay. equipment embodied -therein' is concerned;.-.
Tlius, the line circuit-10 comprises the usual linej::
cut-off- and.-lockeut - relays indicated -at /R 13055

circuit 24 terminating the line .16 is provided withiis
a line relay RI179;.a cut-offirelay R{8Y; :and a
slow-to-operate lockout relay Ri50.

The automatic switching apparatus provided: inss
the exchange for setting up- connections. between:.:
the various lines. and trunks terminating: thereat, :.
comprises a plurality -of finder-connector linksos
each having a contact bank. capacity of one hunv: .
dred lines. The illustrated link is shown as com=i:
prising a finder switch {i-and a connector switeh
40. " For the purpose of assigning these: inks tos.
the-use of calling:lines in-a defidite order; there
is ‘provided .a -distributor. 22, preferably. of:the:
preselective type, which is arranged to'initiate the'
‘operation of the finder portion of a preselected
link to-search:fot a calling line in response to:?
the application ‘of ground. potential to the digs
tributor start lead: 17: : Since the.finder switch'ii
i1:and the distributor:2% may be of conventional .
construction. “and - wiring arrangement, . these -
switching units have been only schematically /il-’
lustrated in-the drawings. The connector switch
40-1s illustrated -in Figs. .3, 4, 5, 6 and 9 of the
drawings as being ‘of the well-known ‘Strowger:

“type, employing a Strowger switching mechsnism -

having -its contact field divided into four banks::
each including ten levels .or rows of bank cons=:

tacts. Preferably, the lowermost levels are re.-

served for the termination: of subsecribérlines, =.
branch exchange trunks and one or'more central:-
exchange trunk: lines extending to a tolbs opers:-
ator switchboard in the distant central exchange. *
The uppermost levels of the connectoi switch- arers
used to terminate the regular or restricted:cen
tral-éxchange. trunks. over :which: the subseribers s
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having unrestricted service may route connec-
tions to the central office subscribers without the
intervention of a toll operator. For example,
the tenth level of bank contacts in the connector
switch 40 may be reserved for the termination of
trunks of the last-mentioned group.

Referring now in greater detail to the connec-
tor switch 40, the Strowger switching mechanism
of this switch comprises the above-mentioned
contact field at which the conductors of the lines
extending to the C. A. X, are terminated; a set
of wipers 660 to 663, inclusive, and the usual
vertical and rotary magnets 408 and 449, respec-
tively, which are operative in conjunction with
their associated ratchet and pawl mechanisms,
not shown, to impart vertical and rotary move-
ment to the wiper carriage structure. This
mechanism is also equipped with vertical off-
normal springs 414, 415, 416 and 468, which per-
form various circuit control operations described
with particularity hereinafter. The switching
mechanism further comprises a release magnet
407 which, when energized, permits the wipers
of the switch to be returned to vertical and ro-
tary normal in the usual manner; and normal
post springs 419 and 468’, which are arranged
to be moved off normal from the normal posi-
tions shown in the drawings in response to eleva-
tion of the wipers 660 to 663, inclusive, to one or
more predetermined vertical off-normal positions
and perform additional circuit control opera-
tions described with particularity hereinafter.
The equipment for controlling the vertical, ro-
tary and release magnets of the switching mech-
anism, and for performing the auxiliary control
operations required incident to the setting up of
the various types of connections referred to
above, includes a pair of line relays R360 and
RA440 which are normally connected to be ener-
gized in series over the two talking conductors. of
the trunk 326 incoming to the connector switch
40. This equipment further comprises a slow act-
ing hold relay R310, a slow-acting hold slave
relay R330, a reverting call relay R310, a slow-
acting control relay R329, a link release relay
R340, a switch-through relay R350 of the two-
step type, a calling simplex relay RA410, a battery
reversing relay R428, a lock-pulse relay RA430, a
digit transfer relay R450, a pair of slow-acting
pulse controlled relays R460 and RA70, and a
combined ringing and trunk-hunting control re-
lay R480. Additional control relays embodied in
the connector switch and shown in Figs. 5 and 6
of the drawings include a second digit transfer
relay R510, a slow-to-operate, slow-to-release
ring cut-off relay R520, a busy test relay R539,
a ring pickup relay R540, a restricted service con-
trol relay R550, an alternating current ringing
control relay R569, a pair of back-bridge relays
R510 and R6!9, a called simplex relay R€20, an
idle test relay R830, a slow-to-operate conversa-
tion timing relay R640, and a slow-to-cperate
line-switching relay R650. Selection of the ring-
ing code which is to be utilized in signaling over
a called multiparty line is accomplished through
the provision of a minor switch 45, which also
functions as a conversation timing switch after
the ringing period is ended and a talking circuit
is established through the connector. This switch
also functions tc determine the side of & selected
line over which ringing current is to be projected
in signaling over a called multiparty line ar-
ranged for divided ringing. More specifically,
this switch is of the eleven-point type and in-
cludes three wipers 1000, 1001, 1002, the usual
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operating and release magnets 1004 and 1007, re-
spectively, and off-normal springs 1005 and 1006. -

The inter-office trunks connecting the ex- .
change illustrated with the distant automatic ex-
change 35 are of the two-way type arranged to
handle calls routed in either direction thereover,
and each thereof is terminated in the CAX in a
two-way repeater. 'Thus, the trunk 36, which
terminates in the repeater 30, has access to the:
links of the CAX over a link line 34 which ter-
minates in a line circuit 3(. Briefly described,
the repeater 30 comprises a pair of line relays
R120 and R853, a slow-acting hold relay R820,
a slow-to-release hold slave relay R830, and a
group of control relays R840, R870 and R860,
the first two of which are of the slow~to-operate
type, and the last of which is of the slow-acting
type. The relay equipment of the repeater
further includes a battery reversing relay RTI0,
a calling simplex relay R130, a slow-acting pulse
controlled relay R140, an electro-polarized back-
bridge relay RI150, a line-switching relay R880,
and three lock-pulse relays R160, RT10 and R810
which are provided for impulse correcting pur-
poses. The various enumerated relays are inter-
connected by control circuits which are described
with particularity hereinafter.

The equipment common to the finder-connec~
tor links provided in the exchange includes the
usual ringing current generator and a ringing
interrupter for interrupting the alternating ring-
ing current in accordance with the various ring-
ing codes. The ccmmon equipment also includes
tick-tone generating equipment 52, dial and busy-
tone generators 69, a conversation timer 53 and a
permanent timer 51, These four units may be
of conventional arrangement and, accordingly,
have been only schematically illustrated in the
drawings. The control circuits for these units
are, however, novel in character and, accord-
ingly, the details thereof have been shown.
More specifically, the control circuit for the per-
manent timer 51 and the tone generator 60 com-~
prises a relay R810 which is so connected and ar-
ranged that a single control lead CA496 is utilized
for the purpose of initiating the operation of the
timer 51 and for the purpose of transmitting
timing pulses to the various links. Similarly, the
control circuit for the tone generating equip-
ment 52 and the conversation timer 53 comprises:
a slow-to-release start relay R920 and a pulsing
relay R830, these relays being so connected and
arranged that a single lead C619 is used for
initiating the operation of these two units and
for the purpose of transmitting timing pulses
to the link circuits. '

The equipment common to the links and line
circuits further includes the restricted service
and time blocking relay network 25. Briefly de~
scribed, this network includes a plurality of line
relays R240, R250 and R260, which are individual
to the lines with respect to which restricted
service or time blocking is required, and a plu-
rality of slow-acting relays R210, R220 and R230,
which are common to the lines with respect to
which such service restrictions are imposed.

Locar CALLS

Referring now more particularly to the opera-
tion of the apparatus to set up a local call con-
nection between two of the substations terminat-.
ing at the C. A. X,, it may be assumed, for ex-
ample, that a call intended for the substation C
is initiated at the substation A. In order to
initiate the call, the calling subscriber removes
the receiver provided at the substation A from
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its:supporting hook or cradle, thereby to complete
& circuit for energizing the line relay:R(39 in the
usual manner. The. circuit over which this line
relay is-energized is different, depending upon
the wiring arrangement utilized in the line cir-
cuit 10. Thus, if the substation equipment pro-
vided at the substation A is wired for simplex
control of the automatic switching equipment
provided in the exchange, the terminals {45 and
141 are connected together, and the terminals
44 and 145 are connected together. If the line
9 is of the loop or ground return type, or is of
the simplex type and the loop resistance thereof
is’less than 3500 ohms, the relay R130 is equipped

with windings each having a resistance of 209 .

ohms. If the line is of the simplex type and
the loop resistance thereof exceeds 3500 chms,
the relay R138 is equipped with windings each
having a resistance of 1200 ohms. When the
above-described wiring arrangement is used, one
branch of the operating circuit for the relay
R139 extends from ground through the springs
of the hook switch provided at the substation A
by way:of the positive line conductor &b, the con-
tacts 122, the strapped terminals 145 and 144,
the lower winding of R{392 and the strapped
terminals (47 and 148 to battery. The other
branch -of this circuit extends from ground
through the springs of the hook switch provided

at the substation A by way of the negative line
conducer 8a, the contacts 121 and the upper ~

winding -of R130 to battery. On the.other hand,
if the eaquipment provided .at the substation A
is arranged for loop control of the automatic
switching apparatus provided in the community
exchange, the terminals 143 .and 144 are strapped
and the terminals (4T and 148 are strapped.
With this wiring arrangement, the operating cir-
«cuit for the line rely R120 may be traced as ex-
tending from ground by way of the strapped
terminals 143 and (44, the lower winding .of
RI130, the strapped terminals {47 and 148, the
contacts 122, the conductor 85, the bridge across
the conductors 8 and 9a at the substation A,
the conductor 9a, the contacts 121 and the upper
winding of R130 to battery. In order more com-
pletely to describe the different wiring arrange-
ments of the line circuits, it is pointed out that
if the line (6 is of the simplex type or is a rela-
tively short ground return line, the line -circuit
29 is wired in the manner described above with
reference to the line circuit (8 in .considering
simplex control of the line relay RI39. More
specifically, in this case the terminals 188 and
181 are strapped, the terminals 190 .and 161 are
strapped, and the termianls 186 and 187 are
strapped. On the other hand, if the substations
served by the line {8 are arranged for locp cir-
cuit control .of the automatic switching equip-
ment, the terminals 188 and {81 are strapped,
the terminals (84 and {85 are strapped, and the
terminals 488 and 428 are strapped. As a further
-alternative, if the line 18 is of the ground return
type, 2 wiring arrangement is utilized which
comprises the strapping of the terminals 180 and
182, 183 and (35, 188 and 187, and 199 and {54,
respectively, With this wiring srrangement, the
relay R118 is energized over a .circuit including
the grounded conductor 82, the contacts 151
and the two windings of RITA in series when a
call is initiated at one of the substations B and C.

Continuing row with the operation of the line
circuit 19, when the line relzy RI39 ig energized
over any one of the circuits traced above, it oper-
ates to complete, at its contacts 131, an obvious
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circuit :for -impressing ground potential upon the
private conductor 9¢, thereby to mark the line 8 as
busy in the bank contacts of the connector
switches. At ‘its contacts (32, the relay Ri30
opens the eircuit for energizing the cut-off relay
R120 when the line 9 is seizeq through the con-
nector end of one of the links. At its contacts
1383, ‘the relay R13080 completes a path including
the winding of the relay RI20 and the contacts
112 for impressing negative battery potential upon
the marking conductor 94, thereby to identify the
line 9 as a calling line in the bank contacts.of
the finder switches having -access thereto. At
its contacts 134, the relay R130 completes a path
including the contacts 114 for impressing ground
potential upon the distributor start lead {1.
When this lead is grounded, the control equip-
ment of the -distributor 22 -operates in a well-
known manner to cause the finder portion -of
a previously assigned link to seize the calling line
9. Assuming that the link illustrated, namely,

-that comprising the finder switch 1 and the con-

nector ‘switch 40, has previously been selected
for use by the distributor 22, the wipers of the
finder switch 41 are first elevated to a position
opposite .the level of contacts terminating the
line 9 and. are then rotated to engage the contacts
terminating the conductors 8a, §b and 8d. When
the line 9-is found in this manner by the finder
switch [1,-the control equipment of the finder
switch -operates to -extend the calling circuit

through to the connector portion of the link and

to connect the marking lead 8d to the control
conductor 826¢ of -the trunk 326 incoming to
the connector switch 49. In responseto this cut-
through-operation of the finder switch {1, both of

the line relays R360 and R448 are energized. As-

suming that.the line‘9 is arranged for loop circuit

-control of the automatic switching equipment,

the relays R440 and R360 are energized in series
over a circuit which extends from ground by way

-of the winding of R449, the contacts 413 and 423,

the repeating coil winding 4093, C$5, the contacts
354 and 312, the trunk conductor 3265, the posi-

tive line wiper of the finder switch (#, the ¢on-

ductor 9b, the bridge across the conductors of
the line 9 at the substation A, the conductor 9,
the negative wiper of the finder switch 11, the
conductor 326a, the contacts 311 and 2352, C63,
the repeating coil winding 421, the contacts 421,
C64 and the winding of R380 to battery. When
energized over this -circuit, both of the line relays
operate. In the event the line 9 is arranged for
simplex control of the automatic switching equip-
ment, the line relay R363 is initially energized
over g circuit extending from ground at the sub-
station A by way of the conductor 8a, the nega-~
tive line wiper of the finder switch [ 1, the conduc-
tor 326a, the contacts 311 ang 352, C63, the re-
beating coil winding 481, the contacts 421, C64
and the winding of R369 to battery. The other
line relay R440 is energized in parallel with the
positive side of the line 9 and in series with the
lower winding of the line relay R{30 over a cir-
-cuit which extends from ground by way of the
winding of R440, the contacts 413 and 423, the
winding 403, -C€5, the contacts 354 and 23i2, the
conductor 326b, the positive line wiper of the
finder switch I, the contacts 122, the strapped
terminals (44 and 145, the lower winding of R130
and the strapped terminals 147 and 1485 to bat-
tery. It will further be noted that in the event
the calling line is of the ground return type,
the relay R449 is energized in series with the
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lower winding of the line relay RI130 over the cir-
cuit just traced. :

The relay R440, in operating, closes its con-
tacts 441 to prepare the operating circuit for
the digit transfer relay R450. At its contacts
443, the relay R440 completes a locking circuit
for itself which extends to battery through the
resistor 418, the off-normal springs 417 and-the
winding of the release magnet 407. The resist-
ance value of the resistor 418 is such that the
release magnet 407 is insufficiently energized to
operate when this circuit is completed. At its
contacts 442, the relay R440 opens a point in one
of the paths for short-circuiting its own wind-
ing. At its contacts 444, the relay R440 opens a
point in the operating circuit for the calling sim-
plex relay R410. The line relay R360, upon oper-
ating, closes its contacts 36i to complete a cir-
cuit for energizing the lock-pulse relay R430, this
circuit extending from ground by way of the
contacts 342, 325 and 36(, CT15 and the winding
of RA30 to battery. At its contacts 363, the relay
R360 prepares a holding circuit for the hold
relay R370. At its contacts 362, the relay R360
opens a point in a priming circuit for itself.

The lock-pulse relay R430, upon operating,
locks to ground over a path including C73, the
contacts 361, C91, the contacts 433 and the resis-
tor 428. At its contacts 431, the relay R430 opens
a point in the common portion of the circuits
over which the vertical magnet 408, the rotary
magnet 409, the operating magnet (004 of the
minor switch 45 and the relays R460 and RA4T0
are energized during the transmission of im-
pulses to the connector switch. At its contacts
432, the relay R430 completes a circuit for ener-
gizing the slow-acting hold relay R3170, this cir-
cuit extending from ground by way of the con-
tacts 382, C81, the contacts 432, C83 and the
winding of R310 to hattery.

The relay R370, unon operating, closes its con-
tacts 371, to complete the operating circuit for
the digit transfer relay R450, this circuit extend-
ing from ground by way of the contacts 342 and
371, CT{. the contacts 441. the off-normal springs
468 and the winding of R450 to battery. At its
contacts 371, the relay R3T0 also prepares the
operating circuit for the line switching relay
R650 and additional operating and locking cir-
cuits described more fully hereinafter. At its
contacts 372, the relay R310 completes a path
including the contacts 342 for impressing ground
potential upon the release conductor 326¢, there-
by to prepare certain locking and operating cir-
cuits subsequently referred to in detail. When
ground potential is applied to this conductor, a
holding circuit is provided for the cut-through
relay of the finder switch i1, the slow-acting con-
trol relay R320 is energized over an obvious cir-
cuit, and the cut-off relay R128 is energized over
a circuit including this conductor, the test wiper
of the finder switch and the contacts 133 and
1{2. At its contacts 313, the relay R370 further
prepares the above-mentioned priming circuit
for the line relay R360. At its contacts 374, the
relay R310 prepares an operating circuit for the
idle test relay R630. At its contacts 375, the
relay R370 completes an obvious circuit for ener-
gizing the slow-acting hold slave relay R330, At
its contacts 316, the relay R370 opens a point in
a path traced hereinafter, over which ground po-
tential may be impressed upon the positive line
wiper 661 of the connector switching mechanism.

The digit transfer relay R450, upon operating,
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locks to ground over a path including the off-
normal springs 468, the contacts 453, CTl and the
contacts 371 and 342. At its contacts 454, the
relay R450 prepares an alternative locking cir-
cuit for itself. At its contacts 451 and 4358, the
relay R450 prepares the above-mentioned circuit
for energizing the vertical magnet 488 and the
pulse controlled relay R4T0 in parallel. At its
contacts 852, the relay R450 opens one of the
alternative circuifs for energizing the pulse con-
trolled relay R4T0. At its contacts 459, the relay
RA450 cpens a point in one of the operating cir-
cuits for the pulse controlled relay R460, At its
contacts 457, the relay R459 prepares one of the
operating circuits for the trunk-hunting relay
RA482. At its contacts 459, the relay R450 opens
a point in the common portion of the operating
circuits for the rotary magnet 469 and the op-
erating magnet 1084 of the minor switch 45. At
its contacts 457’, the relay R450 prepares a cir-
cuit for energizing the calling simplex relay R414.
At its contacts 458°, the relay R450 opens a point
in the circuit for transmitting busy and tick-tone
currenis over the calling end of the connection.
At its contacts 459’, the relay RA459 completes
a circuit for transmitting dial tone current over
the calling end of the connection. The circuit
traversed by the dial tone current may partially
be traced as extending from the ungrounded ter-
minal of the dial tone generator by way of C468,
the contacts 459’, the condenser 445, the contacts
467, C92 and the repeating coil winding 402.
This current is, by induction, repeated through
the windings of the repeating coil to the calling
circuit and is reproduced by the receiver provided
at the calling substation to indicate that the
dialing operation may be started.

The hold slave relay R330, upon operating,
completes a multiple path for impressing ground
potential upon the release conductor 326¢, this
path including the contacts 342, 316 and 335. At
its contacts 334, the relay R330 opens a point in
the cperating circuit for the reverting call relay
R319. At its contacts 331, the relay R330 pre-
pares the above-mentioned path for impressing
ground potential upon the positive line wiper
661 of the connector switching mechanism, At
its contacts 333, the relay R330 prepares a path
for short-circuiting the conversation timing re-
lay R640 and the lower winding of the link re-
lease relay R340, and prepares another operating
circuit for the busy test relay R538. At its con-
tacts 336, the relay R330 prepares 2 locking cir-
cuit for the link release relay R348. At its con-
tacts 332, the relay R330 completes a circuit for
energizing the upper winding of the link release
relay R340 in series with the upper winding of
the permanent timer start relay R910, this cir-
cuit extending from ground through the upper
winding of R9{0 by way of the combined time

pulse and start lead C486, the contacts 425, C69,

the contacts 332 and the upper winding of R340
to battery. Due to the high resistance of the
upper winding of the relay R810, the relay R340
does not operate when this circuit is completed.
The relay B389, however, operates to complete an
ohvious path for grounding the permanent tinev
start lead 55, thereby to initiate the operation of
the permanent timer 51 in the usual manner.
At its contacts 813, the relay R910 completes ah
obvious path for grounding the start lead §3,
whereby operation of the dial and busy tone gen-
erating equipment 66 is initiated.

The slow-acting control relay R320, upon op-
erating, closes its contacts 322 to prepare the
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niabove=mentioned-operating:cirenit:for:the-revert-
wing:call-relayR310. ; Ab its contacts:321 ;the relay
»R320 prepares:one-of ithe circuits -for -energizing
-¢thevidle fest: relay: R639. - At:its contacts 323;-the

~relay:R320 further prepares:the previously men-:

' «tioned priming: circuit: for: the Yne relay R350,.and
«-completes- a-locking --circuit : for. -the ‘hold-relay
irR310. The :last~-mentioned: -circuit extends: by
- way..of - the-.grounded hold -conductor €81, -the

s

scingeircuit s traced :above; and:opens dts- con-
wbacts 441 o intermupt rthe: preéviously -traced op-

erating circuit for the digit-transfer relay  R458.
+aAtitscontacts 444, the relay RA440 completes the
wRrepared operating. circuit for the calling simplex
lay R4 8, this: circuit extending: from:ground by
vay-of:thecontacts:A6T1: :and 444, the lower wind-
wingiof R410 :and the:off-normal. springs 444 to
rbattery, wWhen:thus- energized, the calling -sim-

contacts 223, 355 and 363, and the-winding- of '1(L:plex relay R410-operatesand locks to the grounded

++R310.to.battery. At its-contaets:.324,. the relay
7:R320 opens a:point in:the common: portionof the
. eperating.circuits for the release magnets 487.and
--k007. .~ At.its.contacts 325, the-relay. R320. inter-
- rupts,the.previously traced.operating :circuit.for

:the. lock-pulse-relay. R439. . Rolowing: the epera-
-:tion of-the relays RAa80, R446, R420,-R450, R370,
-«R330 and R320-in the manner just-explained, no
~further: operation-of the.link -circuit cequipment

rerelease :eonductor: 326c:over 3: path including. its
tpreliminary. make..contacts 412. .At its contacis
813, therelay: R440 interrupts a-point in the com-
~:mon: portioniof the:above-traced:cperating.circuit

s1svandishort-circuiting path for the relay R243. (At

.-its. contaets '4l1; the -relay: R418 completes. the
~second:braneh.-of :the. circuit for -energizing . the
Jine-relay R350 -ever the two .sides of:the line 811
.-in parallel;in the event. this line is-of the simplex

~=ogeurs: until:the..dialing -operation is:started .at..20.:type...More, specifically, this second branch may

.-the calling+substation or. the.link:is: forcibly re-
r:leased .- under: -the. control of: the ..permanent
. bimer B{.

~When the cut-off relay.RL20-is -energized,. it
-«operates locks. to.the .grounded release -conduetor
~-320¢c:over a.path including.the contacts .24 and
the test. wiper-of. the.finder..switch di. -At.its
«..contacts 125, .the relay R.420 completes.an obvious
~:cireuit. for-energizing. the:slow-to-operate lockout

r.be.traced: as: extending .from ground at the. sub-
.-station..A: by. way: of .the. line conductor.2b, the
-..positive, line. wiper ..of. the. finder. switch Ii, the
4runk. conductor -326b, the contacts 312 and 354,

-25- €68, .the winding. 483, the contacts 423 and 411,

--C84.-and:the.winding .of R380 to battery. Thus,
--the resistance. of.: the..calling .circuit. over which
-:bhe line.relay R350.is. energized.is materially re-
--duced in response.to.operation of.the calling sim-

i-relay RLID. - At:its.contacts. [21. and £22, the re-  x, .plex.relay RA10,

:~lay R128 disconnects: the windings of the line.re-
11ay-R430 from the conductors.of the line 8, there-
~by te.clear the line.of .the imnedance.represented
.- by these windings. . i At itsccontacts: 122, the relay

.. Bhortly. .following the .operation of the call-
.ing simplex .relay R&10 _in .the manner pointed
out_.above, .the. slow-to-operate lockout relay
"RI1ID operates. and .opens its contacts 11l .to

--R128.also interrupts: the -previously -traced..op-.ys inerrupt the ‘above-traced path short-circuit-

-.erating:.circuit-for:the line-relay: R440, assuming
«the.line 8.to.be of the simplex.cr ground return
type. When the line relay-Ri#3%.is. thus deen-
-ergized, . it -restores. fo-interrupt, at: its contacts

-

ing the line relay R440. " At its contacts 112,
“the relay R110.opens a fufther point in the op-
erating..circuit for the cut-off relay Ri20.. .At

“.its contacts 13, the .relay R110 prepares a lock-

.~=.I§3l,.\the~:initially;completed ‘path for,.grounding.d4u ing 'circuit.for itself. At its contacts i1 4, the

- the private .conductor. 8o of: the .line:. 9. . At.its
-~contacis 1232;:the relay Ri30.completes -an.alter-
_-native path for impressing ground:potential upon

.this - private...conductor, -which -path. extends

"relay R110 opens ancther point in the path for
connecting “"the “distributor start. lead 17. to
.ground.

< Upon .receiving. the. dial. tone signal in the

-ithrough. the .contacts.. 124 to.the grounded .tests 48- manner pointed out above, the calling subscriber

~-wiper. of: the. finder. switch :if.. At:its-contacts

433, the-relay. R 3% .interrupts. the operating :cir-

. -cuit for the..cut-off relay RL20. .. At.its contacts

~134,-the relay Ri30.disconnects the. distributor

.:start.lead 171 from. ground and.opens: a-peoint:in
--the.locking eircuit.for:the: lockont relay RI40.

 Inrthe-event the line 9 is:of-the 'ground return

- --0r. simplex .t¥pe; a-path including.the ‘make con-

~tacts 123 of the cut-off.relay.Ri420, and the break

“may. proceed to..dial the three digits of the
“directory. number designating ‘the desired sub-
..station "C. "The!first two of these digits are
~utilized to" direct the wipers. of the ‘connector

“60-switch . 48 “into ~engagement with the contacts

~terminating the conductors. of the called line
‘16, -and “the third digit -is utilized to direct the
~wipers- of “the code: selecting .and conversation
‘timing-sWitcly /8% to-the position corresponding

contacts 11 of.the lockoub.relay.RF18; is provided- g5 to the code ‘designating the desired substation

~for transmitting a: control pulse ever. the-positive
~talking .conductor 8 .and the positive side of-the
~trunk 325. This eontrol pulse is utilized to:short-
-:cireuit the line relay R440. ..0n the other hand,

“C. " The line Yelay'R360 and the lock-pulse relay
“RA38-follow the-impulses of the three digits and
““function to-repeat the impulses of the first digit
toithe-vertical magnet ‘488 and the relay RAT

«1f the line 8 is arranged.for.loep control: of the; gq-in- parallelover ‘the above-mentioned pulsing

sautomatic switching equipment, this pulsing-path,
-controlled. by :the cut-off sand. lackout relays..in-
«.[dividual to'the line 8, is.omitted fzom: the Jine.cir-
ceuit 19, ~When the ftlustrated- circuit. - wiring is

< provided, the short-circuiting path just mentioned: g5 R480, causing:the: latter relay to restore.

= is completed at the contaets 123 when the cut-off
-relay Ri28.operates. ' This-path-may-be:traced.as
-.extending from ground by way of the contacts:l i1
--and 423, the positives wiper:of .the. finder-switch

- circuit. * More speéifically, -the relay: R860, upon
“irestoring: ‘at"ithe beginning - of - each impulse,
~opens-its contacts'¥6 1 to interrupt the previous-
iy traced locking circuit for theé lock-pulse rvelay
At its
icontacts 362, the relay” R360 -completes the pre-
wiviously-mentioned priming circuit for itself; this
~rcireuit :extending -by ‘way of ‘the grounded hold
~lead "C81the contacts’ 323, :358,.862 and- 813,

M the trunk -conductor: 328b,:the contacts: 312-7¢ sthe xesistor 371, C6T, the contacts 421, C54 and

--and 384, -C55, -the. winding 463, the:contacts 423
-and 413, and the winding.of R44% back to ground.
J When thus:short-circuited;:the relay R448 is:de-
--energized -and -restores. .In weleasing, the relay

~ithe winding-of-R369 to battery. -This priming
<.cireuit is. utilized-to-render ‘the relay R360 ex-
ceedingly-fast to-operate when the- calling loop,
simplex;or single:wire -circuit. is -recompleted-.at

12 R440 opens.its:contacts:#43 to:interrupt:itsilock="75:ithe calling :substation at:the-end: of the. open-
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circuit period of the impulse. At its contacts
363, the relay R360 opens the locking circuit for
the hold relay R370.

The lock-pulse relay R438, upon restoring at
the beginning of each impulse, opens its contacts
432 to interrupt the operating circuit for the
hold relay R370. Due to its slow-to-release
characteristic, the last-mentioned relay remains
operated during impulsing. At its contacts 433,
the relay R43) opens another point in its lock-
ing circuit. At its contacts 431, the relay R430
completes the circuit for energizing the vertical
magnet 408 and the pulse controlled relay R470,
in parallel. This circuit extends by way of the
grounded hold conductor C81, the contacts 323
and 355, C16 and the contacts 431 to the con-
tacts 458 where it divides, one branch extending
through the winding of the magnet 408 to bat-
tery, and the other branch of the circuit ex-
tending through the contacts 451 and the wind-
ing of RA410 to battery. When first energized
over this circuit, the relay R470 operates to com-
plete, at its contacts 472, an alternative locking
circuit for the relay R480, this alternative circuit
extending by way of the grounded hold lead C81,
the contacts 371, CT{, the contacts 635, C435, the
contacts 472 and 454, and the winding of RA53
to battery. At its contacts 4T1’, the relay R4T0
opens a point in one of the operating circuits
for the relay R460. At its contacts 413, the re-
lay RAT3 opens a point in the common portion
of the operating circuits for the busy test relay
R530 and the idle test relay R638. Af its con-
tacts 411, the relay RA4T8 completes an obvious
path for short-circuiting the winding 481 of the
repeating coil, thereby to reduce the resistance
of the pulsing circuit over which the line relay
R3EN is energized under the control of the calling
device provided at the calling substation A. Due
to its slow-to-release characteristic, the relay
RA10 remains operated during each digit and re-
stores shortly after the digit is ended.

The vertical magnet 488, upon operating, ele-
vates the wipers 660 to 683, inclusive, to the first
vertical off-normal position and closes its con-
tacts 498’, to prepare an alternative operating
circuit for the lock-pulse relay R430. In response
to this movement of the switch wipers, the off-

normal springs 414 are opened further to inter- :

rupt the operating circuit for the calling sim-
plex relay R410, the. off-normal springs 415 are
closed to prepare or complete a path including
the contacts 426 and 442 for short-circuiting the
winding of the line relay R440, and the off-
normal springs 468 are opened to interrupt the
operating circuit and the initially completed
holding circuit for the digit transfer relay R450.
At, the off-normal springs 4171, the previously
traced locking circuit for the line relay RA440
is interrupted. causing this relay to restore, if
operated. Af the off-normal springs 416, the op~
erating circuit for the release magnet 497 is pre-
pared. In restoring, the relay R440 opens its
contacts 443, further to interrupt its locking cir-
cuit, and closes its contacts 442 to complete the
short-circuiting path described above. When
this shert-circuiting path is completed, the wind-
ing of the relay RA40 is excluded from the call-
ing loop circuit over which the other line relay
R360 is energized, thereby to decrease the resist-
ance of the circuit for energizing the latter relay.
_ At its contacts 441, the relay R440 opens another
point in the operating circuit for the digit trans-
fer relay R450. At its contacts 444, the relay R440
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reprepares the operating circuit for the calling
simplex relay R4i0. From the above explanation
it will be apparent that if the line 9 is arranged
for loop circuit control of the automatic switch-
ing equipment, the line relay R440 is caused to
restore and the winding of this relay is excluded
from the calling loop circuit in response to the
dialing of the first impulse of the first digit of
the directory number designating the desired
substation.

At the end of the open-circuit period of each
impulse of the first digit, the line relay R350
reoperates to complete the above-mentioned al-
ternative operating circuit for the lock-pulse re-
lay R430, this circuit extending from ground by
way of the contacts 408’, C81, the contacts 361,
C15 and the winding of R430 to battery. At its
contacts 352, the relay R360 opens the above-
described priming circuit for itself. At its con-
tacts 363, the relay R360 recompletes the hold~
ing circuit for the hold relay R310. The lock-
pulse relay R430, upon reoperating, opens its
contacts 431 to deenergize the vertical magnet
408 and the pulse controlled relay RA470, closes
its contacts 432 to recomplete the operating cir-
cuit for the hold relay R310, and closes its con-
tacts 433 to recomplete its own locking circuit.
From the above explanation it will be understood
that the line relay R360, the lock-pulse relay R430
and the vertical magnet 408 interact in the exact
manner just described during each impulse of
the first digit. It will further be understood that
each time the vertical magnet 408 is energized,
the wipers 660 to 663 are elevated one step. Ac-
cordingly, at the end of the first digit, these wip-
ers are left standing opposite the level of bank
contacts in which the conductors of the called
line 16 are terminated.

During the inter-digit pause between the first
and second digits, the line relay R360 and the
leck-pulse relay RA28 are held operated for a
time interval in excess of the release period of
the slow-acting pulse controlled relay R470. Ac-
cordingly, the relay R4T0 is caused to restore.
In releasing, this relay opens its contacts 471 to
interrupt the path short-circuiting the winding
401 of the repeating coil, and closes its contacts
471’ to reprepare one of the operating circuits
for the pulse controlled relay R460. At its con-
tacts 473, the relay R470 reprepares the operat-
ing circuits for the busy test relay R530 and the
idle test relay R630. At its contacts 472, the
relay R470 opens the above-traced alternative
holding circuit for the digit transfer relay R458,
causing the latter relay to restore.

In releasing, the relay R450 closes its contacts
452 to prepare an alternative operating circuit
for the pulse controlled relay R470. At its con-
tacts 451, the relay R450 opens ancther point in
the initially completed operating circuit for the
relay R470. At its contacts 453, the relay R450
opens another point in its initially completed
holding circuit. At its contacts 454, the relay
R459 opens another point in its alternative hold-
ing circuit as traced above. At its contacts 455,
the relay RA459 prepares one of the operating
circuits for the pulse controlled relay R460. At
its contacts 458, the relay R450 opens another
point in the above-traced circuit for energizing
the vertical magnet 408 and the relay R410 in
parallel. At its contacts 459, the relay R450 pre-
pares a circuit for energizing the relays R460
and R470 in parallel with the rotary magnet 409.
At its contacts 4577, the relay R450 opens another
point in the incomplete operating circuit for the
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-talling simplex relay R410. At its contacts 458’,
the relay R453 prepares the previously mentioned
circuit for transmitting busy and tick-tone cur-
rents over the calling end of the connection. A%
its contacts 458, the relay R450 interrupts the
previously traced circuit traversed by the dial
tone signal current, thereby to terminate the dial
tone signal being reproduced by the receiver pro-
vided at the calling substation A. Following the
release of the relay R459, the link circuit equip-
ment is conditioned to respond to the impulses
of the second digit.

During the dialing of the second digit, the line
relay R330 and the lock-pulse relay R238 co-
operate to repeat the dial pulses to the relays
R460 and R410, and the rotary magnet 439 in
parallel. More specifically, the circuit over which
current pulses are transmitted to these control
elemenis extends by way of the grounded hold
lead C8!, the contacts 323 and 355, C18, the
contacts 431 and 489, C484, the contacts 634,
C87€ and the contacts 532 and 517 to C493 where
it divides, one branch extending through the
winding of the magnet 439 to battery, and a
second branch extending through the contacts
471" and the winding of R4450 to battery. A third
branch of this circuit extends from the conduc-
tor C310 by way of the contacts 531, C89, the
contacts 452 and the winding of R479 to battery.
When this circuit is initially completed at the
beginning of the open-circuit period of the first
impulse of the second digit, the relays R460 and
RA4T9 both opesrate. Upon operating, the relay
R4 closes its contacts 47{ to recomplete the
path for shert-circuiting the repeating coil wind-
ing 491, opens its contacts 47{’ to interrupt the
initially completed operating circuit for the relay
R480, and closes its contacts 472 to complete an
alternative circuit for energizing the last-men-
tioned relay. This alternative circuit extends by
way of the grounded hold conductor C81,. the
contacts 371, CT{, the contacts 635, C495, the
contacts 412 and 455, and the winding of R480 to
battery. Af its. contacts 473, the relay R470

again cpens a point in the operating circuits for 4

the busy and idle test relays.

The relay R480, upon operaiing, closes its con-
tacts 481 to complete a path for short-circuiting
the winding of the digit transfer relay R5i§,
this path extending by way of the grounded hold
conductor C31, the contacts 871, CT1, the contacts
635, C4835, the contacts 472, 455 and 461, C491,
the contacts §19°, the winding of R5i0 and the
contacts 528 to the grounded release conductor
326c. AL its contacts 482, the relay R463 pre-
pares a circuit for energizing the upper winding
of the ‘two-step switching-through relay R2380.
A$ its contacts 464, the relay RA46D prepares the
operating circuit for the busy test relay RE38.
At its contacts 463, the relay R469 opens g point
in the holding circuit for the busy test relay
R530. At its contacts 488, the relay R488 opens
a point in the cperating circuit for the idle test
relay RE§30. At its contacts 467, the relay R468
opens a point in the path for transmitting signal
currents over the calling end of the connection.
Due to the slow-to-release characteristics there-
of, the relays R419 and R480 remain operated
throughout the second series of impulses trans-
mitted to the link.

Each time the rotary magnet 489 is energized,
it operates to rotate the wipers 689 to 663, in-
clusive, one step, and closes its contacts 409’ to
prepare an alternative operating circuit for the
lock-pulse relay R439%. This alternative circuit
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is completed in response to the reoperation of
the line relay R360 at the end of the open-circuit
period of each impulse. Specifically, this circuit
extends from ground by way of the contacts 439,
C¢l, the contacts 381, CT5 and the winding of
R333 to battery. Each time the lock-pulse relay
R438 reoperates, it recompletes its holding cir-
cuit in the manner previously explained.

From the above explanation, it will be under-
stocd that in response to the impulses of the
second digit, the wipers 668 to 668, inclusive, are
rotated step by step until at the end of the digiz
they stand in engagement with the contacts
terminating the conductors of the called line [&.
During the inter-digit pause between the second
and third digits, the line relay R358 and the
locikz-pulse .relay R430 remain operated for an
interval in excess of the combined release pe-
riods of the relays R470 and R450. Upon restor-
ing, the relay R4T0 opens its contacts 472 to in-
terrupt the locking circuit for the relay R4a60,
and closes its contacts 471’ to reprepare the op-
erating circuit for the relay R869. At its con-~
tacts 473, the relay R47T6 reprepares the operat~
ing circuit for the busy test relay R580. At its
contacts £72, the relay R473 also interrupts the
above-traced path short-circuiting the winding
of the digit transfer relay R510, permitting the
last-mentioned relay to be energized in series
with the relay R480 over a circuit which extends
by way of the grounded release conductor 326c,
the contacts 529, the winding of R518, the con-
tacts §19', C481, the contacts 461 and the wind-
ing of R4EJ to battery. When thus energized,
the relay R518 operates and locks up in a circuis
including the grounded release conductor 325¢,
the contacts 512 and the resistor 519, After this
locking circuit is completed, the relay RE18 opens
its contacts 5i9” to interrupt its operating cir-
cuit and thus deenergize the relay R488, causing
the latter relay to restore. A% its contacts 811,
the relay R518 preparss the operating circuit for
the ring pickup relay R549. At its contacts §i4,
the relay RS0 opens a point in the common por-
tion of the paths for short-circuiting the timing
relay RE&40 and the lower winding of the link
release relay R348. At its contacts §18, the relay
REI0 prepares an alternative circuit for ener-
gizing the busy test relay RB33, this circuit only
being utilized in providing the restricted service
facilities described more fully hereinafter. At
its contacts 516, the rélay RS0 prepares the
operating circuit for the restricted service relay
RE88. At its contacts 511, the relay R51§ opens
8 point in the common portion of the above-
traced branch circuits for energizing the relay
RE&S0 in parallel with the rotary magnet 489, At
its contacts 58, the relay R5i8 pbrepares a cir-
cuit for transmitting impulses to the operating
magnet {884 of the code selecting and conversa-
tion timing switch 45. The release of the pulse
controlled relay RA480 in response o operation
of the digit transfer reiay R3i0 is without effect
at this time. ,

The impulses of the third digit dialed at the
calling substation are repeated by the line relay
R366 and the lock-pulse relay R438 to the pulse
controlled relay R470 snd the operating magnet
f084 of the switch 45 in parallel. In this case,
the pulsing circuit extends from the grounded
hold conductor C8i by way of the contacts 323
and 355, C16, the contacts 43! and 4588, C484 and
the contacts 634 to C570 where it divides, one
branch extending by way of the contacts 531, €99,
the contacts 452 and the winding of R479 to bat.
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tery, and the other branch exteading by way of
the contacts 532 and §i8, C311 and the winding
of the magnet 1804 to baftery. When thus ener-
gized at the beginning of the first impulse of the
third digit, the relay R4T0 again completes the
previously traced circuit for energizing the relay
RA460. The two reiays R43) and R4IC remain
operated until shortly foliowing the end of the
digit. Each time the operating magnet 1034 is
energized over the pulsing circuit just traced, it
cperates to step the wipers 1093, {601 and 1092
one step, and closes its contacts 1643 to prepare
ancther operating circuit for the lock-pulse re-
lay R433. When the enumerated wipers of the
switch &5 are moved cff normal, the off-normal
springs {603 are disengaged to open a point in
the operating circuit for the releass magnet 407,
and the off-normal springs 1838 are moved into
engagement further to prepare the circuit for
energizing the release magnet 1081, In the pres-
ent case, the lock-pulse relay RA30 is energized in
response to each reoperation of the line relay
R360 over a circuit which extends from ground
by way of the contacts 1883, C41, the contacts
361, C15 and the winding of RA430 to battery.
This relay, in reoperating, locks to ground
through the contacts 433 and the resistor 428,
and opens its contacts 431 to interrupt.the pulsing
circuit extending to the magnet 1084 and the
relay R1870. Thus, the magnet 1904 is energized
once in response to each impuise transmitted to
the link over the calling line. Accordingly, the
wipers of the switch 45 are, at the end. of the
digit, left in the off-normal position correspond-
ing to the code designation of the desired substa-
tion.
Busy test

At the end of the third digit, the pulse con-
trolled relays R4T0 and RA6C restore in the order
named. The operations which occur in response
to the sequential release of these relays depend
upon the idle or busy condition of the called line
16. In this regard it will be noted that if this
line is idle, the line, cut-off and lockout relays
of the line circuit 20 are at normal so that the
private conductor 16¢ of the line 16 is marked
with negative battery potential through the wind-
ing of the cut-off relay Rl 59. On the other hand,
if the line 16 is occupied with a call, the private
conductor 16c is marked with ground potential
over a path including the grounded test con-
ductor 16d and the engaged make contacts 1G4
of the overated cut-off relay R162.

Assuming that the called line 16 is busy at the
time it is selected in the manner explained above,
the relay R418, upon restoring at the end of the
third digit, completes the prepared operating cir-
cuit for the busy test relay R530, This circuit ex-
tends by way of the grounded private conductor
{Gc, the private wiper 683, C689, the wiper 1801,
C380 or C681 and the centacts 631, depending upon
the off-normal position occupied by the wipers of
the switch 45, C80, the contacts 4713 and 464, C554
and the upper winding of R530 to battery. When
thus energized, the relay R530 operates and closes
its contacts 5371 to prepare a locking circuit for
itself. At its contacts 531, the relay R530 opens
another point in the operating circuit for the
relay R419. At its contacts 9532, the relay R530
opens a point in the ccmmon portion of the
operating circuits for the rotary magnet 408 and
the operating magnet 1064, Thus, following
operation of the busy test relay R538, the magnets
408, 409 and {804, and the relays R480.and R410
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are prevented from responding to further opera-
tion cf the calling device provided at the calling
substation. At its contacts 533, the relay R530
opens the prepared operating circuit for the re-
stricted service relay RB58. At its contacts 534,
the relay R539 further prepares the operating cir-
cuit for the trunk-hunting relay RA480. At its
contacts 525; the relay R538 opens a point in the
cperating circuit for the idle test relay R530. At

) its contacts 538, the relay R530 prepares a lock-

ing circuit for the switching-through relay R350
and a path for connecting the release conductor
32Gc to the test wiper 6523. At its contacts 5238,
the rclay R530 opens z point in ancther of the
locking circuits for the switching-through relay.
R358. A% its contacts 53V, the relay R530 pre-
pares the circuit for transmitting busy tone cur-
rent over the ealling end of the connection. At
its contacts 538, the relay RE20-cpens a point in
the circuits for transmitting ringing current and
tick-tone current over the calling end of the con-
nection. At.its contaets 539’, the relay R530 pre-
pares an alternative locking circuit for the lock-
pulse reiay R439, which circuit is utilized only in
the event further impulses are inadvertently
dialed at the calling substation. Thus, if an addi-
tional digit is dialed at the calling substation after
the three digits of the directory number designat-
ing the desired substation are dialed, the line re-
lay R268, upon restoring at the beginning of the
open-circuit period of each impulse, opens the
locking circuit for the lock-pulse..relay R430,
causing the latter relay to restore. Thereafter,
and when the line relay R368 reoperates, the lock-
pulse relay R438 is energized over a circuit ex-
tending by way.of the grounded conductor csl,
the contacts 323 and 358, C16, the contacts 431
and 459, C48%, the contacts 634, C&70, the con-
tacts 5297, C31, the confacts 36t and C178 and
the winding of R430:to battery. When thus ener-
gized, the relay R430 locks to ground through its
make contacts 433 and the resistor 428, and then
opens its contacts 431 to interrupt the alterna-
tive operating circuit. just traced.

Shortly following the operation of the busy
test relay R336 in the manner pointed out ahove,
the slow-acting pulse. controlled relay R460 re-
stores. At its contacts 483, the relay R480 com-
pletes the. prepared locking circuit for the busy
test relay RS589, this circuit extending by way
of the grounded release conductor 326¢, the con-
tacts 531, C585, the contacts 465, C584 and the
upper winding of R530 to battery. At its con-
tacts 467, the relay R460 completes the prepared
circuit for transmitting busy tone current over
the. calling end of the connection. This circuit
parallels that traversed by the dial tone current
as traced above, but is derived from the busy
tone ecurrent source over a path including the
conductor C348%, the contacts 537/, C581 and the
contacts 4587, The reproduction. of this signal
current by the receiver provided at the- calling
substation A serves to inform the ealling sub-
scriber that the desired line is busy. The manner
in which the operated switching equipment is
released when the call is abandoned at the called
substation is described with particularity herein-
after.

Idle test

In the event the called line {8 is idle at the
time it is selected, no.circuit is provided for ener-
gizing the busy test relay R530 when the pulse-
controlled relay R4H0 restores, the upper winding
of ‘the husy test relay heing short-circuited in
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series with the winding of the cut-off relay Ri60
when the relay R470 restores. Shortly there-
after, and when the pulse-controlled relay R460
restores, a circuit is completed for energizing
the lower winding of the idle test relay R630
in series with the cut-off relay R160, this circuit
extending by way of the grounded hold conduc-
tor C8f, the contacts 374, C82, the lower winding
of R§30, C6713, the contacts 535, C583, the con-
tacts 466 and 473, C30 alone or C89 and the
contacts 637 and C§81, the wiper 100(, C689, the
test wiper 688, the private conductor [6e, the
contacts 172 and the winding of R160 to battery.
When thus energized, the relay R630 closes its
preliminary make contacts 638’ to complete a
locking circuit for itself. This locking circuit
extends by way of the grounded hold conductor,
C8l, the contacts 3T, C7l, the contacts §38’, C89,
the contacts 321, C70 and the upper winding of
RE30 to battery. At its contacts 635, the relay
R630 opens another point in the previously traced
operating circuit for the pulse-controlled relay
RA460. At its contacts 634, the relay R630 opens
a point in the common portion of the previously
traced operating circuits for the relays R460 and
RA47§, the rotary magnet 499 and the operating
magnet 1884 of the switch 45. At its contacts
633, the relay RE30 opens a point in the operat-
ing circuif for the trunk-hunting relay R486. At
its contacts 637, the relay R830 opens one of the
above-traced branches of the series operating
circuit for ifself and the cut-off relay R160. At
its contacts §31, the relay R630 prepares the oper-
ating circuit for the called simplex relay R520.
At its contacts 632, the relay R630 completes the
operating circuit for the slow-to-operate line-
switching relay RE680, this circuit extending by
way of the grounded hold conductor C81, the
contacts 874, CT4, the contacts 632 and the wind-
ing of R650 to battery. At its contacts 638, the
relay RB630 completes a path for impressing
ground potential directly upon the private con-
ductor 1€c of the called line i§, this path ex-
tending from ground as applied to the hold con-
ductor C81 by way of the contacts 638 and the
test wiper 663 to the conductor I16c. When this
path is completed, the cut-off relay RIi68 pro-
vided in the line circuit 20 is fully energized and
operates, and the called line 16 is marked against
seizure by another of the connector switches.
At its contacts 638, the relay R630 prepares a
multiple locking circuit for the ring cut-off relay
R520, and completes a multiple holding circuit
for the hold slave relay R338. The latter circuit
extends from ground by way of the contacts 639,
C86 and the winding of R33) to battery. At its
contacts 639’, the relay R630 shunts the contacts
538" of the busy test relay R530, so that in the
event any further impulses are dialed at the call-
ing substation they are absorbed in the manner
explained above.

At its contacts 638, the relay R630 prepares'

or completes one of the operating circuits for
the trunk-hunting relay R480, depending upon
the setting of the code-selecting and conversa-
tion timing switch 43. The last-mentioned relay,
during the ringing period, serves to determine
the side of a selected called line of the loop
type over which ringing current is to be trans-
mitted, and is selectively controlled in accord-
ance with the odd or even character of the third
digit dialed at the calling substation. Thus, if
the ringer provided at a called substation is con-
nected between the negative side of the asso-
ciated line and ground, a third digit comprising
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an even number of impulses is dialed at the
calling substation. In this case, the operating
circuit for the relay R4&80 is completed in re-
sponse to cperation of the idle test relay R630,
this circuit extending by way of the grounded
hold conductor C81, the contacts 638, CG83, the
wiper 1001 bridging even-numbered contacts of
its associated contact bank, C§8{, the contacts
656, C584, the upver winding of R480, C488, the
contacts €626, C499, the lower winding of R488
and the contacts 474 to battery.. It will be ob-
served from the wiring arrangement of the con-
tact bank asscciated with the wiper 1001, that if
& ringing digit is dialed at the calling substation
which comprises an odd number of impulses, the
circuit just traced is not completed through the
contact bank of the switch 45 and, accordingly,
the trunk-hunting relay R480 remains in its re-
stored position. With the relay R480 in its re-
stored position, the ringing current transmission
circuits are prepared at the contacts 482 and 483
for the transmission of ringing current over the
positive side of the selected called line. With the
relay R489 operated on the other hand, these cir-
cuits are opened at the contacts 482 and 483,
and circuits are prepared at the contacts 481
and 484 for the transmission of ringing current
over the negativé side of the called line,-all in
the manner more fully explained hereinafter.

The line-switching relay R650, upon operating,
closes its contacts 651 and 653 to prepare the
ringing current transmission circuits, and opens
its contacts 652 to interrupt the prepared or com-
pleted operating circuit for the calleq simplex
At its contacts 654, the relay R650
brepares a circuit for energizing the back-bridge
relay R610 over the called end of an established
connection. At its contacts 8§55, the relay R§50
prepares & circuit for energizing the ring pickup
relay R549 in accordance with the ground pulses
conventionally applied to the pickup lead 658 by
the ringing interrupter at the beginning of each
code cycle. At its contacts 656, the relay RE50
opens a point in the common portion of the op-
erating and test circuits controlled over the E. C.
wiper 662. '

Classifying the called line

Ags indicated in the introductory portion of the
specification, provisions are made in the line'and
link circuits for distinguishing between lines of
the simplex and ground return type on the one
hand, and lines of the loop type on the other
hand, thereby to control the setting of the ring-
ing control equipment and to select the type of
ring cut-off to be utilized in terminating the
transmission of ringing current over the asso-
clated line. In signaling over a loop line, either
side of the line may be used for ringing current
transmission, and the ringing control equipment
is automatically conditioned to provide instan-
taneous ring cut-off. Moreover, the arrangement
is such that the code-selecting and conversation
timing switch 45 determines the code of the ring-
ing current to be utilized in signaling over a
called line and alse determines, in accordance
with the odd or even number of impulses trans-
mitted thereto, the side of the line over which
the ringing current is to be transmitted. In sig-
naling over a simplex or ground return line, on
the other hand, the ringing control equipment
is controlled from the line circuit associated with
the called line to restrict the transmission of
ringing current to the negative side of the line,
regardless of the.setting of the code-selecting and-
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conversation timing switch 45, and is also condi-
tioned to provide silent period cut-cf of the ring-
ing curren!{ transmission. this end, the
marking paiths described ahkove and csntrolled
by the cut-od and lockout reiays of the line cir-
cuits are utilized to contrcl the seliing of the
cailed simplex relay R840 of the link iliustrated,
and the corresponding relays of the othar links.
Thus, in the case under consideration, wherein
the called line (6 is of the ground return type,
the cut-off relay R180 operates substantially con-
currently with the idle test relay R830 and pricr
to the operation of the line-switching relay R854,
Upon operating, the relay Ri%8 completes the
operating circuit for thie called simplex relay
R629, this circuit extending from ground by way
of the contacts tbi and (83, the positive talking
conductor t8b, the positive line wiper 68f, the
contacts 652 and §3i, and the upper winding of
R620 to battery. It will be understood that in
the event the iline 16 is of the locp type, the
marking path including the contacts {5t and 163
is omitted from the line circuit 28, so that the
relay R§2% is not energized in response to the
operation of the idle test relay R838 anct the cuwi-
off relay Ri€0.

In operating, the called simplex relay R628
first: locks to the grocunded release conductor
326c over a path including its preliminary make
contacts 625.
opens & point in the above-traced operating cir-
cuit for the trunk-hunting relay R4346. At its
contacts 627, the relay R62) prepares the operai-~
ing circuit for the alternating current ringing
control relay R580. At its contacts 622, {he re-
lay R620 prepares a cirvcuit for energizing thze
upper winding of the back-bridge relay R&td over
one side of a called line of the locp type. Af its
contacts 624, the relay R629 opens a peint in one
of the operating circuits for the back-bridge re~
lay R8i0. At its centacts GZi, the relay RB2ID
prepares a circuit for energizing the relay R370.
At its coniacts 623, the relay R523 opens. a point
in the common portion ¢f the ringing current
transmission circuits utilized in signaling over
lines of the loop type.

Shortly following the operation of the relay
R620, the line-switching relay R850 operates to
open its contacts 652 and thus interrupt. thie op-
erating circuit for the relay R%23. This eircuit
is further opened at the contacts i1 of the slow-
to-operate lock-out relay RiWd when this relay
operates in respouse to operation of the cut-oT
relay Ri69. More specifically, the relay Ri€3,
upcn operating, closes its contacts {88 to com-
plete an cobvious circuit for enecrgizing the lock-
out relay Ri59, closes its contacts 164 to con-
nect the test lead 184 to the grounded. private
conductor I8¢, and opens its contacis 161 and {62
to disconnect the windings of the line relay R118

.
10

from the talking conductors téa and €5 of the:

line 16, thereby to clear the line of the shunt
impedance represented by these windings..

Ringing the called substation—grounded or
simplexr lines

Ringing current transmission over the selected
called line 1§ is initiated in response. to opera-
tion of the ring pickup relay R540, which occurs
following the operation of the line-switching
relay R850. More specifically, when the ringing.
interrupter cperates to impress a ground pulse
upon the pickup lead 698 at-the beginning of the
code cycle next foilowing operation of the-line
switching relay R688, the pickup relay R%48 is

At its contacts 625, the reizy R528 g
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energized over a circuit including this lead, the
contacts §55, CE88, the contacts 542 and 511, and
the winding of R540 to battery. When thus ener-
gized, the relay R548 locks to ground over a
path including the contacts 511 and 541, CII,
the contacts 2Tl and the grounded hold con-
ductor C21. After this locking circuit is com-
pleted, the relay R540 operates its contacts 542
to interrupt its operating circuit and disconnect
the pickup lead 653 from ground. Af its contacts
544, the relay RE540 opens a point in the operating
circuit for the battery reversing relay R420. At
its contacts 543, the relay R540 prepares one of
the operating circuits for the back-bridge relay
RG610. At its contacts 545, the relay R540 opens
the path short-circuiting the winding of the
alternating current relay R530. At its contacts
548, the relay R540 opens a point in the circuit
over which tick-tone signal current may be im-
pressed upon the calling end of the connection.
At its contacts 547, the relay R540 prepares a
pathr for transmitting ringing current over the
caliing end of the connection for the purpose
of signaling the calling subscriber that the called
subistation is being rung. At its contacts 546,
the relay R540 completes a circuit for energizing
the  alternating current ringing control relay
R%060 in accordance with the particular code of
the ringing voltage impressed upon the selected
code lead. Thus, if the wipers of the code-select-
ing and conversation timing switch 45 occupy
their respective fourth off-normal positions, ring-
ing current is transmitted through the winding
of the relay RE80 over a circuit which extends
fram the ungrounded terminal of the ringing
current generator by way of the code 4 ringing
current lead, the wiper (080, C817, the resistor
549, the contacts 548, the winding of R560, C614,
the contacts 627, 645 and 645, C687T and the wiper
1002. to the grounded terminal of the ringing
current source. It will be noted that if the wipers
of the switch 45 cccupy their ninth or tenth off-
normal positions, the portion of this circuit ex-
tending from the contacts 627.to the grounded
terminal of the ringing current generator is
slightly different. Thus, if these wipers engage
their respective associated ninth contacts, the
circuit extends from the contacts 621 by way
of the contacts 646, 645 and 634, C686, the wiper
1602, C883, the contacts 648’ and C682 to the
grounded terminal of the ringing current gen-
erator. If the wipers of the switch 45 engage
their respective associated tenth contacts, the
indicated portien of the operating circuit for
the relay R580 extends from the contacts 621
by way of the contacts (48, C885, the wiper 1002,
C684, the contacts 649 and C882 to the grounded
terminal of the ringing current generator. It
wili-also be noted that a portion of the ringing
current transmitted over the selected code lead
is caused to traverse a circuit including the wiper
1000, C&871, the resistor 549, the contacts 546,
the condenser 579, the contacts 547 and 538",
C581, the contacts 458, the condenser 445, the

5. contacts 467, C32, and the repeating coil winding

482. The current traversing the last-mentioned
circuit is, by induction, repeated to the calling
end of the connection and is reproduced by the
receiver provided at the calling substation to
indicate that the calied substation is being rung.

The ringing relay R563, upon operating, closes
its contacts 581 to complete an obvious circuit
for energizing the back-bridge relay R510. The
relay R5T0 now aperates and closes its contacts

- 913 to-complete the prepared circuit for ener-
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gizing the lower winding of the back-bridge relay
R610, this circuit extending from ground by way
of the contacts 578 and 543, C589 and the lower
winding of R610 to battery. At its contacts 571,
the relay R570 opens a point in the prepared

operating circuit for the ring cut-off relay R520.

At its contacts 572, the relay R510 completes
the prepared circuit for transmitting ringing
current over the negative side of the selected
line 16 to energize the ringers brldged between
this side of the line and ground. More specifi-
cally, the circuit traversed by the ringing current
extends from the ungrounded terminal of the
ringing current generator by way of the selected
code lead, the wiper 1000, C617, the resistor 549,
the contacts 548, 512 and 521, 0588 the contacts
651, the wiper 668 the negatwe talking conductor
16a, and through the parallel connected ringers
bridged between this conductor and ground to
the grounded terminal of the ringing current
generator. - All of the ringers bridged between
the negative side of the line 16 and ground oper-
ate when energized by the cuirent traversing
this eircuit.

The relay R518, upon operating, closes 1ts con-
tacts €12 to prepare a drain circuit for discharg-
ing, 'at the end of the ringing period, the en-
ergy stored in the distributed capacitance of -the
line -and in the ringing condensers. connected
in series with the station ringers. At its contacts
613 the relay R6(0 opens another point in the
operating circuit for the ring cut-off relay R529.
At its contacts 614, the relay R610 prepares the
operating circuit for the restricted service relay
RB50. At its contacts 613’, the relay R610 com-
pletes a path including the conductors C592 and
C583 and the contacts 525 for short-circuiting its
upper winding, thereby to render itself slow-to-
release. At its contacts 615 the relay R610 con-
nects the test conductor C80 to the test wiper
663, this operation being without effect ‘at the
present time. At its contacts 611, the relay R6IC
prepares a path for impressing ground’ potentlal
upon the positive line wiper 661,

The three relays R560, R570 and RS${0 remain
operated during the ringing interval. At the end
of this interval the selected code lead is discon-
nected from the ungrounded terminal of the
ringing generator by the ringing interrupter, so
that the relays R560, R570 and R610 restore in
the order named and in an obvious manner.
Due to the short-circuited condition of the upper
winding of the relay R610, a short interval occurs
between the release of the relay R5108 and the
restoration of the relay R618. During this in-
terval the above-mentioned resistance drain
path is completed, this path extending from the
negative talking conductor 16a by way of the
wiper 660, the contacts 65i, C588, the contacts
521 and 571, C589, the contacts 612, the resistor
609 and the contacts 639 to ground. The com-
pletion of this path permits the accumulated
energy on the line 18 to be dissipated, before the
relay RGi0 restores to reprepare the operating
circuit for the ring cut-off relay R520. Thus
the energy accumulated on the line {8 during the
ringing interval is nct discharged through the
operating winding of the ring cut-off relay R520,
and premature operation of this relay is posi-
tively precluded. It will be noted that the re-
sistance drain path just described is interrupted
at the contacts §i2 in response to the release of
the relay RGIO.

The relays R560, R570 and R618 operate and
restore at the beginning and expiration-of each
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additional ringing perlod in the exact .manner
just described.
The desired conversational circuit between the

"calling and called substations is completed at the

beginning- of the first silent or spacing interval
Tollowing the answering of the call at the called
substation, - In this regard it will be noted that
with the relays R570 and RE18 operated, the
operating circuit for the ring cut-off relay R520
is held open at the contacts 571 and €13. Ac-
cordingly, this relay cannot operate until the
ringing period in progress is terminated. When,
however, the two relays R570 and RG10 restore
after-the call is answered at the called substa-
tion, the cperating circuit for the relay R520 is
completed, this circuit extending, in the case. of
a line of the grounded return type, from ground
by way of the negative or metallic talking con-
ductor of the line, the wiper 688, the contacts
551, C888, the contacts 521 and 571, C589, the
contacts €13, C85, the contacts 482, €98, and the
uprper winding of R520 to battery. In the event
the called line {6 is of the simplex type, a par-
allel branch of the circuit just traced extends
from ground by way of the positive talking con-
ductor of the line, the wiper 681, the contacts
558, C888, the contacts 523, C26, the contacts 483,
885, the contacts 621 and 618, C% the contacts
£32, C398 and the upper winding of R520 to bat-
terj When its upper winding is energized over
either or both of these circuits, the relay R520
cleses its preliminary make contacts 527 to com-
plete a locking circuit for itself, this circuit ex-
tending from ground by way of the contacts 875,
C86, the contacts 527 and the lower winding of
REZQ to battery. After this locking circuit is
completed, the relay RB20 opens its contacts 521
and 5%3 to interrupt both branches of its operat-
ing circuit as traced above, and to open the
above-traced ringing current transmission cir-
cuit, thus terminating the transmission of ring-
ing current over the called line. At its contacts
528, the relay R528 opens a point in the above-
traced path for short-circuiting the upper wind-
ing ‘of the back-bridge relay R6{9. At its con-
tacts 528, the relay R520 prepares a circuit for
energizing the upper winding of the relay RS510
in series with the upper winding of the relay
RETS and the two sides of a selected called line
of the loop type. At its contacts 522 and 524,
the relay R520 connects the wipers §60 and 661
to the line terminals of the repeating coil wind-
ings 482 and 404 and in so doing completes a
circuit for energizing the upper winding of the
back-bridge relay R570. - In the event the called
line'is of the ground return type the last-men-
tioned circuit has only one branch, this branch
extending from ground through the substation
equipment provided at the called substation by
way of the negative or metallic side of the called
line, the wiper 668, the contacts 6854, C588, the
contacts 822, C82, the repeating coil winding 4952,
C83 and the upper winding of R5108 to battery.
In the event the called line is of the simplex type
a parallel branch of the circuit just traced is
elso completed when the ring cut-off relay RE20
operates, this branch extending from ground
through the substation equipment at the called
substation by way of the positive side of the
called line, the wiper §81, the contacts 653, C520,
the contacts 524, C37, the repeating coil winding:
204, C%4, the contacts 622, C93 and the upper
winding of R570 to battery.

At its contacts 528, the relay R528 completes
the operating circuit for the timing relay R540,
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this circuit being subsequently described with
reference to the conversation timing facilities
provided in the link. At its contacts 523, the
relay R520 interrupts the established locking cir-
cuit for the digit transfzr relay R510, causing the
latter relay to restore. At its contacts 528’, the
relay R320 opens a point in the cperating cir-
cuit for the release magnet 457. Af its con-
tacts 529, the relay R529 completes the prepared
operating circuit for the release magnet 1007 of
the code selecting and timing switch 45. This
cireuit extends from ground by way of the con-
tacts 529’, C676, the contacts 648, C38, the off-
normal springs 1866 and the winding of the
magnet 1007 to battery. When thus energized
the magnet (937 attracts its holding pawl! in the

10

usual manner, permitting the wipers 1069, {081

and 1002 to be returned to normal. When these
wipers are restored to normal, the off-normal
springs 1806 are opened to decnergize the re-
lease magnet (007, and the off-normal springs
1805 are closed, further to prepare the ouerating
circuit for the release magnet 497.

The digit transfer relay R5{9, upon restoring,
opens its contacts 516 further to interrupt the
operating circuit for the restricted service relay
R550, opens its contacts 515 further to interrupt
an incomplete alternative operating circuit for
the busy test relay R530, opens its contacts 512

further to interrupt its own locking circuit, closes ¢

its contacts 518’ to reprepare its own operating
cireuit, closes its contacts 514 to complete the
operating circuit for the timing relay R643, and
opens its ecntacts 511 to interrupt the established
holding circuit for the pickup relay R340. At its
contacts 517, the relay R510 reprepares the oper-
ating circuit for the relay R460 and the rotary
magnet 409, At its contacts 5!8, the relay RS0
opens another point in the previcusly traced
operating circuit for the operating magnet 1584
of the switch 45.

The back-bridge ralay RS18, upon operating,
closes its contacts 513 to prepare the operating
circuit for the battery reversing relay R42C. At
its contacts 511 and 572, the relay R570 rear-
ranges the ringing current transmission and ring
cut-off circuits, but without effect at this time.
The relay R548, upon restoring, cpens its con-
tacts 543 further to interrupt the above-traced
operating circuit for the back-bridge relay RrRS1ig,
and closes its contacts 542 to reprepare its own
operating circuit. At its contacts 541, the relay
R540 opens another point in its locking circuit
as traced above. At its contacis 544, the relay
R540 completes the prepared operating circuit
for the battery reversing relay R420, this circuit
extending from ground by way of the contacts
573 and 544, C582 and the winding of R420 fo
battery. At its contacts 535, the relay R540 re-
prepares the path for short-circuiting the wind-
ing of the alternating current relay RE560. Afbits
contacts 545, the relay R540 cpens another point
in the ringing current transmission -circuits
traced above. At its contacts 546 and 547, the
relay R540 opens two points in the above-traced
path for transmitting ringing current over the
calling end of the connection, thus terminating
the ringback tone signal. At its contacts 548,
the relay R549 prepares the above-mentioned
path for transmitting tick-tone signel current
over thecalling end of the connection.

The battery reversing relay R420, upon oper-
ating, opens its contacts 425 to interrupt the
previously traced circuit for energizing the link
release relay R340 and the timer start relay RI910
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in series. At its contacts 427, the relay R420
epens a point in the locking circuit for the link
release relay R2ER, causing the latter relay to
restore if operated. At its contacts 426, the re-
lay R420 opens a point in the previously traced
path for short-circuiting the winding of the Iline
relay R440. When this path is opened the relay
R440 is energized in series with the relay R380
and reoperates in the event the calling line is of
the loop type. At its contacts 421 to 424, in-
clusive, the relay R420 reverses the direction of
current flow over the calling circuit in the event
the calling line is of the loop type. This cur-
rent reversal is-utilized for supervisory purposes
in handling trunk calls of the character described
hereinafter. If the calling line is of the sim-
plex -or ground return type, the operation of the
contacts 421 to 424, inclusive, is without effect.
As indicated above, the link release relay R340
is deenergized and restores in respomse to the
operation of the battery reversing relay RA429.
This relay, upon restoring, opens its centacts 343
to interrupt the connection between the time cut-
off lead C344 and the hold conductor C8f, and
closes its contacts 342 to impress ground poten-
tial directly upon the hold conductor C81. At its
contacts 241, the relay R340 opens a further
point in its locking circuit as traced above.
Following the relay operations just deseribed
the - desired conversational circuit between the
calling and called substations is fully established.
The calling end of this circuit comprises the two
talking conductors 98¢ and §b, the two trunk con-
ductors 325c¢ and 326D, the repeating coil wind-
ings 40{ and 403, and the condenser 405. As-
suming that the line 9 is of the loop type, talk-
ing -battery is supplied to the transmitter pro-
vided at the -calling substation A through the
windings -of the line relays R360 and R440. In
the :event the line 9 is of the simplex type, talk-
ing battery may be supplied fo the transmitter

provided at the substation A over the two sides

of the line in parallel or may be furnished local-
1y at the substation. The called end of the voice
current transmission circuit includes the line
conductors 16a and 16D, the condenser 192, the
ground return-side of the line, the frunk con-
ductors €588 .and €590, C92 and C817, the repeat-
ing coil windings 402 and 404, and the condenser
406. Current for energizing the transmitter pro-
vided &t the called substation C may be supplied
through the upper winding of the back-bridge re-
lay R5T10 or lecally at the substation C as re-
quired.

Ringing the cailed substations—Iloop lines

As pointed -out above, if a selected called line
is -of the loop type, the transmission of ringing
current over the called line to signal the desired
substation is accomplished in a manner slightly
different from that just described. In this re-
gard ‘it will be recalled that when a line of the
loop type is selected, the called simplex relay
is not energized. Acccrdingly, the operating cir-
cuit for the alternating current relay RE830 is held
open at the contacts §27 during the ringing
period. With the relay R820 in its restored posi-
tion, the pickup relay RBE42, upon operating,
transmits ringing current directly to the selected
side of the called line. In this regard it will be
recalled that if the ringer provided at the de-
sired substation is connected between the nega-
tive side of the called line and ground, a ringing
digit is dialed at the calling substation which
comprises an even number of impulses, so that
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the trunk hunting relay R483 is operated during
the ringing period. With this relay operated,
the ringing current transmission circuit may be
traced as extending from one of the even-num-
bered code leads by way of the wiper 1889, C8T7,
the resistor 548, the contacts 548, C591, the con-
tacts 623, C595, the contacts 481, C95, the con-
tacts §13, C589, the contacts 571 and 521, C588,
the contacts 851 and the wiper 669 to the nega-
tive side of the called line. After traversing the
negative talking conductor of the called line, the
ringing current traverses the windings of the
ringer provided at the called substation and fol-
lows the ground return path to the grounded
terminal of the ringing current generator. From
the preceding explanation it will be recalled that
if the ringer provided at the called substation
is cennected between the positive side of the as-
sociated line and ground, the ringing digit dialed
at the calling substation will necessarily comprise
an cdd number of impulses, such that the oper-
ating circuit for the trunk hunting relay RA80
is not completed through the contact bank asso-
clated with the wiper I08!. Accordingly, the
relay R480 remains in its restored position. With
this relay deenergized the ringing current trans-
mission circuit may be traced as extending from
an odd-numbered code lead by way of the wiper
1089, CS8I1, the resistor 549, the contacts 548,
C3521, the contacts 623, CES5, the contacts 583,
C8§, the contacts 523, C586, the contacts 653 and
the wiper 651 to the positive side of the called
line. After traversing the positive talking con-
ductor of the called line, the ringing current is
transmitted through the windings of the ringer
provided at the called substation and follows the
ground return path to the grounded terminal
of the ringing current generator.

In the event the ringer provided at the desired
substation is bridged across the two conductors
of the associated line, the ringing current may
traverse the loop cireuit including the two metal-
lic sides of the line in either of two directions,
depending upon the setting of the trunk hunting
relay R428. TIf this relay is operated during the
ringing period the ringing current is transmitted
to the negative talking conductor of the called
line over the circuit traced above, and is returned
to the grounced terminal of the generator over
a path including the positive talking conductor
of the called line, the wiper 851, the contacts 653,
C599, the contacts 5233, C86, the contacts 484,
C88, the upper winding of R5282 and the exchange
battery. On the other hand if the trunk hunt-
ing relay R488 occupies its restored position dur-
ing the ringing period, such that ringing current
is projected over the positive side of the called
line, the return path extending to the grounded
terminal of the ringing current generator ex-
tends by way of the negative talking conducter
of the called line, the wiper 889, the contacts
651, CB88, the contacts 521 and 5T, C589, the
contacts §18, C85, the contacts 432, C88, the up-
per winding of R%28 and the exchange battery.

It will be understood that the ringing current
projected over either side of a selected called
line not only traverses the windings of the ringer
provided at the called substaticn, but also the
windings of the ringers provided at other sub-
stations and connected in parallel therewith.
The coded character of the signals produced
through operation of these ringers serves to in-
dicate the particular substation which is being
called.

When the call is answered at the called sub-
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station the upper winding of the ring cut-off re-
lay R520 is instantly energized over one of itwo
paths, depending upon the setting of the trunk
hunting relay R480. If this relay is operated the
circuit for energizing the ring cut-off relay R520
may be traced as extending from ground through
the ringing current generator by way of the se-
lected even-numbered code lead, the wiper 1000,
C671, the resistor 5489, the contacts 5468, CB591,
the contacts 623, C585, the contacts 481, C95,
the contacts 613, C589, the contacts 5T{ and 521,
C388, the contacts 651, the wiper 680, the nega-
tive talking conductor of the called line, the
bridse estaklished across the talking conductors
of the called line when the call is answered, the
positive side of the called line, the wiper 661,
the contacts 653, C596, the contacts 523, C96, the
contacts 484, C498 and the upper winding of R520
to battery. In the event the trunk hunting re-
lay R480 occupies its restored position at the
time the call is answered, the operating circuit
for the ring cut-cff relay R529 may be traced
as extending from ground through the ringing
current generator by way of the selected odd-
numbered code lead, the wiper 1309, CB11, the
resistor 548, the contacts 546, C591 , the contacts
623, C595, the contacts 483, C96, the contacts 523,
C580, the contacts 653, the wiper 6§ 1, the positive
talking conductor of the called line, the bridge

- established across the talking conductors of the

called line at the called substation, the negative
talking conductor .of the called line, the wiper
668, the contacts 651, C588, the contacts 521 and
571, C589, the contacts §{3, C38, the contacts
482, C98 and the upper winding of R528 to bat-
tery.

When ensrgized over either of these circuits
the ring cut-off relay R520 operates to perform
the functions described above, among which is
the completion of the operating circuit for the
back-bridge relay R570. In. the present case
wherein the called line is of the loop type, this
operating circuit includes the upper winding of
the back-bridge relay R§18. More specifically,
this circuit extends from ground by way of the
contacts €54, the upper winding of R$19, C593,
the contacts 528, C594, the contacts 624, C94, the
repeating coil winding 404, €97, the contacts 524,
€889, the contacts §53, the wiper §51, the positive
talking conductor of the called line, the bridge
established between the talking conductors of the
called line at the called substation, the negative
talking conductor of the called line, the wiper
860, the contacts 651, CE88, the contacts 522,
C82, the repeating coil winding 4082, C93 and the
upper winding of R879 to battery. Current for
energizing the transmitter provided at the called
substation is supplied over this circuit. When
thus energized the two relays R578 and R6i0
both operate. The relay RE10, upon operating,
causes the operation of the battery reversing re-
lay RA28, followed by the release of the link re-
lease relay R349 in the exact manner described
above. The operation of the back-bridge relay
R§10 is without effect.  Following the operation of
the relays R528, R570, R5610 and R4&20, and the
release of the relays R5I0, R549 and R340 in the
manner previously explained, no further opera-
tion of the link circuit apparatus cccurs until
the connection is released at one or both of the
calling and called substations. '

Release

The normal release of the link circuit equip-
ment is under the control of the calling subscriber.
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at the substation A. Thus, if the connection is
abandoned at the called substation C before it is
released at the calling substation, the back-
bridge relay RE510 is deenergized and restores. If
the called line is of the loop type the back-bridge
relay RS9 is also deenergized when the called
party restores the receiver provided at the called
substation to its supporting hock or cradle. The
release of the relay R810 is without effect. The
relay R57%, upon restoring, opens its contacts 573
to interrupt the operating circuit for the battery
reversing relay R420. The relay R420, upon re-
storing, reverses the direction of current flow
over the calling end of the connection, assuming
the calling line to ke of the loop type, and recom-
pletes the circuit for energizing the upper wind-
ing of the link release relay R340 in series with
the upper winding of the timer start relay RII13.
Thus, the link release relay R340 is again condi-
tioned to be controlled by the permanent timer 51.

‘When the connection is released at the calling
end thereof the line relay R380 is deenergized and
restores. If operated, the relay R440 is also de-
energized when the receiver provided at the call-
ing substation is restored to its supporting hook or
cradle. The release of the relay R448 is without
effect. The relay R369, upon restoring, opens its
contacts 251 to interrupt the holding circuit for
the lock-pulse relay R430, and opens its contacts
263 to interrupt the holding circuit for the hold
relay R310. The relay R438, upon restoring,
opens its contacts 432 to interrupt the operating
cireuit for the hold relay R31¢ and thus cause the
release of the latter relay. The relay R310, upon
restoring, opens its contacts 372 to interrupt one
of the paths over which grouad potential is im-
pressed upon the release conductor 326c. At its
contacts 371 the relay R370 opens the locking cir-
cuit for the idle test relay R638, and the operating
cireuit for the line switching relay R850, causing
both of these relays to restore. At its contacts
315, the relay R310 interrupts the operating cir-
cuit for the hold slave relay R330 and one of the
holding circuits for the ring cut-off relay R520.

The rzlay R$30, upon restoring, opens its con-
tacts 628 to interrupt the holding circuits for the
hold slave relay R330 and the ring cut-off relay
R525. At its contacts 638, the relay R630 discon-
nects the test wiper 663 from ground, thereby to
initiate the release of the line circuit 20 in the
manner described hereinafter. The relay R330,
in releasing, opens its contacts 332 and 336 to
interrupt the operating and locking circuits for
the link release relay R340. At its contacts 335,
the relay R320 disconnects the release conductor
325¢ from ground. When this conductor is dis-
connected from ground the operated ones of the
four relays R320, R410, R480 and R620 are de-
energized and restored. The relay R330, upon
restoring, also completes the prepared operating
circuit for the release maznet 1087, this circuit

extending from ground by way of the contacts.

324 and 359, €90, the off-normal springs 1006 and
the winding of the magnet 1907 to battery. When
thus energized the magnet 1807 attracts its hold-
ing pawl, permitting the wipers 1000, 100f and
1092 to be returned to normal. During the release
of the switch 45, the off-normal springs 1006 are
disengaged to deenergize the release magnet 1037,
and the off-normal springs 1005 are moved into
engagement to complete the prepared operating
circuit for the release magnet 407. The last-
-mentioned circuit extends from the grounded
conductor C99 by way of the off-normal springs
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1005, C518, the contacts 528’, C585, the off-
normal springs 416 and the winding of the re-
lease magnet 497 to battery. When thus ener-
gized the magnet 607 attracts its holding pawl,
permitting the wipers 660 to 683, inclusive, to be
returned to rotary and vertical normal in the
usual manner. When these wipers are restored
to normal the off-ncrmal springs 416 are disen-
gaged to deenergize the release magnet 437 and
the off-normal springs 4171 are moved into en-
gagement to reprepare the holding circuit for the
line relay RAA0. In addition, the off-normal
springs 414 and 462 are respectively moved into
engagement and the off-normal springs 415 are
disengaged, whereky the control circuits for the
calling simplex relay R416, the line relay R440
and the digit transfer relay RA453, are all re-
stored to normal. Following the operations just
deseribed the comnector portion of the link is
fully released.

When ground potential is removed from the
test wiper 663 the cut-off and lockout relays
RI§0 and RI58 of the line circuit 28 are de-
energized and sequentially restore in an cbvious
manner. The substitution of negative battery
potential, as derived through the winding of the
cut-cff relay RIED for ground potential on the
private conductor 16¢, serves to identify the line
16 as idle in the bank contacts cf the connector
switches.

When the release conductor 2328c is discon-
nected from ground in the manner just described,
the finder switch H1 is released in a manner well
understcod in the art, and the link illustrated
is marked as idle in the link selecting circuits
of the distributor 22. 'The removal of ground
potential from the release conductor 326¢ also
regults in the deenergization and sequential re-
lease of the cut-off and lockout relays R120 and
RI18, respectively. When these relays restore
the line circuit 19 is fully released and negative
battery potential is impressed upon the private
conductor ¢ of the line 9, thereby to mark this
line as idle in the bank contacts of the con-
nector switches.

In the event the connection is released at the
calling substation A prior to its release at the
called substation C, the line circuit 10, the finder
switch I{ and the connector switch 40 are re-
stored to normal in the exact manner described
above, It is noted, however, that in such case
the back-bridge relays R570 and R610 are de-
energized and restore to cause the release of the
battery reversing relay R420, in response to the
release of the line switching relay RE50. It is
further noted that when the cut-off relay R180
restores in response to the removal of ground
potential from the private conductor 16c, the
windings of the line relay RIT10 are again con-
nected to the conductors of the line 6. Since
a calling condition still persists on this line, the
line relay RI719 operates to complete the pre-
pared locking circuit for the lockout relay RI158,
this circuit extending from ground by way of
the contacts {74 and 153, and the winding of
R{I60 to battery. Thus the line relay R170 and
the lockout relay RIED are held operated until
the called subscriber restores the receiver pro-
vided at the called substation to its supporting
hook or cradle, to terminate the calling condition
present on the line 18, With these two relays
operated, ground potential is impressed upon the
private conductor 16c to guard the line 16 against
seizure, and the path for impressing ground po-
tential upon the distributor start lead (7 is held
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openvat: the contacts:154. Obviously, the line re-
lay :RI10 :and the lockout :relay RI50 are de-
energized in sequence when the call is abandoned
at the called substation. C.

‘Fhe manner:in which the link comprising the
finder switch:1{ and the connector switeh 40 is
released, following selection of a busy called line,
is.substantially similar to the release of the link
as described above. -In this regard it will be re-
called:from the preceding explanation that fol-
lowing “the selection of a:busy called line the
relays R3G0, R830, R323, R316, R43%, R510, R530,
and: possibly the relays R348, R410 and RA440,
are:operated in the connector switch 40 follow-
ing the selection of a. busy calied line. When
the:connection is cleared out at the -calling sub-
station the relays R360, R440 if operated,. R430
R370,:R330, R340 and R320 are released in se-
quence and in the exact manner described above.
The. relays R338 and R370, upon: restoring, dis-
connect the release conductor 326c from ground,
thereby to: cause the release of the finder switch
44 andithe line circuit 10.in the manner explained
above. "The relay R329, upon restoring, also com-
bletes the operating circuit for the release mag-
net 1307, ‘whereby the code selecting and con-
versation timing switch 45 and the Sirowger
switching ‘mechanism of the switch 48 are se-
quentially restored to normal. The digit trans-
fer relay R510 and ‘the busy test relay R530 are
deenergized and restore when the release con-
ductor” 326¢ is disconnected from ground. ‘Thus
the link circuit equipment is fully restored to
normal.

. Conversation timing

~Asindicated above; the slow-to-operate timing
relay R840 functions to time local: call: connec-
tions-resulting from calls originating at fully
restricted -substations. In  the event the.link
illustrated -is-seized - over a calling line serving
substations -of this .character, and the desired
called ine is-idle, the ring cut-off relay R520 op-
erates in the manner :explained above to termi-

nate the transmission of ringing -current cver |

the called line when the call is answered. - This
relay, in-operating, -epens its contacts 529 to in-
terrupt -the locking eircuit for the: digit transfer
relay RS540, -causing ‘the latter relay to restore,

At its contacts 528 the relay R520 -completes the

-operating circuit for the timing relay R649. . This
cireuit extends from ground by way of the wind-
ing of RS20, C598, the contacts 828, C12 and the
Tesistor 345 ‘to battery. In operating, the relay
REA0 -ovens: its :contacts 641 to ‘interrupt one of
the -parallel branches of the circuit for energiz-
ing the control. relay R329. At its contacts 642,
the relay RE4L prepares g cireuit for transmit-
ting timed-impulses to the aperating magnet (004
of ‘the :switch 45, At its contacts 643 and 64T,
the relay R640 further ‘prepares the previously
mentioned: cireuit for transmitting tick-tene cur-
rent. over the conmection. - At its contacts 644,
BAT, 849 and $40°, the relay RGAD .opens points
in the: previously traced :ground return paths
utilized. for ringing current transmission: during
the ringing meriod. At its contacts 648, the re-
day RE40 ‘also: cpens g -point in- the previously
traced operating circuit for.the ringing control
relay RB5ED. -~ At its contacts $47 and 648, the
relay READ prepares one of the operating circuits
for:-the reverting-call relay R310. At its con-
+acts £29’, the relay RS540 opens s point in the
-aperating circuit-for the release ‘magnet 1887, as
‘traced-above. .
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Following the operation of the relay R649 at
the start of the conversation period, the pbulsing
relay R930 responds to operation of the conver-
sation timer 53, to transmit timed ground. pulses
over a path including the contacts 931, C879, the
contacts 642 and C671, to the operating magnet
1904 of the switch 45, causing this switch to op-
erate as a time measuring device. At the ex-
piration of a predetermined time interval: the
wipers of this switch are advanced to the ninth
cff-normal position, wherein the previously men-
tioned circuit is completed for impressing tick-
tone sighal voltage upon the established connec-
tion. This circuit may partially be traced as ex-
tending from the high potential terminal of the
tick-tone signal current source by way of the
conductor C851, the contacts 643, C888, the wiper
1032 bridging its associated ninth contacts, C683,
the contacts 6471, C675, the contacts 548 and
5387, C5817, the contacts 458’, the condenser 445,
the contacts 467 and C82 o the negative side of
the circuit extending to the called substation. ®
From this point the tick-tone signal current is
transmitted directly through the receiver pro-
vided at the called substation and is by induction
repeated through the repeating coil of the con-
nector te the calling end of the connection, to be
reproduced by the receiver provided at the call-
ing substation. The reproduction of this signal
current by the receivers at the calling and called
substations serves to inform the parties convers-
ing over the established connection that the con-
nection will shortly be released,

In the event the connection is immediately
cleared out at the calling substation, the link
circuit equipment is released in the exact man-

er described above, it being noted that the tim-

ing relay R640 is deenergized and restores in re-
sponse to -the release of the ring cut-off relay
R520. On the other hand, if the connection is
held from the calling substation for a substan-
tial time interval after the tick-tone signal is
received, the wipers of the switch 45 are ad-
vanced to the tenth off-normal position, wherein
the prepared operating circuit.for the reverting-
call relay R310 is completed. This circuit ex-
tends by way of the grounded hold conductor C8l1,
the contacts 648, C584, the wiper 1002 bridging
its associated tenth contacts, C885, the contacts
647, C85 and the winding of R3{0 to battery.
Upon operating, the relay R§10 opens its contacts
341 and 312 to interrupt the operating circuit for
the line relays -R360 and R440. At its contacts
315, the relay R316 opens the operating circuit
for the control relay R320. At its contacts 3186, -
the relay R319 opens one of the paths over which
sround potential is impressed upon the release
conductor-326c. At its contacts 317, the relay
R310 locks to the grounded hold conductor C81
and completes a multiple locking circuit for the
hold relay - R878,  this circuit including the
grounded conductor C83 and the contacts 317,
355 and 382. At its contacts 313, the relay R310
completes an operating circuit for the called sim-

3 plex relay R620 in the event the calling simplex

relay R418 is operated. The resulting operation
of the called simplex relay R820 is without effect
at this time. At its contacts 318, the relay R310
completes one of the operating circuits for the
idle test relay R639, but the resulting operation
of the latter relay is also of no effect, at this time.

: The line relay R288, upon restoring, causes the
release of the relay R439 in the manner previously
-explained. - When these relays restore; the link
cireuit equipment is released in the exact man-
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ner explained above. The control relay R320, in
restoring, completes the previously traced operat-
ing circuit for the release magnet 1007 and opens
the locking circuits for the reverting call relay
R310, the idle test relay R630 and the line switch-
ing relay R650. Thus, the relays R630, R650 and
R330 are deenergized and release. During the
release of this equipment, the called simplex re-
lay R620 is deenergized and restores in response
to the removal of ground potential from the re-
lease conductor 326c; the timing relay R§40 is
deenergized and restores in response to the re-
lease of the ring cut-off relay R520, and the re-
verting-call relay R310 is deenergized and re-
stores in response to the release of the timing re-
lay R640. During the release of the link circuit
equipment, and when ground potential is removed
from the release conductor 326c and the test
wiper 663, the line circuits terminating the cail-

ing and called line assume their line lockout set- :

_tings, wherein the line and lockout relays thereof
are operated. This is accomplished in the man-
ner explained above with reference to the opera-
tion of the line circuit 20 terminating the line 16.
So long as these line circuits occupy their line
lockout settings the respectively associated lines
are guarded against seizure, and the start cir-
cuits extending to the distributor 22 are held
open. These two line circuits are restored to

normal when the call is abandoned at the calling .

and called substations, respectively.

In the event the link illustrated is seized over
a calling line serving substations arranged for
semi-restricted or non-restricted service, the op-
eration of the conversation timing equipment is
blocked so that a connection set up to a desired
called line through the link may be held for a
period of unlimited duration. Assuming that the
calling line is connected to serve substations ar-
ranged for semi-restricted service, the E. C. con-
tact of the contact set in each finder switch to
which the conductors of the calling line extend,
is connected to one of the line relays included in
the restricted service and time blocking relay
network 25. As explained hereinafter, the ar-
rangement of this network is such that when one
of the line relays included therein is operated,
ground pulses are periodically transmitted over
the E. C. marking path associated with the op-
erated line relay under the control of one or
more of the common relays R210, R220 and R230.
The spacing interval between each pair of
ground pulses thus transmitted is less than the
time interval required for the wipers of the switch
45 to be operated to their tenth off-normal po-
sitions. These ground pulses are utilized to block
the operation of the timing equipment. Thus,
if the link illustrated is seized over a calling
line having a marking path of the character
just described associated therewith, periodic
ground pulses are transmitted from the relay
network 25 over the finder E. C. wiper and the
E. C. conductor 326e of the trunk 326 after a
connection is fully established through the link.
Each time this conductor is connected to ground,
the timing relay R640 is short-circuited over a
path extending by way of the grounded con-
ductor 326e, the contacts 314 and 333, C13, the
contacts 514 and 528, C598 and the winding of
R640 back to ground. When thus short-circuited,
the relay R640 restores to complete at its con-
tacts 649’ the initially traced operating circuit
for the release magnet §007. This magnet, in
operating, permits the wipers of the switch 45 to
be returned to normal, at which time the off-
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normal springs 1006 are disengaged to deener-
gize the release magnet. Thus a second timing
operation of the switch 45 is initiated. The tim-
ing operation of the switch 45 continues, but in
each case the wipers of this switch are restored
to normal under the control of the timing relay
R646, before reaching the tenth off-normal po-
sition. Thus the timing equipment is rendered
ineffective to release the link.

In the event the link is seized over a calling
line serving substations arranged for non-re-
restricted service, the timing relay R640 is short-
circuited for the duration of the call, thus pre-
venting any operation on the part of the code
selecting and conversation timing switch 15,
More specifically, the line circuits terminating
lines of this type are each provided with a mark-
ing path which extends directly from ground to
the E. C. contact of the contact set in each finder
switch where the conductors of the associated
line are terminated. With this wiring arrange-
ment, ground potential is maintained upon the
E. C. conductor 326e of the trunk 326 for the
duration of a call routed through the link illus-
trated from a line of the non-restricted type.
Thus, the timing relay R640 is short-circuited for
the duration of the call and operation of the
code selecting and conversation timing switch 45
is prevented.

REVERTING CALL

The arrangement of the connector switch 25 is
such that in setting up reverting-call connections
between substations served by the same lines the
selective signaling of called substations is ac-
complished by directory number dialing. More
particularly, if a call originating at the substa-
tion B is intended for another substation, such,
for example, as the substation C also connected
to the line 16, the calling subscriber, after in-
itiating the call in the manner previously de-
seribed, dials the directory number of the desired
substation C. The first two digits of this di-
rectory number designate or identify the line 16,

5 while the third digit is utilized to select ringing

current of the particular code designating the
called substation. If the link illustrated is uti-
lized in handling the call, the connector switch
40 thereof responds to the three digits of the di-
rectory number in the exact manner described
above with reference to the call routed to the
substation C from the calling substation A. In
this case, since the line selected, namely the line
16, is marked as busy, due to the operated condi-
ticn of the cut-off and lockout relays in the line
circuit 20, the usual busy tone signal is trans-
mitted to the calling substation B shortly follow-
ing the end of the digit. Upon receiving the busy
signal, the calling subscriber must hang up in
order to initiate the ringing operation necessary
to signal the called substation. In response to
this release operation performed at the substa-
tion B, the calling circuit is interrupted to cause
the release of one or both of the line relays R350
and R440. The relay R368, upon restoring, in-
itiates the sequential release of the relays R430,
R370 and R330, in the manner pointed cut above.
In this case, since the calling substation and the
called substation are served by the same line, the.
test wiper 663 of the connector switch is connected
to the private conductor 16¢ of the line 16. From
this private conductor a connection extends
through the contacts 172 and 164, and the test
wiper of the finder switch 11 to the release con-
ductor 326c of the trunk 326. The hold relay



2;883,489

R310, wpon: restoring,..completes: an: ‘alternative
path “for zimpressing:. ground potential mpon::the
connected private and:releasesconductors:iée angd
3260c;:respectively. - This path extends by way of
the grountded conductor.-C81; the contacts: 376,
88, the closed.make’ contrcts 588 ofithe busy test
relay R930,:Ch83, the contacts:456 -and 473.t0 the
conductor. €80.: From :this point:the path may
follow:one of ‘two branches, depending upon :the
setting iof - the switch: 45, If the wipers :of this
switch stahd in -engagement with odd-numbered
contacts in: the associated contact banks, the path
branches through the wiper 1081 :and the bridged
contacts ‘engaged thereby to the conductor €680

which is now-connected through the test wiper :

863 to.the private conductor 4 8¢ :of - the line 5.
‘On the:other hand, if the wipers-of the switch .45
stand in::engagement-with -even-numbered -con-
tacts of their associated contact banks, the-path
under-consideration -extends from the:conductor
€80 by- way-.of the contacts 637,. C58; the wiper
A801,-€680:and the test wiper.663 1o the private
conductor. -16¢. . The: completion .of: .this . path
serves -to. prevent the -deenergization:and. release

of: the .relays R{160, - Ri50,.R320,: R5{0 .and R529,

and: the:relays. R410.and.R488, if .operated.

- When the hold slave relay R328 restores shortly
following the release .of .the.hold relay R319,.it
opens its contacts .332 .and 335 to interrupt the

contrel circuits for the.link release relay R348, 3

causing - the. latter- relay to .restore,.if operated.
At. its contacts 335,.the relay-R220 opens.one.of
the-: initially -completed. paths.for -grounding the
release conductor 328¢. At its contacts 334, the
relay R330.completes. the prepared operating cir-
cuit. for the .reverting-¢all relay R319, this cir-
cuit extending by way .cf the grounded relesse
conductor 326¢, the contacts 324 and 322, C87,
the.contacts 539, C85.and the winding of R310 to
battery. The relay R319, in.cperating, opens its
contacts 315 to.interrupt one of-the branches of
the operating circuit for the relay R329. At its
contacts ‘314, the relay R319 opens a point in the
previously traced path for shert-circuiting the
timing relay R640 and a point.in a path traced
hereinafter: for short-circuiting the lower wind-
ing of the link release relay R3%8. At its con-
tacts 316, the relay R319 opens another point in
one of the paths for connecting the release con-

ductor 326c to ground. At its contacts 341 ahd '3

‘312, the relay R340 opens two additional points
in the operating circuits for the line relays R259
ahd R440. = At its contacts 21T the relay RE1D
completes a locking circuit for itself, this lock-

ing circuit extending by way of the-grounded hold 55

coniductor 'C81, "the contacts 323, :3{T and the
winding of ‘R319 té battery.” In' completing this
Holding ecircuit, the relay’ R3{0 also completes a
multiple path -over which ground:potential is im-
pressed upon the: connected release ahd: private
conductors ' 326¢c and 'i3¢; respectively, this path
extending from' the grouhded hold conductor C81
by way of the contacts 323:and 317, C35; the con-
tacts 539, C87T ahd the contacts 322 and 334 to the
release conductor 328c¢. ~ At its contacts 313, the
relay R310 ‘completes an ‘alternative circuit for
energizing the. called:simplex relay R629, in the
‘event the line:186 is of the simplex or ground-re-
turn type. This “circuit extends = from °the
grounded release conducter 2285¢ by way of the
contacts 412, C68, the contacts 213, Cdl and the
lower winding of R$§20 to battery. It will be
noted’ that this circuit is cnly completed if the
‘calling simplex relay R410.is-operated to:identify
thi line-16-as a line of ‘the simplex or grouid re-
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turn type.“When energized over the circuit:just
traced; ‘the -called simplex: relay RS§20 locks:to
the grounded release conductor 326¢ through. its
preliminary. make contacts 625 .and prepares the
ringing current - transmission. circuits for the
transmission of ringing current over the negative
side‘of the liné 16 in the manner explained above
with-reference to-the call originated at the §ub-
station: A. At-its-contacts ‘318, the relay R310
completes-an:alternative operating circuit for the
idle test relay-R630, this-circuit-exteriding by way
of - the :grounded hold conductor C8{; the con-
tacts 318 -and 324; CT8, and the upper winding
of R630 to battery. " Theidletest relay R630, upon
operating, 'initiates the ringing operation in the
exact manner deseribed above; the particular code
of the ririging current .and: the side of:the: line
over which!this current is projected being deter-
mined by’the: setting ‘of the switch 45 and the
position ‘of the-relay K488, in the -event the line
occupied withthe-¢all is'of the locp type; and the
code of the ringing current transmitted over the
negative side of the line being determined by the
setting ‘of the switch-45, in the event the line is
of ' the simplex- or ground return type. In this
regard it will-‘be-recalled’ that the: pickup relay
R540 operates to initiate’the ringing operation
in signaling' over lines ‘of: the loop type, whereas
the three-relays R560, R510 and R619. cooperate
10 contrél the transmission of ringing current over
lines ‘of the’ simplex -or ground. return type.

- When' the ¢all-is answered ‘at the called sub-
statien the ‘eperating circuit for the ring cut-off
relay R528 is completed, in' the manner previously

5 explained.: This - relay, - in - eperating, locks  to

ground over a path-including its preliminary make
contacts 827, C88 ahd the contacts 639; closes its
contacts- ‘528 to -conmiplete- the previously traced
operating circuit for the timing relay R640; and
interrupts- the locking circuit for ‘the digit trans-
fer-relay R510. {'The relay R640, upon. operating,
opens its contacts 641 to interrupt the ciréuit for
energizing 'the -control- relay  R328. The -relay
R3320 now-réestores. At its contacts ‘321, the relay

3 R320 interrupts. the -above-traced alternative :op-

erating icircuit for. the - idle test: relay R630 and
the operating circuit :for the relay RE59. - At.its
contacts 323, the relay: R320 interrupts-the -hold-
ing:ecircuit: for: the relay R310 and the multiple
pathiever:which ground "potential is. impressed
upon the release: conductor 326c. - At.its contacts
324, “the :relay.-R320.: completes - the previously
traced circuit forenergizing the release magnets
H198T.:and 40T dn:sequence, whereby the cede:se-
lecting -and -conversation timing switch :45 -and
the iStrowger:switching :mechanism ‘are succes-
sively :released. . The:idlestest relay R4$30, upon
restering, opens its:comtacts $39-to interrupt the
eperating:and: locking .circuits for-the relays R330
2nd. R§29, causing both of these relays to-restore.
‘When the wipet 10081 of the switch 45 is restored
tormormal; the: above<traced path .over. which
ground-potential: is- impressed upon the private
conductor e, and the: release conductor 328¢, is
interrupted. < The : removal of ground potential
from these two:conductors results. in the ‘deen-
ergization and:release ‘of the relays RI88 and
R330,.and the relays R4t0 and BE20 if .operated.
In addition, the finder-switch.1f is:caused to re-
store when-ground pctential is removed from the
two indicated conductors.: When the cut-off ‘re-
lay R150 restores, thé:line circuit 28 assumes. its
line lockout setting in the manuner previously ex-
Plained. ' :
The busy test: relay R530,.upon restoring, opens
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its ‘contacts 539 to deenergize the reverting-call
relay R310.
normal.

TRUNK CarLlL—Two-DicIT TRUNK SELECTION ON
SWITCHING-THROUGH LEVELS

The connector switch 48 is arranged to have
access to groups of trunks which may be selected
in response to one-digit, two-digit or three-digit
calling operations at the various substations.
The trunks which are selected in response to two
series of impulses transmitted to the connector
switch are usually grouped in groups of less than
ten, and the unused contact sets of the connector

switch contact levels terminating such trunks may

be utilized for subscriber line termination. For
the purpcse of providing automatic selection of
idle trunks in these groups, each trunk of each
group is terminated in the contact field of the

connector switching mechanism in a set of con-

tacts comprising the usual private contact and
an extra control contact. These private and ex-
tra control contacts of each contact set, except
that terminating the last trunk of the group, are
arranged to be connected together in the re-
peaters terminating the respective asscciated
trunks when the trunks are seized. .

In order to select an idle trunk of a desired
group arranged for two-digit selection, a calling
subscriber, such, for example, as a subscriber at
the substation A, dials a first digit which desig-
nates the level of contacts at which the trunks of
the desired group are terminated, and a second
digit which designates the first trunk of the group.
The manner in which the control apparatus of
the connector switch 40 responds to these two
digits is exactly the same as described previously
with reference to the local call originating at the
substation A.

During the vertical movement of the wipers
660 to 663, inclusive, to a position opposite a level
of contacts terminating the desired group of
trunks, the normal post springs 419 are operated
into engagement to complete a circuit for ener-
gizing the upper winding of R350, and the normal
post springs 61T are moved into engagement to
complete an obvious circuit for energizing the
lower winding of the back-bridge relay R610.
The circuit for energizing the switch-through
relay R350 extends by way of the grounded re-
lease conductor 326¢, the contacts 463, the nor-
mal post springs 419, C19 and the upper winding
of R350 to battery. When thus energized the
relay R350, which is of the two-step type, operates
to close its preliminary make contacts 356 and
358 only. At these contacts a path is completed
for short-circuiting the lower winding of the relay
R350, this path extending from the grounded
release conductor 326c by way of the contacts
463, the normal post springs 419, C19, the lower
winding of R350, the contacts 356 and 358, C&4
and the contacts 538 back to the grounded release
conductor 326c. The relay R610, upon operating,
closes its contacts 615 to prepare a trunk test
circuit which extends from the test wiper 663
through the upper winding of the busy test relay
R530. At its contacts 6i4, the relay R6i0 pre-
pares a circuit for energizing the restricted serv-
ice relay R550. The remaining circuit control-
ling operations performed by the back-bridge re-
lay R610 are without effect at this time.

At the end of the second digit, the wipers 660
to 663, inclusive, are positioned in engagement
with the contacts terminating the first trunk of
the group. Shortly following the end of this digit,

Thus the link is fully restored to
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the relay R4T0 restores and closes its contacts 411"
to prepare an alternative circuit for energizing
the relay R4608. At its contacts 4713, the relay
R470 completes the above-mentioned trunk test
circuit. If the first trunk of the selected group
is busy, ground potential is present upon the pri-
vate contact thereof. Ground potential is also
present upon the extra control contact thereof,
due to the established connection between the
private and extra control contacts individual to
this trunk, With the private wiper 663 connected
to ground, the trunk test circuit may be traced
as extending from. this wiper by way of the con-
tacts 615, C80, the contacts 473 and 464, C584
and the upper winding of R530 to battery. When
thus energized the relay R530 operates to com-
plete a test circuit over which the trunk hunting
relay R480 is energized, this test circuit extend-
ing by way of the grounded E. C. wiper 662, the
contacts 656, C672, the contacts 534, C491, the
contacts 48T and 462, the lower winding of R480
and the contacts 474 to battery. At its contacts
538, the relay R530 opens the above-traced path
short-circuiting the lower winding of the switch-
through relay R350. In operating, the relay R480
first closes its preliminary make contacts 488 to
complete a locking circuit for itself which ex-
tends by way of the grounded release conductor
326c, the contacts 463, 488 and 462, the lower
winding of R480 and the contacts 474 to battery.
At its contacts 486, the relay R480 completes the
prepared circuit for energizing the pulse-con-
trolled relay R460, in parallel with the rotary
magnet 409, this circuit extending by way of
the grounded hold conductor C81, the contacts
371, CT1, the contacts 633, C492 and the contacts
456 to the contacts 486 where it divides, one
branch extending through the winding of the
rotary magnet 409 to battery, and the other
branch extending through the contacts 471’ and
the winding of R460 to battery. The current flow
over this circuit serves to prevent the release of
the slow-to-release pulse-controlled relay R460.

5 When energized over the circuit just traced, the

magnet 409 rotates the wipers 660 to 663, inclu-
sive, into engagement with the contacts termi-
nating the conductors of the second trunk in
the selected group, and opens its contacts 4714
to interrupt the above-traced circuit for ener-
gizing the lower winding of the relay R480. The
relay RA80, upon restoring, opens its contacts
488 further to interrupt its locking circuit, repre-
pares its operating circuit at its contacts 4817,
and opens its contacts 486 to interrupt the above-
traced circuit for energizing the relay R460 and
rotary magnet 469 in parallel. In the event the
second trunk is also busy, and is not the last
trunk of the group, ground potential is main-
tained upon the E. C. and private wipers 662 and
663, respectively, so that the rotary magnet 4089,
upon restoring, recompletes the above-traced cir-
cuit for energizing the frunk hunting relay R480.
This relay, upon operating again, completes the
circuit for energizing the relay R460 in parallel
with the rotary magnet 409, whereby the wipers
660 to 683 are rotated another step to engage
the contacts terminating the conductors of the
third trunk in the selected group.

The interrelated operation of the trunk hunt-
ing relay R488 and the rotary magnet 409 con-
tinues until an idle trunk is found, or until all
of the trunks of the selected group have been
tested and found to be busy. In this regard it
will be recalled from the preceding explanation
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that -the private and E.- C. contaets of the con-
tact-set: terminating- the last trunk of the group,
are not connected together. More specifically,

the E. C. contact of this contact set is either: left

unwired or is connected-to the negative terminal
of the exchange battery through a resistance,
depending upon-the restricted or non-restricted
character of the frunk.  With either arrange-
ment, the circuit for energizing the trunk hunt-
ing relay R480 is held open when the last trunk
of the group is selected. Accordingly, the relay
R480 does not reoperate to recomplete the circuit
for energizing the relay R469 in parallel with
the rotary magnet 469. Thus, the stepping oper-

ation of the wipers 660 to 663, inclusive, is ter- |

minated. Shortly following the selection of the
last trunk of the group, the relay R460 restores.
At its contacts 463, the relay R46d interrupts the
above-traced circuit for energizing the -upper
winding of the switch-through relay R359, caus-
ing the latter relay to restore. At its contacts
4§5; the relay R460- completes the previously
traced locking circuit for the busy test relay R520.
At its contacts 4571, the relay R45% completes the
previously traced circuit for transmitting busy
tone current over the calling end of the connec-
tion. The reproduction of this current by the
receiver provided at:the calling substation serves
to inform the calling party that-the desired con-
nection cannot be obtained. The marner in
which the connection is released when the call'is
abandoned at the calling substation is exactly the
same as-described previously.

Idle trunks of the selected group are identified
by the presence of negative battery potential
upon the private-conductors thereof and the gb-
sence- cof ground potential from the E. C. con-
ductors thereof. - When'the test wiper §63 is dis-
connected from ground in response to the selecs
tion of an idle trunk, the busy test relay R539 is
deenergized and restores.  In releasing this relay
opens ‘its contacts 534 further to interrupt the
above-traced circuit for energizing the: trunk
hunting relay R480; and closes its contacts 528
to recomplete the above-traced path for short-
circuiting the -lower winding of the switch-
through relay R358. At its contacts 5233, the relay
R3F30 prepares or completes the operating circuit
for the restricted service relay R559, depending
upon the character of the trunk selected. ' At its
contacts 537/, the relay R530 opens a point in the
previously traced ecircuit for transmitting busy
tone current over the calling end of the conrec-
tion. At its contacts 531, the relay R530 opens
a point in its locking circuit as traced: above.
Shortly following the release of the busy test
relay R530, the pulse-controlled relay RA483. re-
stores: At its contacts 483, the relay R480 opéns
the above-traced path short-circuiting the lower
winding ‘of the switch-through relay R359, per-
mitting the two windings of this relay to be
energized in series over a circuit which extends
by way of the grounded reiease conductor 326¢,
the contacts 588, C84, the contacts $58 and 358

and the . two- wmdmgs of R358 to battery. The

switch~through relay R359 now completes its
operation. At its contacts 357, the relay R359
ccmpletes a path for unpressmg ground poten-
tial upon the st wiper 663 and, incident thereto,

the test concuctor of the selected trunk, thereby ;

to mark this trunk againsi seizure. This path

xtends by way of the grounded release condue-
tor 326¢, the contacts 533; C84, the contacts 358
and 387,-C80 and the contacts 5I5 to the wiper
683.. - At its. contacts 359; the relay R359 opens
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a point-in-the incomplete circuits-for energizing.
the. release-magnets 1007 and-407. At its contacts
351 to0-354, inclusive, the relay R3I5H sw1tches the
calling: c1rcu1t t,hroucrh to the repeater associated.
with: the-selected trunk. Inmdent toh this. line
switching operatloq thm relay -R358 opens - its
contacts 352-and 354 fo. mterrapt the prevxouvly
traced circuits for energizing the line relays R360.
and R440.- At its contacts-353; -the relay- ' R350°
1nterrupts the previously iraced. lockl ng, - ‘circuit
for-the -hold - relay R310 and a point, in-the pre-
viously traced pulsmg circyits ever. Whmh current
pulses-are transmitied: to. the magnets 4(28 408
and- 1004; and the- relays R46D-and RATH."
Shortly following- the-eperation of the SWltuh-
through relay st the-line relay R360- restm es.
In releasing; this: 1elay opens its-contacts 351 to
interrupt the-loeking:.circuit -for the lock—pulse
relay R430; whereby the relays R430, R3T0: a.nd
R330 are- re]eased in-sequence. The relay R370;
upon- restoring;. cleses-its-contacts 31§ to- -prepare
or complete-the previously-mentioned: path-for-
impressing- ground: -potential-:upen--the- lposmve
line -wiper -664; -depending ypon the position-ef
the-calling simplex relay-RA410, -as determined- by
the character-of-the calling- line; -If the- calling
simplex-relay R&49: is--operated; ‘the-path: just
mentioned: is :completed; -this -path extending by
way of -the grounded holding -conductor /G815 the
contacts- 21§ and -334; - C80;- the ~contaets- 4 i,
C69’, the contacts-53 l’ C84 -and the eontaets
811 to- ‘the positive line- wiper- 66f; It will be
noted that this path: is‘held open at- the contaots
411’ -in the-event the-ealling:simplex relay- ‘R4I10
occupies-its-regtored -position: indicating -that-a
loop line is-calling: -‘This-pathy if -completed,-is
interrupted-at the contaets 331 in response o the
release ‘of ‘the -hold--slave relay-R338. :- Thus -it
will be ‘understood- that the two relays-R318 and
R330 cooperate to-transmit a ground pulse-over
the - positive- fatking conductor-iof -the- selected
trunk for the:purpose-of -informing the repaater
associated with this trunk as to the character-of
the calling line. - The:two- hold: relays R3%8 and
R330, upon-restoring; alse -disconnect -the release
conductor 328¢- from ground:-in- the' connector
switch -40.- -Prier‘to the release of these relays,
however, the contrel eguiptient of the repeater
associated -with--the - seized. - trunk: functions:to
-connect the test wiper:863-to-ground: This wiper
is now eonnected - ovér a path- intcluding-the con=
tacts-618;-C80; the -contaets 35T and -358;- iC84,
and -the- contacts 5238 40" the: release: ‘conductor
326c. - Thus,the- relays: R320,R350; -R540 and
R610; and- the relays ‘R0 and R559,if operated,
are prevented from relegsirig:« These: relays are
held operated  until:-the: conriection is’ reléased.
It-will be -noted that with-the  switch= ~through
relay  R358-operated, an: ‘uninterrupted--metsllic

‘eireuit - is - established - through  the " conridetor

switch- 49, ‘over which: dial pulses-and. SuUpervisory
pulses-may-be- trarsmitted: to-the! repsater ‘asso-
ciated- with: the -seized:triidk! - The *m&nnss: in
which «the ‘conneetdr switeh 49 arid the" finder
switeh LI are reléased undef ‘thie: eotitEol Yot the

calling  party “is':deseribed < with ' iparticilarity
hereinafter.

TRUNK CALL——-ONE-—DIGIT TRUNK SELECTION ‘OF
SWITCHING THROUGH LEVELS- -

In-order- 'to provide:ifor> ore- ~digif -autématic
trurk: selection: on switchingthrought level§ dhe
normal *post® springs 419, 26 1T any 468 ’are ar-
ranged:to’ operate’inesponse toithe: elevatlon of

“the wipets668 to'§63; inclusive to & POsitichBppo-~
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site a level of bank contacts terminating the
trunk groups arranged for this type of selection.
Preferably, the trunks arranged for one-digit
selection are terminated in the uppermost levels
of the connector contact bank, whereby the nor-
mal post springs 468’ are only moved off normal
when a trunk in one of these groups is to be
selected. :

With this arrangement, if a call originating at
the substation A, for example, is routed by way
of the finder switch {1 to the connector switch
40, and the calling subscriber dials a single digit
designating one of the groups of trunks arranged
for one-digit selection, the enumerated normal
post springs are respectively moved into engage-
ment immediately the wipers of the connector
switch are elevated to the position opposite the
contact level in which the desired group of trunks
are terminated. When the normal post springs
419 and 617 are moved to their closed circuit posi-
tion, the relay R610 is energized and operates to
perform the functions described above, and the
circuit for energizing the upper winding of the
switech-through relay R350 is prepared. At the
normal post springs 468’ an alternative operat-
ing circuit for the relay R489 is completed, this
circuit extending by way of the grounded hold
conductor C81, the contacts 371, C1l, the con-
tacts 633, C492, the contacts 457, the normal post
springs 468’, the lower winding of R480 and the
contacts 474 to battery. When thus energized the
relay R480 closes its preliminary make contacts
488 to prepare one of its locking circuits, and
closes its contacts 485 to complete another of its
locking circuits, the latter circuit extending by
way of the ground release conductor 326¢, the
contacts 315 and 641 in parallel, C74, the con-
tacts 485, the normal post springs 468’, the lower
winding of R480 and the contacts 474 to battery.
At its contacts 486, the relay R480 prepares a cir-
cuit for energizing the rotary magnet 439 in par-
allel with the pulse-controlled relays R48) and
R470.

Shortly after the end of the single digit dialed
at the calling substation A, the relay R4T0 re-
stores. At its contacts 472, the relay R470 opens
the locking circuit for the digit transfer relay
R450. The relay R450 now restores and closes its
contacts 456 to complete the prepared operating
circuit for the relays R460 and R4710 and the
rotary magnet 409. This circuit extends by way
of the grounded hold conductor C81, the contacts
371, C11, the contacts 633, C492 and the contacts
456 to the contacts 486, where it divides, one
branch extending through the winding of the ro-
tary magnet 409 to battery, a second branch ex-
tending through the contacts 471’ and the wind-
ing of RA460 to battery, and the third branch
extending by way of C493, the contacts 511, 532
and 531, C99, the contacts 452 and the winding of
RAT0 to battery. At its contacts 457, the relay
R450 opens the operating circuit for the relay
RA480. 'The relay R410, upon operating, closes its
contacts 472 to complete the previously traced
locking circuit for the relay R460, and opens its
contacts 471’ to interrupt the operating circuit
for the relay R460. At its contacts 413, the re-
lay R410 opens a point in the operating circuit
for the busy test relay R530. The relay RA460,
in operating, closes its contacts 451 to short-cir-
cuit the digit transfer relay R510, closes its con-
tacts 462 and 463 to complete an obvious multiple
holding circuit for the relay R480, opens its con-
tacts 465 further to interrupt the incomplete
holding circuit for the busy test relay R530, and
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closes its contacts 464 to prepare the operating
circuit for the busy test relay R530. At its con-
tacts 467, the relay R460 opens a point in the
previously traced circuit for transmitting busy
tone current over the calling end of the connec-
tion. At its contacts 462, the relay R460 also pre-
pares the previously traced trunk test circuit, in-
cluding the E. C. wiper 662 and the lower winding
of the trunk hunting relay R480. At its contacts
463, the relay R460 also completes the previously
traced circuit for energizing the upper winding of
the switch-through relay R350, whereby the lat-
ter relay partially operates to close its preliminary
make contacts 356 and 858. At these contacts the
previously traced path is completed for short-
circuiting the lower winding of the relay R350.
The rotary magnet 489, upon operating, funec-
tions to rotate the wipers 660 to 663, inclusive, into
engagement with the contacts of the first con-
tact set of the selected level, whereby the first
trunk of the group is selected. At its contacts
414, the magnet 409 interrupts the locking and
operating circuits for the trunk hunting relay
RA80, causing this relay to restore. Upon restor-
ing, the relay R488 opens its contacts 486 to de-
energize the relays R460 and R470 and the rotary
magnet 409. At its contacts 485 and 488, the
relay R480 further interrupts its two locking cir-
cuits. Shortly following the release of the relay
R480, the pulse-controlled relay RA4T0 restores.
At its contacts 4717, the relay R470 reprepares the
operating circuit for the relay R460. At its con-
tacts 472, the relay R410 interrupts the locking
circuit for the relay R460 and the path short-
circuiting the winding of the digit transfer relay
R510. The relay R510 is now energized in series
with the relay R460. In operating, the relay R510
locks up in a circuit including the grounded re-
lease conductor 326c, the contacts 529 and 512
and the resistor 519. After this locking circuit
is completed, the relay Rb510 opens its contacts
519’ to deenergize the relay R460. At its contacts
517, the relay R510 opens another point in the
above-traced circuit for energizing the relay R410.

The relay RA&70, in restoring, also closes its
contacts 413 to complete the above-traced trunk
test circuit including the upper winding of the
busy test relay R530. In the event the first trunk
of the selected group is busy, the busy test relay
R530 cperates to initiate the trunk hunting oper-
ation of the connector switch in the manner pre-
viously explained. This trunk hunting operation
continues until an idle trunk in the selected group
is found, or until all of the trunks in the group
have been tested and found to be busy. If all
of the trunks are busy, the busy signal is re-
turned to the calling subscriber. On the other
hand if an idle trunk of the selected group is
found, the switch-through relay R350 operates
to extend the calling circuit to the repeater as-
sociated with the idle trunk and the trunk is
marked against seizure by the other connector
switches. All of these operations are accom-
plished in the exact manner described above
with reference to iwo-digit trunk selection.

The release of 2 connection routed through
the link comprising the finder switch {1 and the
connector switch 49 to an inter-office trunk is
under the ccntrol of the calling party. Thus
when the calling party disconnects, the control
equipment of the repeater associated with the
inter-office trunk in use functions in the manner
subsequently explained to disconnect the test
wiper 663, and incident thereto the release con-
ductor 328c from ground. When ground poten-
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tial-is .removed from -this conductor, the finder
switch- 11 and the line circuit 10: are restored
to: normal in. the manner previously described.
The removal of ground potential from the ground
conductor 325¢ also results in the deenergization
and.release of the reiays R320, R359 and R510;
and.the relay R410 if operated, The relay R359,
upon - restoring, closes- its contacts 359 to com-
plete the operating circuit for the release mag-
net. 407, whereby the Strowger switching mecha-
nism is restored to normal. During the release
of. this-mechanism, the normal post springs 419;
468’ ‘and 617 are respectively disengaged: the ver-
tical off-normel springs 414, 417 and 468 are re-
spectively moved into engagement; and the off-
normal springs 415 and 4!6 are moved out of
engagement. At the normal post springs 6iT,
the-eircuit. for energizing the relay R§10 is inter-
rupted. Following the release of this relay, the
link circuit equipment is fully restored to normal.

TRUNK CALL~—THREE~-DIGIT TRUNK SELECTION

The frunks in the group or groups which are
selected in respense to three series of impulses
transmitted to the conneetor switch 49 may com-
prise, for .example, ring-down trunks extending
to-one or more. manual exchanges. For the pur-~
pose .of - providing .automatic selection of  idle
trunks: of these groups, each trunk of each group
is terminated in. the contact field of the .con-
nector switching mechanism at a set of contacts
comprising the usus] private contact and an ex-
tra; control or E. C. contact, and these private
and .extra. control contacts of each contact set,

except that terminating the last trunk of the .

group,-are-strapped together.

In order to select an idle trunk of a desired
group arranged-for three-digit selecticn, g call-
ing-subscriber, stuch, for example, as a subscriber
at-the supstation A, dials g first digit which des-
ignates the level of contacts at which the trunks
of the desired group are terminated, a second
digit which designates the first trunk of -the
group, and & ringing digit. The manner in which

the control apparatus of the connector switch iy

responds to-these three digits is exactly the same
as described previously with reference to the local
call originating at.the substation A. At the end
of the second digit the wipers 660-to 663, inclu-
sive, are positioned in engagement with the con-
tacts terminating the first trunk of the group.
If this trunk is busy af the time it is thus se-
lected, ground potential is present upon the pri-
vate contact thereof and, due to the strapping

between this contact and the extra control con- -

tact, is also present upen the extra control wiper
662.

The third or ringing digit is utilized in the
manner pointed out above to step the wipers of
the minor switch 45 to one of its off-normal
positions. Shortly following the end of the third
digit, the relay R4T0 restores to open the holding
circuit for the relay R463 and to complete at its
contacts 413 the previously traced operating cir-
cuit for the busy test relay R530. Assuming that
the first trunk of the selected group is busy, the
relay R539 now operates to prepare the previous~
ly traced circuit for transmitting busy tone cur-
rent over the calling end of the connection and
to prepare its locking circuit.
534, the relay R539 completes s circuit for ener-
gizing the trunk hunting relay R480, this circuit
extending- by way of the grounded E. C. wiper
662; the contacts 658, C8712, the contacts 534,
C481; the-contacts 481 and- 462, the lower wind-

At its contacts
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ing..of: R480:and the contacts: 414 to: battery:
Obviously this cireuit .and the operating: eircuit
for the busy test relay, R83D are not energized
if the first trunk of the selected group. is .idle,
such that negative battery potential is impressed
upon the private and extra control wipers 653:and
662, respectively. When energized.over the test
circuit traced above, the relay R48% cperates and
locks to the .grounded release .conductor: . 326c;
in:the manner previously explained.. At:its-con-
tacts 486, the relay RA80. completes .a circuit
for. energizing the pulse-centrolled relay R4G8
and the rotary magnet 428 in parallel, this cir=
cuit extending by way of the grounded con-
ductor C81, the contacts 211; CT{; the .contacts
633, C492; and the contacts 4855 to. the contacts
486, where it - divides, one bhranch extending
through. the winding of the magnebt 899 to. bat~
tery and the second branch extending by way
of.the contacts 471" and the winding of R4$8: to
battery. When thus energized the rotary mag-
het 409 operates. to step the wipers 689 to. 663,
inclusive, one step in the rotary direction, there~
by- to select the second..trunk.of the Selected
group: At its contacts 474 the magnet 435 in-
terrupts ‘the above-traced. operating and holding
circuits: for.-the relay R488.. The ‘relay R480
now restores to open its holding circuit and. the
cireuit for .energizing the relay. R463: and . the
magnet 423 in parallel. - The magnet 4689, in re-
leasing, recompletes the test. civcuit whieh -ex-
tends throuzh the lower winding of the - trunk
hunting relay R438. Assuming that the second
trunk of the selected group is also busy, ground
potential is ‘held on the private and- extra con-
trol wipers 6683 and 662, respectively, so- that the
energization . of the relay R53¢ is maintained
and the relay R489 is again energized. The relay
R488, in reoperating, performs the functions de-
scribed . above.  The interrelated operation: -of
this: relay and the rotary magnet 489 continues
until an idle trunk of the selected group is found,
or until all of the trunks of the selected group
have been tested and found to be in-a bugy
condition.. During this trunk hunting operation,
the relay R480, due to its slow-to-release char-
acteristic, remains operated. :

Assuming that an idle trunk in the selected
group is available, the wipers 660 to 663, inclu-
sive, are operated step by steo until the contacts
terminating the idle trunk are engaged thereby,
As indicated above, an idle trunk of this type, is
identified by the bresence of negative battery
potential—upon the private and extra control
contacts- in the contact set at which it is ter-
minated. Accordingly, when an idle trunk is
selected, the lower winding of the relay R489 is
short-circuited and does not reoperate. Due to
the- presence of battery potential upon the
private wiper 653, the upper winding of the husy
test relay R538 is also deenergized when the
idle -trunk of the selected group is-found. Ae-
cordingly, the- relay R528 immediately restores
to- reprepare -the operating circuit for the idle
test relay R839. = Shortly following the release
of the relay R530, the relay RAS0 alzo -restores
to -complete the previously traced operating cir-
cuit -for the idle test relasy RG38. From - this
point on the manner in which ringing current
of the selected code is transmitted over the se-
lected idle trunk, to signal the -operator - attend-
ing the switchboard at which the distant: end
of this trunk is terminated, is exactly the same
ag-described previously with reference (o the-lo-
cal-call-originating at the substation-A, . More-
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over, the operation of the connector switch 4@
incident to the answering of the call at the
called end of the connection, and incident to the
release of the connection at the calling substa-
tion, are the same as described above with refer-
ence to the setting up and releasing of a local
call connection.

It will be understood from the foregoing ex-
planation that if the first trunk of the selected
group is idle, the relays R480 and R530 are not
caused to operate. In such case the relay R460
is deenergized and restores to complete the op-
erating circuit for the idle test relay R630 short-
ly following the end of the third digit. The relay
R630, in operating, initiates the ringing opera-
tion, in the manner previously explained.

If all of the trunks of the selected group are
busy, the wipers 660 to 663, inclusive, are,
through the interrelated operation of the relay
RA480 and the rotary magnet 409, operated into
engagement with the contacts of the contact
set terminating the last trunk in the group. In
this contact set the extra control contact is not
wired. Hence, the extra control wiper 662 is open-
circuited when the last trunk of the group is se-
lected. Accordingly, the relay R480 remains in its
restored position and the trunk hunting opera-
tion of the connector switch is arrested. Since
ground potential is, under the conditions stated,
present on the private wiper 663, the busy test
relay R530 is not deenergized and remains in its
operated position. Shortly following the selec-
tion of the last trunk, the relay R460 restores to
complete the previously traced holding circuit
for the busy test relay R530 and to complete the
previously traced circuit for transmitting busy
tone current over the calling end of the connec-
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tion to signal the calling subscriber that the de-

sired connection cannot be obtained. It will be
noted that at this time the condition of the con-
nector switch is exactly the same as previously de-
scribed with reference to the selection of a busy
subscriber line. Accordingly the manner in which
this connector switeh, the preceding finder switch
{1, and the line circuit terminating the calling
line are released when the call is abandoned at
the calling substation, will be clearly apparent
from the previous explanation.

RESTRICTED SERVICE

As pointed out previously, provisions are made
in the system for providing restricted service,
which excludes free central office trunk calls, to
certain subscribers of the system who pay a low
flat fee for service, and for providing unrestricted
central office trunk service to other subscribers
who pay a high flat fee for the service rendered.
To this end, the restricted service relay RB850 is
controlled over the marking paths individual to
the trunks to determine whether or not a selected
trunk is restricted, and the busy test relay R530
is controlled by the restricted service relay R550
and over the marking paths individual to the sub-
scriber lines serving the substations arranged for
restricted service. In this regard it will be re-
called from the preceding explanation that when
the digit transfer relay R510 operates, incident to
the dialing of the second digit of a directory num-
ber or incident to an automatic cut-in operation
on the part of the connector switch, it closes its
contacts 515 to-connect the lower winding of the
busy test relay R530 for energization over a cir-
cuit including the E. C. wiper of the finder switch
(1. It wiil also be recalled that the back-bridge
relay R610 is energized and operates incident to
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the operation of the connector switch wipers to
a position opposite a level of bank contacts ter-
minating a group of trunks arranged for one digit
selection. 'This relay, in operating, closes its con-
tacts 614 to prepare a trunk test circuit which ex-
tends through the lower winding of the restricted
service relay R550. With the circuits in this con-
dition, i. e., with the relays R510 and R610 oper-
ated, if a trunk hunting operation on the part
of the conhector switch 40 is initiated, the test
cireuit through the lower winding of the restricted
service relay RE50 is held open at the contacts
533 until an idle trunk in the selected group is
found. When an idle trunk is located, the busy
test relay R530 restores and closes its contacts
538 to short-circuit the lower winding of the
switch-through reley R250, in the mannel previ-
ously explained. At its contacts 533, the relay
R530 completes the trunk test circuit extending
through the lower winding of the restricted ser-
vice relay R550. If the selected trunk is non-
restricted, the E. C. contact of the contact set
terminating the conductors thereof, will be open-
circuited, with the result that the restricted ser-
vice relay R556 remains in its restored position.
In this case, therefore, regardless of the restricted
or non-restricted character of the calling line,
the connector switch 40 operates to set up a con-
nection between the calling line and the repeater
associated with the selected trunk. On the other
hand if the selected trunk is of the restricted type,
the E. C. contact individual thereto in the con-
tact field of the connector switch 40 is marked
with negative battery potential through a re-
sistance of approximately 500 ohms. Accordingly,
the lower winding of the relay R358 is energized
over the test circuit. This circuit may be traced
as extending from ground by way of the contacts
614, C597, the contacts 551, the lower winding
of R550, the contacts 516 and 533, C672, the con-
tacts 658, the E. C. wiper 662 and the marking
resistor individual to the selected trunk to bat-
tery. When thus energized the relay R550 first
locks to ground over a path including its pre-
liminary make contacts 553 and the release con-
ductor 226c. After this locking circuit is com-
plated, the relay R550 opens its contacts 551 to
interrupt the test circuit extending through its
lower winding and the E. C. wiper 662. At its
contacts 552, the relay RB850 prepares or com-
pletes the test circuit extending through the lower
winding of the busy test relay R530 and inclua-
ing the marking path individual to the calling
line. Assuming that the line (8, for example, is
occupied with the call, this test circuit may be
traced as extending from ground by way of the
contacts 614, CE9T, the contacts 552, the lower
winding of R539, the contacts 515, C13, the con-
tacts 383 and 314, the conductor 326e, the E. C.
wiper of the finder switch 11, the conductor 16e,
and the winding of R240 to hattery. Obviously,
this test circuit is not completed in the absence
of negative battery potential upon the test wiper
of the finder switch, indicating that the calling
line is non-restricted and, hence, is entitled to
free central office trunk service. When the test
circuit just traced is completed, the busy test re-
lay R530 reoperates. At its contacts 538, the re-
1ay R538 opens a point in the previously traced
circuit for energizing the two windings of the
switch-through relay R350 in series, thereby to
prevent this relay from operating in response to
the subsequent release of the relay R460. Thus
the connection is prevented from being extended
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to the selected trunk. At its contacts 5371’, the
relay R530 reprepares the previously traced cir-
cuit for transmitting busy tone current over the
calling end of the connection, this circuit being
completed in response to the subsequent release
of the relay R460. The relay R460, upon restor-
ing, shortly following the reoperation of the busy
test relay R539, also functions to complete the
above-traced locking circuit for the latter relay.
Thus, following the release of the relay R488, the
link ecircuit is in substantially the condition
which prevails when a call is routed through the
link to a busy subscriber line. The busy. signal
transmitted to the calling substation serves to
inform the calling subscriber that the desired
connection cannot be obtained. The manner in
which the ccnnection is released when the call-
ing subscriber disconnects is exactly the same as
set forth above, it being noted that the restricted
service relay R550 is released in response to the
removal of ground potential from the release con-
ductor 328c¢. :

RELEASE ON PERMANENTS

As indicated previously, provisions are made in
the connector switch 40 for forcibly releasing this
switch and the preceding finder switch I, in the
event the link is seized over a line having a per-
manent calling condition thereon, or over a line
having a call initiated therecn, and the calling
subscriber fails to complete dialing; fails to re-
ceive an answer from the called substation and
to abandon the call; fails to release the connec-
tion after the called subscriber has disconnected;
fails to abandon the connection after receiving
a busy tone signal; and in the case of a reverting
eall, fails to receive an answer within a specified
period, or to release the connection by establish-
ing an answering circuit over the line involved.
The arrangement for this purpese includes the
permanent timer 51, which is common to the se-
lected links, and the link release relay R340.
More specifically, the timer 51 is arranged to be
started in operation in response to the applica-
tion of ground potential to the timer start lead
55. This apparatus functions periodically to im-
press ground pulses upon the time-pulse lead 54,
and normally maintains ground potential upon
the time cut-off lead C348. A predetermined
time interval after each ground pulse is applied
to the time-pulse lead 53, the timer functions in
a well known meanner to disconnect the time cut-
off lead C344 from ground for a predetermined
pericd, which is in excess of that required for
any operated connector switch fully to release.

In considering the operation of the permanent
timer 51 forcibly to release the link illustrated,
it will be recalled from the preceding explana-
tion that when the finder switch 11 and the con-
nector switch 48 are seized over a calling line, the
hold slave relay R330 operates and closes its con-
tacts 332 to energize the upper winding of the
link release relay R340 in series with the high
resistance upper winding of the timer start reiay
RSi0. Due to the relatively high resistance of
the latter winding, the relay R340 does not oper-
ate when its upper winding is energized in this
circuit. The relay R818, however, operates and
closes its contacts 912 to impress ground poten-
tial upon the start lead 53 and thus initiate the
opevation of the permanent timer 5i. If the de-
sired connection is fully established between the
calling substation and the called substation be-
fore a ground pulse is transmitted through the
contacts 811 and the low resistance lower winding
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of the relay R910 to the time-pulse lead C4886, the
hattery reversing relay R420 is energized and
operates to open the operating and holding cir-
cuits for the link release relay R348. Accord-
ingly, the link release relay is rendered ineffective
forcibly to release the connection. Moreover, if
the connector switch 40 is seized over a calling
line, such, for example, as the line 8, which is
arranged for unrestricted service, the link release
relay R348 is rendered ineffective forcibly to re-
lease the operated switch train. In this case, the
permanent timer 51, upon operating to impress
ground potential upon the time pulse lead C49§,
completes a low resistance circuit jncluding the
contacts 428, C39 and the contacts 332 for ener-
gizing the upper winding of the link release relay
R340. This relay, in operating, completes a path
for short-circuiting its lower winding, which path
extends from ground by way of the contacts 336,
C18, the contacts 421, C711, the contacts 341, the
lower winding of R340, C12, the contacts 514, C13,
the contacts 333 and 314, the conductor 226e and
the E, C. wiper of the finder switch I to the
grounded E. C. contact engaged by this wiper.
In this regard it will be recalled from the above
explanation that the finder E. C. contacts which
are individual to lines of the non-restricted type
are connected directly to ground. At its con-
tacts 342 and 343, the relay R348 provides a sub-
stitute holding ground on the hold conductor
C8l, which substifute ground is derived from
the grounded time cut-off lead C344. When,
however, the ground pulse impressed on the time
pulse lead C48% is terminated, the link release
relay R340 is deenergized and restores due to the
short-circuited condition of its lower winding.
Accordingly, ground as derived through the break
contacts 342 is again connected to the hold con-
ductor C81 in leu of the ground connection to
the time cut-off lead C344. Thus, when the con-
nector switch 48 is seized over a line arranged
for unrestricted service, the link release relay
R340 periodically operates, but its operation is
without effect.

In the event the connector switch 49 is seized
over a calling line serving substations arranged
for semirestricted service, the relay network 25
operates, in the manner subsequently explained,
periodically to impress ground potential upon
the E. C. wiper of the finder switch 1{. The
periodicity  of these ground pulses is such that
the lower winding of the link release relay R348
is, in each case, short-circuited over the short-
circuiting path traced above prior to the expira-
tion of each timing interval when ground poten-
tial is removed from the time cut-off lead by the
permanent timer 51, Accordingly, when the con-
nector switch 49 is seized over g line arranged
for semi-restricted service, the link release relay
R340 periodically operates, but its operation is
without effect. It will be noted that in each of

the two cases last considered, the link release

relay R340 is rendered ineffective forcibly to
release the link, due to the completion of a path
for short-circuiting its lower winding. This path
extends through the break contacts 514 con-
trolled by the digit transfer relay R5!8, which
means, of course, that when the digit transfer
relay RBI0 operates at the end of the second
digit dialed at a calling substation, the link re-
lease relay R340 is again rendered effective forci-

‘bly to release the link, regardless of the character

of the calling line.
In the event the connector switch 40 is seized
over a line arranged for restricted service, or ig
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seized over a line arranged for restricted or semi-
restricted service and the digit transfer relay
R5I0 is operated, the link release relay R340 is
free to operate under the control of the timer 51.
When energized by a pulse transmitted over the
lead CA436, the relay R348 locks to ground over
a path including the resistor 345, the contacts
341, C11, the contacts 427, C18 and the contacts
335. At its contacts 342 and 343, the relay R340
connects the hold conductor C81 to ground over
a path including the time cut-off lead C344 and
opens the direct ground path normally extending
to this conductor. In the event the battery
reversing relay R420, which is energized in re-
sponse to the answering of a call routed through
the link, operates before the time cut-off lead
C344 is disconnected from ground following oper-
ation of the link release relay R340, the link
release relay is caused to restore and the con-
nection is not released. More specifically, the
relay R420, in cperating, opens its contacts 423
and 427 to interrupt the operating and locking
circuits for the link release relay, causing the
latter relay to restore and again connect the

holding conductor C81 to ground through the

contacts 342.

Assuming that the link release relay is held
operated for the predetermined time interval
which elapses between the transmission of a
ground pulse over the time pulse lead C486 and
the removal of ground potential from the time
cut-off lead C344, the operated switch train com-
prising the finder switch Il and the connector
switch 49 is released. More specifically, when
the time cut-off lead €344 is disconnected from
ground, sround potential is removed from the
release conductor 326 and the test conductor
individual to the calling line, causing the finder
switeh 11 to release in the manner pointed out
above. In response to the removal of ground
potential from the test conductor individual to
the calling line, the cut-off relay embodied in
the line circuit terminating this line is deener-
gized and restores to again connect the windings
of the associated line relay- to the conductors
of the calling line, whereby the line relay is again
energized over the established calling circuit.
The line relay associated with the calling line
now reoperates to complete the holding circui

for its associated line lockout relay. With the &

line and lockout relays of the line circuit termi-
nating the calling line operated, the line is
marked against seizure and the distributor start
cireuit individual thereto is held open. During

the release of the finder switch (1, the cut- -

through relay conveniently embodied therein
restores to open the operating circuits for the
line relays R368 -and R440, causing these two
relays to restore. The relay R368, upon restor-

ing, initiates the release of the connector por- ¢

tion of the link, in the exact manner described
above. During the release of the control equip-
ment embodied in the connector switch the link
release relay R340 is deenergized and restores
in response to the release of the hold slave relay
R330.

It will be apparent from the above explanation
that if a connection is established by way of the
finder switch i1 and the connector switch 43, the

link release relay is rendered inactive so long as :

the connection is not released at the called end
thereof, due to the fact that the battery reversing
relay R420 is operated. When, however, the
called subscriber hangs up to cause the deener-
gization and release of the battery reversing relay
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RA420, the operating and locking circuits for the
link release relay R340 are again prepared.
Hence, if the calling subscriber fails to disconnect
within a reasonable time interval, the link release
relay, in cooperation with the associated perma-
nent timer Bi, functions to initiate the release
of the operated switches 11 and 40 and to cause
the calling line to be locked out of gervice, all
in the manner explained above.

From the foregoing explanation with reference
to reverting calls routed by way of the connec-
tor switch 48, it will be recalled that, when this
connector switch is engaged in performing a re-
verting call signaling oneration, the relay R3230
is deenergized in response to the operation of the
reverting-call relay R2i0 and is caused to re-
operate when the calling subscriber hangs up to
initiate the ringing cperation. The relay R339,
upon restoring in response to the operation of
the reverting-call relay R318, opens the operat-~
ing and locking circuits for the link release re-
lay R 349, causing this relay to restore if operated.
Upon reoperating, however, the hold slave relay
R339 reprepares the operating and locking cir-
cuits for the link release relay R340, whereby a
second timing interval is initiated. Thus, the
permanent timer 5i, operating in conjunction
with the link release relay R340, functions to
time the ringing periods used in reverting call
sizgnaling and forcibly to release the link in any
case where the signaling period is excessive. It
will be noted that in this case the reverting-call
relay R310 and the digit transfer relay R5ID are
cperated. Accordingly, the previously traced
path for short-circuiting the lower winding of
the link release relay R340 is held open at the
contacts 3{4 and §{4, so that the timing opera-
tion proceeds regardless of the character of the
calling line.

It will be spparent from the foregoing ex-
planation that in those cases where the conversa-
tion timing facilitates are active, the conversa-
tion period is timed from the instant when the
ring cut-cff relay R520 operates. If the called
party disconnects hefore the conversaticn tim-
ing period expires, but the calling party fails
to disconnect, the operating and locking circuits
for the link release relay R340 are reprepared at
the break contacts 426 and 421, respectively,
when the battery reversing relay R4&20 restores.
In this case the connection may be released either
by the permanent timer 51 cooperating with the
link release relay R340, or by the conversation
timer 53 cooperating with the reverting-call relay
R210, depending upon which set of apparatus is

first to compleie its timing operation.

INTER-OFFICE TRUNK CALLS

In routing calls from the non-restricted sub-
seriver lines terminating at the C. A. X to the
subscriber lines terminating at the distant auto-
matic exchange 33, any one of the restricted
trunks in the group including the trunk 36 may
be utilized. Thus, if a call intended for a sub-
scriber served by the automatic exchange 35 and
initiated at the substation A, for example, is
routed to the connector switch 40 through the
finder switch 11, the calling subscriber may dial
the single digit designating the group of trunks
in which the trunk 3% is included. In response
to the dialing of this digit, the connector switch
43 cperates in the manner previously explained,
to select an idle trunk in this group. Assuming
that the trunk 36 is the first available idle trunk
of the group, the connector switch 48, upon test-
ing this trunk and finding it idle, extends the
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calling circuit to the repeater 39 associated there-
with.. When the calling circuit is thus extended
to the repeater 38, one or both of the line re-
lays R728 and R850 may be energized. If the
calling line is of the loop type, these relays are
energized over the calling loop circuit which has
now been extended to include the contacts TiI,
714, 132 and 87i, and the repeating coil wind-
ings 101 and 763. In the event the calling line
is of the simplex type, only the relay R858 is
energized, this relay being energized over a cir-
cuit including the contacts 811, CT16, the wind-
ing 791, the contacts Tl 1 and the negative side of
the calling simplex circuit. In this case, the re-
lay RT120 is short-circuited over a path includ-
ing the contacts 732, the repeating coil winding
183, the contacts T{A and the positive side of the
calling simplex circuit. In the event the calling
line is of the ground return type, the relay R120
is open-circuited and, accordingly, does not
cperate.

Assuming that the calling line is of the loop
type, the relay R128 is energized and operates to
open, at its contacts 721, a point in the operating
circuit for the calling simplex relay R738. The
relay RSE, in operating, closes its contacts 851
to complete a circuit including the contacts 873
and C784 for energizing the pulsing relay R189.
At its contacts 852, the relay R850 prepares the

operating circuit for the calling simplex relay |,

R139.

The pulsing relay R789, upon operating, closes
its contacts 782 to complete a circuit including
the contacts 825 and CT84 for energizing the up-

ner winding of the lock-pulse relay R169. At its |

contacts 784, the relay R780 opens a point in its
own booster ecircuit. The relay R759, upon
cperating, closes its contacts 761 to prepare a
circuit for energizing its lower winding. At its
contacts 168, the relay R760 locks to ground over
a nath including the contacts 782 and the re-
sistor 754. At its contacts 762, the relay R760
opens a point in the operating circuit for the
pulse-controlled relay R78). At its contacts 164,
the relay R780 opens a point in the operating
circuit for the relay R778. At its contacts 765,
the relay RT158 opens a point in the operating
circuit for the relay R810. At its contacts 7583,
the relay R760 completes a circuit inciuding the
contacts §34 and the conductors CT96 and. C7197
for energizing the slow-acting hold relay R3829.

The relay R520, upon operating, closes its con-
tacts 824 to complete an obvious circuit for en-
ergizing the relays R830 and R859 in parallel.

At its contacts 823, the relay R820 prepares the

operating circuits for the relays R$I8 and RI78,
prepares a locking circvit for the relay R7T38,
and completes a multiple holding circuit for the
relay RT188, the latter circuit extending from
ground by way of the contacts 823, C788, the re-
sister 782 and the upper winding of R189 to bat-
tery. At its contacts 825, the relay R828 opens
the operating circuit for the relay R750. At its
contacts 823, the relay RB20 also completes a
circuit including the conductor C788, the resistor
758, the contacts 772 and CT83 for energizing the
upper winding of the lock-pulse relay R818. The
current supplied to this winding over the circuit
just traced is insufficient to cause the cperation
of the relay R816, but renders this relay evceed-
ingly fast to operate. At its contacts 822, the
relay R820 prepares the above-mentioned booster
circuit for the pulsing relay RT180. At its con-
tacts 821, the relay R820 prepares a loop circuit
extending by way of the conductors of the trunk
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86 to the automatic switching equipment pro-
vided in the distant exchange 85. At its con-
tacts 823, the relay R829 also completes a cir-
cuit for energizing the right winding of the elec-
tropolarized back-bridge relay RT50, this circurs
extending from ground by way of the contacts
823, C198 and the right winding of R158 to bat-
tery. It will be noted that a branch of this cir-
cuit extends through the resistor 388 and the
lower or restoring winding of the differentially
wound lock-pulse relay R160. The energization
of the upper winding of the relay R788 still pre-
dominates, however, so that this relay remains in
its operated position. The relay R158 does not
operate when this circuit is completed.

The relay R888, in cperating, closes its con-
tacts 882 to complete an obvious path for im-
pressing ground potential upon the test conduc-
tor C191, thereby to complete the previously men-
tioned locking circuits for the operated relays -
in the connector switch 48 and the finder switch .
{{, and to maintain the busy marking of the
trunk 24. At its contacts 831, the only relay R820
opens an incomplete alternative path for ground-
ing the test conductor CT91. At its contacts 833,
the relay R830 prepares the operating circuit for
the pulse-controlled relay R748. At its contacts
835, the relay R830 completes a locking circuit for
the hold relay R8298, this circuit extending from
ground by way of the contacts 824 and 835, C196,
the contacts 763, C797 and the winding of R820
to battery. At its contacts 834, the relay R338
interrupts the operating circuit for the hold
relay R823. At its contacts 835, the relay R8390
completes an obvious circuit for energizing the
line-switching relay R888.

The relay R88Y, in operating, opens its contacts
882 and 883 to disconnect the conductors of the
trunk 35 from the line circuit 8. At its contacts
881 and 884, the relay R880 completes a calling
Icop circuit which extends from the repeating
coil 788 to the repeater terminating the trunk
38 in the distant automatic exchange 35%. This
loop circuit may partially be traced as extending
by way of the contacts 83{, C783, the repeating
coil winding 702, the left winding of the back-
bridge relay R159, the repeating coil winding 104,
C785, and the contacts 811, 82! and 284. The
direction of current flow over this circuit is such
that the polarized back-bridge relay R7158 does
not operate. When this loop circuit is completed,
the automatic switching equipment provided in
the exchange 35 is conditioned in 5 well-known
manner to respond to impulses transmitted over
the trunk 36 and dial tone is returned to the call-
ing subscriber. At its contacts 885, the relay
R880 opens a peoint in one of the operating eir-
cuits for the battery reversing relay R742. At its
contacts 886, the relay R388 prepares the oper-
ating circuit for the control relay R340,

Grounded or simplex line test

The reley R858 operates shortly fcllowing the
operation of the relay R889, and closes its con-
tacts 86! to complete the prepared operating cir-
cuit for the contrel relay R849. At its contacts
862, the relay R86% opens a point in the operating
circuit for the control relay R878. The relay
RB4D operates after an interval and opens its
contacts 843 to interrupt the path over which
negative battery potential is normally impressed
upon the E. C. conductor C792. More specifically,
this conductor is normally connected to the nega-
tive terminal of the exchange battery over a path
including the contacts 843 and the resistor 848,




28

this marking path serving to identify the trunk
38 2s a restricted trunk and to provide a circuit
for energizing the restricted service relay R530
of the connector switch 40 in the manner previ-
ously explained. At its contacts €42, the relay
R240 completes a path for impressing ground
petential upon the E, C. conductor C792. This
ground path is utilized in the manner previously
describad to control the trunk-hunting operation
of the other connector switches in searching for
an idle trunk in the group including the trunk
35, and extends from ground by way of the con-
tacts 837 and 842 to the conductor C182. In this
regard it is pointed ocut that if the trunk 35 is
the last trunk of the group, the strap 838 connect-
ing the terminals 8371 and 839 is omitted from the
repeatsr circuit wiring so that the path just
traced is not completed. The omission of this
strap serves to prevent further searching of a
connector switch occupied with a trunk call
intended for one of the restricted trunks when
the last trunk of the group is selected. Thus,
with the E. C. conductor C192 disconnected from
ground, the previously traced trunk test circuit
over which the trunk-hunting relay R480 is ener-
gized is held open when the trunk 38 is selected.

At its contacts 841, the relay R840 prepares
the above-mentioned alternative path for im-
pressing ground potential upon the test and E. C.
conductors CT91 and C792. At its contacts 844,
the relay R840 locks to ground over a path in-
cluding the contacts 886. At its contacts 845, the
relay R840 prepares the operating circuit for
the slow-to-operate control relay R8710. At its
contacts 845, the relay R840 interrupts the oper-
ating circuit for the relay R869. At its contacts
8871, the relay R840 prepares or completes the
operating circuit for the calling simplex relay
R130, depending upon the position of the line
relay R7120. This circuit extends from ground
by way of the contacts 875, 852 and 847, CT0i,
the contacts 721 and the winding of R130 to
battery, and is completed in response to opera-
tion of the relay R840 in the event the line relay

R7120 occupies its restored position. On the other °

hand, if this line relay is operated and the call-
ing line is of the simplex or ground return type,
the relays RE10 and R330 cooperate to trans-
mit a ground pulse over the positive wiper 66f

which serves to short-circuit the line relay R120. °

When thus deenergized, the relay R120 restores
to complete the prepared operating circuit for
the relay R130.

The relay RT130, upen operating, locks to

ground over a path including the contfacts 133, -

C198 and the contacts 823. At its contacts 132,
the relay R130 disconnects the winding of the
line relay R120 from the positive line wiper 661.
At its contacts 131, the relay R130 connects the
positive line wiper 661 to the conductor CT16 to
complete a multiple circuit for energizing the
line relay R850, assuming that the calling line
is of the simplex type. In the event the calling
line is of the ground return type, the operation
of the relay R130 is without effect to increase
the energization of the line relay R850.

The relay R868 restores shortly following the
operation of the relay R848, and opens its con-
tacts 861 to interrupt the operating circuit for
the relay R840. At its contacts 862, the relay
RS62 completes the prepared operating circuit
sor the slow-to-operate control relay R8790, this
circuit extending from ground by way of the con-
tacts 824, 845 and 882, and the winding of R8T0
to battery. The relay R810 now operates and
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opens its contacts 815 to interrupt the above-
traced operating circuit for the calling simplex
relay R139. At its contacts 874, the relay RETO
completes a path including the resistor 146, the
conductors C276 and C183, and the contacts 874
and 715 over which the line relay R129 is par-
tially short-circuited, thereby to decrease the re-
sistance of the calling circuit if the calling line
is of the loop type. At its preliminary make
contacts 872, the relay R810 includes the wind-
ing of the pulsing relay RT180 in the calling cir-
cuit. At its contacts 372, the relay RST0 inter-
rupts the initially completed operating circuit
for the pulsing relay RI80. At its contacts €71,
the relay R378 excludes the winding of the line
relay R850 from the calling circuit, thereby to
cause the deenergization and release of the latter
relay. In restoring, the relay R8E2 opens its
contacts 854 to interrupt the operating circuit
for the pulsing relay R7898, and opens its contacts
852 further to interrupt the operating circuit
for the cailing simplex relay RT3). Following
the release. of the line relay R850, the control
equipment of the repeater 30 is conditioned to
respond to the impulses of the additional digits
designating the desired substation served by the
distant automatic exchange 35. From the above
explanation, it will be ncted that if the calling
line is of the grounded or simplex type, the re-
lays R783, R828, R330, R248, RST0, R8380, RT60
and RI1308 are operated following seizure of the
repeater 30 and prior to the transmission of
impulses to this repeater. In this case, the neg-
ative terminal of the exchange battery is con-
nected to both sides of thie calling circuit through
the winging of the pulsing relay RT183. On the
other hand, if a loop line is calling, the relays
R7123, R520, R830, R240, ROTS, RERO, RT60 and
R720 are operated following seizure of the re-
peater 35, and the exchange battery is connected
between the two sides of the calling loop circuit
in series with the windings of the relays R120 and
RI138. 'Talking battery may be supplied to the
transmitter provided at the calling substation
over this battery feed circuit,

Repeating dial pulses to the distant exchange

When a link in the distant automatic exchange
35 is seized through the repeater terminating the
trunk 36 in this exchange, the control equipment
thereof functions in the usual manner to trans-
mit dial tone signal current back over the trunk
26 and the calling line, thereby to signal the call-
ing subscriber that the dialing operation may be
continued. During the dialing of further digits
at the calling substation, the pulsing relay R180,
operating in conjunction with the lock-pulse re-
lays R160, R170 and R819 functions to repeat
the pulses to the seized switching equipment in
the exchange 35. More specifically, when the
pulsing relay R180 restores at the beginning of
the first impulse transmitted to the repeater 30,
it opens its contacts 782 to interrupt the branch
holding circuit for the lock-pulse relay R160
which includes the resistor 754. When this cir-
cuit is opened, the energization of the lower
winding of the differentially wound relay RT60
predominates, with the result that this relay is
restored electrically. At its contacts 181, the re-
lay R180 completes the above-mentioned booster
circuit for itself, this circuit extending from
ground by way of the contacts 181, CT87, the re-
sistor 8117, the contacts 822, C184 and the wind-
ing of R180 to battery. The current flow over
this ecircuit is insufficient to cause the reopera-
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tion of the pulsing relay R780, but renders this
relay exceedingly fast-to-operate when the call-
ing circuit is recompleted at the end of the open-
circuit period of the impulse. In restoring, the
relay R160 opens its contacts 761 to interrupt
the previously traced circuit for energizing its
lower winding. At its contacts 7162, the relay
R160 completes the prepared operating circuit
for the pulse-controlled relay R148, this circuit
extending from ground by way of the contacts
824 and 835, C196, the contacts 162, C195, the
contacts 833, C194 and the winding of RT140 to
battery. Atits contacts 763, the relay R760 opens
the operating circuit for the hold relay R820.

At its contacts 164, the relay R160 prepares a cir- -

cuit for energizing the upper winding of the lock-
pulse relay R110. At its contacts 166, the relay
RT760 opens another point in its own locking cir-
cuit. At its contacts 165, the relay R160 com-
bletes a circuit for fully energizing the upper
winding of the lock-pulse relay R810, this cir-
cuit extending from ground by way of the con-
tacts 823, C188, the contacts 165 and 112, C193
and the upper winding of R8I0 to battery.

The relay R810, upon operating, closes its con-
tacts 814 to complete an obvious path for short-
circuiting its lower winding, thereby to render
itself slow-to-release. At its contacts 812, the
relay R8I0 completes an obvious holding circuit
for the hold relay R820. At its contacts 813, the
relay R8!0 completes the above-mentioned cir-
cuit for energizing the upper winding of the slow-
to-operate lock-pulse relay R110, this circuit ex-
tending from ground by way of the contacts 823,
C188, the contacts 165, CT02, the contacts 813,
C198, the contacts 164 and the upper winding of
RT70 to battery.

The lock-pulse relay R119 operates after an in-
terval and opens its contacts 713 to interrupt the
path normally short-circuiting its lower winding.
At its contacts 111, the relay R119 completes an
obvious multiple circuit for energizing its upper
winding. At its contacts 712, the relay RT118 in-
terrupts the above-traced operating circuit for
the lock-pulse relay R819, causing the latter
relay to restore after an interval. At its contacts
11t and 174, the relay R170 completes an alter-
native path for short-circuiting its lower wind-
ing, this path extending from ground by way of
the resistor 153, the contacts 714, the lower wind-
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ing of R119, the contacts 164 and 111, C198 and -

the contacts 823 back to ground. At its con-
tacts 115, the relay R110 prepares an alternative
operating circuit for the lock-pulse relay R760.
Shortly following the operation of the relay RT70,
the relay R8i0 restores and opens its contacts
814 to interrupt the path short-circuiting its low-
er winding. At its contacts 813, the relay R819
opens the above-traced operating circuit for the
relay RT70. At its contacts 812, the relay R819
opens the holding circuit for the relay R820.
When the pulsing relay RT80 reoperates at the
end of the open-circuit period of the first im-
pulse, it closes its contacts 182 to complete the
above-mentioned alternative operating cireuit
for the relay R768, this circuit extending from
ground by way of the contacts 715 and 782, and
the upper winding of R160 to battery. At its
contacts 181, the relay R189 opens its booster
circuit as traced above. The relay R160 now re-
operates to perform the functions described
above. At ifs contacts 184, the relay R16% in-
terrupts the above-traced path short-circuiting
the lower winding of the relay R110, and opens
the circuit for energizing the upper winding of
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the latter relay. When the short-circuiting path
just mentioned is interrupted, the lower wind-
ing of the relay RT10 is energized over a circuit
including the resistors 7109 and 753, and the con-
tacts 174, This relay is differentially wound.
Accordingly, the energization of its lower wind-
ing in the manner just explained causes this re-
lay rapidly to restore. In releasing, the relay
R1T10 opens its contacts 714 to interrupt the path
for energizing its lower winding, opens .its con~-
tacts T15 to interrupt the operating circuit for
the relay R160, closes its contacts 178 to short-
circuit its lower winding, and closes its contacts
112 to reprepare the operating circuit for the
relay R8i0. Following the release of this relay,
the pulse regenerating relays R7T80, R760, RT118
and R810 are prepared to respond to another im-
pulse. The manner in which these four relays
coact in response to additional impulses trans-
mitted ‘to the repeater 20 is exactly the same as
Jjust explained.

As indicated abeve, the relay RT48 is ener-
gized and cperates in response to the release of
the relay RT%8 at the beginning of the open-
circuit period of the first impulse. In operating,
the relay Ri48 closes its contacts 744 to prepare
a locking circuit for the battery reversing relay
RI118, and closes iis contacts 143 to shunt the
resistor 787 across the operating winding of the
back-bridge reiay RY59, thereby to reduce the
resistance of the pulsing circuit which extends
by way of the trunk 36 to the distant exchange
89, At its contacts T42, the relay R140 completes
& path including the resistor 746 for short-cir-

5 ‘cuiting the winding of the relay R129, thereby

to reduce the resistance of the calling circuit in
the event the calling line is of the loop type.
At its contacts 741, the relay R746 completes an
okvious path for short-circuiting the repeating
coll winding 76i, thereby further to reduce the
resistance of the calling circuit over which the
impulses are transmitted to the relay Ri86 fromw
the caliing station. Due to the slow-to-release
characteristics thereof, the relays R149 and R829
remain operated during each series of impulses
transmitted to the repeater 38. The relay RV49,
however, restores during the inter-digit pause
between each series of impulses, and remains in
its restored position after the calling operation
is terminated.

Bach time the relay R31§ restores in response
to the release of the pulsing relay R188, it opens
its contacts 81i to interrupt the established loop
circuit extending to tie seized automatic switcii~
ing eguipment in the exchange 85, 'This loop
cireuit is obviously recompleted each titne the
relay R8I§ restores in response to operation oi
bie lock-pulse reiay Ri74. Thus, the reiay R84
functions to repeat the corrected impulses to the
loop circuit extending from the repeating coil
18y to the auiomatic switching equipment of the
distant exchange 35.. This automatic switching
equipment responds to the repeated dial pulses
oy operating to select the desired calied line in
the usual manner. After this line is selected it
is tested to determine the idle or busy condi-
tion thereof and, if busy, the usual busy tone
signal is returned over the connecticn to signal
the calling subscriber that the desired ccnnec-
tion cannot be cbtained. On the other hand, if
the called line is idle, ringing current is trans-
mitted thereover for the purpose of signaling
the called subseriber, and the usual ring-back
tone signal is transmitted back over the connec-
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ticn to signal the caliing subscriber that the
called substation is being rung.

‘When the call is answered at the called sub-
station, the desired conversational circuit be-
tween the calling and called substations is fuliy
completed, and the transmission of ringing cur-
rent over the called line and the trunk 3§ is
arrested. In addition, the control equipment of
the switching apparatus in use at the exchange
35 operates to reverse the direction of current
flow over the trunk 36 and through the left-hand
winding of the back-bridge relay R150. As a
result, the electro-polarized back-bridge relay
R150 operates to complete, at its contacts 151, an
obvious circuit for energizing the battery revers-
ing relay R112. At its contacts T{1 to T{4, inclu-
sive, the relay R7T10, in operating, reverses the
direction of current flow over the calling circuit
in the event the calling line is of the loop. type.

At its contacts 715, the relay R710 prepares a ¢

locking circuit for itself, At its contacts T16, the
relay RT19 cpens a point in the above-traced
path for short-circuiting the winding of the line
relay R728. At its contacts Ti7, the relay RT19
completes an obvious multiple path for impress-
ing guarding ground potential upon the connected
test and E. C. conductors C181 and CT92, respec-
tively. At its contacts 118, the relay R110 com-
pletes a multiple holding circuit for the relay
R840, this circuit extending from ground by way
of the contacts 718, C793 and the winding of
R840 to battery.

In the event further impulses are dialed at the
calling station after the call is answered, the four
relays, R180, R160, R178 and R810 cooperate in
the manner explained above to repeat these im-
pulses over the trunk 38 to the distant exchange
25. At the beginning of such dialing, the relay
R749 is energized and operates to complete the
prepared holding cireuit for the relay R'HO this
circuit extending from ground by way of the
contacts T44 and 115, and the winding of R110
to battery. This lockmg circuit is obv1ously in-
terrupted at the contacts 144 at the end of each
series of impulses. Each time the loop circuit
including this trunk is opened at the contacts
8i1, the back-bridge relay RT50 restores and
opens its contacts 151 to interrupt the operat-
ing circuit for the battery reversing relay RTI0.
The latter relay RT10 is, however, held energized
over its locking circuit as traced above,

It will be apparent from the above explanation
that the back-bridge relay R180 responds to
switchhook operation at the called substation by

opening and closing the operating circuit for the *

battery reversing relay R110. Thus, each time
the called subscriber hangs up, the control equip-
ment of the automatic switching apparatus occu-
ried with the call in the exchange 35 operates
to reverse the direction of current flow through
the winding of the back-bridge relay R150, and
this relay restores to. interrupt the operating
current for the battery reversing relay R71D.
These two relays are.obviously reoperated in the
order named, each time the called subscriber re-
moves the receiver provided at the called sub-
station from its supporting hook or cradle prior
to the release of the connection. Each time the
battery reversing relay RI1D restores, it reverses
the direction of current flow over the calling
cireuit, assuming the calling line to be of the loop
type: closes its contacts 116 to reprepare the
path for short-mrcultmg the winding of the line
relay R120; opens its contacts 11T to interrupt
the multiple pat‘fx for 1mpress;ng ground} poten~
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tial upon the connected test and E. C, conductors
C181 and C182, respectively, and opens its con-
tacts 718 to interrupt the established locking cir-
cuit for the control relay R840.

Release

In the event the call is cleared out at the cali-
ing substation prior to its release at the called
substation, the relays R160 and R1{0 are caused
sequentially to restore in the manner just ex-
plained. Thereafter and when the calling sub-
scriber disconnects, the pulsing relay R180 and
the relay R120, if operated, are deenergized and
restore. In response to the release of the relay
R189, the relay R160 restores, the relay R8i%
operates, the relay R110 operates, and the relay
RS10. res*ores in the sequence named and in the
exaet manner descrlbed above. With the relays
RTGD and RBIO in their restored positions, the
cperating and lockmg circuits for the hold relay
R320 are held open at the contacts 153 and 812,
respectively. The relay R820 restores aiter an
interval and opens its contacts 823 to interrupt
the operating and locking circuits for the relays
R710 and R130. At iis contacts 824, the relay
R820 opens the operatmg and locking circuits for
the relays R830 R360, R810 and R140. Thus,
the five rclays R130 R'Ma R110, R330 and R810
are cavsed to.restore. The relay R839, in, releas-
ing, opens the operatlng circuit: for the relay
R8389, thereby to cause the sequential release ot
the latter relay and the relay R840. Following
the release of:the two last-mentioned relays; the
1ereater 30 is fully restored. to normal, The xe-
lays. R830 and R840, in restoring; open the two
'Warlab_l_e patns over which ground potential may
be impressed upon the test and E. C. conductors
C181 and C192, respectively. At 1ts contacts 843,
the. relay R840 recompletes the path for impress-
ing- ne_catrve‘ ba.tt_ery potential upon the E. C.
conductor G192 for tiie purpose of indicating the
restricted character. of the trunk 38, When
cround potentlal is, removed from the test con-
ductm G144, the precedmg switches 40: and (I,
and the 11ne 01rcu1t 18, are-released in the man-
ner previously described,

In. the event the connection is cleared. out at
the ealiing substation: prior to its release at the
called substation served:by: the distant automatic
exchange. 33, the back-bridge relay R190 and:.the
batuery 1eversin° relay R'HO are held Qperated

just e.xpl_a*_nedﬁ When the hold relay restores
the. loep. circuit: extending by way of the trunk
28 to the distant automatic exchange is opened
at the contacts 821, causing the back-bridge and
battery- reversing relays sequentially. to.restore.
In this cage, the relay R880;, upon- restoring,
closes: its: contacts 882: and, 883 to connect; the
conductors. of: the trunk: 33 to. the talking- con-
ductors of- t2 he- trunk 34, thus estabhshmg a loop
circuit- between: the line circuit %! and: the. re-
peater terminating the trunk 36 in the distant
exchange 35. When: this loop: cireuit, is, com-
pleted the hne 01rcu1t 31 operates to sex;e an
prov‘ldedﬁm, the Q : A_L”‘S ,t"lereby to- cause the
finder portion of the assigned:link.to seige the
trunk. 36: over the.link line.34; and to. impress
ground potential.upon the private conduetor 3dc.
When the conductor 3de is connected ta ground,
the. battery: reversing relay: RI18; is. energized
over & cireuly; including: this.conductoey; the: con-
tacts 885;and.the:.conductoy;C188.. In operating,
the, relay RT10. closes its: contacts T+1:to impress
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ground potential upon the test conductor C191,
thereby to mark the trunk 36 as busy in the bank
contacts of the connector switches. At its con-
tacts 718, the relay R110 completes a circuit ex-
tending by way of the conductor C193, for ener-
gizing the control relay R840. The relay R840
now operates and opens its contacts 843 to dis-
connect the E. C. conductor CT192 from the nega-
tive terminal cf the exchange battery. At its
contacts 842, the relay R840 connects the E. C.
conductor C792 to the grounded test conductor
C191 for the purpose of controlling the trunk-
hunting operation of the connector switches.
‘When the connection is cleared out at the called
substation, the loop circuit extending between the
line circuit 3f and the repeater terminating the
trunk 38 in the exchange 3% is interrupted by the
control equipment of this repeater. As a result,
the line circuit 3! and the seized link in the
C. A. X are released. During the release of the
line circuit 3i, the private conductor 34c is dis-
connected from ground to deenergize the battery
reversing relay R¥18. Thus, the relays R710 and
R840 are caused sequentially to restore, whereby
the test and E. C. conductors C181 and C792,
respectively, are disconnected from ground, and
the E. C. conductor is connected to the negative
terminal of the exchange battery through the
resistor 848.

When a call intended for a subscriber served
by the C. A. X is routed through the automatic
switching equipment of the exchange 85 and
over the trunk 36 to the line circuit 31, the line
relay of this line circuit operates to impress
ground potential upon the private conductor 34c¢
in the manner described in the preceding para-
graph. When this conductor is connected to
ground, the relays R118 and R840 operate to per-
form the functions described above. The line
circuit 3f, in operating, also functions to seize
an idle one of the links in the C. A. X in the
exact manner described previously with reference
to the call originating at the substation A. The
manner in which such a call is routed to the
desired substation and the connection is released
when no longer desired is also the same as de-
scribed above and will be clearly apparent from
the preceding explanation.

OPERATION OF THE RESTRICTED SERVICE AND TIME-
BrockiNG NETWORK 25

As pointed out previously, the relay network
23 is provided for the purpose of controlling the
operation of the link release relay R340, the
restricted service relay R558 and the timing relay
R640 of the link illustrated, and the correspond-
ing relays provided in the other links of the
C. A. X. This network includes the relays R240,
R250 and R268, individual to the lines upon
which service restrictions are imposed, and hav-
ing windings which are utilized as resistance
marking paths over which negative battery po-
tential is impressed upcn the H. C. contacts of
the finder contact sets terminating the respec-
tive associated lines. In this regard, it will be
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recalled that the resistance battery marking .

paths, including the windings of the relays R248,
R250, R260, etc., are utilized to prevent the re-
spective associated lines from obtaining access
to certain of the central office trunks through
the links. The additional relays R230, R220 and
R210 are controlled by the pulsing element 263
to transmit ground pulses over the E, C, conduc-
tors individual to the semi-restricted lines for
the purpose of rendering the link release relay
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R340 and the timing relay R640 of the link
illustrated, and the corresponding relays of the
other links, ineffective forcibly to release con-
nections routed through the links.

In considering the operation of the network
25, it may be assumed that a call intended for
one of the restricted trunks is initiated at.a semi-
restricted substation, such, for example, as the
substation C served by the line i6. It may fur-
ther be assumed that the links illustrated is uti-
lized in handling the call. During the operation
of the connector switch to select an idle one of
the restricted trunks, the digit transfer relay
R510 is caused to operate. Thereafter, and when
an idle trunk is selected, the restricted service
relay R588 is energized over the trunk test cir-
cuit previously described, and operates to com-
plete a circuit for energizing the lower winding
of the busy test relay R530 in series with the
relay R240 individual to the line 1§, this circuit
extending from ground by way of the contacts
514, C591, the contacts 552, the lower winding
of R530, the contacts 515, C13, the contacts 333
and 314, the E. C. conductor 326e, the E, C.

5 wiper of the finder switch 11, the E. C. conduc-

tor 1€e, and the winding of R240 to battery.
When energized over this circuit, the relay R240
operates and closes its contacts 242 to prepare
a pulsing circuit to the slow-acting relay R230.
With the relay R243 operated, the continuously
driven pulsing element 263 operates periodically
to transmit ground pulses through the contacts
242 to the relay R238. Each time the relay R239
operates, it closes its contacts 231 to complete an
obvious operating circuit for the slave relay R220.
The relay R220, in operating, closes its contacts
221 to complete an obvious locking circuit for
the relay R248, and impresses ground potential
upon the E. C. conductor {8e. Each time the
relay R230 restores, it deenergizes its. slave relay
R220, and the latter relay restores to discon-
nect the conductor [6e from ground. Thus,
ground pulses are periodically transmitted over
the E. C. conductor I6e, which are utilized in the
manner previously described to control the tim-
ing relay RB40 and the link release relay R340.
If the calling line is arranged to provide fully
restricted service to the subscriber or subscribers
served thereby, the ground pulsing path just de-
scribed, which is individual to the line and ex-
tends to the E. C. conductor 18e, is omitted from
the wiring of the network 25. In the absence of
this path, ground pulses are not transmitted
over the E. C. conductor 18e to cause the pericdic
release of the relays R349 and R640, if operated.
Thus, the timing operation of these relays is not
interfered with. It will be noted that the puls-
ing circuit extending to the relay R230 from the
pulsing element 263 may be completed by any -
one of the line relays provided in the network 25.
It will also be noted that each of the line relays,
in operating, functions to prepare the pulsing
circuit to its associated E. C. conductor. In this
regard, it is pointed out that if only a small num-
Per of the lines terminating at the exchange are
restricted, the slave relays R220 and R218, and
the circuits controlled thereby, may be omitted,
the ground pulsing circuits being directly con-
trolled by the relay R239. These slave relays
are provided solely for the purpose of enabling
the network 25 to serve a relatively large number
of lines.

OPERATION OF THE TIMER START CIRCUIT 50
As pointed out in the introductory portion of
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the specification, the arrangement of the timer
start circuit 59 is such that a single lead con-
necting each link with the start relay individual
to each timing unit is utilized for the dual pur-
pose of controlling the energization of the associ-
ated start relay and the transmission of the con-
trol pulses to the link. Thus, it is pointed out
above that when negative battery potential is
impressed upon the time pulse lead C496 through
operation of the hold slave relay R330 provided in
the link illustrated, the upper winding of the
timer start relay R91Q is energized, causing this
relay to operate. In operating, the relay R910
closes its contacts 912 to impress ground poten-
tial upon the permanent timer start lead 55 and
thus initiates the operation of the permanent
timer 51. At its contacts 913, the relay R910 also
impresses ground potential upon the start lead
56 for the purpose of initiating the operation of
the dial and busy tone generators 60. The per-
manent timer 51, in operating, functions periodi-
cally to impress ground pulses upen the time pulse
lead 54, which is now connected through the lower
winding of the relay R816 to the time pulse lead
C496. When the time pulse lead 54 is connected
to ground, the high resistance upper winding of
the relay R910 is effectively short-circuited over
a path including the low resistance lower wind-
ing ‘of this relay and the contacts 91(. The
current flow through this lower winding, and the
upper winding of the link release relay R340,
however, serves to prevent the relay R8¢ from
releasing. Moreover, the low resistance path
through the lower winding of the relay R8I0
does not materially restrict the energization of
the upper winding of the link release relay R340.
Thus, the lead C496 is utilized both for the pur-
pose of controlling the energization of the relay
RSIi0 and for the purpose of transmitting control
pulses to the link illustrated. Obviously, the re-
lay R910 is deenergized and restores when the
time pulse lead C486 is disconnected from the
negative terminal of the exchange battery.

In a similar manner, the start relay R920 may
be energized in series with the winding of the
magnet (004 in response to operation of the tim-
ing relay R649. This series circuit extends from
ground through the winding of R920 by way of
the contacts 932, C579, the contacts 642, C6T1 and
the winding of the magnet 1004 to battery. Due
to the relatively high resistance of the winding
of the relay R920, the magnet {004 is insufliciently
energized to operate when this circuit is com-
pleted.
closes its contacts 92! to complete an obvious
path for impressing ground potential upen the
start conductor 571 extending to the tick-tone
generating eguipment 52, At its contacts 923, the
relay R920 completes an obvious path for im-
pressing ground potential upon the timer start
lead 58. When the two leads 57 and 58 are thus
connected to ground, operation of the tick-tone
generating equipment 52 and the conversation
timer 93 is initiated. At its contacts 922, the
relay R929 prepares a circuit including the puls-
ing lead 53 over which ground pulses may be
transmitted to the pulsing relay R920 under the
control of the timer 53. Fellowing the operation
of the reley RS20, the pulsing relay R330 as
controlled -over the pulsing lead 59 by the eon-
versation timer 532, periodically operates -and re-
stores. Each time this relay operates, it opens
its contacts 932 to interrupt the cperating circuit
for the relay R920, closes its contacts 933 to.com-

The relay R928, however, operates and -
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plete an obvious hclding circuit for the relay
R929, and closes its contacts 931 to complete an
obvious path for impressing ground potential di-
rectly upon the combined start and pulse lead
C6719. Each time the relay R330 restores, it dis-
connects the lead C679 from ground to termi-
nate the pulse, closes its contacts 932 to recom-
plete the operating circuit for the relay R920, and
opens its contacts 233 to interrupt the holding
circuit for the relay R328. Obviously, when the
lead C879 is disconnected from the negative ter-
minal of the exchange battery in response to the
release of the timing relay RE48, the relay R323
is deenergized and restores. In releasing, the
relay R929 disconnects the two start leads 57 and
58 from ground to arrest the operation of the
tick-tone generating egquipment 52 and the con-
versation timer 53, and opens its contacts 922
to interrupt the pulsing circuit extending to the
pulsing relay R938.

‘While there has been described what is at pres-
ent considered to be the preferred embodiment
of the invention, it will be understood that vari-
ous meodifications may be made therein, and it is
contemplated to cover in the appended claims
all such modifications as fall within the true
spirit and scope of the invention.

What is claimed is:

1. In a telephone system, lines of different
types, a repeater including control equipment
normally arranged to be controlled -over a line of
ore type and means responsive to a control sig-
nai transmitted to said repeater ever one of the
talking conductors of & connection exiendsd to
said repeater for conditisning said control eguip-
ment to be centrolied cver a line cf another type,
and a selector switch coperative to extend con-
nections from calling ones of s2id lines to said
repeater snd including mezns for transmitting
said control signal cver said cone talking con-
ductor to said repeater in extending a connection
to sedd repeater from a calling line of said other
type.

2. In & telephone system, simplex lines and
loop lines, a repzater including control -equip-
ment normally arrangesd to be controlled over
one aof said loop lines and means responsive to
a control signal transmitted to said repeater for
arranging said control ecuipment -tc be econtrolled
over one of said simplex lines, and a selector
switch operative to extend ccnnections from call-
ing ones of said lines to said repeater and in-
cluding means operative to transmit said control
signal to said repeater during operation of said
switch to extend a connection to said repeater
from a calling one of said simplex lines.

3. In a telephone system, ground return lines
and leop lines, a repeater including control equip-
ment normaily arranged to be controlled over
one of said loop lines and means responsive to a
control signal transmitted to said repeater for
arranging said conircl equipment to be con-
trolled over one of said ground return lines, and
a selector switch operative to extend connec-
tions from calling ones of said lines to said re-
peater and including means operative to trans-
mit said control signal to said repeater during
operation of said switch to exiend a connection
to said repeater from a calling oune of said ground
reburn lines.

4. In a telephone aystem, a plurality of trunks
certain of which are restricted, o plurality of
lines certain of which are arranged for restricted

.service, a link including .o finder switch having
‘aceess ‘fo said lines and a selector switch having
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access to said trunks, and means jointly con-
trolled over the outlet contacts of both of said
switches for preventing a connection from being
established through said link between a calling
line arranged for restricted service and a called
restricted trunk.

5. In a telephone system, & plurality of trunks
certain of which are restricted, a plurality of
lines certain of which are arranged for restricted
service, a link including a finder switch having
access to said lines. and a. selector switch having
access to said frunks, first marking paths indi-
vidual fo the lines arranged for restricted service
and extending to the outlet confacts. of said
finder switch, second marking paths individual
to the restricted trunks and extending to the out-
lst contacts of said selector switch, and means
controlled over the first marking path individual
to a. calling line and the second marking psath
individual to a called trunk for preventing 2 con-
nection from being established through said link
between the calling line and. the called {runk,

6. In a telephane system, g restricted trunk, a
repeater terminating said trunk, automatic
switching apparatus including trunk hunting se-
lector switches having access to said repeater
over g link line comprising a pair of control con-
ductors, a marking path extending to one of said
conducters and over which the restricted charac-

ter of said trunk is indicated to said automatic ..
switching apparaius, and means operative in re-

sponse to seizure of said repeater by one of said
switches for interrupting said marking path and
for connecting said confrol conductors together

to control the trunk hunting operation of an- -

other of said switches. )

7. In a telephone system, a restricted trunk, a
trunk circuit terminating said trunk, automsatic
switching apparatus including trunk selecting
switches having access to said trunk, and means
comprising a marking path exfending from said
trunk circuit to the outlet contacts of said
switches for indicating to said automatic switch-
ing apparatus that said trunk is restricted.

8. In a telerhone system, a trunk of prede-
termined character, a repeater terminating said
trunk, automatic switching apparatus including
automatic trunk selecting switches having access
to said frunk over a link line comprising a pair

of control conductors, a marking path extending :

to one of said conductors and over which the par-
ticular character of said trunk is indicated to said
automatic switching apparatus, and means op-
erative in response to seizure of said repeater by

one of said switches for interrupting said mark-

ing path and for connecting said control con-
ductors together for the purpose of controlling
the trunk selecting operation of another of said
switches.

9. In a telephone system, a line, an automatic
switch having access to said line, a marking path
individual to said line and extending to cne of
the outlet contacts of said switch, means normal.
ly impressing a predetermined contro! potential
upon said marking path, and means for intermis-
tently transmitting control pulses over gaid mark-
ing path.

10. In a t=lephone system, a line, an automatic
switch having access to said line, g marking path
individual to said line and extending to one of
the outlet contacts of said switch, means normal-

- ly impressing a predetermined contrel potential
upon said marking path, and means controlled
over said marking path following operation of
said switch to seize said line for intermittently
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transmitting control pulses over said marking
path, .

11. In a telephone system, g, line, an automatic
switch having access to said line, a marking path
individual to said line and extending to one of
the outlet contacts of said switch, a relay having
a winding included in said path, a source of cur-
rent having one terminal normally connegted
over said path to said outlet contact, and means
confrolled by said relay for intermittently con-
necting the other terminal of said source to said
outlet contact.

12. In a telephone system, 3 line, a link includ-
ing an automatic switch having access to said
line, a marking path individual to said line and
extending to one of the outlet contacts of said
switch, means for intermittently transmitting
control pulses gver said marking path, means
controlled by the pulses transmitted. over said
path and operative to impose a restriction on the
service rendered by said line, and means con-
trolled over said path independently of said pulses
and. operative tq impgse- a second restriction on
the service rendered by said line,

13: In a telephone system, a plurality of lines,
certain of said lines having twq types of restric-
tion imposed upon the service rendered thereby
and others of said lines having only one of said
two types of restrietion imposed upon the service
rendered thereby, a link including an automatic
switch having access to said lines, marking paths
individual to the restricted lines and extending to
the outlet contacts of said switch, means nor-
mally impressing a predetermined potential on
said paths, means for intermittently-transmitting
control pulses over the marking path correspond-
ing to one of said other lines seized by said switch,
means included in said link and controlled by
the predetermined potential impressed on said
lagt-named marking path for imposing said one
serviee restriction on the seized: line, and means
contrelled by the eontrol pulses transmitted over
said last-named marking path for preventing the
other of said service restrictions frem being im-
posed upon: the seized-line, h

14, In a telephone system, a restricted line, a
plurality of trunks; means inecluding a lihk for
setting up a connection between the lines of the
system and said trunks, said link including an
automatic switch having access to said restricted
line, timing means operative to cause the release
of a connection routed to said link, a marking
path individual to said restricted line and extend-
ing to one of the outlet contacts of said switch,
means for intermittently transmitting control
pulses over said path, means included in said link
and controlled over a circuit including said mark-
ing path for preventing said restricted line from
obtaining access to said trunks through said link,
and means controlled by the pulses transmitted
over said marking path for rendering said timing
means ineffective to release a connection routed
from said restricted line to said link.

15. In a telephone system, a line, a plurality of
trunks, means including a link for setting up
connections between the lines of the system and
said trunks, said link including an automatic
switch having access to said first-named line, a
timer operative to cause the release of said link
when held over a line having a sustained calling
condition thereon, a conversation timer also oper-
ative to cause the release of said link, a marking
path individual to said first-named line and ex-
tending to one of the outlet contacts of said
switch, means for intermittently transmitting
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control pulses over said path, means included in
said link and controlled over a circuit including
said marking path for preventing said first-
named line from obtaining access to said trunks
through said link, and means controiled by the
pulses transmitted over said path for preventing
either of said timers from releasing said link.

16. In a telephone system, a pair of lines,
means including a link for setting up a connec-
tion between said lines, said link including an
automatic switch having access to one of said
lines, a timer operative to cause the release of
said link when held over a line having a sus-
tained calling condition thereon, a conversation
timer also operative to cause the release of said
link, a marking path individual to said line and
extending to one of the outlet contacts of said
switch, means for intermittently transmitting
control pulses over said marking path, and means
controlled by said pulses for preventing either of
said timers from releasing said link.

17. In a telephone system, lines of different
types arranged for two different forms of direc-
tive control of succeeding automatic switches, a

trunk circuit including switch directing equip- '+

ment having one setting wherein it is arranged
to respond to directive control of one of said two
forms and a different setting wherein it is ar-
ranged to respond to directive control of the

other of said two forms, means for extending a

connection from  a calling one of said lines to
said trunk circuit, and means controlled over a
talking conductor of said connection in accord-
ance with the type of said calling line for deter-

mining the setting of said switch directing equip- -

ment. .
18. In a telephone system, lines of different
types arranged for two different forms of direc-
tive control of succeeding automatic switches, a
trunk circuit including switch directing equip-
ment having one setting wherein it is arranged
to respond to directive control of one of said
two forms and a different setting wherein it is
arranged to respond to directive control of the
other of said two forms, means including a se-
lector for extending a connection from a calling

o

Rl

40

43

2,333,489

one of said lines to said trunk circuit, said se-
lector including means operative to transmit a
signal to said trunk circuit over one of the talk-
ing conductors of said connection which is indic-
ative of the type of said calling line, and means
controlled by said signal for determining the set-
ting of said switch directing equipment.

19. In a switch directing trunk circuit having
a point of access which includes a pair of talk-
ing conductors, switch directing equipment hav-
ing one setting wherein it is arranged to respond
to directive control of one form and a different
setting wherein it is arranged to respond to di-
rective control of a different form, and means
controllable over one of said talking conductors
for determining the setting of said switch direct-
ing equipment.

20. In a switch directing trunk circuit having
a point of access which includes a pair of talking
conductors, switch directing equipment having
one setting wherein it is arranged to respond to
directive control exercised over said conductors
in series and another setting wherein it is ar-
ranged to respond to directive control exercised
over said conductors in parallel, and means con-
trollable over one of said talking conductors for
determining the setting of said switch directing
equipment.

21. In a telephone system, a line, a link acces-
sible to said line, a marking path individual to
said line, means for transmitting control pulses
over said path, and means controlled by at least
one of the confrol pulses transmitted over said
path for imposing a restriction on the service
rendered by said line.

22. In a telephone system, a line, a link includ-
ing an automatic switch having access to said
line, a marking path individual to said line and
extending to one of the outlet contacts of said
switch, means for transmitting control pulses
over said path, and means controlled by at least
one of the pulses transmitted over said path for
imposing a restriction on the service rendered
said line.

SETH E. PETERSON,.



