2,427,650
MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

. BAKKER

Sept. 23, 1947.

24 Sheets-Sheet 1

Filed May 4, 1942

- SIONVYHIXT

DILVYHNOLNY : ’

D T~ SIONVHOXI
. THINVH .

Jauenlor:

Frer Bakker
Ve

Ly

SLINDYNID INIT WON SINIM NYVW SLINM ONY SNIL
—r\

1 BNk

(74

YOLNGINLS/T

Eoz,

!
10/




Sept. 23, 1947. P. BAKKER 2,427,650
MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM
Filed May 4, 1942 24 Sheets-Sheet 2

J6] _CC2 v7 : 8-7/
O—A = | :
J8 v

G B-72
EXCHANGE B 8-7c2 5
9 . B-75
B-7¢5 -

] ] ) A-T/
cCc/
O—1A - L2 e a7z
, excrance 4 W 37e2 A-T7
/(/5'

—_——— , ‘ v ——

EXCHANGE C
(Y

Lig/

FIe.2|F1e.2|Fr6.2
FART \FART |FART

]'77' 5 FEFT]

/12 |3 oR
DISTRIBUTOR
Lun/T , 27
: o
. 2 5 | 7766 | Frae '
F16.3 | FlG. F165 | prrer s | parr o %
- F F
FIG.7 | FIG.8 | FIG.9 2 X
FIG. -
/0 --

Eg f5 2:3~

FIG I3 | FIG.I3 | FIG.13 | FIG./3 | F/6./3
PART | | PART 2 | PART 3 | PART 4| PART &
FIG 12 | FIG.I3 | F/1G. I3 | FIG. I3 | FIG.13 | FIG. /3
FIG. | |PART € | PART 2 | PART 8 | PART 9 | PART 10

Fl1G.//

Hfefe folo b | o o=

s

5

— N\
[}
[}

= e fole | | o

4:5;-——.~J

[T17E7 10
Frer Bakier

Ly CES wfer
=




Sept. 23, 1947.

MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

8-71

P. BAKKER

Filed May -4, 1942

B-72,

2,427,650

24 Sheets-Sheet 3

B-T5,

A-T/

A-T2

A-T?

FXCHANGE C

LX

#20/2
2ol \ #2010

* 3010

#20/ ; 30/

# - 30(2 -;é
202/_9 /(P /Q .

# 20227 #2023 *2024

I_{]Z,;H]

N
8

7
#202

~
(3]

i

1))

~
Q
hy
8

7
A
‘203
)

ji

c-25/ #25(,

** 205/ O

PAYSTATION

al

FL.C-252 #252)

P.B.X.

L-1LC-250

#2511

) #250)

TR

B

\

Cc-77,

1.C- 232

C-72)

[LC-236 Pl
8R-6

C-761

).

Jj

[x o]

LC-221

for-1)

]

LC-222 o2}

a

Hzc-225 J-;I-?—S]

iiJiiiij

1

£C-2/1 el
leCc-2/12 m

4{0/?-2 l-—
—{orai
[ A ] r v H

Iy

V|

—t2.C-2/7

g

Vi

b |

Al

| 7O OTHER LINES AND
LINE CIRCUITS

Zc-9// 2211, 51/

#2717

Fip 2 FartE

#5710

(o
P

#g/12 #5111

#2110

~fo i

/

)

Jijiiiil

1L/ 877 / or.
Frer Bakkiker

By CASr
72l




 Sept. 23, 1047.

P. BAKKER

2,427,650

MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

Filed May 4, 1942

24 Sheets-Sheet 4

#
3010  *301 #2012 EXCHANGE O,
#3072 #2010 | #2017/ , ; |
CP CE ? #z01;301 L€ 201"
7|
#'202) LC'ZO;— ,
Q# ; a | R
2021 PAYSTATION Cerrinn
LLALLEARE DISTRIBYTOR
L1 r2° «x’
-7/ = LC-2/ ‘\,q ! I ll
Cc-72 > = <c-2/2]  — -
C-76 1R2 | £c-2/6]
I R6 — =+ ciic c Fl||F F
* ‘——J . | II 2' XI /l 2/ xl
Q 212, LC-2/7 N 5
#2717/ 9
&
7 -
&
s - >’2; 3
e ' —
3 - -
11 (] 2
(WLLLERL /(o)
Vi 7 c[ar15
) 70 OTHER LINES o . \ N
AND LINE—— )
CIRCUITS P
7 -
6 -
5 <+ 5
q
. 3
2
!

Ly

‘ ]zfu?'zﬁ-b’r:
Frer Pakkiker

_A




- 2,427,650

P. BAKKER

Sept. 23, 1947.

MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

24 Sheets-Sheet 5

Filed May 4, 1942

4

wrolL

F70LND e E
gof %ME_ ﬂwﬁ

|

s LNONDOT7

]

) M
12z-27

MAUYISTY - -

IILYLOLNY O.L THNINVL - .
L-g
4
1-46

O FONVHIXT

Lo

LIN2¥12 YNNYL

b

121 -9

g FONVHOXT

o

b

if]

N
~

J{j"'

S
Q

[I/BTIOT:

Fier Bakker

Wi



P. BAKKER

Sept. 23, 1947.

2,427,650

24 Sheets-Sheet 6

MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

Filed May 4, 1942

6-¥L
YILLOTTY HNNRYL

uenior:

FerBakter

- Pules
=l

R

- "o H A A

S5 &l1& g/ =7/-4

W /76

#_Fﬁ

LIINNOD

."lﬂ'..w".h

& -vL
YILLOTTY HNNNL

\\S.ﬂ

8l

Y \K\mett

SOL |24 £0¢ Gl d

p—105

. -



- S LNVS ﬁ.\ ‘DI LOYS
(1v1LS) 4 / - A )
- - toser |t K

2,427,650

24 Sheets-Sheet 7

to
[J
|
L
[I/BTior”

P. BAKKER
Filed May 4, 1942

FrerBakker
A,

_m s “ . nh%

= P Adn SNVYL TSTY
1| T gic|sIyzs | OIF mooods | mor ‘DINI "DLNONANVIIY Wo2931

MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

T _ _ e \\h__ —_ l.:-w 0S5 th_Ho.th—m T3 Zos (X4
3& \ B i 2 - -
si7| | IS N\h xny . 7 ey [ N awnrr| 1| ¥FWIL  AdNS
2om1| [ Do _T" Sany3s shvtlobe gesi i3 supo| | | FSTY  bano
I 1084K02| £ ] y ] )
i FATTTS | el - :
_ T - “ —f—
! i
! 14 “ 3‘\
; ! ) 7 _
| N
. I
i mooF “
i ¥ T2k !
3 3
». : )
B.na
L1noxog1y 4704

FNIT7 _mG ..to.s

Sept. 23, 1947.

O FONVHIXT | i i mmwr& . I.If..?




P. BAKKER 2,427,650

MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

Sept. 23, 1947.

.1272_/51720.2"

FPrerBekker

By CAD s

A%,

[so]
-
(0]
2
7]
%
o+
o I ﬁ
P T !
1]
T H I
3 & | !
! t "
| T
L “
“ T — : -
! ==t s ? Ty W )
o . | % j 2 - . ° " “
S ——— i ——— AdnS| _ !
S ! ; 059 =|| Snvaz For | TONLNOD
. I Iﬁ Fhr7 FS7Y SHYYL (LF ‘24N0 L vowy “ aYVLIY ~JAFITS
A ! DUNO "QHVLIY | DYnO By oocos [mor 8Ol 29O . [T agy| |
> 1 — =
3 e ° _ W 119 _Zr‘l,
= 1=“=vhxw &/2| I'gro 219 o3 H:'.l Wv. 909 | tso9 3 109
ﬁ K Z 'ol_\_. T /] iy 5 o €09 5 ™
~ 7 T T - Z y A T . FMT | o9 NOLIF17g 102 AdINS
& . v “ &2 ™~ 2 boN/ 1 | | oowr
I%wd,w JINOI K 2N ) sIyIs \eco | i i '
‘FSTY  AdNS DinO i Py ‘ i _
ﬁ, _ | . . n SQ‘N.:\”\Uﬂmw ! “
) I N : v |
«f.“’ 1 - !
! -92.9 . I
PZ. Tﬂ_.rggb\wﬂf\ A._J |
=i ! | ﬂ.e_u_ .
|
429 009 529 . |
~ . /-3
Y !
|
)

7258 GET

O IDNVHIXT <4



P. BAKKER 2,427,650

Sept. 23, 1947,

MULTIEXCHANGE COMMUNITY AUTOMATiC TELEPHONE SYSTEM

24 Sheets-Sheet 9

Filed May 4, 1942

wW70L

YIWIL

FLONIN =S WONS
————

€S -~ —~049 "
i1S - INOL ,9SE/ M

>

p

v e

&FLOTIV

: N\ (Lawes)
MNNYL 02 * - -

A

1#9

Mnﬂ

1

UINS DLNO _ ﬁﬂu

a m\‘o m.\mn\w

o/9

W\(Qh SSYTO

1r

290400 W .H. : QNK)beO -L19/a

2nosvor| | 5w

9 zZ . .
xmm_( %____.., .wmf | _ .Wg.au.

/[ /ETlor:

FrerbBakker

124

&J 9y
d

J S

S . /Y
237

(W

& 1L T U7

A



Sept. 23, 1947. 'P. BAKKER ’ 2 427 650
- MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM ’
Filed May 4, 1942 24 Sheets-Shéet 10

LINE
1.
04

,_
I-[ o 703
P
30060 w :
. mgqroﬂ-'
' -

EXCHANGE A

|

201 Iﬂ ~————surerVvISORY

. CALL
7%’_

Hrerﬁﬁkﬁ‘er
B éﬁé‘#-»/




2,427,650

Sept. 23, 1947.

P. BAKKER

MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

24 Sheets-Sheet 11

Filed May 4, 1942

PLNVS €1 DS /ON

207

5 .l\k&ﬁ& £28 N U N
147 al X oces 1S INOL ] N g #_
| 115 ‘ O FONVHIXT & 41 YN
) | L4/ N _,,ﬂ
| — T N E
Y ; + m F
| .
| ..m DXC 2 y
| + “ . 11 —u/_
A B = " s
1 H
" o ! 5 m 1. L d
—p RS Sy T+ ;
el , i DLHO I_I» /880127 L3q  “XI, /9 502 208
.. <
<8 | o1 || (Fsrg Ey m“ - _.v.mow S .
«nr. _ rn.l.t e i oo\ suved albzs S_\|Fs7v| {awrr xm\\n-%&im. S
"1 aworssvro 1 [P3375| M1 mooz | 28\ oomi| ooms wows !
L3l sl 3swy - amr7 (| _ \ _ | _
_ 2uno 2uno || _ L/ Y09 i ! !
! _ | 928 saf “ ! |
i ! I ] I i
! i i [ f
! _ b “
! ! ] i [ | '
! /| —F P !
B ! ! — :
t T3 “ m 3 _— m
= t i ! |
1, 4 _ Y : - | =
t.ﬂ“h ~ _.M _"".¢ m A y _ bbbb ﬁt ! 4
pe 8/8 1 ! l_. —
ozg| l6/e I “ " :
r _ , /€8
— g}
& - /-¥O



2,427,650

P. BAKKER
‘MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

Sept. 23, 1947.

24 Sheets-Sheet 12

Filed May 4, 1942

Of L&V €10/ WOYA

iL/ernior:

QNI NNNTEINANAN NN DRRN NN AN NN NN

1182
OOE/.

Z-g
$56

#_II

e

Z-MS

P7272 7777728

T

[rerBakker

> 1. e 9€6  S¢€6
% 3 ¥ m\..NNkQ 77y \.i\\\kh 0-ve
7 SR .
R . 7
W.v m- .Nk <
% : .
7! g — 2 4 ) Y S B
% = 9€67 ! i | _
7 t , |
% iy -4 m T !
\, [ \ | i
7% mey 2es’/ T “ !
e ——¢c6/ : | m
B T Fe " L I
\. T 4 i - “ |
e AR SR I IR OF
g t L W.HLFH_L.JIL,W_L L+ !
Z : - = = = = -
W 256 - — 796 | IEHAQ\Q IEM |mo — — (%3 n -G06 n‘OQ €06 |_HWGN -Erlw&
N 2 .._ _
m LOFHNOD 7
& — m .M- YVILLOTTY
n v
“- | SN oee 696 896 296 996 596 96 €96 96 196 INT X§d
SLLLSLSSLLLLLSS S SSLLS SIS/ IS LTSS LIS SIS Y S SIS LTI ST II I I L) 7T IT LI OIS ITLIIIILIII7L G2 TIIPIIRIFE w27



Sept. 23, 1947.

P. BAKKER 2,427,650

MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

Filed May 4, 1942

24 Sheets-Sheet 13

Figll

P.B.X. *251/
#2?- /] 3

. ®os2
- I}_f2521
#250

' I)fzso/

¥202/ ¥ rozz #2023 # 2024

0§80 &

3
LOCHOUT P
L = o LINE
1004 -
/0051 ‘ 1006

PAY STATION ¥ 2031

CUTOFF
-
1« v
[7] ——— '_‘
LA » | /922 7
1 7030
LC-203 %
7 ——— .
3’333”{ » $rocrouT S
< LINE
s /007 LHe
1008 1009
Cﬁ - Hl'
CUTOFF -
CLASS-TONE 4 f
«— & -
—Ul—}_—:_ 4 Y911 2%z o | #si11 % Fspz 2710
2C=21/ 8 ? p 8
e/
7 g g = = = =
TOLM. | l
#4// R\ J_ : -
é

/r1/ETior
Frer Bakker

By CS
N/




FINDER

Sept. 23, 1947. P. BAKKER ’ 2,427,650

MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

Filed May 4, 1942 " 24 Sheets-Sheet 14
o &t > 'S ¥
1 —
| e I
1 4 by
H_«c A‘ '1'101 S )
| _ - I | N
"""____ CIRIC g B
N il
v | _ 0 —
~ 'f‘ O |
LILTL Jlttq%
N — '
Q [" s Lo
o gl g o P r N .
< Rt " - ®° N o o .
R Mo ] Hx 1 [ v § RS
Qﬁ*«*fﬁvq 1‘{'4-4« N aApdpd [ [ A ) 'R S
S s 0SS s s skl e -

FROM CONNECTORS (F/G./3, PART 5‘

-
2
2
4
4
4
L3
3
L3
X
2
4
2 2
2+
L/,

4. %
2
=

— ]
%
<)
oF ! IT#/F
' N

-
gy
-
— w—
=
__..I'
a—
£
g
4
—t

— ]
—7 3
1
|
GFI |7‘2
1

r
4
3
%
2
r
£
-
»
-
3
)
ry
2
L
/IVDEIPS
5F | l T2
|

%q%a{; CAZ6 5 CA-20 pACA
b 4
4
»
K. 2
2
2
b3
$
3
5
4
-
&
Yy
2
P 3
L3
L3
&
2 :
| o
T 1
70 OTPE/? .
aF l |72
|

'3,

4
=
=

'l
7 =
7
7 4
2 3
/: 2
%
2
A
-
~d
s
% 2
V/
LY
rY
2
V/ r
A
7=
2
F“rz
o

CAZZ 5 CAZ3 iCA-29
= -
*
ry 3
Iy T
Y
£ $»
T
3 ry
> 2
T %
Ji
»
ry
s
V/ 7 ry
L;/ L) Py
[r——
; Y
o 3
1/
4 Y 2
K r
E ’
/F I lrzz;' Irz
] ]

& J J dpodpd o e d ! &
T T

/U BaIbr
Fler Bakkhker




P. BAKKER
MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

 Sept. 23, 1947.

2,427,650

~24 Sheets-Sheet 15

Filed May 4, 1942

) I . ! 1 [
JW\ 7 T — T - Y20 | _ _/_
/ | ] H { S .
& tl = FNIT ! r_.||_ i _ - |wonouns H L Q
_ il — L _ T |-moums N .
wry LF T 1 . : N
Q\mu:_l iﬁmem\.. o€/ Mcmwm.\ _ Tom\.l_HWm\ _ _Em\ V Tom\ 208, —i0¢! U. ./_.KD #__
) - T v T _. T - B ,l|z|||\ , a,. D“__
o -wk\w.wwwwk FATI7S| e Fsry | ! UetNS YIN/L FSYTTIY | ¢ U _,,D .
A B | [ -
S/ “ __ ¥ “ ! .I«.:_. n_./.nl
-z T O L WI— N .
—= ¥0.197134| Py K. _ 1S9 a./,..
/4 v | ! ;3 1 " E/_
W~ | T t | E
o/ | i i _ _“
N 1
AQ H “
(2 ! | __ #9
S ! ¥
= =l — z —
¢ L
< t [ “ .W _W..W ‘s
& ¥ i § ! |
g | “
~7 . | 10 |
/ | __ /7
YOLIFNANOD “
z |
14 1]
3 “ ~W nk
|
¢ . ! !
18] /T wy o
o Z
R (Sy¥r4
\ l
i

4



2,427,650

24 Sheets-Sheet 16

N /nueriior:

P. BAKKER
Filed May 4, 1942

rier Bakker

L7ty CA
A

MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

\§
E’
:],

‘Sept. 23, 1947.

oL

: v 1124 |—HE) ! [ i
I ! 1
h\\}jln_ ﬁ ! —— I“|| __ — =
il R =2 = ,
= F 3 e | Y ONIY  dI¥L FF0.10D| 3DGINT NOILVIIFINIA
ry e lT | 4534 3002 | I ISYINTY -ONIY -BNIY | -¥oVE -ASNg
Py o et - S/6/, erer 7€/
A 616/—1. 2IEl | |-9/8/ #IE7 €/€/ "
.m.wm,\ I ] - - - - -
] < T T 7 T
SHYIS  ASNE | HOLIMS | == i _ { _ )
] =
' | ! | _ | !
[ | ! | R
(9€/ T “ n
S‘f_ / | i
" 1 ese _ | f |
T N s V¥V o |
| | |
| 1 H
“ . ) __ _ Z8 i | “
' 1 H
§ ! L I
4 o 3 = _ _
J_| . I |
i “ _ |
r }
] d “ 1
! [ !
1 . : “ L
1 |
i
A 3 " i
! ¥ T | “ , “ s “ —
[ L 1 { .l
! I H 1 ]
! H . | 1 _ (4
|
L i —
7
| | Aor* | &%
_ N
48

T




P. éAKKER 2,427,650

MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

Sept. 23, 1947.

24 Sheets-Sheet 17

Filed May 4, 1942

|

I/ EIIIO

{ | 3
. v | | 1
! ! __ 6¢ m ] T
_ ! $ T _ : .
=gy ! . FIISNVYL _ {
! i ] SLIND ! %
ozg/ L - - =.._ﬁ|||L .2/
~ mNL _ 526 EZE/ Em\n 22€e/
YTISNVYL  AYITIXNY| MIASSNVYL !
SaTINDl SIS snzL | IVOL-TVIG | YL
! P L4 LT _ |
1 1
NOILITFTTS INOYD T ! _ > " “
v ! ! __ 116 i |
9z “ “ " | . ! oz
7 4 {
S i | | £ 74
65 | | | L1 -
! ; ;fll.« 06 ! B o/ 6
¢ | ! Ll L i |
T 1 1
/SE i | i | _
. !
e R “ :
£/ " | 1 v
[ ! r
! 1 =
1 1 vy ! V4
i | i
T T &
1 / “ m A\
_ j
{
“ R
B p——mr——
I's -
M.JNLMQU.\ m.\ %.N N\
‘ aANQ
70 Sy L

T

[

ier BEkkEr




P. BAKKER

Sept. 23, 1947.

2,427,650

MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

24 Sheets-Sheet 18

- [T

Filed May 4, 1942 -

B 18] CT LT

70,

r

i ]

| m /€64 .n%

[ 1 ] - 3
9€ ! ! r] Z6E( m )

£/ . HEE/ = ..._
190 _ _ ® @
165/ . segr |,
m 75 ]
m 3
buILNNOD —

GE (S€
21 7

Sy 1

L./

Frr Bakker

Ly

A



2,427,650

24 Sheets~Sheet 19

P. BAKKER
Filed May 4, 1942

L/er(or:

7rer Bakker

" MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

Sept. 23, 1947.

QVQV Z5 A=G N &N fen =10 1N
77 YASAIL/74 CAHA LT/ ASAA A,
(e QNNQx ﬁwN
[ [ T e e
L_$ |4 Y $ 3 4 ]
o uoN.W_H_ oszr| | oszd | ored] | oezr]| oezd]| orzz unwl.‘E uv% om@w_ QNMH_ u\\y_ |ﬂ£
- 20624 — - - - - - - - - - - - )
SUTTNIL ONY SYGLITNNOD HTHLOOL ——————————— [y o ¢ 2 + + 3 Y
“ M‘l@”l = = = ¥ ¥ ¥ ¥ 3
% = A7 —4 4 [ ¥ L ¥ 3
L2 d A2 3 a o L2 LA ﬁu". S
¥ -3 S 2 £ 2 b4 v 'y ¥ r
¥ - T ¥ hd ¥ A 13 — Ty
ﬁlmw/l =1 12 -V v | L3 2 < ¥ 6
I 2 $ 2 L2 7 «\& 3 ¥
«l‘-l 3 ¥ 12 L2 13 ¥ L4
L 7/ 3 =% 2 v v v ¥ ?
4 & \ 13 ¥ ¥ ¥ L3 ¥ 2 —¥
AN 7/ N 2 ¥ L3 L3 £ ¥ Y X2 L/
] k2 12 - J«I.“l 12 3 9 $ .2 L3 7
<1 ¥ i N b2 ¥ ¥ ¥ L3
+ % L 7 a2 L3 i L3
%7 7 -
ﬁl.\ - H < 3 L3 $ L4 —¥ 2 ¢ < " 5
% ¥ L3 ¥ s 52 2 ¢ 2 F = = = =
7 7 .ll 7 7y — / = 4 = ¥ ¥ ¥ ¥ ¥
LA 7 i 3 hd ¥ < hd 3 ¥ c ]
VI 12 3 . T = 2 ¥ ¥
1 L3 L7 ¥ 1.2 A L3 ¥ ¥ ’
% T $ L3 \”|l. ¥ % ) 2 ¥ 5 ’
w7/ 3 \ 3 ¥ i $ =2 ¥
e = e
¥ - $ % € ¥ b4 ¥ % c
% 02 L2 i — =% Ad ¥ S ¥ =
£ . ¥ % .~ ¥ g g ¥ L ‘m\
¥ T ¥ [ 13 2 L3 % € K4 hd z 7
- 13 L2 3 ¢ SV ¥ L3 s
o i 2m -¥ L3 '3 L3 'S 'S m.\
£ —=¢ ] - 12 s s v r's —% 7
r— 1 % / '

I~ N\
DEVO  IEVO 02K DzvD Savo D ayo

ot %) Zavo N lzvo . .
1z 57 hﬁ
STNIT GNY SIINIYID FNIT 0L .m. A NH.\. .m. .\ R.r\.



Sept. 23, 1947. P. BAKKER 2,427,650

MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM
Filed May 4, 1942 24 Sheets-Sheet 20

N Lo ¥
o [ N

/

—
/9
20,
2/

i N Tﬂ _ B e e

Fig /5 Farrhs

; -
L§
/352
ﬂ\TONE - ST,

""" 11— S I
: IN
&
N .
A} ~
¥ \ T~ ]
J o T h g .
S B g I ] Q t
N, . ’L" §

k]
Pl
-

2-LIINUTE TIMER

b

|

&
AN
|
]
|
|
|
!
i
|
|
I
v
67
H
v y
HI-} M2
| '/35; %/3 2
L.

we—

A£8

JHUET??é_r."
FrerBalder

@ ]




P. BAKKER 2,427,650

Sept. 23, 1947.

MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

24 Sheets-Sheet 21

Filed May 4, 1942

-+

P
LIOOL/PIIO

N £9¢€/

—
co€E/

(¥207)

Fier Bakker

+Z

€2

£

L4

[

‘oz

&/

[

LB 0L

Z071.



P. BAKKER

Sept. 23, 1947.

2,427,650 .

MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYS TEM

NP g\\\\\\. 717/

LU 77777 77777

LTI LT T2 7772 7777 777777 7777 777, LT 777 77 77777 777 777 777777 /7y,

> %
« db o, #9E) %\-\E‘ [2s
2 2nd ,
o P€ “ ss\, 777777777 777777777
v € “ #9¢/
& 2t “ “ S
& TTTE NN _ “_ : .
! —
2z 1z dJ [ %‘ﬁ%
] ¢ .
" h | EYELTS
o | | |
S ! T I z
— _ _ “ z <
- qEe ] _ 1 L
N ¢ i ; “ ‘ge
) 62 ! I
|
e — “ ! _ ze
v e “ “ _ 73
" n I ! 22
= &5 | !
7 - _ i Yz
1 e __ “ S R ¥/
L [
| ]
“ “ og
1]
i ! “ 6z
{ 9 H
u me _ ATy o oF
_ 7
Loy | 5 11 llm_rm. 6/
1 — T
; € T3
! 7 82
2 _ s 98 |
” _ : £9€/ ML ! 8/
“ m; 1 6
| 1 n _

nETIoT:
[ier Bakker



2,427,650
MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM

P. BAKKER

Sept. 23, 1947.

24 Sheets-Sheet 23

Filed May 4, 1942

77 I
) 7 » P
G or o ) < T/ . o W Q)
7 1 X 1
7 7
€ E£€ . L n .//u..
/ A A y / A A W Iy
“ﬁ it T R SEE ST N N A DE .
1 ] T T T
! _ ! _ | ] _ i 7 L
| | ! H i “ 1 al_
Y 1 1 H Vi ” N
r - T L zz /z U/_ E
1 m _ | 't “ “ _ ! |
EZ72 m il TH ; ! ! _ ﬁ “
1 1 L
. T TR
7 i ! ! _ X ! L} g& ¢
A : __ _ __ _ N, i %cs
“ : T T I | v
: “ i + I\wwwvx\\t&m\. #
Ler) | 8F 4 2 S| #| 1er)| | 2\ | /P ‘M SNIL-avig .
T 3 TS g 4t Ty e £t
! | ! [l 1 i
ML oz |& = anw CEANNE-TS o e £Z 7 7z | ro\L £2 2t
I
-4 _ _ I e B e L L
o€ : it 4 K] 4 T 't R L It
l\.vvl | ] N i | __ ] )| I 1] —
| ——— T | = Z
ci N I | | |
\N. /N_\V .N | ! 1
o Do L Lo - = |
— _q! i L[ €98 _ { _ !
“ } ! " l “
K274 m “ | | V £ )
G _ : | i i a
\_ { Py H 4 H T
——p————— . L o . ! L
85 m . _ | N ! i __ | : ] ;
s N N R ——
1 92 | ' ! ' P sy ' ' 1
A= sy i "\

717,



Sept. 23, 1947. P. BAKKER 2,427,650
MULTIEXCHANGE COMMUNITY AUTOMATIC TELEPHONE SYSTEM
Filed May 4, 1942 24 SheetsSheet 24

X-2 PBX-X

' B
-

T 0 L) Nl ~ ‘U
o b‘ggbbg\
ol
Sy
Sy
3
S,
S,
X
b\
ANE IS
\6 N ~1 & .
A S SIHSYS] § a .
® &

[iErBakkiar

/z?u?ﬁ‘ir:
7107,



Patented Sept. 23, 1947

2,427,650

UNITED STATES PATENT OFFICE

2,427,650

MULTIEXCHANGE COMMUNITY AUTO-
MATIC TELEPHONE SYSTEM

Pier Bakker, Chicago, Ill., assignor to Kellogg
Switchboard and Supply Company, Chicago,
I, a corporation of Xllinois

Apbplication May 4, 1942, Serial No. 441,641
(CL 179—=27)

8 Claims.

1

This invention relates to multi-exchange com-
munity automatic telephone systems. Ifs main
object is the production of a new and improved
multi-office community automatic telephone ex-
change system capable of giving more efficiently
and satisfactorily the services ordinarily found
necessary in such systems.

GENERAL DESCRIPTION

The term community automatic telephone sys-
tem as used herein refers to an automatic tele-
phone system arranged to provide telephone serv-
ice in a small community, usually a town or
village and its environs. A network of such
exchanges may be provided by interconnecting
two or more of them by trunk lines to enable sub-
scribers of any such exchange to call those_of
the other exchanges.

Many problems are encountered in connection
with community automatic exchanges which are
not commonly met with in the larger automatic
exchanges provided in cities. For example, the
lines interconnecting a community automatic
exchange with another exchange are usually so
small in number that their efficient use requires
each of them to be equipped for two-way oper-
ation, and to be equipped to furnish toll as well
as local service. Moreover, the number of lines
served by such an exchange is ordinarily so small
(from g few dozen to two hundred, for example),
and the offered traffic is consequently so small,
that the efficient use of the connecting links re-
quires that each of them be arranged to handle
all classes of calls, including local subscriber-to-
subscriber calls, interexchange subscriber-to-
subscriber calls, originated and received toll calls,
calls to single-party and multi-party lines, revert-
ing calls, calls from pay-station lines, and calls
to a P. B. X (private branch exchange).

The invention is disclosed as embodied in a
multi-exchange network of community automatic
exchanges, including at least two community
automatic exXchanges interconnected with each
other by two-way trunk lines, one of the com-
munity automatic exchanges (termed the tandem
exchange) being interconnected by two-way
trunk lines with each of two manual exchanges.

The invention is further illustrated as applied
to g switching arrangement wherein the con-
nections are set up in a community automatic
exchange through the medium of any one of a
number of finder-connector links, each such link
including relay switching mechanism comprising
a finder having access to all the lines of the ex-
change, and other relay switching mechanism
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comprising a connector having access to all the
lines of the exchange.

The disclosed system includes the following fea~
tures:

1. The finders and connectors have a full capac-
ity of two hundred line multiples, each such mul-
tiple comprising three conductors, commonly re-
ferred to as tip, ring, and sleeve conductors.
Hach line multiple is provided with a line cir-
cuit for controlling the operation of the finders.

2. Connections involving interexchange trunk
lines are made through the finder-connector links
by assigning certain of the line multiples to such
trunk lines instead of to subscriber lines. The
full capacity of an exchange in the illustrated
example is therefore two hundred lines of all
kinds, including subscriber lines and frunk lines.
Connections incoming from any subscriber line
or trunk line are made through the finder por-
tion of the calling line multiple, while connec-
tions to any subscribed line or trunk line are
made through the connector portion of the called
line multiple.

3. In the illustrated example, the two hundred
line multiples comprise two hundreds sgroups.
The first hundreds group comprises line multiples
#211 to #200, while the second hundreds group
comprises line multiples #411 to #400. The first
hundreds group is commonly called by the hun-
dreds digit 2, but is also reached when the hun-
dreds digit 3 is called, while the second hundreds
group is commonly called by the hundreds digit
4, but is also reached when the hundreds digit 5
is called. When a party line is being called, the
hundreds digit used to obtain access to the con-
cerned hundreds group of line multiples deter-
mines whether the call is for a first group of ten
stations on the called party line or is for a sec-
ond group of ten stations thereon. The party
digit, which follows the tens and units digits in
the number, then selects one of the ten stations
in the selected group, enabling any party line
to have as many as twenty stations connected
thereto.

4. Each connector is so arranged that it makes
connection with an idle one of a called group
of interexchange trunk lines responsive to the
dialing of a single digit assigned to such group.
The basic wiring of the connectors is such that
the initial digits 0, 9, 8, and 7 are associated
respectively with the tens subgroups 1, 2, 3, and 4
in the first hundreds group of line multiples.
This arrangemehnt has the special advantage that
connectors with the same basic wiring can be
installed in small community automatic ex-
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changes, where only a small number of line mul-
tiples are initially installed, as well as in larger
community automatic exchanges, where all line
multiples may be initially installed; for, when
only a small number of line multiples are ini-
tially installed, such line multiples are those in
the first few tens subgroups of the first hundreds
group of line multiples..

5. Each connector is arranged to switch through
(disconnect its bridges and connect its incom-
ing tip, ring, and sleeve conductors respectively
with the corresponding conductors of the called
multiple) when an interexchange trunk-line
group is called. In order to avoid the necessity
of providing each connector with individual ar-
rangements for hunting over the trunk lines of a
called group for an idle one, each trunk-line group
is provided with an allotter, and arrangements are
associated with the allotter for marking the iden-
tity of the next idle frunk line of a group to be
taken for use by a connector. Any connector
involved in calling a trunk-line group makes con-
nection with the marked idle trunk line., Ar-
rangements are further provided for giving call-
ing connectors access to the allotters, only one
at a time, in the event that two or more calls
are being made contemporaneously to the trunk-
line groups.

6. In the illustrated example, each of the com-
munity automatic exchanges is arranged to be
normally unattended. For this purpose, each of
the line circuits is provided with circuit arrange-
ments operating to lock the associated line out
of normal service at any time when a connection
with such line is broken during the existence of
a grounded or bridged condition on the associ-
ated line. Such lockout condition is maintained
until the associated line is subsequently returned
to normal, or noncalling, condition. None of the
common finder-connector links can be taken for
use by a line during the time its individual line
circuit is in lockout condition.

7. Each connector is provided with a release-
timer arrangement operable to clear out the con-
nector and the associated finder within two to four
minutes following the taking of the link for use,
provided the complete number has not been dialed
during this time, or the called subscriber has
not answered. This same timer arrangement op-
erates to clear 6ut any finder-connector link with-
in two to four minutes after the called subscriber
has replacéd his receiver, provided the receiver is
still unreplaced on the calling line. The lockout
line circuits cooperate with the release-timer ar-
rangement of the connectors to maintain the find-
er-connector links free for the handling of cur-
rent calls by locking out of service the lines in
inactive, unnormal condition when connection
therewith is broken by the clearing out of g finder
or connector,

8. Overloading of the finder-connector links by
prolonged local conversations thereover is avoided
by releasing any local connection over which con-
versation has been proceeding for from six to eight
minutes, for example, which result is accom-
plished by additional release-timer arrangements
associated with each connector. The concerned
lines do hot thereupon come into the finders as
calling lines because the concerned line circuits
are brought into lockout condition as above men-
tioned responsive to the connection being cleared
out, and so remain until the concerned lines are
returned to normal condition, as by the replace-
ment of the receivers thereon.

9. Each connector is a combined toll and local

10

15

20

25

30

35

40

4b

60

88

60

66

70

75

4

connector normally conditioned for giving toll
service (with the conversation-timing arrange-
ment ineffective, and with a busy-verification ar-
rangement effective), and has a detector relay
associated with its sleeve conductor and operable
thereover following the last digit to change the
connector over to local operation unless the call
being handled is from one of the manual ex-
changes.

10. Each connector is arranged to reverse the
current flow over its incoming tip and ring con-
ductors when the called subscriber answers, so
as to give answered supervision to a calling man-
ual-exchange or P. B. X operator, as well as to
require a calling post-payment pay-station sub-
scriber to deposit a coin before conversing.

11. Each manual-to-automatic trunk line is
provided with a repeater in the automatic ex-
change, interposed between the two-conductor
interexchange portion of the trunk line and the
associated three-conductor switchboard multiple.
Each such repeater is arranged to identify any
callincoming therethrough as a manual-exchange
call, by applying an identifying ground potential
to the sleeve conductor of the associated multiple,
A special feature of this arrangement is that such
grounding of the sleeve conductor by the repeater
is rendered initially responsive to the grounding
of the sleeve conductor of the multiple by a
seized connector, whereby the cutoff relay of the
associated line circuit is not prematurely oper-
ated to disconnect the line relay before the re-
quired finder operation has occurred,.

12, On calls incoming to the automatic ex-
change from a manual exchange, the manual-
to-automatic repeater is arranged to repeat super-
vision (answering, recall, and disconnect) from
the called line to the manual exchange.

13. Each of the said manual-to-automatic re-
peaters is arranged, when seized in the automatic
exchange, to apply a holding ground potential to
the associated sleeve lead to hold the preceding
portion of the connection under the control of the
calling line. The repeater is further so arranged
that, from the time the operator answers until
she disconnects, the maintenance of holding
ground potential on the sleeve lead associated with
the repeater is removed from under the control
of the calling line, enabling the calling subscriber
to transmit recall signals to the operator by hook-
switch operation without causing the connection
to be released, such signals being relayed by the
repeater.

14. Each of the manual-to-automatic repeaters
is so arranged that, when it is employed as an out-
going repeater on a manual-to-manual call
through the tandem automatic exchange, it relays
supervision from the called manual exchange back
to the incoming manual-to-automatic repeater,
whereby such incoming repeater operates to re-
peat supervision to the calling manual-exchange
operator.

15. When the manual exchange is called from
any of the automatic lines, the concerned calied
manual-to-automatic repeater does not reverse
battery to the calling line, whereby calling auto-
matic pay-station subscribers may converse with
the operator without depositing a coin. Whether
or not a manual-to-automatic repeater reverses
battery when the manual exchange operator an-
swers a call from or through the automatic ex-
change is controlled by a detector relay in the
repeater. This detector relay determines wheth-
er or not ground potential is being received by
the repeater over the sleeve conductor, as it is
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only in case the call is from the other manual
exchange.

16. Each manual-to-automatic repeater is ar-
ranged to momentarily couple the associated
sleeve conductor inductively with the associated
talking conductors when the operator answers a
call extended to her switchboard from the auto-
matic exchange, whereby the operator is able to
hear and identify any class-tone signal which
may be applied to the sleeve conductor of the
currently calling line.

17. In order to enable calls to be made be-
tween the automatic exchanges with the same
operational effect as though the called line were
one terminating in the calling exchange, each of
the two-way trunk lines interconnecting the tan-
dem automatic exchange with a terminating au-
tomatic exchange is provided at each end with a
two-way repeater.

18. On a call from the tandem exchange to a
terminating exchange, the repeater in the tan-
dem exchange momentarily unbalances the cur-
rent flow in the interexchange trunk line follow-
ing the dialing of each digit in the number of
the terminating-exchange line, provided the caill
is from a manual exchange. This operation is
controlled by a detector relay in the repeater,
connected in the incoming sleeve lead.

19. A differential detector relay in the re-
peater in the terminating exchange responds to
the above unbalancing operation, if it occurs, to
condition such repeater to extend ground po-
tential ahead over the sleeve conductor to re-
produce in the terminating exchange the ground-
ed-sleeve condition produced in the tandem ex-
change by a call from a manual exchange.

20. The repeater in the terminating exchange
relays supervision to the repeater in the tandem
exchange, which in turn relays it to the calling
line.

21. On calls from the terminating exchange, to
or through the tandem exchange, the repeater
in the tandem exchange places ground potential
on the associated sleeve lead, whereby, in case the
call is for one of the manual exchanges, the
manual-to-automatic repeater is conditioned to
send back reverse-battery supervision when the
manual operator answers. Such reverse-battery
supervision is relayed back by the repeater in the
tandem exchange to the repeater in the termi-
nating exchange, and is there used to cause class
tone, if present on the sleeve lead, to be momen-
tarily transmitted to the talking circuit to in-
form the operator of the classification of the
calling line.

29 The reverse-battery supervision received
by the repeater in the tandem exchange pursu-
ant to the above class-tone application, is not re-
layed back to the calling line, as is done when
answered supervision is received at such re-
peater when a subscriber line is called, whereby
pay-station subscribers of the terminating ex-
change do not have to deposit a coin before con-
versing with the operator. The relaying back of
answered supervision by the repeater in the
terminating exchange is confrolled by a digit
counter, and is thereby prevented when only a
single digit required to reach a manual exchange
has been dialed after seizure of the terminating-
to-tandem repeater.

23. The reverse-battery supervision received
by the repeater in the terminating exchange pur-
suant to class-tone identification also conditions
the latter repeater for the holding of the con-
nection in the terminating exchange until it is
cleared out in the called manual exchange, per-

10

15

20

26

30

35

40

45

50

b5

60

66

70

75

6

mitting hookswitch signals and disconnect su-
pervision to be transmitted from the calling ter-
minating-exchange line, through the tandem ex-
change, to the called manual exchange.

24. On the interexchange calls from the ter-
minating exchange, the ground potential sent
ahead over the sleeve conductor by the repeater
in the tandem exchange for the purpose above
noted is temporarily removed during (and for a
short time following) the dialing of each digit,
whereby such ground potential is absent when
the connector tests for it by its detector relay, im-
mediately following the receipt of the final digit
in the number. The normal changeover of the
connector from toll operation to local operation
is thus not interfered with.

The drawings

The accompanying drawings, comprising Figs.
1 to 16, show a sufficient amount of equipment in
a telephone system embodying the features of
the invention to enable the invention to be un-
derstood:

Fig. 1 shows the paths taken by the trunk lines
interconnecting exchanges of the system;

Fig. 2 is a diagram showing the scheme of the
arrangement in the exchanges of Fig. 1;

Figs. 3 to 13 are drawings showing the circuit
arrangements of the apparatus of Fig. 2;

Pig. 14 shows the intended arrangement of the
sheets on which the three parts of Fig. 2 are
drawn;

Fig. 15 shows the intended arrangement of the
sheets on which Pigs. 3 to 10 are drawn; and

Fig. 16 shows the intended arrangement of the
sheets on which Figs, 1 and 11 to 13 are drawn.

The system

As shown in Fig. 1, the system includes a pair
of manual exchanges A and B and a pair of auto-
matic exchanges C and D. The exchanges C
and D are community automatic exchanges, each
arranged to serve a separate community.

As indicated in Fig. 1, the community auto-
matic exchanges C and D are interconnected by
a group of two-way trunk lines. The digit 6
placed within the circle adjacent the line repre-
senting the group of two-way trunk lines is in-

tended to indicate that there are six such trunk °

lines in the illustrated example. “#8” adjacent
exchange C indicates that the C to D interex-
change trunk-line group is reached in exchange
C by the dialing of the digit 8, while “#0” adja-
cent exchange D indicates that the C to D inter-
exchange trunk-line group is reached in exchange
D in the illustrated example responsive to the
dialing of the digit 0.

Similarly, it is indicated that there are seven
two-way trunk lines interconnecting exchanges A
and C, reached in exchange C responsive to the
dialing of the digit 0, and that there are five two-
way trunk lines interconnecting exchanges B and
C, reached in the exchange C responsive to the
dialing of the digit 9.

The arrangement illustrated in Fig. 1 is fur-
ther intended to indicate that an operator at ex-
change A can extend connection to exchange B
through the tandem automatic exchange C by
taking an A-to-C trunk line for use and dialing
the digit 9, while an operator at exchange B can
similarly extend connection to exchange A by tak-
ing a B-to-C trunk line for use and dialing the
digit 0. Fig. 1 is further intended to indicate
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that a subscriber of the terminating exchange D

can reach manual exchange A by dialing the dig-
its 0 and 0 and can reach the manual exchange B
by dialing the digits 0 and 9.

Referring now to Fig. 2, comprising parts 1
to 3, the manual exchanges A and B of Fig. 1
are indicated by rectangles in the upper left-hand
corner of part 1; the tandem community auto-
matic exchange C is represented by the rectangle
covering a portion of part 1 and a portion of part
2; and the terminating community automatic ex-
change D is represented by the rectangle in part
3 of Fig. 2.

Manual exchange A

The equipment in exchange A includes the jack
J1, illustrative of the jacks through which the
subscriber lines of exchange A are reached: the
jack J2, illustrative of the jacks through which
toll lines connected with exchange A are reached;
the cord circuit CCI, and the jacks J3 to J5
which are three of the seven jacks representing
the manual-exchange terminals of the seven as-
sociated interexchange trunk lines, of which
trunk lines A—T1, A—T?2, and A—TT are indi-
cated in Fig. 2.

The equipment in the manual exchange A fur-
ther includes a trunk circuit interposed between
each of the two-way interexchange trunk lines
and the corresponding switchboard jack. The
trunk circuits for the indicated trunk lines are
respectively A—TCI, A—TC2, and A—TCT.

Manual exchange B

Similarly, the equipment in exchange B in-
cludes the subscriber-line jack J6, cord circuit
CC2, trunk jacks J7 to J9, and trunk circuits
B—TCl{, B—TC2, and B—TC5,

Tandem automatic exchange C

As previously noted each of the community
automatic exchanges includes finder-connector
links each having a full capacity of two hundred
line multiples. Finders Ff, F2, and FX are indi-
cated in exchange C, linked respectively to con-
nectors Cl, C2, and CX by the links Ll, L2, and
LX, The “X” designation with respect to the
last link is used because the number of links re-
quired is indefinite, in that it depends on the
traffic requirements of any specific installation.

The line multiples are divided into groups of
ten multiples to the group, the tens groups being
represented respectively by the twenty lines ex-
tending horizontally below the rectangles indi-
cating the finders and connectors. These twenty

horizontal lines thus indicate the full humber of 5

two hundred line multiples.

The tens subgroups of line multiples are some-
times referred to as “levels.” Using this expres-
sion, each of the finders and connectors has
twenty levels of contacts (ten sets of contacts to
a level) and each of the short heavy horizontal
lines below a finder or connector represents a sep-
arate one of such levels of contacts. In the relay
type of switching mechanism herein illustrated,
each such level is represented by a separate gang
relay carrying ten sets of contacts. Certain of
these gang relays are shown in Fig. 11 for the
finder Pt and in Pig., 13, part 5, for the con-
nector CI.

The upper set of levels of the finders and con-
nectors comprises the first hundreds group and
this hundreds group is reached as previously noted
when either of the hundreds digits 2 and 3 is
dialed. The lower set of levels comprises the sec-
ond hundreds group, which, as previously noted,
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is reached when either of the hundreds digits 4
and 5 is dialed. The ten levels in each hundreds
group have the tens digits 1 to 9 and 0 assigned
respectively thereto, as is indicated below the
finder F'l and below the connector Cl.

Each of the line multiples has a line circuit
connected thereto. The line circuits LC—2I1,
LC—212, and LC—211, for example, are connected
respectively with line multiples #2111, #212, and
#211, being line multiples 1, 2, and 7T in the first
level of the uppermost hundreds group of the
finders and connectors. Line circuit LC—211{ is
shown in the circuit drawings in the upper right-
hand portion of Fig. 8. Other of the line circuits
indicated in Fig. 2, part 2, are shown in Figs. 3,
5, and 10, being line circuits LC—221, LC—231,
LC—251, L.C—202, LC—203, and L.C—48!1. All of
these line circuits are identical, as will be noted,
and each of them has a pair of individual “mark”
conductors (a tens conductor and a units con-
ductor). These mark conductors are indicated
schematically in Fig. 2 by the short lines extend-
ing to the left from the bottom of the rectangles
indicative of the line circuits. As indicated by
the bracket and by the line extending therefrom
to the distributor DR, such mark conductors ex-
tend to the distributor, and control the distributor
so as to cause the currently allotted finder to be
set on the individual multiple associated with the
currently calling line.

The uppermost or 0 level of the “2” hundreds
group of line multiples (the upper one in Fig. 2)
in exchange C has line circuits LC—0{ to LC—00
associated respectively with the ten multiples
thereof, of which line circuits LC—201 to L.C—203
are shown. The first multiple in this tens group
is illustrated as serving the twenty-party line
#201;301, That is, the same line is reached re-
sponsive to the calling of either 201 or 301. When
fully equipped, this party line has ten substations
#2011 to #2010 and ten substations #3811 to
#3010, at total of twenty substations.  For con-
venience of illustration, only the first, second, and
last substation in each tens group on the twenty-
party line are shown.

Line #202, associated with the correspondingly
numbered line multiple and with line circuit LC—
202, is illustrated as a four-party line, such as
may be used for residential party-line service
within the town or village. The directory num-
bers of the substations on four-party line #2§2
may be #2021 to #2024.

Line multiple #203, associated with line circuit
LC—203, is illlustrated as serving pay-station line
#203, having pay station #2031 thereon (the party
digit 1 being added to the line designation of each
individual line to make the directory numbers
uniform in the number of contained digits).

‘The other line multiples of the above tens group
may be arranged to serve either party lines or
individual lines, and any station may or may not
be a pay station, as desired. The same is true of
the line multiples in the other tens groups.

The “5” level in the “2” hundreds group is illus-
trated as associated with ten P. B. X lines #25(
to #2506, extending to P. B. X #25i(1. The con-
cerned multiples are associated respectively with
line circuits such as LC—251, LC—252, and LC—
250.

As will be hereinafter described, the arrange-
ment is such that the first P. B, X line #251 is
taken for use, if idle, when the P. B. X directory
number 2511 is called. If the first linc is busy,
the first idle one of the subsequent lines is taken
for use and the call is completed thereover, the
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connection being denied and the busy signal re-
turned only in case all P, B, X lines are in use.
On the other hand, if the number of any line in
the P. B. X group other than that of the first line
is called, connection is completed to the particular
line called, if it is idle, but the connection is denied
and a busy signal is returned if that line is busy.

It is to be noted that the levels |, 2, and 3 of the
“2” hundreds group in addition to the respective
level designations, have the designations (0), (9),
and (8) respectively applied thereto below the
connectors. This is intended to indicate thaft,
when the digit in parenthesis is called as a first
digit, the connector in use operates as a single-
digit connector to make connecfion with the first
idle interexchange trunk line served by the level
to which the dialed single-digit number is as-
signed. For example, it was pointed out in con-
nection with Fig. 1 that the dialing of the single-
digit number 0 in exchange C results in the ex-
tension of connection from exchange C to ex-
change A over an idle one of the seven two-way
interexchange trunk lines between exchanges A
and C. These seven trunk lines are served by the
first seven line multiples in the first level of the
“2” hundreds group in Fig. 2, these multiples hav-
ing associated therewith line circuits such as
LC—211, LC—212, and LC—2{7. The illustrated
ones (A—T{, A—T2, and A—T1) of these secven
trunk lines extend in exchange C respectively to
the repeaters §R—I{, O0R2, and JR-—-T. The
switehboard side of such of the repeaters 8R—1
to 0R—T is connected respectively with the mul-
tiples associated with line circuits LC—Zil to
LC--211.

Similarly, the dialing of the digit 8 in exchange
C causes the connector in use to extend connec-
tion by way of an idle one of the first five mul-
tiples in the second level of the “2” hundreds
group, through one or another of the repeaters
such as 9R—1 to 9R—5, and over a trunk line such
as B—T1 to B—T9%, to exchange B.

The dialing of the digit 8 in exchange C results
in connection being extended by the connector in
use through an idle one of the first six multiples
in the third level of the “2” hundreds group,
through one or another of the repeaters such as
8R—1I to 8R—8, and over one of the trunk lines
C—T1 to C—T4%, to exchange D,

One of the lines associated with the “4” hun-
dreds group of line multiples is shown. This is
the twenty-party line #411; 511, associated with
line circuit LC—4i! and the correspondingly
numbered line multiple. This line may have ten
substations #4111 to #4110 thereon indexed by
the calling of the hundreds digit 4, and ten other
substations #5111 to #5!(0 thereon indexed by
the calling of the hundreds digit 5.

Terminating automatic exchange D

The arrangement of finder connector links, line
multiples, and line circuits in exchange D is simi-
lar to that above described in exchange C. Con-
nectors Ct’ to CX’ are illustrated as linked re-
spectively by links Lil* to LX’ with the finders F{’
to FX’, such finders being controlled by the dis-
tributor DR’ under the control of the line circuits,
such as LC—281’, for example.

As is indicated by the designation (8) applied
to the first level of the “2” hundreds group in
exchange D, such level is used, when the single-
digit number 0 is dialed, to give access to the
interexchange trunk lines C—TI to C—T86, by
way of the repeaters RI to RS, the first six liné
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multiples in this level being used for this pur-
pose. .

With respect to each of the exchanges C and D,
it will be understood that in any level assigned to
interexchange trunk lines, any line multiple not
required for the interexchange trunk line group
may be used for a subscriber line and called by
the regular directory number assigned according
to the position occupied by the concerned multi-
ple. This is illustrated by line #217 of exchange
D, serving individual-line substation #2171, con-
nected to the seventh line multiple in the same
tens subgroup serving the six interexchange trunk
lines C—T1 to C—T6.

The other illustrated subscriber lines of ex-
change D are the twenty-party line 201; 301,
and the pay-station line #202.

The circuit drawings

The circuit drawings shown in Figs. 3 to 13
will now be described generally. Fig. 3 shows the
location of the trunk circuit B—TCI in exchange
B (3 duplicate of trunk circuit A—TCI, Fig. T)
interposed between the jack J1 and the inter-
exchange trunk line B—TI. Fig, 3 also shows
the location of the repeater 9R—I in exchange C
(5 duplicate of the repeater 0R—I, Fig. 8) inter~
posed between the interexchange trunk line B—T|
and the line circuit LC—221, with its associated
line multiple #221,

Fig. 4 shows the circuit location of the trunk
allotters TA—8 and TA—Y, associated respec-
tively with the interexchange ftrunk groups
reached responsive to the dialing of the single
digit #8 and #9. Each of these allotters may be
similar to the trunk allotter TA—O (Fig. 9).

PFig. 5 shows the automatic-to-automatic re~
peater 8R—I in exchange C, interposed between
the line circuit LC—231 with its associated line
multiple #231, and the interexchange trunk line
C—T1{. :

Fig. 6 shows the automatic-to-automatic re~
peater RI in exchange D, interposed between the
interexchange trunk line C—T1{ and the line cir-
cuit LC—211’ with its associated line multiple
#211,

Fig. 7 shows the trunk circuit A—TC{ in man-
ual exchange A interposed between the jack J8
and the interexchange trunk line A—TI. Fig, 7
shows also a portion of cord circuit C!, the call-
ing device (or “dial”) CD, and the dial key K.

Fig. 8 shows the manual-to-automatic repeater
0R—1 in the tandem exchange C interposed be-
tween the interexchange trunk line A—TI( and
line circuit LC—21 I with its associated line mul-
tiple #211.

Fig. 9 shows the P. B. X line allotter LA asso-
ciated with the ten P. B. X lines interconnecting
the tandem exchange and P. B. X #2651, Fig. 10.
Fig. 9 shows also the trunk allotter TA—O asso-
ciated with the repeaters serving the interex-
change trunk lines interconnecting tandem ex-
change C and manual exchange A, including the
repeater OR—I (Fig. 8).

Figs. 4 and 9 together show the cable 1300 (lead-
ing thereto from Fig. 13, part 10) which inter-
connects the connectors of the tandem exchange
with the allotters PA—8 and PA—8 of Fig. 4, and
LA and PA—0 of Fig. 9. Each of these allotters
is provided with a connecting relay such as 953, a
busy relay such as 954, and an overflow meter
such as 956. .

Fig. 10 shows a rectangle indicative of the
P. B X #2511, together with three of the ten
P. B. X lines; line circuit LC—251, connected with
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the corresponding line multiple #251; the four-
party party line #202 and line circuit LC—202,
connected with the associated line multiple #202;
pay station #2031 and associated line #203, to-
gether with line circuit LC—203, connected with
the associated line multiple #203; and the twen-
ty-party party line bearing line numbers 411 and
511, and associated with line circuit LC—4!1, con-
nected to line multiple #411.

Fig. 11 shows the finder Fi, linked with the
connector Cl of Fig. 13 by the tip, ring, sleeve,
and hold conductors T, R, S, and H of link Ll.

The finder Fl includes five units relays UIF
to USF, units switching relay UGF, and twenty
tens relays of which relays T2(F to T26F, and
T20F of the first or “2” hundreds group are
shown, together with tens relays T41F and T40F,
being the first and tenth tens relays of the sec-
ond or “4” hundreds group. Each tens relay, by
its illustrated ten groups of contact sets (thirty
pairs), represents a separate one of the levels
referred to hereinbefore in connection with Fig. 2.
The line-multiple side of the tens-relay contacts,
are attached to conductors in tens cables, such
as the illustrated cables CA—2i to CA-—-26,
CA—20, CA—41, and CA—40. Through these
cables, whose conductors comprise the line mul-
tiples referred to, the said tens-relay contacts
are connected respectively in multiple with the
corresponding contacts of the tens relays of all
the other finders and all of the connectors.

Fig, 12 shows a rectangle indicative of the
distributor DR, to which the tens and units mark
wires from all of the line circuits of the exchange
extend, and which selects -an idle finder when
a call is received and positions that finder on the
line multiple of the calling line by operating a
tens and a units relay thereof. The distributor
has a separate connecting relay such as 1208 for
each of the finders.

Fig. 13 shows the connector Cl, linked with the
finder Fl by the four-conductor link Li. Con-
nector Cl includes control relays {301 to 1342,
units relays UIC to USC, and units-switching
relay U6C, together with twenty tens relays. Of
the tens relays, relays T2IC to T26C and T20C
associated with the first or “2” hundreds group
are shown, along with relays T4IC to T40C as-
sociated with the second or “4” hundreds group.
The twenty line-multiple cables (of which CA—21|
to CA—26, CA—20, CA—41, and CA—40 are
shown) associated respectively with the tens re-
lays of the finders and connectors (Fig. 11 and
Fig. 13, part 5) are assumed to extend upwardly
from Fig. 13 to the respective line circuits and
connected lines.

Pig. 13, part 10, shows relays CN—{, PBX—{,
and CH—I in the first connector, C!; similar re-
lays CA—2 PBX—2, and CH—2 which are in
the second connector, and relays CN—X,
PBX—X, and CH—ZX, in the last connector.
These relays have to do with the extension of
calls to the interexchange trunk line groups and
the P. B. X group, which extension is controlled
over conductors in the cable 1300 which extend
from Fig. 13, part 10, to Fig. 9.

Fig. 13, part 1, shows the two-minute timer
T which controls the timed release of connec-
tion as will hereinafter appear.

Fig. 13, part 7, shows the code ringing device
1363 including control cams A to C and code cams
1to0. ’ ’

DETAILED DESCRIPTION .

The system to which the invention is applied
having been described generally, a detailed de-
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seription of the oberation of the apparatus shown
will now be given. For this purpose, the setting
up of a local connection within tandem exchange
C wil] first be described.

A. Local call in tandem exchange C from a pay-
station line to a four-party line

Let it be assumed now that a subscriber at
pay station #2031, Fig. 10, desires to converse
with a subscriber on party line #2082, Fig, 10, the
subscriber at party-line substation #2024, for
example.

Al. Marking the calling-line location

When the receiver 1024 at the calling pay sta-
tions is removed, hookswitch contacts 1030 close,
connecting the receiver 1024 in circuit with the
lower winding of induction coil 1021, through
the illustrated condenser, and closing a direct-
current bridge across the conductors of line #2603,
including the upper winding of induction coil
1021, the 90-ohm operating coil of the polarized
magnet 1022 (in parallel with the 90-chm shunt
resistor 1023, which may be removed when the
pay-station line has a high resistance), contacts
of hookswitch 1030, transmitter 1026, and the
impulse contacts of the calling device (031.

When the conductors of calling line #203 are
thus bridged, line relay (009 of line circuit
L1.C-—203 operates, through contacts of cutoff re-
lay 1007, placing the line circuit in calling con-
dition, by grounding the associated tens and
units mark conductors T and U, through con-
tacts of lockout relay 1008,

A2, Selecting and operating an idle finder

It is to be observed that each of the line cir-
cuits illustrated in the drawings having indi-
vidual T and U mark conductors, as have all the
other line circuits. As indicated in Fig. 2, these
conductors may all be carried over to the dis-
tributor DR, whereat they may be connected to
the several T and U terminals, shown below the
distributor. The grounding of a set of T and U
conductors associated with any specific line cir-
cuit causes the usual control relays of the dis-
tributor DR (not shown) to operate to condi-
tion the distributor for setting a finder on the
three-conductor line multiple associated with the
calling line. The distributor DR thereupon
takes an idle finder for use, the finder Fl (Fig.
11) for example. The finder Fl is indicated as
idle to the distributor DR when test conductor
1201, normally connected to the associated hold
conductor H of the link L, is ungrounded. The
finder Pt is taken for use by the operation of
connecting relay 1208 over conductor 1203. Upon
operating, relay (200 connects up the twenty
conductors associated with the twenty tens re-
lays, some of which are omitted for ease of illus-
tration, and it connects up the six conductors
associated respectively with the units relays UIF
to USF and units-switching relay U6F.

In the present assumed example, the calling
line circuit being L.C—203, Fig. 10, the calling line
multiple #203 is a multiple in the first or “2”
hundreds group; it lies in the “0” level in that
hundreds group, and it is line multiple 3 in the

level. Accordingly, the marked condition of the

T and U conductors of line circuit LC—203 causes
the distributor DR, through the contacts of the
operated connecting relay 1200 to operate the
“0” tens relay T20F (Fig, 11) associated with the
“2” hundreds group. The finder is thus con-
ditioned to make connection with any one of the
lines in the level containing the calling line,
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Additionally, the distributor DR, through con-
tacts of relay 1200, operates the third units relay
U3F, thereby completing connection, through
contacts of relay T20F, with the tip, ring, and
sleeve conductors respectively of the calling line
multiple #203.

A3. Preparing the assoOciated gonnector for
operation

The tip, ring, and sleeve conductors T, R, and
'S shown at the left of line circuit LC—203 are
thereby extended, by way of conductors in cable
CA—20, through contacts of relays T20F and U3F
(Fig. 11), and through contacts of the unoper-
ated relay USF, to conductors T, R, and S respec-
tively of the link L{ between the finder Fi of Fig.
11 and the connector Ci of Fig, 13. When this
oceurs, line relays 1305 and (306 operate in se-
ries with each other over the calling line, being
connected to the tip and ring conductors T and
R of the link Li through contacts of relays 1384
and 1304, such windings being now in multiple
respectively with the lower and upper windings
of line relay 10089.

Upon operating, each of the relays 1305 and
1306 closes an operating circuit for release relay
{307, to ground through contacts of relay 1301,
At its inner lower contacts, release relay 1307 ap-
plies ground potential from normally grounded
conductor 8! to local conductor (8, an extension
of conductor H of the link L{.

The described application of ground potential
to hold conductor H of the link L{ results in the
closing of a Iocking circuit thereover for the wind-
ing of the operated units relay U3F, and in the
closing of a locking circuit, through resistor {100,
for the winding of the operated tens relay T20F.

A4. Advancing the distributor

The ground potential on said hold conductor "
is extended, through contacts of the operated
connecting relay 1200 to the kick-off conductor
1202 of the distributor DR, causing the distribu-
tor to clear out from the link Li, and to restore
relay 1280, in the usual manner. When this oc-
curs, the initial circuits of the now-operated re-
lays T20F and U3F are opened, but these relays
remain operated in their above-mentioned lock-
ing circuits to the now grounded conductor H
of the link Li. On restoring relay (200 applies
ground potential from the associated conductor
T to test conductor 1201, causing the finder-
connector link to test busy to the distributor DR
until the connection now under consideration has
been cleared out.

In the connector Cl, at the upper armature of
relay 1307, ground potential is applied to local
conductor 5, a local extension of sleeve conduc-
tor S of the link Li. This ground potential is
obtained over two paths. One path is from
ground, through the upper winding of detector
relay 1308, to the front contact of the upper ar-
mature of release relay 1307. The upper wind-
ing of detector relay 1308 is effectively shunted
for the time being by ground potential applied to
conductor 5 over the second path: from ground,
through normally closed contacts of the switch~
ing and busy relays 1319 and 1320, and over con-
ductor i5, to the said front contact of relay 1381.

A5. Clearing the calling line circuit

As the result of the above application of ground
potential to local conductor 8, sleeve conductor
S of the link Li becomes grounded, thereby ex-
tending ground potential, through contacts of
the operated relays USF and T20F of the finder
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P, to the sleeve ¢onductor of line multiple #2083,
being the line multiple of the calling pay-station
line #203, Fig. 10. When this occurs, cutoff re-
lay 1007 operates over the associated grounded
sleeve conductor S in series with lockout relay
-1008. Upon operating, relay 1007 disconnects and
restores line relay 1009 thus clearing the line cir-
cuit for the dialing of the desired number. Lock-
out relay 1008 upon operating makes certain cir-
cuit preparations which are ineffective at this
time because of the now-restored condition of
line relay 1009,

A further result of the above-mentioned ap-
plication of ground potential to local conductor
5, at the front contact of the upper armature
of release relay 1307, is the closing of a circuit
for sleeve relay 1309, from ground on conductor
5, through contacts of reverting-call relay 1310,
and contacts 64. Sleeve relay 1309 accordingly
operates. At its middle lower armature (Fig. 13,
part 6), relay (309 connects release-timer relay
1303 to pickup conductor P{ of the common timer
T, thereby starting the “permanent-timing” op-
eration to be described hereinafter. At its lower
contacts, sleeve relay {309 grounds start conduc-
tor 1356 so as to start the timer T into operation.

At its inner lower contacts, relay 1308 connects
ground supply conductor 81 to local conductor
i1. Local conductors 1T and {8 are maintained
grounded by relays 1309 and 1367, respectively,
in addition to which conductors {71 and I8 are
joined together through contacts of reverting-
call relay 1310 and through contacts of busy re-
lay 1820. TFor most purposes, therefore, during
the operation of the connector, conductors {1 and
18 may be considered as one conductor held
grounded both by release relay 1307 and by sleeve
relay 1309,

_Sleeve relay 1309, at its inner upper armature,
disconnects the common all-finders-busy conduc-
tor AFB from its normal connection to ground in
connector Cl, leaving this conductor grounded at
such of the connectors as remain idle. The dis-
tributor DR may be arranged to remain quiescent
under g calling condition of one or more lines
when all of the associated links are in use.

At the front contact of its inner upper arma-
ture, sleeve relay 1309 prepares an impulse cir-
cuit over conductors il and 25 in series for the
counting relays in Fig. 13, part 4.

At its upper contacts, sleeve relay 1309 joins
conductor 2 to counting-relay locking conductor
i, thereby grounding conductor i from ground
on the grounded local conductor i1,

A6. Transmitting the dial-tone signal

The above grounding of conductor I by sleeve
relay 1309 results in the closing of a circuit,
through the inner upper contacts of relays 1321
and 1323, for the upper winding of dial-tone re-
lay 1324. Relay 1324 thereupon operates to com-
plete the preparation of the connector Cl for the
receipt of the first or hundreds digit in the desired
number, the operated relays of the connector now
being 1305 to 1307, 1309, and 1324.

Dial-tone relay 1324, at its upper contacts, con-
nects the common dial-tone lead DT, through
contacts of code ring relay 1317, contacts 15 of
busy-verification relay 1311, and small-capacity
condenser 1358 to the associated tip talking con-
ductor. As a result of this connection, a dial-
tone signal is transmitted back through the oper-
ated finder Fl to the calling pay station #2031
(Fig. 10) to inform the calling subscriber there-
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at that he may how:dial the digits (2, 0,2, and 4)
in the desired number,

Each time the calling device (or “dial”) CD’
at pay station #2831 is operated in -accordance

with a digit of the desired number (constituting -

a forward movement of the dial thereof, not
shown, to the desired digit position and the usual
spring-driven return movement of such dial to
generate the selected number of impulses), -off~

" norma] spring 1932 is permitted to move to the
left to engage its -associated shunt contacts,
thereby shunting the receiver 1024 and the trans-
mitter 1026, so as to avoid the production of
clicks in the ear of the calling subscriber and to
improve the dialing circuit.

A7. Dialing the hundreds digit (2)

‘When the hundreds digit 2 is-dialed, a series of
two impulses (circuit interruptions) is produced
at springs i031. When this occurs, the ground-
connected line relay 1306 in the connector Ci is
momentarily restored twice. It is immaterial
whether or not the battery-connected line relay
1305 follows the received impulses, which it may
not when the line insulation is faulty. Assuming
that relay 1365 follows the impulses, the circuit-of
release relay (307 is interrupted twice momen-
tarily by relays 1305 and 1308, but relay 1387, be-
ing slow-releasing, remains operated, having a
copper sleeve surrounding its core, as indicated
by the double vertical lines.

Each time it restores, line relay ‘1306 delivers
an impulse to series relay {321, so called because
it operates responsive to the first impulse of the
series -and, being slow-restoring, remains oper-
ated throughout the series. The first impulse de-
livered to series relay 1321 is by way of the fol-
lowing circuit path: from ground by way of
armature 65 (of switch-through relay 1301) and
its back contact, contacts of the momentarily re-
stored line relay (306, inner upper armature of
sleeve relay 1309 and its front contact, conductor
If, back centacts of busy and switching relays
1320 -and 1319, conductor 25, back contacts of

driver relays 1332 to 1330, conductor 26, and

through the winding of series relay 1321, to bat-
tery.

At its upper armature, series relay 1321 shunis
resistor 1360 around battery-connected line relay
1305 to improve the dialing circuit for line relay
1306. At its inner lower armature, series relay
{321 disconnects grounded conductor 171 from
conductor 2T and transfers it to the winding of
series auxiliary relay 1326 thereby operating the
latter relay. )

Series auxiliary relay 1326, upon operating re-
‘sponsive tothe operation of series relay 321, pre~
pares at its lower .contacts a locking circuit for

the #1 counting relay 1333, and it makes certain_

other circuit changes which are ‘of ‘no. effect .at
this time. ] :

The impulses delivered over conductor 25 fo
series relay 1321 by line relay .1386:are also passed
over conductor 25 to the counting relays of. Fig.
13, part 4. Resistor (389 its connected between
battery and conductor 25 to reduce any tendency
to sparking at the back contacts of line relay
£306. : )

The first impulse delivered over conductor -25
passes through contacts of driver relays 1332 to
133D ‘to the #1 counting relay 1333. Relay 1333
‘thereupon operates and prepares -an operating
circuit for the #2 counting relay-at its-upper-con-
tacts, while at its contacts 96-it completes a lock-
ing-circuit for itself in series:with the:first driver
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relay 1330. Driver relay 1330 does not operate
immediately in this locking circuit for it is sup-
plied with ground potential at both terminals
until the impulse is terminated.

When line relay {306 reoperates at the end of
its first momentary restoration of the series and
thereby removes ground potential from impulse
conductor 25, it opens the initial circuit of slow-
aciing series relay 1321 and also opens the initial
circuit of the #1! -counting relay 1333. Relay
1321 remains operated because it is a slow-restor-
ing relay, and relay 1333 remains operated in the
following locking circuit: from ground on the
now-grounded conductor f, through the inner
upper contacis of the second driver relay 133f,
the winding of the first driver relay 1330, locking
coniacts 86 of “counting relay 1333, inner lower

. contacts of the operated series auxiliary relay
4325, and through the winding of counting relay

i383, to battery. Relay 1323 remains operated,
and reiay 530 now. operates over the above-
traced locking circuit.

At its lower contacts, relay 1330 joins con-
ductors 27 and 3% for a purpose to appear here-
inafter; at its inner upper contacts, it discon-
nects the third driver relay 1332 from locking
cenductor f; at its middle upper armature it dis-
counectis impulse conductor 25 from the now-
operated and locked #1 counting relay 1333, and
prepares an operating . circuit over conductor a
for the second counting relay 1334; while at its
upper contacts driver relay 1338 disconnects im-
pulse conducter 25 from conductor 26, thereby
including resistor 1381 in circuit with series re-
lay {321, 'The arrangement is such that relay

1321 receives a strong impulse over a direct cir-

cuit path, excluding resistor 1361, to operate it
initially, ‘but is -energized thereafter by reduced
curient through resistor 1361 as the succeeding
impulses arrive, whereby slow-restoring relay

- 15X cperates promptly upon the receipt of the
_first impulse of the series, and restores rather

promptly following the termination of the last

.impulse in the series.

‘When the second and last momentary impulse
in the series comprising the hundreds digit 2 is
received over conductor 25, this impulse is de-

- livered, through back contacts of the unoperated

driver relays (331 and 1332, and through the

-middle upper armature and front contact of the
-operated driver relay 1330, to conductor a, whence

it is delivered, through the upper contacts of the
operated #1 counting relay 1333, to the #2 count-
ing relay (334. Counting relay 1334 thereupon
‘operates and locks itself in series with the sec-
ond driver relay {331 to the grounded counting-

-relay-locking conductor |, relay 1331 remaining

unoperated for the time being as noted in con-

‘nection with relay 330.
60 -
~dreds digit 2 is terminated, the initial circuit 'of

‘When the second and final impulse in the hun-

-counting relay (334 is thereby opened, whereupon
relay §33.10 operatesin the locking circuit of relay
T334, At its middle upper armature, relay (331

“transfers impulse -conductor 25 from -conductor
o to coenductor b, while, at its inner upper arma-

ture, it .open-circuits and restores the first driver
‘relay 13883, along with the #1 counting relay 1333
wihich was previously locked in circuit therewith.
Each driver relay has a spark-quenching resistor
~associated therewith, as shown.

‘Counting relay £333 .and driver relay {330 have
“been..aperated and restored .as described, .and
-counting relay 1334 is'held operated in its locking
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circuit in series with the now-operated driver
relay 1331.

A8. The counting-relay arrangement

The counting-relay circuit herein disclosed is
the well-known arrangement for counting up to
ten impulses in a series. The three driver relays
(1330 to i332) operate successively in regular
rotation as the impulses of a series arrive. When
5 received series contains the full number (ten)
of impulses, the first counting relay 1333 is op-
erated as previously noted through normally
closed contacts of all three driver relays, while

the second, fifth, and eighth counting relays are

operated over conductor a, through contacts of
the driver relay 1330 and with relays i331 and
£332 in restored condition; the third, sixth, and
ninth counting relays are operated over con-
dguctor b, through the front contact of the mid-
die upper armature of relay 1331, relays 1338 and
1232 being in restored condition at such times;
and the fourth, seventh, and tenth counting re-
lays are operated over conductor ¢, through the
front contact of the middle upper armature of
relay §332, relays 330 and {331 being in restored
condition at such times. The arrangement is
such that any of the three driver relays 1339 to
1282 on operating open-circuits and restores the
previously operated driver relay along with the
counting relay last operated and locked in series
therewith. The counting relays are thus oper-
ated and restored progressively, the action be-
ing wave-like. Generally speaking, therefore,
only one counting relay at a time is in effective
operated condition, but there is a slight overlap,
following the operation of a new counting relay,
before the newly received impulse is terminated,
and the preceding counting relay is restored by
the operation of the concerned driver relay. Be-
cause of this slight overlap in time, when two
adjacent counting relays may be operated, sepa-
rate hundreds-digit relay-operating conductors
28 and 38 are provided, and are connected to al-
ternate contacts in the hundreds levels of con-
tacts of the counting relays. Hundreds con-
ductors 38 and 39 are arranged to be separated
from each other by the disclosed circuit arrange-
ments after the hundreds digit operation has
been carried out, thereby preventing a relay
locked as a result of the hundreds digit from ef-
fecting another hundreds-digit relay when the
counting relays operate responsive to the suc-
ceeding digits in the number. For a similar pur-
pose, separate conductors 40 and 4! are associ-
ated with alternate counting-relay contacts in
the tens level thereof associated with the “2”
hundreds group; separate conductors 42 and 43
are associated with the “4” hundreds group; sep-
arate conductors &4 and 45 are associated with
alternate contacts in the units level of counting-
relay contacts; and separate party conductors 31
and 382 are connected to alternate contacts in the
party level of counting-relay contacts to avoid
the momentary joining together (during a dial-
ing operation) of adjacent ones of the common
code conductors in cable 1314.

A9. The hundreds selection

Slow-restoring series relay 1321 restores short-
ly following the receipt of the second and last
impulse in the hundreds digit 2. When it does
so, it open-circuits and restores series auxiliary
relay 1328 at the front contact of its inner lower
armature. At the back contact of the inner
lower armature of series relay 132}, ground po-
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tential (from the grounded local conductor 17)
is transmitted over conductor 21, and through
contacts of any operated one of the driver relays
1330 to 1332 (in this case driver relay 1331),
conductor 37, armatures 86 and 87 of transfer-
auxiliary relay 1322 and their back contacts, mid~
dle lower and lower armatures of digl-tone relay
1328 and their front contacts, and armatures 92
and 83 and their back contacts, to the hundreds
operating conductors 38 and 39 connected respec~
tively to alternate ones of the contacts in the
hundreds level of counting-relay contacts. At
this time, only the second counting relay {338 is
in operated condition. As a result, the only cir-
cuit closed through the hundreds level of count-
ing relay contacts at this time is: from ground
potential on conductor 38, through the hundreds
contacts of counting relay 1334, and over conduc-
tor 2 in cable 1385, to battery through the lower
winding of hundreds-transfer relay 1327. Hun-
dreds transfer relay 1327 thereupon operates.

At its inner upper contacts, relay {327 open-
circuits the upper winding of dial-tone relay 324,
but dial-tone relay {324 does not restore as a re-
sult of this, for it is held operated in a locking
circuit including its lower winding and the left-
hand front contact of its now-grounded middle
lower armature.

At its middle upper armature, hundreds-trans-
fer relay {327 prepares a circuit for locking se-
ries-auxiliary relay 1326 on the mnext operation
thereof.

At its upper armature, relay 1327 grounds
branch locking conductor 49, by connecting it
with the grounded conductor 17, thereby closing
a locking circuit, through back contacts of relays
1328 and (329, for the lower winding of hundreds-
transfer relay £321.

Al10. Preparing for the receipt of the tens digil

At the normally closed contacts controlled by
the upper armature of hundreds-transfer relay
1321, the grounded conductor i1 is disconnected
from conductor 2, thereby depriving counting-
relay-locking conductor { of ground potential.
When this occurs, the counting and driver relays
in Fig. 13, part 4, clear out, the operated ones
of these relays (£331 and 1334) restoring. The
restoration of relay 1334 disconnects conductor
2 of cable 1365 from its source of ground poten-
tial by way of hundreds conductor 38, but hun-
dreds-transfer relay 1327 remains operated over
its above-noted locking circuit including con-
ductor 9. The restoration of driver relay 133!
also disconnects conductors 27 and 37 from each
other thereby depriving conductor 37 (and con-
sequently hundreds conductors 38 and 39) of
ground potential, The locking circuit of dial-
tone relay 1324 (including the lower winding
thereof) is thereby opened, whereupon dial-tone
relay 1324 restores. Upon restoring, dial-tone re-
lay 1324 opens the dial-tone signaling circuit at
its upper contacts, while at its middle lower ar-
mature and its lower armature, it disconnects the
hundreds conductors 38 and 39 and substitutes
the tens conductors 40 and 4! of the “2” hun-
dreds group, hundreds-selection relay {328 not
having been operated.

Al1l. Dialing the tens digit (0)

When the tens digit 0 in the desired number is
dialed, line relay 1306 is thereby restored ten
times momentarily to deliver a series of ten im-
pulses over conductor I{ to conductor 25, and
thence to the counting relays of Fig. 13, part 4.
Series relay 132{ is operated as before and re-
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mains operated throughout the series of impulses.
Series-auxiliary relay 1326 again responds to the
operation of relay 1321. At this time, it connects
conductor 2 (and consequently the counting-re-
lay locking conductor 1) to ground on conductor
i1 at its upper contacts, through the upper con-
tacts of units transfer relay 1323.

With hundreds transfer relay (327 having been
operated and locked as described, and with dial-
tone relay 1324 now in restored condition, series
auxiliary relay 1326 closes a locking circuit for
itself at the front contact of its inner upbper
armature as follows: from ground on conductor
11, through the back contact of the inner upper
armature of tens-transfer relay 1325 and the
said armature, middle upper contacts of hun-
dreds-transfer relay 1327, inner upper armature
of relay 1326 and its front contact, inner lower
contacts of the restored dial-tone relay 1324, and
thence to battery through the winding of series
auxiliary relay (326.

A12, The tens selection

The counting relays 1333 to 1342 operate suc-
cessively as previously noted, the operation being
accompanied and controlled by the successive op-
eration, in a recurring cycle, of the driver relays
1330 to 1332, TUpon the delivery of the tenth
and final impulse of the series (which occurs
with the #9 counting relay {341 operated, and
all the preceding counting relays restored, and
with driver relay {332 operated and driver relays
1330 and 1331 restored, the #0 counting relay
1342 operates and locks itself in series with the
driver relay (330 to the locking conductor |.
Consequently, when the tenth and final impulse
in the series is terminated, opening the initial
circuit of counting relay 1342, this counting re-
lay remains operated, and driver relay {330 oper-
ates, in a locking circuit including the inner lower
contacts of relay 1342, the winding of relay 1330,
and conductor 1.

When driver relay §338 operates, it open-cir-
cuits and restores driver relay 1332 along with
the #9 counting relay 134f. The only counting
and driver relays now in operated condition are
driver relay 1330 and counting relay {342,

‘When series relay 1321 restores at the end of
the tens digit, it opens the initial circuit of re-~
lay 1326, but relay 1326 remains operated for
the time being over ifs previously described lock-
ing circuit. Relay #1321 also applies ground to
conductor 27, extending ground through contacts
of driver relay 1338, over conductor 37, arma-
tures 86 and 81 and their back contacts, the mid-
dle lower and lower armatures of the restored
dial-tone relay 1324 and their back contacts, and
armatures 94 and 95 and their back contacts, to
the tens conductor 49 and 41 associated with the
“2” group of line multiples. With the #8 count-
ing relay 1342 in operated condition, the ground
potential cn conductor 40 extends, through con-
tacts of relay 1342, and over conductor 20 in
cable 1366, to the tenth tens relay T20C, in the
“2” hundreds group.

Tens relay T20C now operates, and connects
the ten line multiples represented by the thirty
conductors in cable CA—20 respectively to the ten
sets of units conductors controlled by units re-
lays UlIC to USC and units switching relay UGC.
Relay T20C also prepares a locking circuit for
itself by conmecting its winding with the asso-
ciated locking conductor 38, thereby extending
ground potential over locking conductor 38,
through resistor #367, normally closed contacts
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controlled by the inner lower armature of units-
transfer relay (323, lower armature of the oper-
ated hundreds-transfer relay §327 and its front
contact, to the free terminal of the winding of
tens-transfer relay 1325. Tens transfer relay
1325 thereupon operates. At armatures 92 and
93, it connects the units conductors 44 and 45 to
the now-open front contacts of the restored dial-
tone relay 1324, At its middle upper armature,
relay 1325 closes a locking circuit for itself to
the grounded conductor 7, thereby locking the
tens relay T20C operated through the current-
reducing resistor 1367.

Al3. Preparing for the receipt of the units digit

At its inner upper armature, tens-transfer
relay 1325 breaks the locking circuit of series-
auxiliary relay (326 and prepares a new oper-
ating circuit for dial-tone relay 1324. When this
occurs, series-auxiliary relay (326 restores and
ungrounds the counting-relay locking conductor
i at its upper contacts, thereby again clearing
out the counting chain.

Dial-tone relay 1324 is now reoperated in a
circuit from ground on conductor 11, through the
back contact of the inner upper armature of re-
lay 1326 and said armature, middle upper con-
tacts of the operated hundreds-transfer relay
1327, inner upper armature of tens-transfer re-
lay 1325 and its right-hand front contact, the
inner upper armature of units-transfer relay (323
and its back contact, to the upper winding of dial-
tone relay 1324. At the left-hand front contact
of its middle lower armature, relay {324 again
prepares a locking circuit for its lower winding,
while at the right-hand front contact of its mid-
dle lower armature and at the front contact of
its lower armature, it again makes connection
with armatures 92 and 93, this time preparatory
to the exercising of units control over units con-
ductors 44 and 45, at the end of the units digit.

Al14. Dialing the units digit (2)

When the units digit 2 is dialed, two momen-
tary impulses are delivered by line relay (306
over conductors Il and 25 to the counting relays
of Fig. 13, part 4, causing the #2 counting relay
1334 to operate and lock. Series relay 1321 re-
sponds again at the beginning of the first im-
pulse of the series and again operates series-
auxiliary relay 1326. At its upper contacts, relay
1326 again extends ground potential to count-
ing-relay-locking conductor [ to enable the count-
ing operation to proceed. With relays 1324, 1325,
and 1327 in operated condition, series-auxiliary
relay 1326 is again locked operated, this time
over a circuit path from ground on conductor
{1, through contacts 80 of relay 1324, left-hand
front contact of the inner upper armature of re-
lay 1325 and said armature, middle upper con-
tacts of relay (327, inner upper armature and
front contact of relay 1326, inner lower contacts
of relay 1325, and through the winding of relay
{326, to battery.

A15. The uniis selection

When series relay 1321 restores at the end of
the impulse series constituting -the units digit 2,
and reapplies ground potential to conductor 217,
conductor 37 consequently becomes grounded
(through contacts of the then operated driver re-
lay 1381), extending ground potential through
contacts 86 and 87, the middle lower and lower
armatures of the reoperated dial-tone relay 1324
and their front contacts, and armatures 92 and
93 and their front contacts, to the units conduc-
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tors 44 and 45 associated with the units level of
contacts of the counting relays.

With the #2 counting relay {334 now operated,
the ground potential on conductor 44 is extended,
by way of units conductor U2, to the #2 units
relay U2C (Fig. 13, part 5). Relay U2C now
operates to complete the extension of the tip,
ring, and sleeve conductors of the out links OL,
through contacts of the operated tens relay T28C
to the conductors in cable CA—29 constituting
the line multiple #2982, being the multiple of the
desired called line.

The conductors of the out link OL are open ab
this time in the connector; the tip and ring con-
ductors are open ab contacts 88 and 85 of switch-
ing relay £3i8, and the sleeve conductor is open
at the front contact of the lower armature of
series relay {321,

When the units relay U2C is operated by ground
potential on conductor U2 as previously described,
it prepares a locking circuit for itself and closes
an operating circuit at its lower armature for
units-transfer relay $323. This circuit includes
back contacts of units relays U3C to USC, and
conductor 35. Units-transfer relay 323 now
closes a locking circuit for itself and completes
the prepared locking circuit of units relay U2C
by connecting the greunded conductor £7 to con-
ductor 35 at its upper armature and front con-
tact. As its inner upper armature, units-trans-
fer relay 1323 open-circuits the upper winding
of dial-tone relay 1324, and prepares a circuit
for auxiliary-transfer relay 1322, through contacts
of dial-tone relay {324, but dial-tone relay (324
remains operated temporarily in its previously
deseribed locking circuit including its lower wind-
ing.

A18. Preparing for the receipt of the party digit

At its inner lower armature, units-transfer re-
lay 1323 transfers the tens-relay locking conduc-
tor 38 from its previous connection to ground
cn conductor {1 (through the lower armature and
front contact of relay 1327 and the upper con-
tacts of units-transfer relay {328) to a new con-
nection with conductor {7, by way of conductor
29 and the upper armature and front contact
of hundreds-transfer relay 1327.
contact of its upper armature, units-transfer re-
lay 1323 disconnecis ground from conductor 2,
and consequently from the counting-relay-lock-
ing conductor i, thereby restoring the operated
driver relay 1331 and the operated counting relay
1238. The initial circuit of units relay U2C is
thus broken, but relay U2C remains operated over
its above-described locking circuit. Upon the
separation of conductors 27 and 87 at the lower
contacts of driver relay (331, the locking circuit
of dial-tone relay {324 is broken. Dial-tone re-
lay 1324 thereupon restores and disconnects con-
ductors 42 and 45 from each other and from
conductor 37, at the same time opening another
point in the previously existing locking circuit
of its lower winding. At armature 98, dial-tone
relay 1324 opens the currently existing locking
circuit of series-auxiliary relay 1328, whereupon
relay 1328 again restores.

Upon restoring at this time, relay (828, at
its inner upper armature and back contact, com-
pletes a circuit for the upper winding of auxiliary-
transfer relay 1322, as follows: from ground on
conductor 17, through the back contact and inner
upper armature of relay £326, middle upper con-
tacts of relay 1327, inner upper armature and
right-hand front contact of relay 1325, inner up-
per armature and front comtact of units-trans-
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fer relay 1328, contacts 91 of the restored dial-
tone relay, conductor 9, contacts of supervisory
relay 1304, conductor 8, and through the upper
winding of auxiliary relay 1322, to battery. Re-
lay 1322 thereupon operates, and locks itself to
conductor 17 at its inner upper contacts, over a
circuit path including conductors 8 and 18 and
contacts of relay 1304; and at armatures 86
and &1, it disconnects conductor 37 from each of
the tens conductors 40 and 41 to which such con-
ductor was connected upon the last-described
restoration of dial-tone relay 1324 so as to avoid
the possibility of any further and unintended
tens-relay operation during the dialing of the
party digit which is to follow.

Al7. Dialing the party digit (4)

When the party digit 4 is dialed, the four im-
pulses constituting such digit are delivered to the
counting relays with results as hereinbefore de-
scribed. When the last impulse has been deliv-
ered and terminated, the #4 counting relay 1336
is in operated condition with all the other count-
ing relays in restored condition, and driver relay
1338 is operated in the locking of counting relay
1336, driver relays 183{ and 13382 being in re-
stored condition. -

At the beginning of the delivery of the party-
digit series of impulses, series relay 1321 again
operates and brings about the operation of series
auxiliary relay 1326. Upon operating, relay 1326
extends ground potential to the counting-relay
locking conductor | as above to enable the count-
ing operation to proceed. At this time, the ground
potential is extended to conductor | from con-
ductor i1, through the inner upper contacts of
the operated relay 322, conductor 9, contacts
of relay 1384, conductor 10, middle upper con-
tacts of relay 1322, upper contacts of relay 1326,
conductor 2, and the upper contacts of relay
1309 to conductor . Series-auxiliary relay {326
locks itself at this time over the following cir-
cuit path: from ground on conductor i1, through
the inner upper contacts of relay 1322, contacts
g1, front contact and inner upper armature of
relay 1323, right-hand front contact and inner
upper armature of relay 1325, middle upper con-
tacts of relay (327, inner upper armature and
front contact of relay 1326, inner lower contacts
of relays 1324 and 1325 in parallel, and thence to
battery through the winding of relay §328.

A18, Testing the called line

During the receipt of the party digit of the
number, the called line is tested to determine
whether or not it is in idle condition. This test
is made by test relay (318, through its upper or
test winding.

When series relay 1321 responds at the begin-
ning of the receipt of the series of party-digit
impulses, at its lower armature and front con-
tact, it extends ground over conductor 23, con-
tacts of release relay 1307, and conductor 22, to
the lower terminal of the upper winding of test
relay (818. The other terminal of this winding
is connected to the sleeve conductor S of the out
link OL and this sleeve conductor is now con-
nected to the sleeve conductor .of the line mul-
tiple #202 of the called line, as previously ex-
plained (through contacts of relays UEC, U2C,
and T20C. If called line #202 is idle, there is a
battery potential on the sleeve conductor of the
called multiple #2062, by way of the windings of
cutoff and lockout relays (004 and {005 of line
circuit L.C—202 (Fig. 10), with the result that
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relays 1005, 1064, and (318 all operate in series
with each other.

Al8a. The called line is busy

If the called line is idle and test relay 1318 is
consequently operated in the explained manner,
busy relay 1320 is prevented from operating at
the end of the party digit because its then-pre-
pared circuit is opened at the lower contacts of
test relay 1348, Let it be assumed, however, that
the called line is busy, in which case the called
sleeve conductor is grounded, and relay 318 fails
to operate. In this event, when slow-restoring
series relay 1321 restores at the end of the party
digit, it terminates the testing operation by re-
moving the testing ground connection from the
sleeve conductor of the called multiple.

With relay 1322 operated and locked; with re-
lay 1326 having been reoperated and locked; and
with test relay (318 having failed to operate;
when relay 1321 restores, it completes a circuit
at its lower contacts, from ground on conductor
11, through the lower contacts of test relay 1318,
contacts 89 of auxiliary relay 1322, the lower
contacts of the series-auxiliary relay 1326, con-
ductor 21, and thence to battery through the
winding of busy relay 1320. Busy relay 1320
thereupon operates.

At its inner upper armature, busy relay 1320
opens the counting-relay impulse circuit by dis-
connecting conductor (i from conductor 25,
whereby the setting of the counting relays can-
not be disturbed, nor can series relay 12321 be sub-
sequently operated, by any further dialing.

Al8a(1). Conditioning the connector for opera-
tion as a local connector

At the back contact of its inner lower arma-
ture, busy relay {320 removes ground potential
from conductor 5, thereby removing the shunt
previously existing around the upper or test wind-
ing of detector relay 1308, thereby placing such
upper winding effectively in series with the sleeve
lead S of the link Li to enable it to be deter-
mined whether or not the connector is to act
as a toll connector, or is to be conditioned to act
as a local connector.

In the present example, the connector Ci is to
act as a local connector, for the call is not from
a manual exchange, and the sleeve conductor of
the multiple of the calling line is consequently not
now grounded outside of the connector. The up-
per winding of detector relay 1349 is, therefore,
energized over the sleeve lead of the calling line
in series with cutoff and lockout relays 1007 and
1208 of line circuit LC—283. Detector relay {308
. now operates and locks itself to conductor 17 at
its lower contacts; shunts its upper winding at
its inner upper contacts; at the back contact of
its middle upper armature, it disconnects. the
lower winding of busy-verification relay [31¢{ to
remove such relay from under the control of the
calling, non-manual line; and at its inner lower
contacts it connects up the common lead P2 pur-
suant to conversation timing.

A18a(2). Transmitting the busy signal

As a further result of its described operation,
busy relay {223, at its upper contacts, connects
the common busy-tone lead BT to the upper in-
coming talking conductor, through contacts of
relays 1347 and 1314 and condenser 1338, where-
by a busy-tone signal is transmitted back to the
calling substation to inform the calling subscriber
that the desired line is busy.

. The calling subscriber is now expected to re-
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place his receiver to permit the switching ap-
paratus involved in the attempted connection to
clear out.

A18b. The called line is idle

Let it be assumed now that the desired line is
idle when called. Under this condition, with se-
ries relay 1321 energized during the dialing of
the party digit, test relay 1318 is energized over
the sleeve conductor of the called multiple as
previously explained. When it operates, test re-
lay {218 locks itself to conductor 5, a local ex-
tension of the now grounded incoming sleeve con-
ductor of the link L ; it by-passes its upper wind-
ing at its inner upper contacts by applying
ground potential directly to the sleeve conductor
of the called multiple; and at its lower armature,
it opens a point in the circuit of busy relay (320
and prepares a circuit for switching relay 1319.

A18b(1). Conditioning the connector for
operation as a local connector

When series.relay 1321 now restores at the end
of the party digit, switching relay {319 is operated
in a circuit from the grounded conductor 1T,
through the lower contacts of series relay 1321,
and the lower armature and front contact of the
operated test relay 1318. Upon operating, switch-
ing relay 1319, at its inner upper armature, opens
the dialing circuit over conductor 25 to prevent
a further response of series relay (321 and a
change in the setting of the counting relays in
case the calling subscriber should dial a further
digit. At its inner lower contacts, switching relay
{319 removes ground potential from conductor
{5 thereby permitting detector relay 1308 to op-
erate as hereinbefore described to change the
connector over from toll operation to local op-
eration, which at this time consists principally
in the closing of the lower contacts of relay 1308
to connect up the common conductor P2 to re-
lease-timer relay 1302, for the purpose of con-
versation timing, to be described hereinafter.

At its armatures 84 and 85, switching relay
1319 closes points in the ringing circuit and pre-
pares the talking circuit; at its lower contacts,
it connects up pickup relay 1316, preparatory to
a, starting of the ringing operation in accordance
with the code assigned to the called party-line
substation, while at its armature 97 it applies
ground potential, through the lower contacts of
auxiliary-transfer relay 1322, to the start con-
ductor ST in cable (364, thereby starting the
code generator {263 into operation in any de-
sired manner, R

A19. The code-ringing arrangement

Code generator {3683 is illustrated as comprising
g number of cams on a common shaft arranged
to be rotated in a clockwise direction. Cam A
is arranged to control the application of locking
ground potential to the common conductor 1362;
cams B and C are arranged to control the mo-
mentary application of ground potential to pick-
up leads PU—{ and PU—Z; and cams 1t0 9and 0
are code generating cams, each arranged to gen-
erate a separate one of ten ringing codes. Addi-
tionally, each cam 1 to 0 is arranged to generate
a preliminary impulse ahead of its code, and cir-
cuit arrangements are provided for causing the
preliminary impulse to be effective, or not, de-
pending upon whether or not pickup lead PU—2
is substituted for lead PU—!. The second pick-
up lead is used only when the alternative hun-
dreds digit is employed in calling a line in one
or the other of the hundreds groups. In the
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present example, the normally assigned hundreds
digit has been called, as a consequence of which
relay 1329 has not been operated, and pickup
lead PU—I remains connected. -Therefore, no
pickup impulse is received in the connector Cl to
start the ringing operation until after the pre-
liminary code impulse has been transmitted by
cams 1 to 0, whereby only the regular code of the
selected one of these cams is effective.

A20. Transmitting the selected ringing code

When lead PU~—| is next grounded, by cam B
of device 1363, a circuit is closed through the
lower contacts of relay 1329, contacts controlled
by the lower armature of pick-up relay 1316, and

the lower contacts of relays 1318 and {33, for

pickup relay i3{6. Upon operating, relay {816
locks itself at its lower armature to the common
locking lead 1362, normally grounded at the con-
tacts of cam A, at the same time disconnecting
itself from pickup lead PU—I.

At its inner armature, pickup relay 316 joins
party conductors 31 and 32 together and connects
them to the winding of code-ring relay {317. As
a result, the code generated by the selected code
cam of device {383 is transmitted to the wind-
ing of code ring relay {317 over the following
circuit: from ground, through the contacts con-
trolled by code cam 4 of the device 383, con-
ductor 4 in cable 1384, the lower contacts of the
operated #4 counting relay 1336, party conductor
31, contacts of pickup relay 1316, and thence to
battery through the winding of code-ring relay
i3t7. Relay 1317 accordingly follows the impulses
generated by the selected code cam and imparts
a corresponding code of ringing current to the
called line at its upper armature. This upper
armature disconnects the tip conductor of the
called line from ground and transfers it to the
common generator lead 80, whereby ringing cur-
rent from thig lead is transmitted over the tip
conductor to the called line through the upper
contacts of relays {314, {313, and 1319. A return
path for ringing current is provided over the
ring conductor of the called line and associated
multiple through contacts 85 of relay {319, arma-
ture 171 and its back contact, contacts of relay
1314, the winding of ring-trip relay 1315, and
through the exchange battery, to ground.

The ringers at all of the substations on the
called four-party line #202 (Fig. 10) are thereby
operated in accordance with the selected #4
code.

Ring-trip relay {315, being of the indicated
retarded construction (a conducting sleeve sur-
rounding the core beneath the winding and a
conducting collar over the core between the end
of the winding and the armature proper of the
relay), is non-responsive to alternating current,
and the flow of direct current over the circuit
above traced is prevented by the condensers in
circuit respectively with the ringers on the called
line.

At its inner upper armature, code-ring relay
{317 transmits the ringing code back to the
calling line, through contacts 75 and current-
limiting condenser 1358, giving a mild ring-back
signal in the receiver at the calling substation.

At the end of the first code period, the illus-
trated notch in cam A of device {363 permits the
associated contacts to open momentarily, thereby
momentarily removing ground potential from
locking conductor {382, whereupon pick-up re-
lay #1316 restores and disconnects code-ring relay
1317 as well as transferring its own winding back
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from locking conductor 1362 to pickup lead
PU—1. As a result of this arrangement, all code
ringing operations are started under conditions
above explained in connection with the starting
of the first code~ringing operation.

A21. The answering operation

When the subscriber at called substation
#2024 (Fig. 10) on called line # 202 answers, by
removing his receiver (not shown), the resulfing
closure of the usual direct-current bridge across
the conductors of the called line permits ring-
trip relay 1315 to operate. The return circuit
of relay [3i5 to ground includes the common
ringing lead 886 and the exchange generator if
the receiver is removed during an application of
ringing current, while it is -directly to ground
through the upper contacts of relay 317 if the
receiver is removed during a silent period.

Upon operating, relay i3{5 operates ring-cut-
off relay 1318 over conductors {8 and 31. At
its inner lower contacts, relay {318 locks itself
to the grounded -conductor {7 so as to maintain
its circuit intact after relay 1315 has been dis-
connected and has restored; it disconnects pick~
up relay i3i6 at its lower contacts, whereupon
pickup relay 13i6 restores, if operated at the
moment when answering occurs, and disconnects
code-ring relay 1317; at armatures 18 and 19,
relay 1313 makes certain circuit changes which
have no particular effect on the type of call be-
ing considered; and at armatures 76 and 17, it
disconnects the tip and ring conductors of the
called line from the ringing circuit and com-
pletes the talking ecircuit. When this occurs,
ring-trip relay 1345 restores, and back-bridge
relay 1312 operates over the called line.

Supervisory relay 1384 now operates over con-
ductor {6, through contacts of relay {312. At its
inner upper contacts, supervisory relay {304
separates conductors 9 and 10, thereby open-cir-
cuiting relay 1322 and depriving counting-relay-
locking conductor | of ground potential. The
operated driver and counting relays of Fig. 13,
part 4, clear out immediately, and the slow-re-
storing auxiliary-transfer relay (322 falls back
a moment later. When it does so, it opens a
further point in its previously established lock-
ing circuit at its inner upper contacts.

At its inner lower, middle lower, and lower
armatures, relay 1304 makes certain circuit
changes having to do with changing over from
“permanent” timing to conversation timing, to
be hereinafter explained.

A22. Giving answered supervision

At armatures 71 and 72, supervisory relay 1304
reverses the connections between the incoming
tip and ring conductors and the windings of line
relays 13065 and 1386, thereby reversing the cur-
rent flow in the calling line, which is pay station -
#203 (Fig. 10) in the present example.

A23. Disablzng the calling pay-station instrument

At the calling pay station #2031, Fig. 10, when
the current flow is reversed in the calling line,
incident to the call having been answered as
previously described, the polarity of the 90-ohm
series coil of the polarized pay-station magnet
1822 is thereby reversed. When this occurs, the
polarized armature of the pay-station magnet is
operated in the usual manner to cause (A) con-
tacts 1629 and (C) contacts 1027 to close. 'The
(C) contacts connect up the 3,000-ohm shunt
winding of the coil, but without any particular
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effect so long as the hookswitch contacts 1030 are
closed. Contacts 1029 place a direct shunt around
transmitter 1026 to render such transmitter in-
operative, and it places the 8-ohm resistor 1025
in shunt of the receiver {624 to reduce the effi-
ciency of the receiver sufficiently that it cannot
be used as a transmitter, while leaving the re-
ceiver sufficiently operative to enable the calling
pay-station subscriber to hear that the call has
been answered.

A24. Coin deposit to render pay-station instru-
ment again operative

The calling pay-station subscriber is now ex-
pected to drop a coin in the usual coin mech-
anism (not shown).
contacts 1029 are thereby again opened, and the
(B) contacts 1028 are thereby closed to shunt
the series 90-ohm coil of magnet 1022, leaving
the 3,000-ohm shunt coil connected across the
line through the C contacts 1027.

Upon the opening of the (A) contacts 1029, the
transmitter (026 is again unshunted and ren-
dered operative, and the partial shunt is removed
from around the receiver 1024,

The two subscribers may now converse with
each other as desired.

A25. Disconnect supervision

Let it be assumed now that the called sub-
scriber at substation #2024 is the first to replace
his receiver when the conversation is terminated.
When this occurs, the resulting restoration of
back-bridge relay 1312 permits supervisory relay
1304 to restore. Relay 1304 again changes over
from conversation timing to “permanent” tim-
ing, with results to be pointed out hereinafter.
At armatures Tt and 712, it reverses the current
flow in the calling line back to normal direction.

- This is of no particular effect at the calling pay
station #2031 (Fig. 10) because the 90-ohm series
winding has been shunted out at contacts 1028,

and the 3,000-ohm shunt winding is of practi--

cally no effect as long as the hookswiteh con-
tacts 1030 are closed.

A26. Restoring the pay-station instrument to
normal condition

When the receiver is subsequently replaced at
the calling pay station #2031, the opening of
hookswitch contacts {038 leaves the associated
line bridged only through the upper winding of
induection coil 1021, the 3,000-chm shunt winding
of polarized magnet 1022, (C) contacts 1027,
transmitter 1026, and calling-device contacts
1031. The 3,000-ohm shunt winding of magnet
{022 is thereupon effectively energized to restore
any operated ones of the associated contacts {027
to 1029 to their illustrated normal condition,
whereupon contacts 1027 open the restoring-mag-
net circuit.

A27. Clearing out the connection

In the connector Cl, Fig, 13, line relays 1305
and 1306 now restore and open the circuit of
release relay (307, Release relay 1307 restores
after a slight interval. When it does so, it re-
moves ground potential from conductor 5, a local
extension of the incoming sleeve conductor S of
link LI, whereupon sleeve relay 1309 restores,
along with test relay 1318 and switching relay
1319. With relays 1387 and 1329 restored, the

previously grounded local conductors T and 18
are both ungrounded, whereupon the locked-up
relays 1308, 1313, 1323, 1325 to (327, U2C, and

When he does so, the (A) -
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T20C restore. The connector of Fig. 13 is thus
returned to normal condition.

In the finder F, the previously operated tens
and units relays T20F and U3F are unlocked and
restored when conductor H of the link Ll be-
comes ungrounded as a result of the unground-
ing of the local extension thereof (conductor 18)
in the associated connector. Test conductor
1281 associated with finder Fl also becomes un-
grounded to terminate the indicated busy con-
dition of the finder in the distributor DR.

The clearing out of the connection ungrounds
the sleeve conductors of the calling and called
multiples, whereupon cutceff and lockout relays
1007 and 1008 of the line circuit LC—203 and (004
and 1805 of the line circuit LC—202 restore, re-
turning such line circuits to their illustrated
normal condition.

B. “Permanent” timing at the connectors

As previously mentioned, arrangements are as-
sociated with each finder-connector link for clear-
ing out any connection established thereto within
two to four minutes, provided the complete num-
ber has not been dialed and the called subscriber
has answered during this interval. Such ar-
rangements in the connector Cl are controlled
by release-timer relay {303, in conjunction with
the common two-minute timer T, as will be de-
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It may be pointed out that a somewhat com-
mon cause of the failure of a call to be com-
pleted and answered within a reasonable time,
following the taking of a link circuit for use re-
sponsive to an indicated calling condition on a
line, is trouble on the line or at a substation
thereon, such as the accidental upsetting of a
desk telephone instrument, a shorted condition of
a line, or a grounded condition of one of the con-
ductors of the line. Such a condition is often
referred to as a “permanent’” condition to distin-
guish it from the ordinary calling condition, in
which the call goes through as intended.

B1. Starting the timer

When the finder FI operates as hereinbefore
described to extend a calling line to the connector
Cli, line relays 305 and 1306 of the connector Ct
operate over the calling line, followed by the de-
scribed operation in succession of release and
sleeve relays 1807 and 1389, At its lower con-
tacts, sleeve relay (309 grounds common start
conductor 1356 so as to start the timer T into
operation. The arrangement in the timer T is
such that cams (351 to 1355 are slowly rotated
in unison to make a complete revolution in about
two minutes.

B2. Placing the connector under control
of the timer

At its middle lower contacts, relay 1309 pre-
pares a circuit for release-timer relay 1393 over
pickup conductor PI, thereby placing the con.
nector under the control of the timer.

Keeping in mind that the device T is common
to all of the finder-connector links in the ex-
change and may be in operation at any given
time because of the grounding of start conductor
{356 at any other link, it will be seen that the
cams of the timer may be in any position what-
ever at the time sleeve relay 1399 operates to
connect up conductor Pi. Conductor P{, for
example, may have been momentarily grounded
just previously, by the passage of the illustrated
notch in cam 1304 under the associated contact
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spring, in which case conductor P# will not again
be grounded for approximately two minutes. On
the other hand, the timer T may be about to
ground conductor Pi momentarily when sleeve
relay 1309 operates.

B3. Starting the two-minute time period

At the end of a preliminary time period which
cannot exceed the two-minute interval required
for a complete cycle of operations of the timer
T, pickup conductor P{ is momentarily grounded
by the action of cam {384, thereby closing a cir-
cuit through contacts of relays (384, {383, 1308,
and 1364, for release-timer relay (383. Release-
timer relay 1383 thereupon operates and locks it-
self to ground at armature 19, through contacts
of relays (309 and 1384. At armature §9, hold
conductor Hi is substituted for the ground con-
neection normally applied to conductor 8f. Noth-

ing oceurs immediately as a result of this trans-

fer, because conductor H{ is maintained grounded
normally, being ungrounded momentarily only
once during each cycle of operations of the timer
T. By noting the relative position of the notches
on cams 356 and 1352, it will be seen that the
notch on cam {352 has passed beyond the as-
sociated contact spring when conductor Pi is
grounded to cause relay {323 to energize. Hold
conductor H{, therefore, remains grounded for
approximately the full two-minute period after
relay 1303 is operated as described.

If, during this interval the number is dialed;
the call is answered; and supervisory relay 1324
consequently operates, the locked release-timer
relay 13083 is restored by the opening of its cir-
cuit at the inner lower contacts of supervisory
relay 1304 (conductors {9 and 28 being separated
at such time at contacts 88 of auxiliary-transfer
relay 1822), and release-timer relay 1383 again
applies ground potential directly to conductor 8¢
at the normally closed contacts controlled by
armature 69, without the release of the connec-
tion having been forced. °

Assume that, for some reason, a complete num-
ber has not been dialed, or the call has not been
answered, during the two-minute time period. In
this event supervisory relay 1384 has not op-
erated; release-timer relay 13038 has not restored;
and conductor 8! is still dependent on the com-

mon hold lead H! for its ground supply. Then, :

when the notch in cam 1352 comes under the as-
sociated contact spring, at the end of the two-
minute interval following the operation of re-
lay 1303, ground potential is removed from con-

ductor Hi, and consequently ground potential ;

from conductor 81.

B4. Forced release at the end
of the two-minute period

Upon the above removal of ground potential
from conductor 8{, ground potential is conse-
quently removed from conductors {7 and 18. The
removal of ground potential from these conduc-
tors causes any relays in the connector Ci, which
derive holding current therefrom, to restore. At
the same time, hold conductor H of the link L}
is deprived of current causing the finder F! to
clear ouf, disconnecting the link Li from the
calling line. Line relays 1385 and {386 conse-

quently restore, followed by the restoration of re-

lease relay 1387 to remove ground potential from
conductor 5 and sleeve conductor S of link Lli,
with the result that sleeve relay {289 restores.
Sleeve relay (398 unlocks and restores release-
timer relay £303 at its middle lower contacts, thus
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completing the clearing out of the finder-connec-
tor link.

B5, Locking out the “Permanent” line

Assume that the calling line involved in the
connection just described as having been cleared
out by “permanent” timer action is the pay-sta-
tion line #2083 (Wig. 10) whose associated line
circuit is 1L.C—288. The consequent unground-
ing of the sleeve lead of the calling multiple open-
circuits the operated relays 1807 and 1808. Cut-
off relay {007 thereupon restores and reconnects
line relay {888. Before the slow-restoring lockout
relay (688 has had time to restore, line relay 1898
reoperates over the associated line (still in call-
ing condition). With relay 1888 in operated con-
dition, the inner contacts of line relay 1009 close
a locking circuit for lockout relay #$008. The
lower contacts of relay (088 extend ground,
through the lower armature and front contact of
lockout relay (888, to the associated alarm con-
ductor A, to which any desired form of alarm
signal (usually a delayed signal) may be con-
nected. The alarm conductor A may be com-
mon to all of the line circuits of the exchange.

With lockout relay {608 operated, no ground
potential is extended to the associated T and U
marking conductors, and no finder is therefore
started. The locking ground potential applied to
the junction of the windings of relays 1007 and
{968 appears on sleeve conductor S to guard the
associated line from being seized as a called line.

When the “permanent” condition of line #203
is cleared, line relay {0803 restores permitting
lockout relay 1088 to restore shortly, returning
the associated line circuit LC—283 to its illus-
trated normal condition.

C. Conversation timing

Conversation timing, when effected, is per-
formed in the connector C{ by release-timer re~
lays 1302 and (363 under the control of the com-
mon timer T, pickup leads P! and P2, and hold
leads H{ and H2 being used for this purpose.
The performance of conversation timing is de-
pendant upon the connector being conditioned to
act as a local connector by the hereinbefore de-
scribed operation of detector relay (388 follow-
ing the dialing of the last digit.

C1. Preparing for conversation timing

When detector relay (388 operates, it connects
up common. pickup lead P2 preparatory to an op-
eration of release-timer relay {382 pursuant to
conversation timing. This preparatory operation
occurs at the same time that the called line is
seized and is of no effect if the call is not an-
swered, for in that case relay 1303 at its inner
contacts invariably prevents relay 1302 from op-
erating over lead P2. .

Until the ringing operation has been performed
as hereinbefore described and the called sub-
scriber has answered and caused back-bridge re-
lay 1812 to operate supervisory relay {304, the
“permanent” timing srrangement involving leads
Hi{ and P{ and relay {383 continued uninter-
rupted. If relay 1383 is operated over lead Pl
before supervisory relay 1384 operates, it prevents,
at its inner contacts, the operation of relay 1303
over lead P2 until relay £324 has operated to re-
store relay {383. This is invariably true because
the grounding of lead P2 follows closely the
grounding of lead P! with a separation of less
than a second, for example, during which time
the connector cannot be taken for use and the
complete number dialed up.
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C2. Changing over from “permanent” timing to
conversation timing

‘When the call is answered, and supervisory re-
lay 1304 operates, auxiliary transfer relay 1322
is in operated condition as hereinbefore pointed
out with the result that conductors 18 and 20 are
separated at the inner lower contacts of super-
visory relay 1304, disconnecting and restoring
release-timer relay 1303 if it has been operated.
Relay 1302 is thereby placed under the control
of the common-timer lead P2. It will be re-
called that supervisory relay 1304 at its inner up-
per contacts unlocks and restores auxiliary trans-
fer relay (322. At contacts 88, relay 1322 re-
joins conductors 19 and 28 to prepare for a re-
operation of relay 1302 pursuant to conversation
timing. Relay (322 is slow-restoring fo give time
for relay 1303 to restore and open its locking cir-
cuit at contacts 70 before conductors {9 and 28
are rejoined.

Pickup lead Pl is disconnected at the middle
lower contacts of supervisory relay 1394 to pre-
vent a reoperation of relay 1383 thereover for
the time being.

C3. Starting the first full two-minute period

At the end of a variable interval of time (not
exceeding two minutes) following the beginning
of the conversation period, as indicated by the
described operation of supervisory relay (304 and
the restoration (if operated) of release-timer re-
lay 13083, common lead P2 is momentarily ground-
ed by cam 1355, closing a circuit through con-
tacts of the operated detector relay 1308, and
through contacts of the restored release-timer
relay 1303 for release-timer relay 1302, Relay
1302 thereupon operates and locks itself to con-
ductor {17, through armature 88 and its back con-
tact, at the same time disconnecting itself from
the common conductor P2. At armature 61, re-
lay 1302 prepares a new circuit for operating
relay 1303 over lead P1.

C4. Starting the second two-minute period

Substantially two minutes after the described
operation of relay (302, lead Pl is again mo-
mentarily grounded thereby completing g cir-
cuit through contacts 67, normally closed con-
tacts controlled by armature 79, middle lower
contacts of sleeve relay 1309, conductor 28, con-
tacts 88 of the now-restored auxiliary-transfer
relay 1322, and conductor 19, for release-timer
relay 1303. At armature 710, relay 1303 closes
a locking circuit for itself independent of lead Pi
and contacts 671 of relay 1302, and disconnects
itself from lead PIl. Relays 1303 and 1302 both
now being in operated condition, armatures €9
and 66 maintain ground supply conductor 8f
grounded. At armature 68, relay #1303 transfers
the locking circuit of release-timer relay 1302
from the grounded conductor (7 to the normally
grounded common hold conductor H2,

C5. Starting the third two-minuie period

About two minutes later, lead H2 becomes mo-
mentarily ungrounded thereby unlocking and re-
storing relay 1302. Upon restoring, relay (382,
at its lower contacts, prepares a warning-pulse
circuit over conductor 21, while at armature 66
and associated contacts, it transfers ground-sup-
ply conductor 8f to the normally grounded hold
lead HI, Lead HI, being arranged to be un-

grounded momentarily just ahead of the momen-
tary ungrounding of the lead H2, accordingly re-
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mains grounded for substantially two minutes
following the described restoration of relay 1302.

C6. Warning the conversing subscribers

Providing the conversation still continues, a
warning pulse is delivered about a minute later
over common conductor WP to warn the con-
versing subscribers that the connection is about
to be released. ‘This warning pulse is transmitted
from conductor WP, through the lower contacts
of the restored release-timer relay 1302, lower
contacts of the operated release-timer relay 1303,
lower contacts of supervisory relay 1304, and con-
ductor 21, to busy relay 1320. Busy relay (320 is
operated for the duration (several seconds, for
example) of this warning pulse. At its upper
contacts, it applies a busy-tone signal from the
common lead BT, through contacts 15 and con-
denser {358, to the tip talking conductor. The
conversing subscribers are thereby warned that
the connection will be automatically cleared out
about a minute later if conversation is still in
progress at that time,

C7. Forced release at the end of the third two-
minute period

Assuming that the conversation is not volun-
tarily terminated, the next time the timer T
reaches its HI position and momentarily un-
grounds hold conductor HI (approximately two
minutes after the described restoration of relay
1302, and approximately six minutes after the de-
scribed operation of relay 1302 over common lead
P2), ground-supply conductor 81 is ungrounded
because armature 69 of relay 1303 is in operated
condition and armature 66 of relay 1302 is in re~
stored condition. Ground potentigl is thereby
removed from conductors {7 and 18, causing the
connector Cl and the finder Fi to clear out as
previously described. Each of the concerned line
circuits is automatically locked out as described
hereinbefore in connection with the line circuit
LC—202 (Fig. 10). Such operation occurs within
six to eight minutes after the called subscriber
answers.

D. Timing following conversation

“Permanent” timing is accomplished following
a conversation provided the calling subscriber
does not replace his receiver to cause the con-
nection to be cleared out in the normal manner
following the termination of the conversation
and the replacing of the receiver at the called
substation,

If the calling subscriber replaces his receiver
at the conclusion of a conversation, the estab-
lished connection is thereupon cleared out
whether the receiver has been replaced at the
called substation or not, the line circuit associ-
ated with the called line being brought into lock~
out condition upon the clearing out of the con-
nection if the called subscriber has not replaced
his receiver.

Let it be assumed now that the calling sub-
scriber, in a call through connector Cf, Fig. 13,
fails to replace his receiver after the conversa-
tion has terminated, but that the calling sub-
scriber replaces his receiver after conversation
and before the connection is cleared out by the
conversation-timing arrangement hereinbefore
described. Under this condition, back-bridge re-
lay (312 restores and permits supervisory relay
1364 to restore, as before described.

The effect upon the timing operation of the
restoration of supervisory relay 1304 depends up-
on at what period in the conversation-timing
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operation such restoration of supervisory relay
1208 occurs. If it occurs in the preliminary in-
terval before release-timer relay (302 has oper-
ated as hereinbefore described to start the first
full two-minute period in the conversation-timing
operation, the consequent reconnection of re-
lease-timer relay 1383 at the middle lower con-
tacts of supervisory relay 4304 starts a “perma-
nent” timing operation as hereinbefore described,
in which relay 1393 is next operated over lead
Pl to begin a two-minute interval, at the end of
which lead H{ becomes ungrounded and the con-
nection is thereby cleared out.

On the other hand, if the restoration of su-
pervisory relay (304 occurs at any time after
release-timer relay 1302 has operated as herein-
before described to begin the first full two-minute
period in the conversation-timing operation, the
restoration of supervisory relay 1334 has no ef-
fect upon the conversation-timing operation,
other than to open the warning-pulse circuit to
busy relay 1328. Therefore, if the calling sub-
scriber fails to replace his receiver under these
conditions, the conversation-timing operation
proceeds to its described conclusion, and the forced
release of the connection occurs approximately
six minutes from the time of operation of release-
timer relay 1302,

E. Absorbing the initial digit 1

The connectors are arranged to absorb the ini-
tial digit 1, because the dialing of the initial digit
1 is often inadvertently simulated at a calling
substation during the act of removing the re-
ceiver, as by the bumping of the hookswitch after
its contacts have been allowed to close. This
may occur after a finder has operated to find the
calling line and the associated connector has been
prepared for operation. Such bumping of the
hookswiteh sometimes momentarily opens the
contacts. Such an operation is termed a pre-
liminary impulse, for it often produces the effect
in the connector of the dialing of the digit 1.

As a result, the initial digit 1 has not been as- |

signed in the disclosed system, each of the con-
nectors being arranged to absorb such digit when
received, whereby the inadvertent transmission
of a preliminary impulse during the act of re-
moving the receiver does not prevent the calling
suibscriber from obtaining the number which he
subsequently dials,

Referring now to the connector Ct (Fig. 13), it
will be recalled that the locking circuit of the
#1 counting relay {333 includes contacts 96 and
the inner lower contacts of series auxiliary relay
1326. When any digit of a number is dialed, se-
ries auxiliary relay 1328 responds to the operation
of slow-restoring series relay 1321 by preparing
a locking circuit for the #1 counting relay 1333
at its lower contacts. When the initial digit
dialed is any digit other than 1, one or more
additional counting relays is operated and the #1
counting relay 1332 is restored thereby. Series-
auxiliary relay (328 invariably restores at the
end of the initia] digit of the number, as herein-
before described. Upon so doing, it open-~circuits
and restores the #1 counting relay 1333 at its
lower contacts, if this relay has not been other-
wise restored. The associated driver relay 1338
is thereby unlocked and restored, returning the
relays of the counting chain to their illustrated
normal condifion. Such counting relays, there-
fore, operate in response to the following digit and
treat such digit as the initial digit of the number,
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no interdigit transfer operation having taken
place.

It will be recalled further that series-auxiliary
relay #3268 is invariably locked operated tempo-
rarily following the dialing of any digit subse-
quent to an assigned initial digit, wherefore,
counting relay 1333 is not unlocked at the inner
lower contacts of relay 1328 if such subsequent
digit is the digit 1.

F. Handling units digits having q value
greater than 5

The disclosed units-relay arrangement of the
connectors is such that five units relays and a
units-switching relay are employed to make any
desired one of ten units selections. Such relays
in the connector Cl are shown in Fig, 13, part 5,
being the units relays UIC to USC and units-
switching relay UBC. Relays UIC to USC re-
spond respectively to units digits 1 to 5. These
same relays also respond respectively to the units
digits 6 to 0, but the units-switching relay UGC
responds to any digit having a value greater
than 5.

The dual operation of relays UiIC to USBC is
secured by connecting each of the conductors Ul’
and U2 to US (Fig. 13, part 9) to two counting-
relay armatures, as illustrated.

The bringing about of the operation of units-
switching relay U8C when the units digit has a
value greater than 5 is accomplished over con-
ductor 6 of cable 1385, through contacts of the
#6 counting relay 1338, and over conductor U6’.
Conductor 6 in cable 1365 is energized by ground
potential (through contacts of dial-tone relay
1324 and the middle upper contacts of tens-trans-
fer relay 1325) only in the period including the
dialing of the units digit. During this period, if
the units digit has a value greater than 5, count-
ing relay 1388 operates to close a circuit over
conductor U6’ for units-switching relay USC.
Relay UGC thereupon operates and locks itself to
conductor {T. At the same time, it disconnects
the out link OL from the upper group of contact
sets of relays UIC to UBC and transfers the out
link to the inner upper group of contact sets of
relays UIC to USC. The subsequent operation
of one of the relays UlC to USC therefore makes
connection with one or another of the lines 6 to 0
in the selected tens group.

G. Unequipped tens groups

It will be recalled that the operation of tens-
transfer relay {325 following the dialing of the
tens digit in the desired number is dependent
upon one of the tens relays T2IC to T40C (TMig.
13, part 5) having operated and prepared a lock-
ing circuit for itself af its inner lower contacts.
When an exchange ig installed with less than the
maximum number (twenty) of tens relays, tens-
transfer relay 1325 is not operated when the des-
ignation of an unequipped tens group is inad-
vertently dialed; the counting chain is not re-
stered; and the normal progressive operation of
the transfer relays is halted, preventing the giving
of a busy signal in the normal way, as when an
unequipped line muiltiple is called and test relay
1318 is unable to operate. Special provisions are,
therefore, desirable for giving a calling sub-
scriber g busy signal in this event. )

The special provisions referred to consist merely
in the provision of a pair of terminals 83 (Fig. 13,
part 9) connected to the busy-relay conductor 21
and associated with the contact levels of the
counting relays through which relays T2IC to

°
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T40C are operated. If any tens relay is not
equipped in a given installation, the correspond-
ing conductor in cable 1366 is left open and the
associated armature on the concerned one of the
Goutiting relays 1333 to 1342 is connected to the
associated terminal 83. Under this condition,
when the armature in question is energized at the
end of the dialing of the tens digit, ground poten=
tial is thereby extended to the connected terminal
83, and thence over conductor 21 to busy relay
1320. Busy relay 1320 thereupon operates and
disconnects conductor {1 from conductor 25 to
prevent the current setting of the counting relays
from being disturbed by any further dialing that
may occur, At its upper contacts, busy relay 1320
applies busy-tone current to the calling line to
inform the calling subscriber that the attempted
connection cannot be completed.

H. Bridged and divided ringing

The connectors are so arranged that either
bridged or divided ringing may be used on any
party line. On individual lines and on party lines
having only a small number of party substations
thereon, it is desirable to employ bridged ringing,
as no ground connection need then be employed
at the substation. On the other hand, when many
party substations are connected to the same party
line, it is desirable that the so-called divided-
ringing system be used. Among other reasons, di-
vided ringing on heavily loaded party lines lessens
the number of ringers connected to each of the
talking conductors and thereby causes less dis-
tortion of dial impulses than is experienced when
all of the ringers on a heavily loaded party line
are bridged across the two conductors thereof. By
dividing the ground-connected ringers between
the two conductors of the line, the line is better
balanced against foreign disturbances than if
all the ringers were connected between one line
conductor and ground so as to leave the other line
conductor free for controlling the impulse-deliv-
ering line relay of a connector, line relay 1306 of
the connector CI.

Upon referring to the twenty-party line #4i1;
511 (Fig. 10), it is to be noted that the odd-num-
bered substations such as #4111 and #511{1) have
their ringers connected between the ring con-
ductor of the line and ground, while the even-
numbered substations on the party line have their
ringers connected between the tip conductor of
the Iine and ground. On the other hand, the
ringer at the individual line substation #2031 is
a bridged ringer, and the same is true for the

ringers at the substations on the four-party line !

#202. Accordingly, each connector must be ar-
ranged to apply ringing current so as to operate
the ringers on lines equipped for bridged ringing
as well as to operate the ringers on lines equipped
for divided ringing. The way in which this is
accomplished will now be pointed out.

Code-ring relay 1311, as previously described,
connects ringing current to one of the talking
conductors of the called line (at its upper arma-
ture) each time it operates during the ringing op-
eration, ring-trip relay 1315 being connected to
the other conductor of the called line to actuate
ring-cutoff relay 1313 when the called subscriber
answers, either during an application of ringing
current or during a silent period. Normally, the
ringing current applied from the common ring-
ing lead 80 through the upper armature of code-
ring relay 1311 passes out through the upper con-
tacts of reverse-ring relay 1314, through the back
contact of armature 16 and the said armature,
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and through contacts 84 to the tip conductor of
the called line, while a return path for ringing
current is provided from the ring conductor of
the called line, to battery and ground, through
ringing trip relay 1315, which is connected to the
ring conductor of the called line, through the back
contact of the inner armature of reverse-ring re-
lay 1314 ang the said armature, back contact of
armature 17 and the said armature, and contacts
85 of switching relay 1318. When a call is made
to a divided-ringing party line and the station
called is one having its ringer connected between
the tip conductor and ground, the above described
connections suffice for the ringing current returns
through ground to the ringing generator, rather
than over the ring conductor of the called line and
through ring-trip relay 1315. Ring-trip relay
1315, however, is operated over the called line
when the latter is bridged upon the removal of
the receiver thereon,

When an even-numbered substation on a di-
vided party line is being called, the ringer is con-
nected to the ring side of the line, making it nec-
essary that ringing current be applied to the ring
side of the called line in order to signal the called
substation. In this event, reverse-ring relay {314
is operated as will be subsequently explained to
reverse the connections between the ringing lead
and ring-trip relay 1315 on the one hand, and the
tip and ring conductors of the called line on the
other hand. The ringing current is thus sent out
over the ring conductor of the called line, and
ring-trip relay 1315 is operated over the tip con-
ductor of the called line when the call is answered.
This arrangement does not affect a line on which
the ringers are bridged, for it is immaterial in the
case of a bridged ringer which of the two conduc-
tors of the line is the source of ringing current and
which is the return path through ring-trip relay
1315.

On g call to an odd-numbered substation on any
party line, the party digit dialed is an odd-party
digit and consequently an odd-numbered count-
ing relay in Fig. 13, part 4, is in operated and
locked condition at the end of the dialing of the
final digit in the number. Conductors 18 and 28
are, therefore, joined together. Consequently,
when switch relay 1319 operates, ground poten-
tial on conductor I8 is transmitted over conduc-
tor 28 and through contacts 96 to operate re-
verse-ring relay 1314, which remains operated un-
til the connection is cleared out. Ringing cur-
rent is, therefore, transmitted in this case over
the ring side of the called line instead of over
the tip side of the called line. On the other hand,
if the party digit dialed is an even digit, conduc-
tors 18 and 28 are not joined by the counting
relay in operabed condition at the end of the
party digit, with the result that reverse-ring re-
lay 1314 does not operate, and ringing current
js sent out over the tip side of the called line.

I. Twenty-party signaling in the “2” hundreds
group

It has been described hereinbefore that hun-
dreds-transfer relay 1327 is energized over con-
ductor 2 in. cable 1365 and through its lower wind-
ing when the hundreds digit 2 is dialed in which
case the lower winding of relay (327 is locked
energized to eonductor 17 (through the front con-
tact and upper armature of relay 1327, and
through closed contacts of the unoperated relays
1328 and 1329). Relay 1329 is not operated un-
der this condition. Accordingly, pickup conduc-
tor PU—{ remains connected up at the lower
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armature of relay 1329 as previously described
with the result that the first or preliminary-ring
impulse has been transmitted by each of the
code cams | to 0 of the device 1363 before pick-
up relay (316 operates to connect code-ring re-
lay 1317 to the one of the code conductors | to
in cable 1364 selected by the subsequently dialed
party digit. Therefore, any selected one of the
ten codes assigned to the first tens group of party
stations on a twenty-party line in the “2” hun-
dreds group is sent out during the ringing opera-
tion. One such group of ten substations on a
twenty-party line may be substations #20i1 to
#2010 (Fig. 2, part 2) on line #201;301.

When the call is for one of the party sub-
stations in the second group of ten on the twen-
ty-party line (such as for one of the substations
including #3011 to #3010 on line #28[;301, Fig.
2, part 2), the hundreds digit dialed is the digit
3. In this event, the #3 counting relay 1335 is
the one locked in operated condition at the end
of the dialing of the hundreds digit, and a cir-
cuit is accordingly closed over conductor 3 in
cable 1365 for the lower winding of group-selec-
tion relay 1329, in multiple with the upper wind-
ing of hundreds-transfer relay 1327. Relay 1329
closes its upper contacts, but without effect, for
conductor 5 in cable 1385 is not energized at this
time. At its inner lower armature, relay 1329
prepares a locking circuit for its lower winding
and for the upper winding of relay {321. This
locking circuit is completed at the upper con-
tacts of relay 1327; from ground on conducior
11, through the upper contacts of relay 1327, over
conductor 49, inner lower armature and back
contact of relay 1328, inner lower armature and
front contact of relay 1329, and thence to bat-
tery through the lower winding of relay 1329, and
through the upper winding of relay 1327.

Hundreds-transfer relay {327 performs trans-
fer operations with results described hereinbe-
fore.

At its lower armature, relay 1329 substitutes
pickup cenductor PU—2 for conductor PU—I.
As g result, when the complete number has been
dialed and the ringing operation is started, pick-
up relay 1316 is operated earlier in each ring-
ing cycle than when conductor PU—I{ is used.
Specifically, it is operated from the contacts of
cam C of device 1363 and over conductor FU—2
to connect up code-ring relay 1317 before the
preliminary ringing impulse has been transmit-
ted by the selected one of the associated code
cams | to 8. The consequence is that whichever
one of the ten codes has been selected is pre-
ceded by a distinguishing preliminary applica-
tion of ringing current, thus designating to the
subscribers on the called twenty-party line that
one of the substations in the second tens group is
being called.

J. Calls to the “4” hundreds group

When the first digit dialed is the hundreds digit
4, the #4 counting relay 133§ is locked operated
at the end of the digit. Under this condition,
when hundreds conductors 38 and 39 are ground-
ed at the end of the hundreds digit, the greund
potential on conductor 38 is extended over con-
ductor 4 in cable i355 to operate group-selection
relay 1328. When relay (328 operates, the ground
potential on conductor 4 of cable 1365 is ex-
tended through the upper contacts of relay 1328
to conductor 49, and thence through the inner
lower armature and front contact of relay (328,
to the upper winding of relay 1321. Relay 1327
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Upon so doing, it connects
49 with the grounded conductor 11, thereby clos-
ing a self-locking ecircuit for relay 1328 through
the upper contacts of the latter relay, and clos-
ing a locking circuit for the upper winding of re-
lay 1327 through the inner lower armature of
relay §328 and its front contact.

At armatures 94 and 88, relay (328 disconnects
tens conductors 48 and 41 associated with the “2”
hundreds group and substitutes tens conductors
42 and 43 associated with the “4” hundreds group.

Under this condition, when the counting relays
have been reset in accordance with the tens digit
in the desired number, conductors 42 and 43
become grounded in place of conductors 40 and
&1, and one or another of conductors 41 to 40
in cable 1366 becomes energized through the
associated contacts of the then operated one of
the counting relays. Accordingly, one of the tens
relays (such as T41C to T48C) associated with
the “4” hundreds group is energized, and con-
nection is completed to the desired line in the
desired tens group of the “4” hundreds group
upon the dialing of the remaining digits in the
desired number.

J1. Twenty-party signaling in the “4” hundreds
group

When a call is extended to a line in the “4”
hundreds group by the calling of a number con-
taining the hundreds digit 4 as above discussed,
group-selection relay 1329 is not energized and
pickup lead PU—I associated with the code-ring-
ing apparatus {3863 is effective during the ensu-
ing ringing operation. Consequently, when a
twenty-party line, such as #411;51i (Fig. 2, part
2, and Fig. 10), is called in a number containing

‘the hundreds digit 4, the resulting ringing oper-

ation sends ocut one of the ten codes to signal
one of the ten party substations #4i{{ to #4110
thereon, the preliminary application of ringing
current being omitted in this case.

When such a party line is called by a number
containing the hundreds digit 5 as the first digit
thereof, conductor 5 in cable (365 is energized at
the end of the hundreds digit, thereby closing a
circuit for the upper winding of relay 1329. At
its upper contacts, relay 1328 extends the ener-
gized conductor 5 in cable 365 to the winding
of relay 1328, energizing the latter relay. The
ground potential on conductor 5§ in cable 1365
is thereupcon extended through the upper con-
tacts of relays 329 and (328 to conductor 49,
energizing the upper winding of hundreds relay
1327, through the lower armature and front con-
tact of relay 1328. Relay {327 thereupon con-
nects conductor 48 to the grounded conductor
17 to close a locking circuit for itself through the
inner lower armature and front contact of relay
1328; closing g locking circuit for relay 1328
through the upper contacts of the latter relay;
and closing a locking circuit for the upper wind-
ing of relay 1328 through the upper contacts of
relays 1328.and {329. Hundreds-transfer relay
1327 carries out its hereinbefore described trans-
fer operations; relay (328 disconnects the tens
conductors 42 and 4{ and substitutes tens con-

ductors 42 and 43 associated with the “4” hun-

dreds group; and relay 1329 disconnects pickup
conductor PU—I1 and substitutes pickup conduc-
tor PU—2. Accordingly, when the complete num-
ber has been called and the ringing operation
ensues, each ringing operation is started suffi-
ciently earlier that a preliminary application of
ringing current is made preceding the selected
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code, thereby signaling the selected one of substa-
tions such as #5111 to #5110 (Fig. 10) on the
called party line, .

K. Reverting calls

Calls from a party-line substation to another
substation on the same party line are termed
reverting calls. The way in which such calls
are handled will now be described.

Let it be assumed that the party-line sub-
scriber at substation #202f (Fig. 10> on four-
party line #202 desires to converse with another
subscriber on the same line, the subscriber at sub-
station #2624, for example.

When the receiver (not shown) is removed
at calling substation #2021, line relay {003 of line
circuit LC—2062 thereupon operates to ground the
associated T and U marking conductors whereby
an idle finder is caused to make connection with
the associated line multiple #202.

It may be assumed that the finder FI (Fig. 11)
is idle at this time and is taken for use by
the distributor DR through the operation of relay
1200 as hereinbeforedescribed. Tens and units
relays T20F and U2F in the finder F| are now
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operated from the distributor DR in accordance .

with the designation of the calling line to make
connection with the calling multiple #202.
When this occurs, the connector Ct of Fig. 13 is
prepared for operation in the manner herein-
before described responsive to the energization
of its line relays {385 and 1306. When this has
occurred, the sleeve conductor S of the calling
line multiple #202 becomes grounded, whereupon
relays 1004 and 1005 operate and line relay 1006
restores.

Responsive to the dialing of the number (2024)
of the desired substation on the calling line, oper-

.ations as previously described occur in the con-
nector C1 of Fig. 13 with the result that the
conductors of the out link OL are connected to
the line multiple of the called (and calling) line
#202 through the operation of relays T28C and
U2C as hereinbefore described.

The dialing of the final digit, the party digit 4,
results in the counting relays of Fig. 13, part 4,
being finally reset in accordance with the called
substation on the called party line. The testing
operation occurring as described during the dial-
ing of the party digit results in the inability of
test relay 1318 to operate because the called mul-
tiple is the same as the calling multiple and the
sleeve conductor thereof is consequently ground-
ed. Busy relay (320 is accordingly operated when
series relay (321 restores at the end of the dialing
of the final digit, applying a busy-tone signal at
its upper contacts of the calling line.

K1. Conditioning connector for operation ds a
local connector

Upon the operation of busy relay 1328, detec-
tor relay 1308 operates as previously described to
condition the connector for operation as a lo-
cal connector rather than as a toll connector.
One result of the operation of detector relay 1308
at this time is the disconnection of conductor 14
from conductor 13 to render busy-verification re-
lay 1311 ineffective, and the connection of con-
ductor {4 to the sleeve conductor S of the out
link OL to enable reverting-call relay (310 to
operate when the calling subscriber replaces his
receiver. The closing of the upper contacts of

the detector relay 1308 further prepares a cir-
cuit, through the middle upper contacts of busy
relay 1320, for reverting-call relay 1310.
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Party-line subscribers are preferably instruct-
ed to replace the receiver when the busy-tone
signal is heard upon the dialing of the number
of another substation on the same party line.

‘When the calling subscriber at substation
#2021 (Fig. 10) replaces his receiver responsive
to the busy-tone signal returned to the calling
line as above described, operations occur in the
connector Ci to cause the finder I to be re-
stered and the connector Cl to seize the called
(and calling) line to signal the called substation
thereon, as well now be described.

K2. Making the reverting-call test

When line relays 1305 and 1306 restore (when
the receiver is replaced), they open the circuit of
slow-acting release relay 1307, but relay 1307 re-
mains operated for a moment. Line relay 1306
extends ground potential, through contacts of
the operated sleeve relay 1308, over conductor {1,
through the inner upper armature and front con-
tact of the operated busy relay 1320, conductor
t4, and the middle upper armature and front
contact of detector relay (308, to the sleeve con-
ductor S of the out link OL, thereby applying
ground potential at a new point to the multiple
of the called (and calling) line, out link OL hav-
ing been connected with such multiple through
the relays of Fig. 13, part 5, as previously de-
scribed.

A moment later, release relay 1307 restores. At
its inner lower contacts, it disconnects local con-
ductor 18 from ground-supply conductor 8l,
thereby ungrounding conductor {8 (and conse-
quently hold conductor H of the link Ll) except
for the connection between conductor 18 and the
grounded conductor {7 through contacts of re-
verting-call relay (310. Conductor (1, it will be
recalled, is maintained grounded, from ground-
supply conductor 81, at the inner lower contacts
of sleeve relay 1309 as long as the latter relay
remains operated.

At its upper armature, release relay 1387 re-
moves the ground potential previously applied
through the front contact of the said armature
to conductor 5, a local extension of sleeve con-
ductor S of the link Lil. Ordinarily, sleeve relay
1389 (which derives its operating current from
conductor 5) restores at this point and permits
the connection to clear out by ungrounding con-
ductor 17 and consequently conductor 18. In the
present example, however, this does not occur
because of the ground connection made as pre-
viously described to the sleeve conductor S of
the out link OL through contacts of the operated
relays 1320 and 1308. This ground potential is
extended through the connecting relays of the
operated connector to the concerned line multi-
ple #2062, and from this line multiple it extends
through the connecting relays of the operated
finder F! to the sleeve conductor S of the link
L{, to which conductor § is connected. Ground
potential reaches conductor & at this time only
because the finder FI and the connector Cl have
both been set on the same line multiple, which
occurs only during a reverting call.

The ground potential reaching conductor § of
the connector Cl through the operated connector
and the operated finder, by way of the sleeve con-
ductor of the concerned line multiple, is effective
to hold sleeve relay 1309 operated for the time
being (through the inner upper armature and
back contact of relay 126 and contacts 64).
Conductors T and 18 are consequently held
grounded for the time being to maintain finder
FI and the connector Cl operated.
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K3. Operating reverting-call relay 1310

With ground potential thus maintained on lo-
cal conductor 5 of the connector Cl, the described
restoration of release relay 1307 closes a. circuit
through the upper armature and back contact of
relay 13087, upper contacts of detector relay 1308,
conductor 3, contacts of the operated busy relay
1328, and conductor 4, for reverting-call relay
13i9. Reverting-call relay $310 now operates.

K4, Clearing out finder F1

At its lower armature, reverting-call relay 1319
locks  itself to conductor 1T (grounded through
the inner lower contacts of sleeve relay 1309);
at its upper contacts, it makes a new ground con-
nection to local conductor 5§, through the upper
contacts of the operated relay 1308 and of the
restored relay {307; and at the normally closed
contacts controlled by its lower armature, it dis-
connects conductor {8 from conductor {7; thereby
depriving conductor {8 of ground potential, re-
lease relay (307 having been restored as described
and busy relay 1328 being in operated condition.
When this occurs, conductor H of the link Ldi
becomes consequently ungrounded, thereby un-
locking and restoring the operated relays (U2F
and T20F) of the finder F'I. The incoming con-
ductors of the connector Ci are thus cleared
from the concerned line multiple to enable ring-
ing current to bhe transmitted thereover from
the connector without affecting line relays (305
and  1386. Local conductor 9% is maintained
grounded thereafter through the above described
substitute ground connection, closed at the upper
contacts of relay 1310.

At the back contact of the inner upper arma-
ture of reverting-call relay 1310, one point in the
circuit of sleeve relay (389 is opened; but sleeve
relay 1388 remains operatéd over conductors §
and 1, which are joined together at- this time
at the upper contacts-of auxiliary relay (322;
locked operated to conductor {7 over conductors
8and 9.

K5. Seizing the called line and ringing

At its upper armature and front contact, re-
verting-call relay 1310 causes the connected line
to be seized by closing a circuit from the ground-
ed. conductor 5 over conductor 8 for the lower
winding of test relay §318. Upon operating, re-
lay- 1318 makes a new ground connection fo the
sleeve conductor of the out link OIL at its inner
upper. contacts; it locks itself to conductor 5 at
its upper contacts; and at its lower armature

and front contact, it closes an operating circuit’

for switching relay 319, from ground on con-
ductor I11.

Switching relay 13819 now operates to seize the
tip and ring conductors at contacts 84 and 85,
while at its lower contacts it connects up pickup
relay 1316 to initiate the hereinbefore described
party-line ringing operation.

K6. Reguarding the finder-connector link

A further result of the operation of test relay
1318 is the open-circuiting of busy relay {320 at
its lower contacts. Slow-restoring busy relay 1820
falls back after a slight interval and opens the
busy-tone connection at-its upper contacts; at its
inner upper armature, it disconnects conductor
{4 thereby: opening the initial circuit path over
which ground was applied to the sleeve conduc-
tor of out link OL, but a substitute path has besn
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closed as described at the inner upper contacts
of relay 1318.

At its middle lower armature  and: back con-
tact, busy relay 1320 again joins:conduetors IT
and 18 together, thereby regrounding conductor
18 and consequently the-hold conductor H'in-link
Li, whereby ground potential (which was- mo=
mentarily removed from the said conductor H
to-allow the finder Fi- to-clear out) is again ex-
tended, through contacts-of:connecting relay 1200;
to test’ conductor 1201 to-mark the finder Fl'as
busy to the distributor DR:

The ringing code now transmitted: to the line
involved in the reverting call, party line #202;
Fig. 10, cperates the ringers at- all- the substa-
tions on-the line, whereby the calling subseriber
at- substation #2021-is informed:that the called

~ subseriber at’ substation- #2024 is‘being’ signaled.

20

26

30

35

40

45

50

55

60

65

70

75

K7. Clearing out the connection when the
reverting call is answered

When the called” subscriber removes" his re-
ceiver to answer the reverting call, ring-trip re-
lay 1315 in the connector Cl operates as previ~
ously described; thereby operating the ring=cut=
off relay 1813 from"ground potential o thé re-
grounded conductor 18. The operation of ring-
cutoff-relay 1313 is followed by the operation’ of
back-bridge relay 1312, followed in'turn’by the
operation of supervisory relay 1304:

At its inner upper contacts, supervisory relay
1304° separates conductors 9°and 10; to clear out
the counting relays of Fig: 13; part’ 4, and to un-
lock and- restore” auxiliary-transfer relay 1322
At its upper contacts, relay: 1322 separates con-
ductors 5 and T (reverting-=call relay [310 being
in operated condition), whereupon sleeve relay
1309 restores, disconnecting ground supply con-
ductor 81 from conductor 171. Thereupon, con-
ductors 11, 18, and 5; together  with the sleeve
and hold conductors of the link Ll become un-
grounded, being all joined together-and previously
deriving ground potential solely through the in-
ner lower contacts of sleeve relay (309, from
ground-supply conductor 81. All of the operated
relays of the connector Cl! thereupon clear out
returning the connector to its illustrated normal
condition.

K8 The reverting-call line circuit is locked out:

In the line circuit LC—282, Fig. 10, the oper-
ated .cutoff and lockout relays.§004 and 1005 are
open-circuited by the consequent removal of
ground potential from the associated sleeve con-
ductor S when the connector Ci clears out. Be-
ing slow-restoring, lockout-relay 1005 does not re-
store immediately, Cutoff relay.1004 immediate-
1y restores and reconnects line relay 1006, where-
upon line relay {806-operates and closes a locking
circuit -for relay 1005, through the inner:contacts -
of the two relays.. Ground potential is applied to
the- associated common alarm- conductor- A
through the: lower armatures of relays-1006- and-
1805. As previously stated, alarm conductor A
may lead to common alarm equipment. This -
alarm equipment may be arranged to sound an-
alarm only after the conductor has been ground-
ed for an extended period of time, half an hour
for example, whereby an alarm is not sounded as-
a result of the carrying on of g-reverting-call-
conversation of-ordinary length, but an-alarm:
may be- sounded -eventually (to.-attract the- at-
tention of an attendant, if present) when the:
alarm conductor A is continuously grounded as a-
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result of a locked-out tr ouble condition on a lme
as previously discussed.

Upon noting the cessation of the operation of
hls ringer, the calling subscriber at substation

#2021 may remove his receiver and converse with
the -subscriber at called substation #2024 as de-
sired, transmitter current being supplied to the
two substations through the windings of line re-
lay i006. The line circuit LC—202 is made busy
(guarded against seizure by the connectors) by
the ground potential applied to sleeve conductor
S, through the inner armatures of the operated
relays 1096 and 1805, and through the winding of
cutoff relay 1004. .

When the reverting-call conversation has been
completed and the subscribers have replaced
their receivers, line relay 1006 restores, followed
by the restoration of lockout relay 1005 to return
the line circuit LC—262 to its illustrated normal
condition.

Reverting calls may be made on any of the
other party lines in the manner described. The
only difference to be noted is that, when the con-
cerned party line is one employing divided ring~
ing, the calling subscriber does not hear the re-
verting-call ringing operation if the called sta-
tion in the reverting call is one having its ringer
connected to the opposite conductor of the line.
For example, when the subscriber at substation
#4111 on the twenty-party line #411;5[1 (Fig.
10) makes a reverting call to substation #5110,
the ringing current is sent back over the tip con-
ductor of the line to signal the called substation,
whereas the ringer at the calling substation is
connected to the ring conductor of the line and
is therefore not operated. Under such a condi-
tion, the calling subscriber is expected to wait a
reasonable time after replacing his receiver to
permit the ringing operation to take place, after
which he removes his receiver fo converse with
the called subscriber if the latter has answered.

The reverting-call apparatus may also be used
by any subscriber or by a service man at any
substatmn (either an individual-line substation
or a palty-hne substation) to check the opera-
tiveness of the ringer thereat. IFor this purpose,
the subscriber removes the receiver and dials his
own directory number, replacing his receiver
when he hears the busy signal, whereupon the
hereinbefore described reverting-call operation
occurs and ringing current is sent back to the
calling line to operate the ringer at the calling
substation. The ringing operation is terminated
and the concerned connector is cleared out when
the calling subseriber again removes his receiver.

L. P.B. X calls

The handling of calls to private branch ex-
changes will now be described. For this purpose,
it may be assumed that a subscriber at pay sta-
tion #2031 (Fig. 10) desires to converse with
someone at the private branch exchange, #2511
(Fig. 10). It is assumed by way of illustration
that ten lines are provided between exchange C
and the private branch exchange. The directory
numbers of these lines are 25i{, 2521, and so
forth, to 2501,

‘When the receiver is removed at the calling pay
station #2031 (Fig. 10), line circuit LC—203 op-
erates as previously described to cause a connec-
tion to be made to the associated line multiple
L. M. #2803 as described hereinbefore. It may be
assumed that the finder F1 (Fig. 11) is idle and
is caused to operate as previously described to
extend connection to the connector Ci. When
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this occurs, cutoff and lockout relays 1037 and
{008 of the line circuit L.C—203 operate over the
associated sleeve conductor to disconnect and re-
store line relay 1009 as described hereinbefore.

The connector Cl is prepared for operation as
previously described, by the operation of line re-
lays 1365 and 1306, release relay 1301, sleeve re-
lay 1369 and dial-tone relay 1324, dial tone being
applied to the calling line through the upper con-
tacts of relay 1324,

L1. Dialing the hundreds digit (2)

When the hundreds digit (2) in the desired
number is dialed, series and series-auxiliary re-
lays 1321 and 1326 operate as previously de-
scribed during the transmission of impulses by
line relay 1306 to the counting-relay equipment
of Fig. 13, part 4.

Driver relay 1331 and counting relay 1334 are
in energized condition at the end of the transmis-
sion of the impulse series. Then, when series re-
lay 1331 restores at the end of the series of im-
pulses, it restores series-auxiliary relay 1326, and
its operates hundreds-transfer relay 1321,
through contacts of counting relay 1334 and over
conductor 2 of cable 1365. Relay 1327 locks it-
self as previously described; restores dial-tone
relay 1324; and clears out the counting and
driver relays preparatory to their operation in
response to the tens digit in the desired number.

L2, Dialing the tens digit (5)

When the tens digit (5) is dialed, series and
series-auxiliary relays 1321 and 1326 operate as
above, relay 1326 locking itself at this time
through contacts of the operated hundreds-
transfer relay 13827 to provide locking potential,
through its upper contacts, for the counting and
driver relays.

At the end of the series of five tens impulses,
counting relay 1337 is in operated condition,
locked in series with driver relay (331.

When series relay 1321 restores at the end of
the tens digit, it closes the following circuit for
the fifth tens relay T25C in the “2” hundreds
group: from ground on conductor 171, through the
inner lower armature and back contact of relay
1321, conductor 21, contacts of driver relay 1331,
conductor 37, contacts 87, lower armature and
back contact of the restored dial-tone relay 1324,
armature 95 and its back contact, tens conductor
41, contacts of counting relay 1331, conductor 25
of cable i336, and through the winding of relay
T25C, to battery. Upon operating, relay T26C
connects up the ten associated line multiples rep-
resented by cable CA—35. Af its inner lower con-
tacts, it closes a circuit over conductor 36,
through resistor 1367, contacts of relay 1323, and
the lower armature and front contact of relay
1321, for tens-transfer relay (325. Relay 1325
thereupon locks itself and relay T25C operated at
its middle upper contacts.

As previously described, relay 1325 unlocks and
restores series-auxiliary relay 1326 at its inner
upper armature, and relay 1326, on restoring, re-
operates dial-tone relay 1324 in preparation for
the units digit. The counting and driver relays
of Fig, 13, part 4, are cleared out responsive to
the restoration of relay 1326.

L3. Dialing the units digit (1)

When the impulses constituting the units digit
(1) .are received, series-auxiliary relay 1326 is
again operated by series relay 1321. At this time,
relay 1326 locks itself as previously described,
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through armature 88 of the reoperated dial-tone
relay (324, preparing the counting-relay locking
circuit at its upper contacts. At the end of the
units digit (1), counting relay {333 is in ener-
cized condition, locked in series with driver re-
lay. {830.

When series relay (821 falls back at the end
of the units digit, and grounds units conductors
44 and 65 as previously described, the ground
potential on conductor 45 is extended, through
contacts of the operated #1 counting relay 1233,
conductor Ul’, contacts of relay P. B. X1, and
conductor Ul to the first units relay, UIC. Re-
lay UIC thereupon operates and connects the
tip, ring, and sleeve conductors T, R, and S of
the out link OL (through contacts of relay T25C)
respectively with the corresponding conductors
in line multiple #251, being the switchboard mul-
tiple of the first line of the called P. B, X group.
At its Jower contacts, relay ULC prepares a lock-
ing circuit for itself, extending ground potential,
through the lower contacts of the unoperated
relays U2C to UBC, to conductor 35, to units-
transfer relay 13823. Relay (323 thereupon ob-
erates with results as previously described, in-
cluding the closing of a locking circuit for itself
and relay UIC at the front contact of its upper
armature. The Jocking circuit of relay UIC in-
cludes conductors Ul’ and Ul in series, normally
joined by contacts of relay PBX—I.

As previously described, the counting and
driver relays clear out responsive to the operation
of units-transfer relay 1323; dial-tone relay 1324
is again restored; series-auxiliary relay 1328 is
again unlocked and restored; and auxiliary-
transfer relay 1328 is energized by its upper wind-
ing, and locks over conductors 17, 9, and 10.

L4. Dicling the party digit (1)

When the final (party) digit (1) is dialed, se-
ries relay 1321 and auxiliary-series relay §326
. again operate, and series-auxiliary relay 1326
locks itself over a circuit path including closed
contacts 91 of dial-tone relay 324 and the inner
upper contacts of the locked auxiliary-transfer
relay 1322.

Counting relay (333 is oberated responsive to
the single impulse in the final digit and locks it-
self in circuit with driver relay 1330.

During the dialing of the fina] digit (the tip,
ring, and sleeve conductors of the out link OL
having been connected to the multiple of the
first line in the calleg P. B. X group), the first
P. B. X line (#25{, Fig. 10) is tested by the upper
winding of test relay 1318. For this purpose, the
lower armature of serieg relay 321 extends
ground, from conductor {7, over conductor 23,
through contacts of release relay (387, and over
conductor 22, to the upper winding of test relay
1318.

L5. Seizing the first P. B. X line, when idle

The overations which now occur depend upon
whether the first line of the P, B. X group is idle
or busy. If this line is idle, test relay 1318 oper-
ates to prepare a circuit at its lower armature for
switching relay {318 with the result that the lat-
ter relay operates to seize the first line of the
P. B. X group when series relay 1321 falls back
at the end of the final digit, such seizure and re-
sulting operations being as hereinbefore de-
scribed.

L6. Operation when the first P. B. X line is busy
If the first line of the P. B. X group is busy,
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test relay 318 is unable to operate and switching-
relay (318 consequently fails to operate when re-
lay 1321 restores. Under this condition (auxil-
iary-transfer relay 1322 having become operated
and locked at the end of the units digit, and se-
ries-auxiliary relay 132§ having reoperated and
locked at the beginning of the final or party
digit), busy relay 1320 operates over its herein-
Lefore traced circuit (from ground on conductor
11, through the lower contacts of relays 1321 and
{318, contacts 89, lower contacts of relay 13286,
and conductor 21). Upon operating, busy relay
{22¢ applies busy tone to the calling line at its
upper contacts and performs other operations
hereinbefore described (including the opening of
the impulse circuit at its inner upper armature
and the rendering effective of the upper, or test,
winding of detector relay 1308).

Léa. Seizing the common control leads

In the call under consideration, a. P. B. X call
number (2511) having been dialed, and tens
relay T25C having been operated to close its
lower contacts (Fig. 13, part 10), a circuit is
now closed at the lower contacts of busy relay
1320 for relays P. B. X—{f and CH—{ in series
as follows: from ground on conductor {7, through
the upper armature and front contact of units-
transfer relay (323, units-relay-locking conduc-
tor 25, through the lower contacts of units relays
U5C to UIC (relay UIC being in operated con-
dition), the lower contacts of relay U6C, conduc-
tor 38, contacts 78, lower contacts of busy relay
1329, conductor 28, contacts of the operated:
counting relay (333, conductor 48, lower con-
tacts of relay T25C, the winding of relay P. B, X—
{, the winding of relay CH—I, chain-end con-
ductor 83 (common to the CH relays of all the
connectors), chain contacts of relay CH—X, simi-
lar contacts of other CH relays, and thence.
through the chain contacts of relays CH—2, and
CH—! to the exchange battery.

Relays P. B. X—1{ and CH—I operate in geries
over the above-traced circuit. Relay CH—I con-
nects conductor SW—{ of cable 1388 to local con-
ductor #%; prepares a circuit for connecting re-
lay CN—1{; at its inner lower armature, it locks
itgelf to the originating end of the chain circuit,
at the same time opening the chain to the suc-
ceeding CH relays; and at.the normally closed
contacts controlled by its lower armature, it dis-
connects its winding from the chain-end con-
ductor 83, completely depriving the remaining
relays of the chain of current for the time being.
The marking conductors and other common con-
ductors in cable 1300 are thus taken for the ex-
clusive use of the connector Cf, the other con~
nectors being locked out from such conductors.

At its inner contacts, relay P. B. X—{ connects
conductor B—2 of cable 1380 to local conductor-
23, at its middle armature, it closes a lecking
circuit for itself and for relay CH—I by apply-
ing ground potential directly to conductor 23
over a circuit path which includes conductor 3%
and the lower contacts of the operated units re-
lay UlC; and at the normally closed contacts con-
trolled by its upper armature, relay P. B. X—I
disconnects conductor U’ from conductor Ul,
thereby open-circuiting and restoring relay UIC.
At its upper group of contact sets, relay UIC dis-
connects the out link OL from the multiple of
the first line of the called P. B. X, while af its
lower contacts, it opens a point in the initial eir-
cuit of relays P. B. X—{ and CH—I, leaving these
relays operated in the above-noted- locking cir-
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cuit, including the middle contacts of relay
P.B. X—1 and conductor 30.

Connecting relay CN—I is now operated to
place the setting of the units relays UiC to UsC,
and units-switching relay U6C under the control
of the common marking conductors Ml to M$§
in cable 1300, being operated over the following
circuit: from ground on conductor 5, through
the inner upper armature and back contact of
reverting-call relay 1310, contacts 64, conductor
8, middle upper contacts of test relay 1318, con-
ductor 34, contacts of relay CH—I, and through
the winding of relay CN—I, to battery. Upon
operating, relay CN—I connects up the local con-
ductors Ul to U6, 21, and 22, respectively to con-
ductors Mi to M6, B—I, and SW—2 of cable
1300.

L6b. Seizing line allotter LA, Fig. 9

At its inner armature, relay CN—{ applies
ground potential, through the middle lower con-
tacts of the operated tens relay T25C, to conduc-~
tor 2511 in cable 1300, extending to connecting
relay 951 of the P. B. X line allotter LA (Fig. 9).
Connecting relay 951 thereupon operates, but the
effect of its operation depends upon the busy
or idle condition of the associated P. B, X lines,
as indicated by the operated or unoperated con-
dition of relays 981 to 910 and also upon whether
or not busy relay 952 is in operated condition, as
it is when all of the relays 961 to 918 are in oper-
ated condition.

Relays 901 to 910 are connected respectively to
conductors 961 to 970 in cable CA—{808, con-
nected in turn to the sleeve leads of the line mul-
tiples of the lines 251 to 250 assigned to P. B. X
#2511. Accordingly, when any one of these lines
is in use and the associated sleeve lead is there-
fore grounded, the corresponding one of the re-
lays 901 to 810 is in operated condition, being

operated over its corresponding conductor in -

cable CA—1000. The relays 981 to 940 are pref-
erably each of comparatively high resistance,
whereby a cutoff relay such as 1001 is not oper-
ated in series therewith when the associated line
is locked out of service and ground potential is
applied to the junction of the windings of the
cutoff and lockout relays, as hereinbefore de-
scribed in connection with line circuit LC—203.

L6b(1). AL P. B. X lines busy

Let it be assumed now that all lines of the
called P, B. X are in use when the call being de-
scribed is made. In this event, all of the relays
901 to 910 are in operated condition, and a chain
circuit has been closed through the contacts of
relays 964 to 910 and through the inner upper
armature and back contact of connecting relay
951 for busy relay 952. Busy relay §52 has oper-
ated, and at its middle upper armature has closed
a locking circuit for itself independent of the
inner upper armature and back contact of relay
951; at its upper armature, relay 955 has dis-
connected conductor SW-—2 of cable 1300, and
substituted the cumulative counting device or
meter 855; and at its inner contacts it has par-
tially connected up busy lead B—2 in cable 1300.
Under this condition, when connecting relay 85i
is operated, at its upper contacts, it closes g cir-
cuit through the operated upper armature of
the busy relay 952 for the meter or counting
device 855, whereupon such device is -operated
to record the loss of a call for P. B. X 25i{. At
its inner upper armature (now grounded through
contacts of relays 901 to 918 in series), con-
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necting  relay 951 applies ground potential,
through' the inner contacts of busy relay 952, to
lead B—2 in cable 1300, thereby closing a circuit
through contacts of relay P. B. X—{ (Fig. 13,
part 10), and over conductor 33 for ring-cutoff
relay 1313. Relay (313 thereupon operates to lock
itself at its inner lower contacts, while at its con-
tacts ‘78 it opens the described locking circuit
over conductor 30 for relays P. B. X—I and
CH—I in series, whereupon relays P, B. X—I,
CH—I, and CN—I clear out, freeing the common
leads in cable 1308 and reclosing the chain asso-
ciated with the CH relays. Busy relay 1320 re-
mains operated to maintain the busy-tone lead
BT connected through condenser (358 to the call-
ing line to inform the calling subscriber by the
continued busy signal that all of the lines lead-
ing to the called P. B. X are in use.

L6b(2). All P. B. X lines not busy

Let it be assumed now that one or more of the
lines of the P. B. X is idle when the connection is
attempted as previously described, the first line
of the group being busy as hereinbefore assumed.
In this event, group-busy relay 852 is not in op-
erated condition when connecting relay 951 op-
erates as described. It may be assumed that the
first five lines of the P. B. X are busy and that
the sixth line is idle. In this event, relays 801 to
805 are in operated condition, while relay 906 is
in restored condition.

With relays 90f to 805 in operated condition,
ground potential is maintained on conductor 936
to bring about the operation of the units switch-
ing relay in the connector in use. With relays
801 to 905 in operated condition and relay 906 in
restored condition, ground potential is present on
local conductor 931.

When connecting relay 951 now operates, mark-
ing conductors Mi and M6 in cable 1300 are
grounded from conductors 931 and 936. 'The
ground potential on marking conductor M6 of
cable 1300 closes a circuit, through contacts of
the operated relay CN—I, and over conductor US,
for the lower winding of units-switching relay
UBC. Relay UGBC thereupon operates to prepare
2 new locking circuit for relay UIC at its lower
armature and front contact; at its inner arma-
ture and front contact, relay USBC locks itself to
the grounded conductor 1; and at its upper group
of armatures, it disconnects the conductors of the
out link OL from the upper group of contact sets
of relays UlIC to USC, and transfers them to the
inner upper group of contact sets of these relays.

The above placing of ground potential on mark-
ing conductor Ml of cable 1300 closes an oper-
ating circuit, through contacts of relay CN—I,
and over conductor Ul, for units relay UIC. Re-
lay UIC, at its lower contacts, locks itself to con-
ductor 35, through the lower contacts of relays
USC to U2C, its own lower contacts, and the
lower armature and front contact of relay UIC,
At its inner upper group of contact sets, relay USC
being operated, relay UlC connects the conductors
of the out link OL, through contacts of the op-
erated connecting relay T25C, respectively to the
conductors of the sixth one of the ten line mul-
tiples represented by cable CA—25, being the one
associated with the idle sixth line of the P, B. X
group.

In the line-allotter LA (Fig. 9), with busy re-
lay 932 not in operated condition, the upper con-
tacts of the operated connecting relay 851 apply
ground potential to switching conductor SW—2
of cable 1300, closing a circuit, through contacts
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of connhecting relay CN—I!, and over local con-
ductor 22, for the upper winding of test relay
i318. This circuit is completed to battery over
the sleeve lead of ocut link OL and the sleeve lead
of the multiple to which connection has been
extended, the battery potential being obtained
through the windings of the cutoff and lockout
relays similar to {48{ and (662 of line circuit
LC—251 (Fig. 10). The concerned cutoff relay
thereupon operates tc clear the called line for
ringing and talking purposes, and relay 886 (be-
ing highly inductive and stifily adjusted) oper-
ates after a slight interval to indicate in the
allotter LA the busy condition of the line asso-
ciated with such relay.

Léc. Freeing the common conirol leads and the
allotier

In the connector C! of Fig. 13, test relay 13i8
operates immediately when its above described cir-
cuit is closed. At its upper contacts, it locks it-
self to the grounded conductor 5; at its middle
upper contacts it open-circuits and restores con-
necting relay CN—{ before the marking can be
changed in the allotter LA (Fig. 9); it shunts its
test winding at its inner upper contacts; and at
its lower armature and front contact, it cioses &
circuit for switching relay 1348, at the same tima,
open-circuiting and restoring busy relay i3Z%,
previously operated over ccnductor 2{, through
contacts of relay 1328, contacis &9, and the lower
contacts of relays 1318 and {321, Busy relay 1323
accordingly restores after a slight interval. Upon
doing so, it disconnects busy-tone lead BT at ifs
upper contacts, thereby terminating the applica-
tion of busy-signaling current to the called line.
This operation is ordinarily effected in a very
short time following the described operation of
busy relay 1320, in less than 3 second, for ex-
ample.

At its lower contacts, busy relay {328 opens the
locking circuit previously existing over conductors
28 and 38 for relays PBX—{ and CH—I; these
relays restore, the common chain circuit being re-
closed by slow-restoring relay CH——!,

In the allotter LA (Fig. 9), connecting relay
951 restores when conductor 25! of cable 1383
is ungrounded by the restoration of relay CN—I,
thus disassociating the allotter LA from the com-

mon conductors of cable 1383 and reconnecting

busy relay 952.
Léd. Seizing the idle P. B. X line

Switching relay 1319 operates when its circuit
is closed at the lower armature of test relay 13i8;
it makes connection with the tip and ring con-
ductors of the called line at contacts 84 and 8&5;
while at its lower contacts, it closes a point in the
circuit of pickup relay 1316 to initiate the ringing
operation in accordance with the selected #!
ringing code.

From this point, the cperation proceeds as
hereinbefore described; relay {315 operates tem-
porarily when the call is answered; ring-cutoff
relay 1312 thereupon responds to open the ring-
ing circuit and complete the talking circuit; back-
bridge relay 1312 operates over the called line;
and supervisory relay {284 thereupon responds to
reverse the current flow in the tip and ring con-
ductors of the calling line, whereby the calling
subscriber at pay station #2831 (Fig. 10) is re~
quired to deposit a -coin before conversing. Fol-
lowing conversation, the established connection
is cleared out as hereinbefore described.

With further reference to the showing of
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P. B. X #2501 in Fig. 10, each of the illustrated
lines serving the P, B. X is shown as terminating
at a separate substation, each such substation
being indicated in the drawing by a circle. Or-
dinarily, the P. B, X lines terminate at a switch-
board presided over by the P. B. X operator who
has switching equipment enabling her to infer-
connect any one of the P. B. X' lines with a de-
sired local extension line, but the showing of the
switching arrangements within the P. B, X has
been omitted for the sake of simplicity.

L7, Other P. B. X calls

The arrangement of the connectors such as
C{ is such that any one of the P. B, X lines other
than the first may be calied directly by its di-
rectory number without the connection being
extended automatically to another idle line of the
group if the specific called line is busy. This
sorvice is provided for by arranging that relay
PBX—i (Fig. 13, part 10) is called into play
(along with relays CH-—{ and CN—1) only when
the units digit dialed in a P. B. X call is the units
digit 1. The initial energization of relay PBX—I
(in series with relay Cii—i) is made dependent
on relay UiC having operated and locked itself
over conductors. Ui and U to thereby apply an
energizing ground potential to conductor Ui’ and
consequently to conductor 20. When any other
iine of the P. B, X ig being called, a different units
digit is dialed, and ground. potential is conse-
quently not applied to conductor 39 to enable re-
lay PBX—{ to operate thereafter as a result of
the operation of busy relay 1328,

In view of the arrangement just described, any
line of the P. B, X other than the first may be
assigned for what is termed night service. That
is. when the P. B, X operator is not on.duty, as at
night, any line may be interconnecied with a
specific extension linein the P, B. X and such ex-
tengion line may then be called by the regular di-
rectory number of the connected P. B. X line.

The illustrated P. B. X group may, of courss, in-
clude any smaller numher of lines than ten, two
or three lines for example. When such is the
case, the line aliotter LA of Fig. 9 uses only as
many of the relays 381 to 818 as required. The
remaining relays are disconnected frem the con-
ductors of cable CA—Ii088. The conductor lead-
ing through contacis of connecting relay 851 to
the winding of busy relay 832 is conunected to the
ront contact of the last one of the relays 981 to
81§ associated with a P. B. X line. The remain-
ihg lines in the same tens group are available

5 for service to other subscribers.

L8. Other P. B, X groups

Without altering the basic wiring of the con-
nectors, the P. B. X lines in any given installa-
tion may be assigned to any other tens groups.in
the “2” hundred, including tens groups 2, 3, and
& therein, provided such tens group is not required
for other service, such as the extension of calls
to another exchange. For example, if it is de-
sired that the P. B. X lines be reached from
the fourth tens group of the “2” hundreds, in-
stead of from the fifth tens group, conductor 2511
in cable 13G8 is connected to the middle lower
armature of tens relay TZ4C instead of to the
corresponding armature of relay T25C, and con-
ductor &8 is connected to the front contact of
the lower armature of relay T24C instead of to
the corresponding contact of relay T25C. The
number assigned to the P. B. X then becomes
#2411, In this event, cable CA—I880 associated
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with the P. B. X line allotter LA extends to the
tens group of lines including lines 241 to 240 in~
stead of to lines 251 to 258 as illustrated, and the
lines 241 to 240 are extended to the P. B. X in-
stead of lines 251 to 250.

If a second P. B. X is required to be served,
the lines which extend to such second P. B, X
may be equipped with a line allotter similar to
allotter LA (Pig. 9) and an additional conductor
similar to 2511 may be provided in cable 1300 ex-
tending to the relay in the second allotter simi-
lar to connecting relay 951. This latter con-
ductor is connected to the middle lower armature
of the one of the tens relays T22C to T25C which
serves the second P, B. X. As many as four
P. B. X groups may be served in any exchange
using the disclosed connectors provided only a
single interexchange trunk group is required for
handling calls outgoing from the exchange, as in
the case of terminating exchange D (Fig. 1 and
2). Chain-seizure conductor 48 is in such case
multipled of the front contact of the lower arma-
ture of each tens relay (T22C to T25C) serving
a P. B. X group. :

M. Calls from tandem exchange C to manual
exchange A

The handling of calls from lines of tandem
exchange C to manual exchange A will now be
described. For this purpose, it may be assumed
that a subscriber of exchange C, the subscriber
at pay station #2031 for example, desires to con-
verse with a subscriber at manual exchange A,
or with a subscriber reached through such man-
ual exchange A. To become connected with the
manual exchange, the subscriber at substation A
removes the receiver 1024 from switchhook 1030;
waits for dial tone; and then dials the single digit
0 assigned to the manual exchange.

M1. Seizing an idle connector

Line relay 1009 operates as previously de-
scribed to ground the associated tens and units-
mark conductors T and U when the receiver is
removed at pay station #2031, It may be as-
sumed that the finder-connector link comprising
the finder F{ of Fig. 11 and connector ClI of
Fig, 13 is idle and is the one selected when the
distributor DR of Fig. 12 responds as previously
described. When the finder Fl is operated, the
calling line is extended to the connector CI,
whereupon line relays 1305 and 1306, release relay
1307, sleeve relay 1309, and dial-tone relay 1324
operate as before described. The cutoff and lock-
out relays of the calling line circuit operate over
the sleeve conductor of the calling multiple and
the distributor DR is cleared out in the usual
manner.

M2, Dialing the single digit number 0

Upon hearing the dial-tone signal impressed
from the common dial-tone lead DT at the upper
contacts of the dial-tone lead 24, the calling sub-
scriber dials the digit 0 comprising the number
designation of manual exchange A, When this
occurs, line relay 1306 transmits a series of ften
impulses to the counting relays of Fig. 13, part 4,
causing operations to occur as previously de-
scribed. At the end of the digit, the #0 counting
relay 1342 is in operated condition, locked in cir-
cuit with driver relay 1330, and the other count-
ing and driving relays are in restored condition.

Slow-acting series relay 1321, having been op-
erated as before described during the transmis-
sion of the series of impulses, restores at the end
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thereof to apply ground potential to hundreds
conductors 38 and 39. The ground potential ap-
plied to conductor 39 is extended through con-
tacts of the operated counting relay (344 to con-
ductor 21 in cable 1366, thereby operating tens
relay T2IC to connect up the associated tens
group of line multiples, including the line mul-
tiples (#211 to #217) assigned to the trunk lines
interconnecting tandem exchange C with manual
office A,

M3. Seizing trunk allotter TA—0

At its lower contacts, relay T2(C connects the
now-grounded conductor 21 in cable 1366 to con-
ductor 36, thereby closing a circuit over conductor
36, through resistor 1367, normally closed con-
tacts controlled by the inner lower armature of
units-transfer relay (323, the lower armature
and back contact of hundreds-transfer relay 1327
(relay 1321 not having been operated when the
tens relay operates in a single-digit call), con-
ductor 48, through the winding of chain relay
CH—I, chain-end conducior 83, and thence to
battery through the chain contacts. Relay CH—I
is operated over this circuit to lock itself into
the chain circuit and to open the chain circuit to
the other chain relays. At its inner upper arma-
ture, relay CH—I connects up switching condue-
tor SW—1 in cable 1300, while at its upper con-
tacts, it closes a circuit as previously traced over
conductor 34 for connecting relay CN—I. Con-
necting relay CN—I thereupon operates to con-
nect up conductors Ml to M6, B—I and SW—2
of cable 1300. Additionally, relay CN—I at its
inner contacts applies ground potential, through
the lower contacts of the operated tens relay
T21C, to conductor 0 in cable 1300.

It is to be noted in this case that with hun-
dreds-transfer relay 1327 not having been oper-
ated, the grounded conductor {71 remains con-
nected to conductor 2, and consequently with
counting-relay-locking conductor 1, so as to
maintain the operated counting relay {342 in op-
erated condition.

In the trunk allotter TA—8 (Fig, 9) assigned
to the frunk group interconnecting exchanges
A and C, the described grounding of conductor 0
in cable 1300 results in the operation of connect-
ing relay 853.

It may be assumed that allotter relays 8il
to 917 are each locked in energized condition as
illustrated because each of the seven trunks in
the associated group is idle. Under this condi-
tion, conductor 941 is grounded at the contacts
of relay 911, while conductors 942 to 946 are un-
grounded. Additionally, group relay 92§ is in
restored condition as illustrated; likewise busy
relay 954,

M4. Marking the location of the allotted idle
trunk line

When connecting relay 953 operates under the
assumed conditions, it grounds switching conduc-
tor SW—I1 of cable 1300 through contacts of the
unoperated group-busy relay 954, At the same
time, marking conductor M| becomes grounded
by way of conductor 941 and the middle armature
and front contact of relay 911.

Responsive to the grounding of conductor Ml
in cable 1300, a circuit is closed through contacts
of relay CN—I and over conductor Ul for the #1
units relay UIC. Relay UIC thereupon operates.
At its upper group of contact sets, relay UIC con-
nects the tip, ring, and sleeve conductors of the
ouf link OL respectively with the tip, ring, and
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sieeve conductors of line multiple #211, through
the upper group of contact sets of the operated
tens relay T21C.

At its lower contacts, units relay UIC makes a
connection from the now-grounded conductor Ul,
through contacts of the unoperated relay
PBX—I, over conductor U{’, the lower contacts of
units relays UIC to USC, and conductor 38, to the
winding of units-transfer relay 1323. Units-
transfer relay 1323 thereupon operates to close
a locking circuit for itself at its upper armature
and front contact, to the grounded conductor 17.
The ground potential thus impressed on conduc-
tor 35 passes back over the traced circuit to con-
ductor Ui to lock relay UIC in operated con-
dition independent of the continued grounded
condition of conductor Ml of cable 1300,

M5. Freeing trunk allotter TA—0

At its lower contacts, relay 1323 closes a circuif
for switch-through relay 1381, from ground on
the now-grounded conductor SW—I1 of cable
380, contacts of relay CH—I, conductor 41, lower
contacts of relay 1323, and over conductor 24, to
relay 1381. Relay 1301 thereupon operates and
closes a self-locking circuit to ground on con-
ductor S of link Li from conductor 5, grounded
at contacts of release relay §307. At contacts 64,
relay 1301 open-circuits and restores relay CN—|
to disconnect the marking conductor of cable
CN-—{ from the connector before the setting of
the allotter TA—3 (Fig. 9) is changed by the
trunk-line seizure now being effected. Relay 953
of the allotter consequently restores. Other re-
sults of the operation of relay {30f will be de-
scribed subsequently,

A further result of the operation of units-
transfer relay 1323 is that, at its inner lower
armature, it closes a circuit over conductors 38
and 49, through resister 1357 for the upper wind-
ing of hundreds-transfer relay 1327, through con-
tacts of relays 1328 and 1329, at the same time
opening the previously traced circuit over con-
ductor 24 for slow-restoring chain relay CH—I.

Hundreds-transfer relay 1327 now operates to
ground conductor 48 at its upper contacts by con-
necting it to the grounded conductor 171, thereby
closing a locking circuit for its own lower wind-
ing, and extending ground potential back over
conductor 49, through the inner lower armature
and: front contact of units-transfer relay 1323,
resistor {867, and conductor 36, to lock tens relay
T2iC operated after the counting chain is cleared
out, which it does responsive to the disconnection
of ground potential from conductor 2 and conse~
quently from conductor | at the normally closed
contacts controlled by the upper armature of
relay 1321. :

M5a. Freeing the allotier-conirol chain

Shortly after the described operation of units-
transfer relay 323, and responsive thereto, slow-
restoring chain relay CH—I restores, freeing the
associated allotter-control chain. The  other
connectors now have access to the chain, such
access being delayed by the slow-restoring action
of relay CH—I to give time for switch-through
relay 1381 to operate as above described, and for
the concerned allotter TA~0 (Fig. 9) to reset it-
self after trunk-line seizure has taken place by
the operation of relay 1301,

M$§. Switching through to the allotted trunk line

When switch-through relay 1361 operates as
described, it open-circuits and restores sleeve re-
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lay 1309 at contacts 64, whereby the counting
chain is cleared out; at armature 69, it discon-
nects ground potential from the armatures of
iine relays 1305 and 1306 (thereby depriving slow-
restoring release relay 1387 of current) and ap-
plies ground potential at an additional point to
hold conductor H, through which the ground po~
tential reaches the joined-together local conduc-
tors 18 and {7 to maintain both of these conduc-
tors grounded as long as switch-through relay
1301 is maintained operated. Being slow-re-
storing, release relay 1307 remains operated for
a short interval, enabling holding current for
switch-through relay (381 to be obtained from
the repeater now to be seized before relay 1307
restores.

At armatures 61 and 62 and their back con-
tacts, relay 1301 disconnects the tip and ring
conductors of link LI from those extending to
line relays 1385 and 1306, while at armatures 61
to 63 and their front contacts, it connects the in-
coming tip, ring, and sleeve conductors of link
Li directly to the corresponding conductors of
out link OL. Relays UIC and T21C having been
energized and locked as hereinbefore described,
the tip, ring, and sleeve conductors of link Ll
are extended through the contacts of these relays
to the cerresponding conductors of line multiple
#211, extending by way of line circuit LC—2i1
(Fig. 8) to the manual-to-automatic repeater
OR—I, associated with the interexchange trunk
line AT—I{. In the line circuit LC—211, sleeve
relay 828 operates in series with the associated
lockout relay 819 to disconnect line relay 818.
The ground potential for operating relays 820 and
819 at this time is obtained from the incoming
sleeve conductor S of connector Cl and its local
extension 5, through the upper armature and
front contacts of the still-operated slow-releasing
relay 1301.

M7. Preparing seized repeater OR—1 for outgoing
operation

In the seized repeater OR—! (Fig. 8), the
double-wound outgoing line relay 8!8 operates
over the calling line, through the back contacts
of armatures 823 and 824, right-hand windings
of repeating coil 806, and contacts of outgoing
supervisory relay 816. Upon operating, line relay
810 operates outgoing release relay 8it at its up-
per contacts. Outgoing release relay 811 operates
auxiliary relay 812 at its middle lower contacts.
Relay 812 applies ground potential to sleeve con-
ductor S of line multiple #211 over the follow-
ing circuit path: from ground, through the nor-
mally closed contacts controlled by the upper
armature of release-timer relay 817, the low-re-
sistance lower winding of detector relay 813, up-
per contacts of relay 8{2 and the back contact of
the inner upper armature of relay 808 and the
sald armature, to the associated sleeve conductor
S. This ground poteniial maintains relays 829
and 819 operated in line circuit LC—2i{; main-
tains relay 1301 operated in the connector Ci;
and maintains relays {887 and (088 operated in
line circuit LC—282 (Fig. 10), associated with the
calling line.

At its lower contacts, relay 8!2 separates the
normally joined conductors 831, thereby unlocking
and restoring the associated #1 relay 911 in trunk
allotter TA—0, whereby the marked condition of
the associated marking conductors 841 to 946
is suitably changed.

In the connector Cl, line relays 385 and 1308
restore immediately responsive to being discon-




2,427,650

55

nected at armatures 61 and 62. Releasé relay
1307 restores after a slight interval and breaks
the ground connection previously made at the
front contact of its upper armature to the as-
sociated local conductor 5 and the incoming sleeve
conductor S, leaving the sleeve conductor of the
established connection grounded only at the re-
peater OR—/} (Fig. 8). With sleeve relay 1369
and release relay (307 restored, the joined-to-
gether conductors 8 and {71 are grounded only
at the front contact of armature 65 of switch-
through relay 1301.

The operated relays in the connector Cf are
now switch-through relay 1801, units transfer re-
lay 1323, hundreds-transfer relay {327, units re-~
lay UIC, and tens relay T2{C, and all of these
relays are dependent, directly or indirectly, on
the continued grounded condition of the now-
extended incoming sleeve conductor S of the con-
nector ClI.

In the seized repeater OR—I (Fig. 8), certain
additional operations occur upon the described
seizure theresof. These cperations include, caus-
ing the operator to be signalled by a “splash”
application of ringing current; preparing for giv-
ing a class-tone signal to the operator when she
responds; and preparing to give the operator dark
supervision, all of which operations will now be
described.

At its inner lower contacts, release relay 8t!
closes a circuit for class-tone relay 8(4 through
contacts of incoming line relay 834. Class-tone
relay 814 operates the associated relay 815, com-
pleting the preparation for the giving of a mo-
mentary class tone. At its lower contacts, relay
814 applies ground potential to tone-start con-
ductor 825 so as to insure that the tone-generating
equipment of the exchange is in operation at this
time.

At its upper contacts, relay 816 applies ringing
current to the associated tip conductor, obtained
through condenser 83t, the upper armature and
back contact of sleeve-control relay 809, and
small-capacity condenser 838, from the common
interrupted-generator lead 821. The calling sub-
scriber hears the intermittently applied ringing
tene and is thereby informed that the operator
is being signalled.

At armatures 828 and 829, auxiliary relay 812
closes points in circuits having to do with the op-
eration of release-timer relay 817, to be consid-
ered subsequently.

At armature 827 and its front contacts, aux-
iliary relay 812 prepares circuits for sleeve-con-
trol relay 839 and for outgoing supervisory relay
816, subject to becoming closed when the operator
answers.

M8. Disconnecting the outgoing supervisory relay

When the release relay of the calling connector
Cl (Fig. 13) falls back and removes ground po-
tential at the connector from the extended sleeve
conductor, the low-resistance lower winding of
detector relay 813 thereupcn becomes the sole
supply of ground potential to the associated sleeve
conductor, whereupon it operates as the result
of current drawn by relays 819 and 820 of the
line circuit LC—21!, the corresponding relays of
the line circuit associated with the calling line,
and by switch-through relay (381 of the con-
nector. Upon operating, detector relay 813 dis-

connects outgoing supervisory relay 81§ so as
to prevent a current reversal over the calling iine
when the operator answers. At this point, it may
be mentioned that when the call to the manual
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exchange is from an exchange other than the
terminating exchange detector relay 813 is pre-
vented from operating as will be discussed sub-
sequently,

As a further result of its described operation,
line relay 810 closes a circuit at its lower contacts
for incoming supervisory relay 803. Relay 803
thereupon operates to reverse the connection be-
tween the associated trunk line conductors and
the windings of the doukle wound incoming line
relay 804 so as to prepare for giving dark super-
vision to the operator when she answers.

M9. Signaling the manual-exchange operator

Upon the described closing of the circuit of
auxiliary relay 812 at the middle armature and
front contact of outgoing release relay 8il, a
branch circuit is closed, through contacts of
relay 882, for splash-ring relay 801. Relay 80t
thereupon operates and closes a circuit at its
lower contacts for the associated slow-operating
relay 802.

At its inner upper and upper armatures, relay
801 applies ground potential and ringing cur-
rent respectively to the ring and tip conductors
of the trunk line A—TI, thereby projecting ring-
ing current over this trunk line to signal the
manual operator. A moment later, relay 802
operates and disconnects relay 801, at the same
time closing a self-locking circuit independent
of the contacts of relay 801. A moment later,
slow-restoring relay 80f falls back and termi-
nates the “splash” application of ringing current
to the trunk line.

In trunk circuit A—TCI (Fig. 7) in the called
manual exchange A, line relay 704, whose upper
winding is bridged across the conductors of the
trunk line A—TI{, through contacts of cutoff
relay 703 in series with a condenser, operates
-responsive to the above described “splash” ap-
-plication of ringing current. Upon operating,
line relay 7104 closes a self-locking circuit through
its lower winding, its own contacts, lower con-
tacts of cutoff relay 703, and call lamp 106.
Call lamp 786 becomes lighted in this circuit
as a call signal, and line relay 704 remains op-
-erated in its locking circuit after the momentary
ringing operation has been terminated.

M10. The operator answers

Upon noting the lighted condition of call lamp
106, the operator inserts the answering plug of
an idle cord circuit (the illustrated plug of cord
.cireuit CCI, for example) into the jack J3. When
this ocecurs, jack spring contacts 707 are closed,
‘thereby closing a direct-current bridge across
‘the .tip and ring conductors of the trunk line
A—TI. This bridge may be traced from the tip
trunk-line conductor, through the upper right-
hand winding of repeating coil 700, jack con-
tacts 107, the 40-ohm right-hand winding of
polarized supervisory relay 702, and the lower
Tight-hand winding of repeating coil 700, to the
ring conductor of the trunk line, Supervisory
relay 20 operates in this bridge circuit by cur-
rent flow obtained over the trunk line through
the windings of line relay 804. Tts operation
occurs at this time because incoming supervisory
relay 883 has been operated as described to
reverse the trunk-line conductors.

Supervisory relay 701 is operated responsive to
the operation of relay 792. At its upper contacts,
it lights busy lamp 135; at its middle contacts,
it connects up the 30,000-ohm leit-hand winding
of polarized relay 782 for a purpose to be dis-
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cussed subsequently; and at its inner contacts,
it bridges the left-hand windings of repeating
coil 700 across the tip and ring conductors of
the jack J3 so as to extinguish the usual super-
visory lamp in the cord circuit C! to give the
operator what is termed dark supervision.
Cutoff relay 703 operates over the sleeve con-
ductor from battery potential supplied from the
cord circuit. Upon operating, cutoff relay 193
extinguishes call lamp 706 and restores line re-
lay 704 at its lower contacts; it disconnects the
upper winding of line relay from in bridge of the
trunk conductors; and at its upper contacts, it
closes a parallel circuit for busy lamp 795.

M11. Placing extended comnection under opera-
tor conirol

In the automatic exchange, incoming line re~-
lay 864 of the repeater OR—{ now operates over
the conductors of the trunk line A—TI respon-
sive to the bridge established at contacts 7187 of
the jack J3, through the low-resistance right-
hand winding of relay 702. TUpon operating,
relay 864 open-circuits the slow-releasing class-
tone relay 814 and closes a circuit for incoming
release relay 805. Relay 805, at its middle con-
tacts, completes a locking circuit for auxiliary
relay 812 through the inner lower armature and
front contact of the latter relay, whereby relay
812 is henceforth held operated under the con-
trol of both of the release relays 865 and &1,
enabling the connection to be held from the
manual exchange.

M12. Answered supervision withheld to enable
manual exchange to be called free

At its inner contacts, release relay 805 extends
ground potential through the operated arma-
ture 827 to the front contacts thereof. The ex-
tension of ground potential to the right-hand
front contact of armature 827 is of no effect at
this time, for detector relay 8{3 has been obp-
erated as previously described to disconnect out-
going supervisory relay 816, whereby the cur-
rent fiow over the calling line is not now re-
versed and the calling pay-station subscriber
(Fig. 10) is not required to deposit a coin before
conversing.

The ground potential applied to the left-hand
front contact of the operated armature 827 is
extended through contacts of sleeve-control re-
lay 8688 to the winding of the such relay. Relay
209 operates to close a locking circuit for itself
and to open its initial circuit. Its locking circuit
is to ground, through the middle contacts of
incoming release relay 805, and to ground
through the inner lower contacts of auxiliary
relay 812 and the middle contacts of outgoing
release relay 84, whereby the sleeve-control re-
lay remains operated as long as either of the
release relays remains operated. Relay 808 is a
dual-purpose relay, being used as a sleeve-con-
trol relay on calls originated in the manual ex-
change as will be subsequently described. In
the present examuyle, the call is originated in the
automatic exchange and the function of relay
809 is to disconnect the interrupted-generator
lead 82! and prepare for the transmission of a
class-tone signal to the answering operator.

M13. Momentary class-tone signal

Slow-releasing class-tone relay 814 restores a
short interval after its circuit is opened as above
pointed out upon the operation of incoming line
relay 884. Upon restoring, relay 8(4 open-cir-
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cuits the associated relay 815 with the result that
relay 815 restores a short interval later. Dur-
ing the interval required for relay 815 to restore
after relay 814 restores, the upper winding of
detector relay 813 is bridged across the talking
conductors, through contacts of relays 8{4 and
815, condenser 831, and the upper armature and
front contact of the now-operated sleeve-con-
trol relay 889. This bridge circuit is opened a
moment later when class-tone relay 815 restores.
During the time that it is established, the wind-
ings of detector relay 813 act as a transformer,
the lower winding being the primary and the
upper winding being the secondary. Class-tone
current is applied to the sleeve lead S of line
multiple #203 associated with calling pay-station
line #203 (Fig. 10) from the common class-tone
lead CT through the illustrated individual con-
denser. A portion of this class-tone current trav-
els over the extended sleeve lead to ground
through the lower winding of detector relay 813,
thereby inducing a similar tone current in the
upper winding of this relay, which tone is im-
pressed across the talking conductors during the
described momentary class-tone interval, thereby
informing the calling operator that the calling
line is a pay-station line. As previously noted,
as many distinctively different class-tone sources
as may be desired may be provided for classify-
ing the subscriber lines. On all calls from the
tandem exchange C to exchange A, any class
tone applied to the sleeve lead of the calling line
is momentarily applied to the talkihg circuit a
moment after the operator responds.

M14. Recalling the class-tone signal

Let it be assumed now that the operator either
failed to have her listening key thrown at the
time she plugged in to answer or for some other
reason desires to verify the class tone. Under
this condition, she withdraws the plug of the
cord circuit from the jack J3 and then reinserts
the plug. Line and release relays 804 and 885
restore successively, but sleeve-control relay 898
is not restored because it is held operated through
contacts of relays 812 and 811. Relays 814 and
815 operate successively responsive to the restora-
tion of line relay 384.

When the plug is reinserted in the jack, line
and release relays 884 and 885 reoperate, and
the line relay 804 open-circuits class-tone relay
gl8. Relays 814 and 815 again restore successive-
1y, and the class-tone signal is again applied to
the talking circuit in the interval required for
relay 815 to restore after relay 814 restores.

The exchange-A operator may now converse
with the calling pay-station subscriber over the
established connection and she may further ex-
tend the connection if desired, or she may give
the calling subscriber any requested information;
ticket a requested toll connection; and the like.

If the connection is further extended by the
manual operator, when the called subscriber an-
swers, the operator may require the calling pay-
station subsecriber to deposit & coin or coins be-
fore permitting him to converse, the usual gong
signals (not shown) being employed to notify the
operator, through the action of the transmitter
{826, of the number and denomination of the
deposited coins.

M15. Disconnect supervision and hookswitch re-
call signaling

Let it be assumed now that, when the conver-
sation has been completed, the calling pay-sta-
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tion subscriber replaces his receiver before the
exchange-A operator withdraws the plug from
the jack J3. TUnder this condition, the opera-
tor is given disconnect supervision as follows:

When the receiver is replaced on the calling
line, line relay 810 restores followed a moment
later by the restoration of release relay 811. Re-
lay 812, however, remains operated through the
middle contacts of incoming release relay 805 and
the inner lower armature of relay 812 and its
front contact, to maintain the associated sleeve
conductor grounded at its upper contacts, where~
by the connection in the automatic exchange re-
mains intact. This provision enables the calling
automatic-exchange subscriber to signal the op-
erator by depressing his hookswitch momentarily
one or more times as a recall signal.

The lower contacts of line relay 810 open-cir-
cuit incoming supervisory relay 803, whereupon
supervisory relay 803 restores after a slight in-
terval and reverses the connection between the
windings of line relay 804 and the conductors
of the associated trunk line back to the illustrated
normal condition, whereupon the current flow in
the trunk line is reversed to its normal direction.
‘When this occurs, polarized relay 702 in the man-
ual trunk circuit A—TC! opens its contacts,
thereby open-circuiting and restoring supervisory
relay T01. At its inner contacts, relay 701 cpens
the direct-current bridge across the tip and ring
conductors of the jack J3, thereby causing the
usual supervisory lamp (not shown) in the cord
circuit C to become lighted.

If the hookswitch at the calling substation has
been depressed pursuant to a recall operation,
it is again released after a slight interval, where-
upon line and release relays 810 and 81| reoper-
ate. Incoming supervisory relay 803 thereupon
reoperates, whereupon polarized relay 702 again
closes its contacts to reoperate supervisory relay
70f. When relay 101 reoperates and closes its
inner contacts, the above-mentioned supervisory
lamp in the operator’s cord circuit is extinguished.

M16. Maintaining trunk line guarded in manual
exchange after operator disconnects

Let it be assumed now that, when the conversa-
tion has been terminated, the manual exchange
operator disconnects before the calling subscriber

in the automatic exchange has replaced his re- !

ceiver. Under this condition, supervisory relays
702 and T0f are in operated condition in trunk
circuit A—TC|{ bhecause incoming supervisory re-
lay 803 in the automatic exchange is maintaining
the current flow reversed over trunk line A—7TI.

When the plug is withdrawn from the jack J3,
cutoff relay 103 restores. At its upper contacts,
it opens a point in the circuit of busy lamp 705,
leaving this lamp lighted at the upper contacts of
supervisory relay 701 to inform the operator of
the continued busy condition of the associated
trunk line.

When contacts 10T of the jack J3 open, the
low-resistance direct-current bridge (including
the right-hand 40-ohm winding of polarized relay
702, and the right-hand windings of repeating
coil 700> is opened, leaving a high-resistance
bridge closed across the trunk-line conductors.
This high-resistance bridge may be traced from
the tip conductor of the trunk line, through the
upper right-hand repeating coil winding, middle
contacts of the operated supervisory relay 70f,
the 30,000-ohm left-hand winding of relay 702,
the 40-ohm right-hand winding of the relay, and
the lower right-hand repeating-coil winding, to
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the ring conductor of the trunk line. The sensi-
tive polarized relay 792 is gble to remain oper-
ated in this high-resistance bridge circuit to
maintain the circuit of supervisory relay 70I
closed.

In the automatic exchange, incoming-line relay
284 of the repeater OR—I restores when contacts
707 of the jack J3 open, as it is unable to remain
operated through the high-resistance bridge now
maintained across the trunk line conductors.
Upon restoring, line relay 804 open-circuits and
restores release relay 885, leaving auxiliary relay
812 operated only by release relay 81f, held by
line relay 810.

As long as the receiver remains unreplaced at
the calling substation, the connection with the
trunk line is held in its present condition, and
the trunk line is unavailable for use by the man-
ual exchange operator, which condition is indi-
cated by the continued lighted condition of busy
lamp 708, held lighted by the upper contacts of
supervisory relay T01.

As will he discussed subsequently, this condi-
tion can continue for only a few minutes because
of timing arrangements including release-timer
relay 8!7.

M17. Clearing out the established connection

When the receiver is replaced at the calling
substation under the present conditions, the re-
sulting restoration of line relay 810 permits in-
coming supervisory relay 803 to restore, where-
upon the current flow over the interexchange
trunk line A—T1 is reversed back to normal direc-
tion. Polarized relay 702 thereupon opens its
contacts, permitting supervisory relay 101 to re-
store. Supervisory relay 101 extinguishes busy
lamp 785 at its upper contacts, while at its mid-
dle contacts it opens the high-resistance bridge.

A further result of the restoration of line relay
8i0 is that relays 811 and 812 restore succes-
sively, When relay 81l restores, it opens the
holding circuit for relay 809, permitting relay
809 to restore.

At its upper contacts, relay 8i2 disconnects
ground potential from the associated sleeve con-
ductor, whereupon detector relay 8{3 restores.
Relays 814 and 815 restore responsive to the res-
toration of relay 811, completing the clearing out
of the repeater.

Upon the said ungrounding of the sleeve con-
ductor, cutoff and lockout relays 820 and 819 of
line circuit LC—211, the corresponding relays of
the calling line circuit LC—203 (Fig. 10), and
switch-through relay 1381 of the connector Ci
(Fig, 13) restore.

In the connector Cl (Fig. 13) switch-through
relay (308!, upon restoring, disconnects its wind-
ing from the sleeve conductor at its inner upper
contacts, while, at armature 65, it removes ground
potential from the associated hold conductor H
of the link L{. This permits the finder PI to
clear out. By the same operation of relay 1301,
ground potential is removed from conductors {1
and {8, wherepon all of the remaining operated

5 relays of the connector Cl restore, completing

the clearing out of the established connection.

N. Calls from manual exchange B to manyal
exchange A

The way in which the operator at manual ex-
change B extends a connection to manual ex-
change A (by way of the tandem automatic ex-
change C) will now be explained.

It may be assumed that the trunk line B—T1
is idle as indicated by the unlighted condition of




2,427,650

61

the busy lamp associated with the jack J7.
cordingly, the operator may take this trunk line
for use by inserting the plug of a cord circuit
into the jack J7. Operations thereupon occur in
the trunk circuit B—TC/! to bridge the trunk line
B—TI, thereby causing operations to occur in
the manual-to-automatic repeater 9R—1 in ex-
change C to bridge the tip and ring conductors
of the associated line multiple #221. The opera-
tions occurring during this call in the trunk cir-
cuit B—TCi and in repeater 9R—I are the same
as those to be subsequently described in a con-
nection with the similar trunk circuit and re-
peater shown in Figs. 7 and 8.

N1. Seizing an idle connector

Line relay 201 of line circuit LC—221 operates
through the established bridge in repeater 9R—I
to ground the associated tens and units-mark
conductors T and U to cause an idle finder to
make connection with the now-calling line mul-
tiple #221. It may be assumed that this con-
nection is made by the finder Fi (Fig. 11), asso-
ciated with the ccnnector C1 (Fig. 13). In this
event, the connector Ci prepares itself for opera-
tion, including grounding sleeve conductor in-
coming thereto, whereupon cutoff and lockout re-
lays 203 and 202 of the calling line circuit LC—
22| operate. Line relay 281 is thereby discon-
hected and restored, terminating the calling con-
dition of the line circuit.

As will be explained hereinafter in connection
with the outgoing repeater OR—I, the above
grounding of the sleeve conductor of the line mul-
tiple causes ground potential to be applied to such
sleeve conductor in repeater 8R—! and to dis-
tinguish the call as one coming from a manual
exchange.

N2. Dialing the single-digit number 0

The operator at exchange B now dials the sin-
gle-digit number 0 assigned to manual exchange
A, using g key such as K (Fig. 7) and the calling
device such as CD. When this occurs, the seized
connector Cl (Fig. 13) operates as previously de-
scribed to extend connection to an idle one of the
trunk lines leading from exchange C to ex-
change A.

N3. Seizing repeater OR—I1 and signaling the
operator

It may be assumed that the trunk line asso-
ciated with outgoing repeater OR—I is allotted
at this time, in which case the line multiple seized
by the connector responsive to the dialing of the
digit 0 is the line multiple #2111 associated with
line circuit LC—2if (Fig. 8). Operations as
hereinbefore described occur in the repeater
OR—1 to condition the repeater for operation and
to apply ringing current momentarily through
the action of splash-ring relays 80{ and 802 to
the conductors of trunk line A—T to signal the
operator at exchange A by lighting call lamp 706.

The operations in the repeater OR—1 include
the operation of relays 819, 811, 812, 814, 815, and
801 to 803. Ground potential is applied to the
associated sleeve conductor at the upper contacts
of auxiliary relay 812, through the lower winding
of detector relay 813, but relay 813 does not op-
erate at this time as its lower winding is main-
tained shunted by the ground connection made to
the sleeve conductor of the established connec-
tion at the calling repeater JR—I. As a result,
outgoing supervisory relay 816 remains connected
through the unopened contacts of relay 813.

‘When the oper‘gctor at exchange A responds to
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the lighted condition of call lamp 106 by insert-
ing the plug of an idle cord circuit in the jack
J3, relays 102 and 791! operate as previously de-
scribed, relay 70§ closing its inner contacts to
give the answering operator dark supervision.

N4. Giving answered supervision

In the repeater OR—I, line relay 894 now oper-
ates over trunk line A—T1 and brings about the
previously described operation of incoming re-
lease relay 805 to lock auxiliary relay 812 oper-
ated. Additionally, sleeve control relay 889 oper-
ates as previously described to lock itself under
the joint control of release relays 805 and 8il,
and class-tone relays 814 and 815 restore suc-
cessively for the purpose hereinbefore explained.

At this time, the ground potential applied to
armature 827 of relay 8{2 (through contacts of
the operated relays 804 and 805) is extended
through the right-hand front contact of arma-
ture 827, and through contacts of the unoper-
ated detector relay 813, to the winding of out-
going supervisory relay 8{8. Relay 816 now
operates. At its lower contacts, it locks itself
operated independent of the contacts of detector
relay 813, while at its upper pair of armatures
and associated contacts, it reverses the connec-
tions between the windings of line relay 810 and
the tip and ring conductors in the associated line
multiple, thereby reversing the current flow back
over the established connection to the calling re-
peater $R—I. The repeater SR—I responds to
this operation (in a manner to be explained sub-
sequently in connection with the repeater OR—1)
to relay answered supervision back over the
trunk line B—TI to the trunk circuit B—TCI
which thereupon operates to give answered su-
pervision in the calling cord circuit in exchange B.

The operator at exchange A may now extend
the connection as desired.

N5. Recalling the called operator

The circuit arrangement is such that the oper-
ator at exchagne B may recall the operator at
exchange A by removing the cord circuit plug
from the jack JT and reinserting it, or she may
remove the plug of the cord circuit in use and
substitute the plug of another cord circuit if she
finds the one in use to be defective.

As will hereinafter appear, when plug is re-
moved from the jack J7, repeater 9R—1 responds
to the the consequent control of the trunk circuit
B-—TCI to unbridge the associated tip and ring
conductors of the switchboard multiple and to
remove the ground connection previously applied
to the sleeve conductor thereof. When this oc-
curs, the lower winding of detector relay 813 be-
comes the sole supply of ground potential to the
sleeve conductor of the established connection,
whereupon relay 813 operates and opens a point
In the circuit of outgoing supervisory relay 8186,
but relay 816 remains operated to maintain the
reversed condition of the associated tip and ring
conductors. Line relay 8{0 restores responsive
to the unbridging of the tip and ring conductors
in the repeater 9R—I, restoring incoming super-
visory relay 833, with the result that current
flow in the interexchange conductors is reversed
back to normal direction. Relay 782 thereupon
opens its contacts, and relay 781 consequently re-
stores to cause the supervisory lamp in the as-
sociated cord circuit to become lighted.

Release relay 811 retores at this time, but with-
out harmfu] effect, as relay 812 is locked through
contacts of relay 805. .
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When the same or another plug is subsequently
reinserted into the jack JT1 at exchange B, the
resulting operation is that tip and ring conduc-
tors of line multiple #221 are again bridged in
repeater 9R—I1 and ground potential is again
applied directly to the associated sleeve conduc-
tor. As a consequence, detector relay 813 again
restores (being short-circuited) and line relay 810
reoperates, followed by the reoperation of relays
811 and 803.

Polarized relay 102 in trunk circuit A—TC{ now
reoperates relay 7101, thereby bringing about the
extinguishment of the supervisory lamp in the
associated cord circuit.

N6. Giving disconnect supervision to the calling
operator

‘When the connection is to be taken down, it
may be assumed that the operator at exchange A
is the first to take down the connection. When
this occurs, the removal of the plug from jack
J3 and the consequent opening of the contacts
707 causes incoming-line relay 804 to restore,
open-circuiting and restoring outgoing supervis-
ory relay 816, release relay 805 also restoring.
When relay 816 restores, the current flow in the
talking conductors of the connection through the
automatic exchange is reversed to normal direc-
tion, whereupon repeater 9R—I relays discon-
nect supervision to trunk circuit D—TCI, which
operates to relay it to the associated cord circuit
by the lighting of the usual supervisory lamp
therein.

N7. Clearing out the connection

Under the above conditions, when the opera-
tor at exchange B removes the plug from the
jack JT and the repeater 9R—I consequently un-
bridges the associated talking conductors and
ungrounds the sleeve conductor, the connection
is cleared out responsive to operations to be now
described.

Line relay 819 restores responsive to the un-
bridging of the associated tip and ring conduc-
tors at the repeater 9R—I, whereupon incoming
supervisory relay. 803 restores, followed by the
restoration of relays 702 and 704 and the ex-
tinguishment of busy lamp 105.

Relay 811 restores after a slight interval. With
incoming release relay 805 in restored condition,
the restoration of relay 811 is followed immedi-
ately by the restoration of relay 812 to remove
ground potential from the associated sleeve con-
ductor, whereupon the operated relays in the con-
cerned line circuits LC—211 and LC—221 restore
and the connection through the finder F'{ of Fig.
11 and the connector Cf of Fig. 13 is cleared oub
as hereinbefore described.

0. Calls from manual exchange A to manual
exchange B

Let it be assumed now that the operator at
exchange A desires to extend a connection (by
way of tandem exchange C) to or through man-
ual exchange B. It may be assumed that trunk
line A—TI is idle as indicated by the unlighted
condition of busy lamp 105, and is the one used.
When the plug of a cord circuit is inserted into
the jack J3, cutoff relay 703 operates to discon-
nect line relay 704 and to light busy lamp 705.
Contacts 107 of the jack J3 close a bridge across
the tip and ring conductors of the associated
trunk line through the 40-ohm right-hand wind-
ing of supervisory relay 102 and the right-hand
windings of repeating coil 100. Polarized relay
702 is not operated at this time because the en-
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suing current flow is in the normal direction.
As a consequence, supervisory relay 7081 is not
operated, wherefore the usual supervisory lamp
in the calling end of the operator’s cord circuit
is lighted.

O1. Preparing repeater OR—1 for incoming
operation

Tn the automatic exchange, line relay 804 now
operates over the trunk line A—TH through the
right-hand winding of polarized relay T02. The
operation of relay 824 is followed by the operation
of incoming release relay 805 to extend ground
potential to armature 821, but this is without
effect at this time as auxiliary relay 812 remains
unoperated.

At its middle contacts, relay 865 closes a circuit
through the inner lower armature of relay 812
and its back contact for incoming transfer relay
808. Relay 808 thereupon operates to separate
conductor 931 at its lower contacts to thereby
restore allotter relay 911, if operated. At its
inner lower contacts, relay 888 prepares a circuit
for series relay 807; at its inner upper armature, it
transfers the associated sleeve conductor of line
multiple #211 from in association with the lower
winding of detector relay 813 into connection with
the winding of sleeve-control relay 809; and at
armatures 822 and 823, it disconnects the asso-
ciated terminals of the right-hand repeating-coil
windings from the windings of line relay 810 and
connects them to a low-resistance bridge to place
the associated line circuit LC—211 in calling con-
dition. This low-resistance bridge may be traced
from the front contact of armature 822, through
the upper contacts of line relay 804, the 500-ohm
resistor 825, and the 40-ohm right-hand winding
of polarized relay 806, to the front contact of
armature 823. Polarized relay 886 does not oper-
ate at this time, because of the normal direction
of the current flow therethrough.

02. Seizing and preparing an idle connector

Line relay 818 operates responsive to the closing
of the described bridge across the associated tip
and ring conductors in the repeater OR—I, there-
by energizing the associated tens and units mark-
ing conductors T and U to cause a finder to make
connection with the associated line multiple #211.

50111; may be assumed that this connection is made

by the illustrated finder FI (Fig. 11) associated
with the connector Ci (Fig. 13), relay T2{F and
UIPFin the finder gperating for this purpose.

When the connection is made, the connector Ci
is prepared for operation in the usual manner re-
sponsive to the energization of line relays 1305
and 1306 over the tip and ring conductors of the
calling multiple #21 1, now bridged in the repeater
OR—I.

‘When the sleeve conductor of the calling mul-
tiple becomes grounded (at the front contact of
the upper armature of release relay 1387) inci-
dental to the preparation of the connector C1 for
operation, cutoff and lockout relays 820 and 89
of the line circuit LC—211 operate. Line relay
818 restores responsive to the operation of cut-
off relay 820, terminating the calling condition of
line circuit LC—2I11.

03. Grounding the sleeve conductor to identify
the manual-exchange call

A further result of the described grounding of
the sleeve conductor in line multiple #211 is the
closing of a circuit through the front contact of
the inner upper armature of relay 808 for sleeve-
control relay 809. Sleeve-control relay 839 now
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operates and locks itself to ground at the middle
lower contacts of the operated incoming release
relay 885, thereby applying ground potential in
the repeater OR—I to the sleeve conductor of the
associated line multiple #211 to identify the call
as one being made from a manual exchange. This
ground connection is through the middle contacts
of relay 885, and through contacts of the operated
relays 809 and 808 to the associated sleeve con-
ductor. Dial tone from the connector Ci (Fig. 13)
is now transmitted back over the calling multiple
and through the windings of repeating coil 86¢ to
the calling manual exchange, informing the call-
ing operator that the switching apparatus is in
readiness to respond to the dialing operation.

O4. Dialing the single-digit number 9

Upon hearing the dial tone, the operator may
actuate the key K associated with the trunk line
A~—T1{ thereby transferring the trunk-line con-
ductors to the calling device CD.

Since the call is for exchange B, designated by
the single-digit number 9, the operator may now
actuate the calling device CD to transmit the
digit 9 (nine momentary interruptions), after
which she restores the key K.

Line relay 804 in repeater OR—I is thercby re-
stored momentarily nine times, the associated re-
lease relay 805 remaining operated because it is
slow releasing. At its upper contacts, line relay
884 momentarily interrupts the previously de-
scribed bridge across the tip and ring conductors
of line multiple #2111 nine times, thereby repeat-
ing the dialed digit 9 to the connector C{ (Fig. 13).

Upon each momentary restoration of line relay
804, a circuit is closed for series relay 887, through
the inner lower contacts of incoming transfer re-
lay 808, and through the lower contacts of in-
coming supervisory relay 803. Slow-releasing
series relay 897 operates promptly in response to
the first impulse of the series and remains oper-
ated throughout the series of impulses. Relay
807 shunts the 200-ohm resistor 826 around the
500-ohm resistor 825 and the 40-ohm right-hand
winding of polarized relay 806 to improve the
impulse-repeating circuit.

O5. Seizing trunk allotter TA—0

In the connector Cl, the results following the
dialing of the digit 9 are similar to the herein-
before described results of the dialing of the digit
0, except that tens relay T22C is operated (over
conductor 22 of cable (366, from ground poten-
tial placed on hundreds conductor 39 at the end
of the digit), in place of relay T2IC. Conse-

quently, when connecting relay CN—I subse- ¢

quently responds to the ensuing operation of
chain relay CH—1 as hereinbefore described, con-
ductor 9 of cable 1380 becomes grounded (through
the lower contacts of relay T22C) in place of
conductor 0 in the said cable. As a result, the
trunk allotter called into play is the trunk al-
lotter TA—8 of Fig. 4 rather than the trunk al-
lotter TA—@ of Fig. 9. The trunk allotter TA—8
may be a duplicate of the trunk allotter TA—O.
In has control pairs of conductors 411 to 415 ex-
tending therefrom and connected respectively
with the repeaters (such as 9R—I) associated
with the five trunk lines interconnecting ex-
changes B and C.

O6. Marking the location of the allotted idle
trunk line

It may be assumed that the first of these trunk
lines is idle and is allotted, in which case con-
ductor 431 of the allotter TA—9 is in grounded
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condition (conductors 431 to 436 corresponding
respectively to conductors 941 to 946 of the al-
lotter TA—0). Under this condition, when con-
necting relay 443 operates (over conductor 9 in
cable 1300), mark conductor MI in cable (308
becomes grounded upon being connected to the
grounded mark conductor 431, and switching lead
SW—I is grounded at the upper contacts of re-
lay 443 through the upper contacts of the un-
operated busy relay 444,

In the connector Cl, the described grounding
of conductor M1 in cable 1300 results in the clo-
sure of a circuit through contacts of the oper-
ated relay CN—I1 and over conductor Ul to op-
erate units relay UlC to connect the conductors
of the out link OL with line multiple #221(, through
the upper group of contact sets of the actuated
tens relay T22C.

O7. Seizing the repeater OR—I1 and signaling
the operator

Other operations in the connector Ci now oc-
cur as described hereinbefore, culminating in
the operation of switch-through relay {301 as de-
seribed to transfer the incoming tip, ring, and
sleeve conductors of the connector Cl directly
to the corresponding conductors of out link OL
and therefore to the corresponding conductors of
the called line multiple #221.

The resulting grounding of the sleeve lead of
line multiple #22{ brings about the operation
of cutofl and lockout relays 383 and 362 of line
circuit LC—221 (Fig, 3).

In the repeater 9R—I, the relays therein cor-
responding respectively to line relay 910, release
relay 811, and auxiliary relay 812, operate pur-
suant to the preparation of the repeater for
operation. Additionally, the relay in repeater
9R—I1 corresponding to incoming supervisory re-~
lay 863 operates; the described splash ringing
operation is accomplished by relays correspond-
ing to relays 80! and 802; and the class-tone re-
lays in the repeater 9R-—{ corresponding to 814
and 815 operate in preparation for applying a
class tone, if present on the extended sleeve con-
ductor,

It is to be noted that the relay in repeater
9R—1 corresponding to detector relay 813 of the
repeater OR—{ is not operated at this time be-
cause it is short-circuited by the ground poten-
tial placed on the sleeve conductor S of the call-
ing multiple #211 through the inner upper arma-
ture and front contact of incoming transfer re-
lay 808, lower armature of relay 888 and the mid-
dle armature of release relay 885. Consequently,
the outgoing supervisory relay in repeater 9R—I
corresponding to relay 816 of the repeater OR—I
is not disconnected,

The trunk circuit B—TCI operates as explained
in connection with trunk circuit A—TC| of Fig. 7
to signal the operator by lighting the associated
call lamp responsive to the above-mentioned
splash-ring operation.

08. Giving answered supervision

When the operator responds, by inserting the
Plug of a cord circuit into the jack J7, the as-
sociated call lamp is extinguished and the con-
ductors of trunk line B—TI are bridged, causing
operations in repeater SR—I as explained here-
inbefore in connection with repeater OR—I.
One of these operations is the actuation of the
outgoing supervisory relay in repeater SR—I cor-
responding to relay 816 (the associated detector
relay corresponding to 813 not. having been op-




2,427,650

67
erated as described). Consequently, the current
flow in the tip and ring conductors of the call-
ing line multiple #221 is reversed, whereupon
polarized relay 885 in repeater OR—I is oper-
ated by its right hand 40-ohm winding to close
its contacts 850. When this occurs, incoming su-
pervisory relay 803 operates to reverse the cur-
rent flow over the conductors of the associated
trunk line. Relay 702 is thereupon operated
through its right-hand winding to operate su-
pervisory relay 104, Relay 104 closes its inner
contacts to give the calling operator answered
supervision. ‘The two operators may now con-
verse with each other as described, and the oper-
ator at exchange B may make any desired ex-
tension of the connection.

09. Recalling the called operator

In the event that the calling operator at ex-
change A desires to recall the called operator
at exchange B during the continuance of the
extended connection, she may do so by momen-
tarily withdrawing her plug from the jack J3
one or more times to flash the supervisory light
in the cord circuit not shown in exchange B.
When the plug is withdrawn from the jack J3,
the opening -of contacts 187 disconnects the as-
sociated low-resistance bridge including the low-
resistance right-hand winding of relay 102, leav-
ing the high-resistance left-hand winding of this
relay bridged across the associated tip and ring
conductors through the middle upper contacts of
the operated supervisory relay 101, whereby re-
lay 702 remains operated to maintain relay 101
operated.

When the low-resistance bridge is thus opened
at contacts 107, line relay 804 restores. Series
relay 807 remains unoperated at this time, hav-
ing been disconnected by incoming supervisory
relay 803 for this purpose.

The restoration of line relay 804 is followed
shortly by the restoration of release relay 805.
At its middle contacts, relay 805 removes the
ground potential formerly maintained on the ex-
tended sleeve lead through the lower armature
and front contact of sleeve-control relay 809,
and the inner upper armature of the operated
incoming transfer relay 808. The sleeve conduc-
tor, however, remains grounded at this time in

the repeater 9R—I, through the lower winding 5

of the relay therein corresponding to detector re-
lay 813 of repeater OR—I. The established con-
nection is, therefore, maintained, and sleeve-con-
trol relay 809 remains operated. Incoming trans-

fer relay 808 remains operated by its connection 5

with the grounded sleeve conductor through the
inner lower contacts of auxiliary relay 812 and
the lower armature and front contact of sleeve-
control relay 809.

At its upper contacts, incoming line relay 804
opens the low-resistance bridge including resistor
825 and the right-hand winding of relay 806,
leaving the front contacts of armatures 822 and
823 bridged through the inner upper contacts of
the operated supervisory relay 803, the 30,000-
ohm left-hand winding of polarized relay 806,
and the low-resistance right-hand winding of
this relay. Relay 806 is, therefore, maintained
operated at this time to maintain relay 803 op-
erated, and the latter relay maintains the cur-
rent flow in trunk line A—T1{ reversed to main-
tain relay 702 operated in exchange A.

Responsive t0 the opening of the associated
low-resistance bridge at the upper contacts of
line relay 804, the line relay in repeater 9R—I
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(corresponding to line relay 810 of the repeater
OR—1) restores to permit the associated incom-
ing supervisory relay (corresponding to relay
833) to restore and reverse the current flow over
the trunk line BT—{ back to normal direction,
the trunk circuit B—TCI operating to bring
about the lighting of the supervisory lamp in the
cord circuit at exchange B.

When the plug of the cord circuit is reinserted
(at the end of an interval too short to permit the
operator in exchange B to interpret the lighted
lamp as & disconnect signal) contacts 107 rees-
talblish the low-resistance bridge across the as-
sociated trunk line conductors, whereupon line
relay 804 reoperates, accompanied by the reop-
eration of relay 805. Relay 805, at its middle con-
tacts, reapplies ground potential to the associ-
ated sleeve conductor through contacts of the
operated relays 809 and 810.

At its upper contacts, line relay 804 reestab-
lishes the low-resistance bridge through the
right-hand winding of relay 805, whereupon the
outgoing line relay in repeater 9R—I reoperates,
followed by the operation of the associated in-
coming supervisory relay to again reverse the
current fiow over the conductors of the associ-
ated inerexchange trunk line, causing the trunk
circuit B—TCI to bring about the extinguishment
of the momentarily lighted supervisory lamp in
the operator’s cord circuit.

Upon each momentary withdrawal operation of
the plug from the jack J3, the supervisory lamp
is momentarily lighted in the called manual ex-
change as above described.

010. Recalling the calling operator

If the operator in exchange B desires to recall
the calling operator in exchange A during the
continuance of the established connection, she
may do so by momentarily withdrawing her plug
from the jack JT a desired number of times, to
cause the usual supervisory lamp in the cord cir-
cuit in use in exchange A to flash.

When the plug is withdrawn from jack JIT,

5 operations occur as just described in connection

with trunk circuit A—TCI angd repeater OR—I
to cause the incoming line relay in repeater SR—I
corresponding to line relay 804 to restore. Upon
restoring, such line relay open-circuits and re-
stores the associated release relay (such as 80%5),
as well as open-circuiting and restoring the as-
sociated outgoing supervisory relay (correspond-
ing to relay 816). When this occurs, the current
flow over the tip and ring conductors of the as-
sociated line multiple #2201 is reversed back to
normal direction, thereby restoring polarized re-
lay 886 in the repeater OR—I. Tncoming super-
visory relay 803 is thereupon restored, reversing
the current flow in the associated interexchange
trunk line to normal direction. Thereupon, relay
702 restores, followed by the restoration of relay
1081, At its inner contacts, relay T8l unbridges
the tip and ring conductors of the jack J3 caus-
ing the operator’s supervisory lamp to become
lighted.

When the plug is reinserted into the jack J7 at
the end of the momentary withdrawal, the pre-
ceding operations are reversed causing the super-
visory lamp in the cord circuit in use in exchange
A to become extinguished.

O11.

When the conversation over the extended con-
nection has been completed and the two opera-
tors have withdrawn their plugs from the jacks

learing out the connection
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J71 and J3, the result is that ground potential is
removed at both points from the sleeve conductor
of the connection, whereupon the connection is
cleared out as before described.

P. Manual-exchange calls to tandem exchange C

The way in which connections are completed
to local lines of tandem exchange C from either
of the manual exchanges A and B will now be de-
scribed. For this purpose, it will be assumed that
the manual operator in exchange A receives a
call which is intended for a local subscriber of
tandem exchange C, the subscriber at substation
#2024 on the four-party line #202, for example.

P1. Taking an idle interexchange trunk line
for use

It may be assumed that the trunk line A—TI
is idle at this time as indicated by the unlighted
condition of busy lamp 785 and that the opera-
tor takes this trunk line for use by inserting the
plug of her cord circuit into the jack J3. The
trunk line A—T! is thereby bridged in trunk
circuit A—TCI by the closure of contacts 107.

In exchange C, incoming line relay 8084 operates
in response to the bridging of the trunk line
A—TI{ in the calling manual exchange, followed
by the hereinbefore described operation of in-
coming release relay 885 and of incoming trans-
fer relay 888. The tip and ring conductors of the
associated line multiple #2111 are thereby bridged
at armatures 822 and 823 through the upper con-~
tacts of line relay 804 and the low-resistance
right-hand winding of supervisory relay 8986.

P2, Seizing an idle connector

Line relay 818 of the associated line circuit
LC—2i! now operates to ground the associated
T and U mark conductors to cause an idle finder
to make connection with the calling line multiple
#2104, It may be assumed that the finder Fi of
Fig. 11 is the one thereupon operated, in which
case the calling multiple #21{ is extended to the
connector Ci, Fig. 13, by way of conductors of the
link Li{. i

The connector C! is now prepared for opera-
tion responsive to the energization of line relays
1385 and (388 over the tip and ring conductors
of multiple #21!, through the previously noted
bridge in the calling repeater OR—I.
eration of relays 1385 angd (308 is followed by the
operation of release relay 1301, sleeve relay 1389
and dial-tone relay 1324, completing the prepa-
ration for operation of the connector Cf and

sending back a dial-tone signal to the calling :

operator.

P3. Grounding the sleeve conductor to identify
the manual-exchange call

The grounding of the sleeve conductor S of the
link L at this time at the upper armature of re-
lease relay 1387 results in the closure of a circuit
over the sleeve conductor of the calling multiple
to operate cutofl and lockout relays 828 and 818
of line circuit LC—2{{, whereupon line relay 818
restores to terminate the calling condition of
the line circuit. A further result of the ground-
ing of the sleeve conductor of this multiple is the
closure of a circuit through the inner upper ar-
mature and front contact of relay 808 for sleeve-
control relay 832. Relay 802 thereupon operates
to apply ground potential in the repeater OR—I
to the sleeve conductor of the multiple at the
lower contacts of relay 809, through the middle
contacts of incoming release relay 805. The

The op-
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ground potential thus applied serves to identify
the call as from a manual exchange.

P4. Dialing the desired number

Upon hearing the dial-tone signal returned as
above noted, the calling operator actuates the
dial key K to associate calling device CD with the
conductors of trunk line A—T{, whereupon she
actuates the calling device CD in accordance with
the digits 2, 0, 2, and 4 in the desired number, fol-
lowing which she again restores the key K.

Line relay 884 restores responsive to each in-
terruption impulse of each digit, repeating such
interruption impulses at its upper contacts into
the bridge across the conductors of line multiple
#211, causing line relay 1386 of the connector C{
to follow the calling device CD.

As previously noted, series relay 887 operates
at the beginning of each received series of im-
pulses and acts to improve the impulse-repeating
circuit by partially shunting resistor 825 and the
right-hand winding of relay 886, relay 807 re-
storing at the end of each series of impulses.

P5. Conditioning the connector for toll operation

With one exception, the connector Cl of Fig.
13 operates as hereinbefore described in response
to the respective impulse series constituting the
digits 2, 0, 2, and 4 in the called number. This
exception cccurs following the final digit of the
number, at which time either busy relay 1320 or
switching relay 13{8 operates as hereinbefore de-
scribed, depending on whether the called line is
busy cr is idle. The operation of either of these
relays removes ground potential from local con-
ductor {5 to render the upper or test winding of
detector relay 1328 effective as the sole supply of
ground potential in the connector Ct to the sleeve
lead of the connection. It will be recalled that
detector relay {388 thereupon operates over the
sleeve lead when the call is from a local line, In
the present example, the call is from a manual-
exchange line and the sleeve lead of the calling
multiple is now grounded in the repeater OR—!
through contacts of relays 805, 839, and 808, as
previously noted. The upper winding of detector
relay (388 is thereby shunted, preventing the
relay from operating. The failure of detector re-
lay 808 to operate responsive to the operation of
either busy relay (328 or switching relay 1318
conditions the connector Cli for operation as a
toll connector.

P6. Busy wverification

- If the called line is busy, a busy-tone signal
is returned at the upper contacts of busy relay
1326 to inform the calling operator of the busy
condition of the called line.

When the operator desires to verify the busy
condition of a busy called line, she may do so by
again temporarily associating the calling device
CD with the calling trunk line and dialing the
digit 1.

With busy relay 1320 operated, and with de-
tector relay 1388 not operated, the momentary”
restoration of line relay #3086 in response to the
dialing of the vertification digit’l results in the
closure of a circuit over conductor {{, through the
inner upper armature and front contact of busy
relay 1320, conductor 14, middle upper armature
and back contact of detector relay 1388, and over
conductor {3, for the lower winding of busy-veri-
fication relay {3{i. Busy-verification relay 1311
thereupon operates and prepares a holding cir-
cuit for itself at its inner contacts.
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When line relay (386 reoperates, it opens the
initial circuit of relay I311 at its back contact,
while at its front contact it closes a holding
cireuit over conductor 2, through the inner con-
tacts of relay 13f1, the upper winding of relay
{31i, and through the winding of ring-trip re-
lay 1315, to battery. Relay 1311 remains oper-
ated in this holding circuit and relay 313 oper-
ates, whereupon ring-cutoff relay 1313 is oper-
ated and locks itself to conductor I7.

At contacts 19 of ring-cutoff relay 1313, a cir-
cuit is closed for switching relay 1319, where-
upon relay 1319 completes the talking circuit to
the called line at armatures 84 and 85. No
ringing current is applied at this time because
of the above-described operation of ring-cutoff
relay 1315 prior to the operation of switching
relay 1318.

The busy-tone signaling circuit is opened at
contacts 75 of busy-verification relay 1311, while
at armatures 13 and 714 back-bridge relay 1312
is disconnected to prevent a disturbance of the
supply of transmitter current to the called line, as
well as to prevent an undesired operation of
supervisory relay 1304 at this time.

The talking circuit having been completed to
the called line as above noted, the operator is
now able to determine whether or not the called
line is really in use, as distinct from an abnormal
condition resulting in the giving of a busy sig-
nal. One such abnormal condition is when the
called line may be out of order and therefore
locked out of service as previously discussed. If
the operator finds the called line to be out of
order, she may call this to the attention of the
attendant at exchange C, if such exchange is
attended at the time, or she may cause an at-
tendant to be sent to exchange C, if the exchange
is at such time unattended.

Assuming that the called line is not out of order
but is regularly busy in a local call (as distin-
guished from a toll call), the operator may re-
quest the subscribers to replace their receivers
and permit the local connection between their
jines to clear out. The operator may take down
the connection at her switchboard to permit the
connection which she has set up to the called
line to clear out whereupon she again takes an
idle trunk line for use and calls the number over
again to make connection with the called line in
the usual way.

P7. Incoming toll comversations not timed in
automatic exchange

Let it be assumed now that the desired line is
idle when called as described, in which case
switching relay {319 operates as previously de-
scribed to complete connection thereto, and ring-
ing current is applied. The ringing operation is
terminated when the called subscriber responds,
relays 1315, {313, 1312, and 1304 responding. The
conversation is not timed at the automatic ex-
change in this case, however, because the call is
a toll call, and conversation-timing lead P2 re-
mains disconnected at contacts of the unoperated
detector relay 1398. The operator is expected to
time and ticket the call in the usual manner.

P8. Answered supervision

When supervisory relay 1304 operates and re-
verses the current flow in the associated tip and
ring conductors, polarized supervisory relay 806
(Fig. 8) thereupon responds, causing incoming
supervisory relay 863 to reverse the current flow
over trunk line A—T| followed by the successive
operation of relays 702 and 791 in trunk circuit
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A—TCi to give the operator answered super-
vision as previously discussed.

P9. Disconnect subervision

When the ensuing conversation is terminated
and the called subscriber replaces his receiver,
the operator is given disconnect supervision as
follows:

Back-bridge relay 1312 of the connector re-
stores, followed by the restoration of supervisory
reiay §308, to reverse the direction of the cur-
rent flow in the associated talking conductors to
normal.

In the repeater OR—I polarized supervisory
relay 8086 now restores followed by the restora-
tion of incoming supervisory relay 803 to reverse
the current flow over trunk line A—TI to nor-
mal direction, causing relays 702 and T0( to
restore successively, the latter relay opening its
inner contacts to give the operator disconnect
supervision as previously discussed.

P10. Clearing out

When the operator removes the plug from the

jack J3, the established connection is cleared out

as hereinbefore described.
Q. Permanent timing at the repeater OR—1

When the repeater OR—I is seized in auto-
matic exchange C, timing operations occur to
bring about a release of the established connec-
tion within from two to four minutes if the oper-
ator has not answered during this time, as will
now be described.

It will be recalled that the outgoing line and
release relays 810 and 811 operate successively
upon the seizure of the repeater OR—I as an out-
going repeater, followed by the operation of aux-
iliary relay 812 to place a holding ground poten-
tial on the associated sleeve lead through the
lower winding of detector relay 813, which hold-
ing ground potential is effective to maintain a
connector such as Cl, Fig. 13, operated to main-
tain the connection established.

At armature 829, relay 812 applies ground po-
tential to start conductor (386 (extending fo
timer T, Fig. 13, part 6), to start the timer into
operation if it is not already operating. Lead Pi
of the timer T is now connected, through con-
tacts of release-timer relay 817, lower armature
and back contact of incoming release relay 809,
front contact of the lower armature of outgoing
release relay 81{ and the said armature, and con-
tacts 828 of auxiliary relay 812, to relay 81(1. As
a result of this connection, relay 817 operates
when lead Pl is next momentarily grounded, pro-
vided the operator has not in the meantime
answered to cause incoming release relay 885 to
operate. Upon operating, relay 8i7 closes a self-
locking circuit at its lower armature disconnect-
ing itself from lead Pf. At its upper armature
and associated contacts, release-timer relay 817
substitutes ground potential over hold lead Hi
for the local ground connection to the lower wind-
ing of detector relay 813.

If the operator has not responded and caused
incoming release relay 885 to operate by the time
hold conductor H! next becomes ungrcunded

(approximately two minutes following the opera-
tion of relay 817), such next ungrounding of lead
HIi results in the removal of ground potential
from the lower winding of detector relay 83 and
consequently from the associated sleeve lead.
The connection established in the automatic ex-
is thereupon

change to  the rereater OR—I
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cleared out as previously described, and the call~
ing line circuit is brought into lockout condition.
The repeater OR—I now clears out, relays 810,
811, and 812 restoring, with the resultant restora-
tion of the other operated relays of the repeater
(801, 892, 814, 815, and 81T).

Q1. Permanent timing at OR—I1 following
conversation

Let it be assumed now that the call through
repeater OR—! to the manual exchange is an-
swered before the connection is cleared out by the
previously described permanent-timing opera-
tion. In this event, when incoming release relay
805 responds to the operation of line relay 804
over the trunk line A—T!, it open-circuits and
restores release-timer relay 817 (if operated) at
its lower contacts. No conversation timing is
effected at this time in the automatic exchange,
as the called manual-exchange operator has the
responsibility of timing such calls as pass through
her switchboard. The permanent timing oper-
ation is resumed, however, when either the man-
ual operator or the calling subscriber discon-
nects.

Q1a. Permanent timing at OR—I1 when the
called operator fails to disconnect

‘When the calling subscriber replaces his re-
ceiver at the end of the conversation and thereby
brings about the restoration of line and release
relays 819 and 8!, incoming supervisory relay 803
restores to cause disconnect supervision to be
given to the manual-exchange operator, but aux-
iliary relay 812 remains operated in a holding
circuit through the middle contacts of incoming
release relay 805 and its own inner lower arma-
ture until the operator has disconnected. In
this event, a new circuit for release-timer relay
817 is established, through the back contact of
the lower armature of the restored outgoing re-
lease relay 811, and the front contact of the lower
armature of the operated incoming release relay
805. The permanent-timing operation there-
upon proceeds as previously described to release
the connection in the automatic exchange at the
conclusion thereof, whereby the calling line is
freed from the connection instead of being with-
held indefinitely from service while awaiting dis~
connection at the manual switchboard. The re-
peater OR—I1, however, is not thereby rendered:
available for use in the automatic exchange, for
auxiliary relay 812 at its lower contacts main-
tains the associated allotter conductors 931 sepa~
rated, whereby allotter relay 911 cannot become
reoperated to again allot the associated trunk line
A—T1 until the operator disconnects.

Q1b. Permanent timing at OR—I1 when the
Calling subscriber fails to disconnect

Let it be assumed now that the ecalling sub-
scriber in the call under consideration fails to
replace his receiver after conversation, and that
the connection is taken down in the called man-
ual exchange.

When the connection is taken down in the
called manual exchange, incoming line and re-
lease relays 884 and 8985 restore, relays 810 to 812
remaining operated. A release-timer circuit is
thereupon closed for relay 817 through the lower
armature and back contact of incoming release
relay 809, including the front contact of the lower
armature of outgoing release relay 8§i{{ and the
said armature. As a result, the previously de-
scribed release-timer operation proceeds to its
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conclusion, whereupon the connection is cleared
out as previously described, and the line circuit
associated with the calling line is brought into
lockout condition.

R. Operation of the trunk allotters

Referring particularly to trunk allotters TA—8
and TA—S$ of Fig. 4 and TA—0 of Fig. 9, the op-
eration of these trunk allotters will be explained
more fully. The three allotters are all similar
in basic wiring, differing only in the number of
trunk lines respectively associated therewith.
Seven trunk lines are associated with the trunk
allotter TA—0, terminal pairs 93 to 937 being
wired respectively to the associated two-way man-
ual-to-automatic repeaters. Only one of these
repeaters is shown, being the repeater OR—I, Fig.
8. Allotter conductors 931 associated with the re-
peater OR—I are maintained disconnected at the
lower contacts of auxiliary relay 812 at all times
when the repeater is in use pursuant to an out-
going call to the manual exchange, and they are
maintained disconnected at the lower contacts of
incoming-transfer relay 808 at all times during
an incoming call through repeater OR—I. On
the other hand, when the repeater OR—I (and
the associated trunk line A—T1i) is idle, neither
of the relays 808 and 812 is operated, and con-
ductors 931 are joined together in the repeater
to indicate the idle condition to the trunk al-
lotter TA—0.

R1. The first trunk line associated with TA—0
s allolted

The trunk allotter TA—48 is illustrated with all
seven of the active allotter relays 911 to 917 in
operated condition, each of said allotter relays
being held locked operated over its associated one
of the conductor pairs 931 to 937. Under this
condition, the first of the associated trunk lines
(A—T1) is allotted by the allotter TA—0, because
the local marking conductor 941 is maintained

"grounded at this time by relay 911,

R2. Aliotting the succeeding trunk lines

With the trunk allotter TA—0 in its illustrated
condition, when the next call is made to manual
exchange A, the allotter operates as previously
described to cause a marking potential to be placed
on conductor M1 of cable 1300 upon the described
operation of connecting relay 953, causing the
connection to be completed to the repeater OR~—1.
The consequent operation of auxiliary relay 812
separates conductors 931, whereupon relay 811 re-
stores and opens another point in its previously
established circuit, preparing a circuit for itself
through the lower contacts of reset relay $2i. At
its middle armature, relay 911 disconnects ground
potential from the local marking conductor 941
and applies ground potential to conductor 942,
through the corresponding armature of the op-
erated relay 912.

The second associated trunk line is now allotted
and will be used for the next call to manual ex-
change A, unless in the meantime it is restored
because the second trunk line is taken for use in
the manual exchange to thereby cause the as-
sociated conductors 932 to be separated (at the
contacts of the relay in the second repeater cor-
responding to the lower contacts of relay 808 of
repeater OR—1). In either event, when the trunk
line A—T1 is taken for use in either exchange,
relay 912 restores, whereupon the third conductor
943 becomes grounded to transfer the marking to
the third trunk line of the group, provided relay
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813 has not been restored by a seizure of the as-
sociated trunk line in the manual exchange.
In 3 similar way, the marking is transferred
successively as the operated relays of the allotter
TA—0 are restored.

R2a. Allotting itrunk lines succeeding ihe fifth

‘When the first five relays of the allotter TA—0
are in restored condition and at least one of the
remaining relays is in operated condition, the
units-switching mark conductor 946 is grounded
through contacts of the restored relays 9ff to 915
to prepare for the operation of the units-switch-
ing relay in any.one of the connectors (relay
UGC, Fig. 13, part 5, in the connector Cl). At
the same time, one or another of the conductors
941 to 945 is grounded, depending on which relay
of the last five in the allotter is the first one op-
erated following the fifth relay 815 in the chain.
The trunk line associated with such operated re-
lay is thereby allotted.

R3. The allotter action is progressive

Since each of the allotter relays, on restoring,
opens its locking circuit, the allotter relays do not
reoperate automatically when the associated
trunk line again becomes idle, the allotter being
what is termed a progressive allotter. The pro-
gressive allotter causes the connections made to
the trunk lihes through the automatic switching
equipment to be divided more or less evenly over
the group. One benefit of this arrangement is
that a subscriber calling and obtaining connec-
tion with a defective frunk line in the group cb-
tains connection with some other trunk line when
he discovers the defective condition of the trunk
line in use; replaces his receiver; and calls again.

R4, Reseiting allotter TA—0

When all of the trunk lines associated with the
allotter TA—0 have been used once for a call in
either direction, all of the relays of the allotter are
then in restored condition, and all marking is re-
moved from conductors 941 to 945. At this time,
a chain circuit is closed through contacts of all of
the allotter relays 911 to 920 for reset relay 921.
Reset relay 921 thereupon operates, to ground the
illustrated common reset conductor at its inner
lower contacts, thereby reoperating each of the
restored relays of the allotter whose asscciated
trunk line is idle, as indicated by the closed con-
dition of the associated one of the conductor pairs
931 to 937. Each reoperated relay closes a self-
locking circuit over its associated conductor pair
and disconnects itself from the reset conductor.

The chain circuit for reset relay 921 is opened
upon the operation of one or more of the allotter
relays. Relay 921 restores after a slight interval
(being a slow-acting relay as indicated), thereby
ungrounding- the associated reset conductor to
permit the progressive operation of the allotter
hereinbefore' describked to proceed.

Busy relay 853 is also operated temporarily
upon each operation of reset relay 921, but ordi-
narily restores almost immediately, when reset
relay 921 restores upon the successful operation
of one or more of the associated allotter relays.

R5. An  all-trunks-busy - condition at allotier
TA—0

If all of the trunk lines with which the trunk
allotter TA—0 is associated are in use when re-
set relay 821 operates, none of the allotter relays
responds, and relay 921 remains operated until
at least one of the associated trunk lines becomes
idle to permit its associated allotter relay to re-
operate and open the chain circuit of reset re-
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lay '921. Under this condition, busy relay 853 is
maintained -operated by reset relay 921 to pre-
pare for the grounding of busy lead B—I in’'the
cable 1360, and for the closing of a circuit. for
the associated counting device: (or meter) 956 in
the event that connecting relay 953 operates pur-
suant to an attempt to seize one of the trunk lines
of the group while all of them are in use. If ex-
change A is now called, and assuming connector
Ci (Fig. 13) is the calling connector, busy relay
1320 therein is operated over the following cir-
cuit: from ground through contacts of relays
821, 953, and 954, lead B—I in cable 1300, con-
tacts of relay CN—I, conductor 2, and through
relay 1320 to battery.

On operating, relay 1321 returns busy signal
at its upper contacts, while at the front contact
of its middle lower armature, it operates relay
1326 through contacts of restored relay 1324 to
prepare the local holding circuit of busy relay
1320 at its lower contacts. At its inner lower
contacts, relay 1320 operates relay 1322 to com-
plete the local holding circuit of busy relay 1320
at contacts 88.

At its inner lower contacts, relay 1322 grounds
conductor 49, thereby operating hundreds-trans-
fer relay 1321 through contacts of relays 1328 and
{328. At its lower contacts, relay 1327 discon-
nects conductor 46 permitting relay CH—I to re-
store, followed by the restoration of relay CN—I
to free the common allotter equipment from the
connector Cl.

S. Local calls from tandem exchange C to term-
inating exchange D

The handling of local ealls from subseriber
lines of tandem exchange C to lines of terminat-
ing exchange D will now be described. For this
purpose, it may be assumed that a subscriber at
pay station #2031 (Fig. 2, part 2, and Fig. 10)
desires to converse with the subscriber at sub-
station #2012 on party line #201;301 of exchange
D (Fig. 2, part 3).

S1. Seizing an idle connector

It may be assumed that when the receiver is
removed at pay station #2031 (Fig. 10), opera-
tions as hereinbefore described occur, extending
the connection from the calling line through find-
er Fl (Fig. 11) to the connector CI (Fig. 13) and
the preparation for operation of the connector Ci.

S2. Dialing the single-digit number of exchange D

Since the calling subscriber is calling a line of
another exchange, he first dials the single-digit
number assigned to such other exchange (the
digit 8 in the assumed example), after which he
waits for dial-tone from the called exchange be-
fore calling the number (2012) of the desired
subscriber in the called exchange.

When the digit 8 is dialed into the seized con-
nector CI as the initial digit, the #8 counting re-
lay 1340 is operated to prepare a circuit over con-
ductor- 22 of cable 1366, and this circuit is com-
pleted when the slow-acting series relay 1321 re-
stores at the end of the digit and brings about
the hereinbefore described grounding of hun-
dreds conductors 38 and 39. The circuit is from
ground on conductor 39, through contacts of re-
lay 1340, conductor 23 of cable 1366, and through
the winding of tens relay T23C, to battery. Re-
lay T23C operates to connect up the- associated
tens group of line multiples represented by the
conductors in cable CA—23, and also brings about
the operation of relays CH—I and CN—I as here-
inbefore described in connection with the calling
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of the single-digit numbers 0 and 9 assigned to.

the manual exchanges A and B.
S3. Selecting and seizing repeater §R—1

When relay CN—1{ operates, at its inner con~
tacts, it grounds conductor 9 in cable 1390,
through contacts of the operated tens relay T22C,
thereby closing a circuit for connecting relay 441
of trunk allotter TA-—8§ associated with the trunk
lines interconnecting exchanges C and D. It may
be assumed that the first trunk Iine of this group
is allotted at this time (trunk line C—TI{, inter-
connecting repeaters 8R—I of Fig. 5 and Rl of
Fig. 6). Under this condition, conductor 421 of
the allotter is in grounded condition, causing
ground potential to be applied through contacts
of relay 841 to conductor M{ of cable 1380, A cir-
cuit is thereby closed for operating units relay
UIC of connector Ci, causing the first trunk line
of the called group to be seized over line multi-
ple #2314, to which line circuit LC—23{ (Fig. 5)
and repeater SR—I{ are connected. This seizure
is accomplished by the hereinbefore described
operation of switch~through relay {3061.

When the line multiple #231 is seized, cutcff
and lockout relays 516 and 57 operate over the
associated sleeve conductor from the ground po-
tential applied momentarilty from the seizing con-
nector. Relay 516 disconnects line relay 5{8.

S4. Preparing repeater §R—1 for outgoing local
operation

In the seized repeater §R—I1, outgoing line re-
lay B84 is connected between ground and the tip
conductor of line multiple #231, through con-
tacts 521, and the upper left-hand winding of
repeating coil 588, while retard coil 535 is con-
nected between the free pole of the exchange bat-
tery and the ring conductor of the seized multiple,
through contacts 522, and the lower left-hand
winding of the repeating coil. Line relay 5948 ac-
cordingly now operates over the calling line. Out-
going release relay 523 next operates through
contacts of line relay 584, and operates outgoing
transfer relay 588. At its inner upper contacts,
outgoing transfer relay 588 applies ground po-
tential to the associated sleeve conductor through
the winding of detector relay 538 to maintain
the connection established-after slow-acting re-
lease relay {307 of connector Cl restores.

S4a. Operating detector relay 503

Upon restoration of release relay 1387 of the
connector Cl, the connection is held by the ground
potential supplied through the winding of de-
tector relay 5823 through contacts of the operated
outgoing transfer relay 589. Detector relay 583
accordingly operates (the call under consideration
being one coming from a subscriber line instead
of from an operator) to open its contacts to
prevent the transmission of a signal to exchange
D indicative of a call from a manual exchange.

S4b. Bridging the trunk-line conductors

At armatures 523 and 524, relay 538 discon-
nects incoming line relay 5!4 and substitutes a
bridge controlled by the upper contacis of the
now-operated outgoing line relay 584. This bridge
may be traced from the front contact of arma-
ture 523, through the upper contacts of outgoing
line relay 504, the low-resistance left-hand wind-
ing of pclarized relay 588, and through resistor
533, to the front contact of armature 524.

S5. Preparing repeater R1 for incoming operation
In exchange D, retard coil 68 is connected be-
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tween ground and the tip conductor of trunk
line C—T1, through contacts 625 and the upper
left-hand winding of repeating coil 680, while
incoming line relay 605 is connected between the
free pole of the exchange battery and the ring
conductor of the frunk line, through contacts
626 and the lower left-hand repeating-coil wind-
ing. As a result, line relay 685 operates over the
trunk line C—T{ when it is bridged as described
in the repeater 8R—Ii. Incoming release relay
69¢ next operates through contacts of line re-
lay 685, and operates incoming transfer relay 6148.

Differential detector relay 683, whose windings
are connected in series respectively with retard
coil 682 and incoming line relay 603, is not op-
erated at this time because the current flow is
balanced in its two windings. Detector relay
683. is not operated at any time during a call
of the class under consideration because of the
operated condition of detector relay 583 in repeat-
er 8R—1{, which maintains its contacts open to
avoid an unbalancing of the interexchange trunk-
line conductors at the end of each dialing opera-
tion, as will be explained hereinafter.

S6. Bridging the talking conductors of the line
multivle

At armeatures 827 and 628, incoming transfer
relay 618 disconnects retard coil 612 and out-
going line relay 613, and substitutes a bridge
across the tip and ring conduectors of the associ-
ated line multiple #2{f. This bridge may be
traced from the front contact of armature 621,
through the upper contacts of incoming line re-
lay 685, the low-resistance left-hand winding of
polarized relay 688, and resistor 632, to the front
contact of armature 628.

87. Seizing a conmnector in exrchange D

In line cireuit LC—2{{", line relay 622 now op-
erates over the bridge esta,bhshed in repeater Ri,
and applies ground potential to the assoc1ated
T and U marking conductors so as to cause the
distributor DR—!’ (Fig. 2, part 8) to operate an
idle one of the associated finders to link a con-
nector with the associated calling line multiple
#241. It may be assumed that the finder B’ i
idle and is accordingly operated by the dlstrlbutor
DR’ to link the connector Ci’ with the calling
line multiple #2111 through the finder-connector
link 1,{’. This operation is as described herein-
before in connection wilth the corresponding ap-
paratus of exchange C shown in Figs. 11 to 13.

When the connector C!’ has been taken for use
and prepared for operation, it returns a dial-
tone signal over the established connection as ex-
plained hereinbefore for the connector C! of
Fig. 13. Upon hearing the dial-tone signal, the
calling subscriber at pay station #2031 (Fig. 10)
in exchange C dials the digits 2, 0, 1, and 2 in the
desired exchange-I) number.

S88. Repeating the digit impulses from exchange
C to exchange D

Each time a digit of the desired number is
called, line relay 504 of repeater 8R—I (Fig, 5)
is restored momentarily a corresponding num-
ber of times. Slow-restoring series relay 512 is
operated through contacts of the slow-restoring
outgoing release relay 506 upon the first restora-
tion of line relay 584 and remains operated
throughout the series of impulses. Auxiliary-se-
rieg relay 811 responds to the operation of relay
512, and restores shortly after relay 512 restores
at the end of the series of impulses. Af its upper
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contacts, series relay 53 shunts resistor 532
across resistor 533 and the left-hand winding
of polarized relay 588 so as to improve the im-
pulsing circuit to repeater Rl. :

Upon each momentary restoration of line re-
lay 504, the previously described bridge across the
conductors of trunk line C—TI is opened at its
upper contacts, producing a momentary restora-
tion of incoming line relay 625 of the repeater
RI.

In the repeater Ri, upon the first restoration
of incoming line relay 6085 of any series, a cir-
cuit is closed through contacts of slow-restoring
release relay 606 for slow-restoring series relay
607. Relay 687 accordingly operates and remains
operated throughout the series of impulses. At
the upper contacts of series relay 887, resistor
632 is shunted around resistor 633 and the left-
hand winding of relay 608 to improve the im-
pulsing circuit to the connector in use.

Upon each momentary restoration of line re-
lay 685, the bridge across the conductors of the
associated line multiple #211 are opened at the
upper contacts thereof, thus effectively repeating
the dialed impulses to the connector C!’ (Fig. 2,
part 3).

S9. Completing the connection by local-connec-
tor operation in exchange D

The connector CI’ responds (as hereinbefore
described for the connector Cl, Fig. 13) to the
digits repeated thereto at the repeater RI to
complete connection to the called substation
#2012 on party line #201;30f. Assuming that
this line is idle, the connection is made and ring-
ing cwrrent is applied. In the call under con-
sideration, detector relay 603 of repeater RI not
having operated, sleeve-control relay 682 is con-
sequently not operated, and no ground potential
therefore is applied by repeater R1 to the sleeve
conductor of the associated multiple #241. As a
result, the connector in use (connector C i, Fig. 2,
part 3) changes over from toll operation to local
operation as hereinbefore described for the con-
nector Cl, Fig. 13.

S10. Answered supervision

When the called subscriber answers, connec-
tor C1’ operates to cause the current flow to be

reversed over its incoming conductors, whereby

the current flow in the tip and ring conductors
of line multiple #211 associated with the repeater
Ri is reversed. When this occurs, polarized
supervisory relay 689 in the repeater Rl oper-
ates, whereupon incoming supervisory relay (17}
is operated through contacts of incoming trans-
fer relay 610 to reverse the conductors of the
trunk line C—TI.

In repeater 8R—I, polarized supervisory relay
550 now operates, whereupon outgoing super-
visory relay 50t operates through contacts of out-
going transfer relay 589 to reverse the tip and
ring conductors of the associated line multiple
#231. The current flow in the calling pay-sta-
tion line of Fig. 10 is thereby reversed, render-
ing the pay-station instrument inoperative as
previously described until the subscriber de-
posits the requisite coin to thereby again render
it operative for conversation purposes.

S11. Disconnect supervision

If the called subscriber replaces his receiver
first, the current flow is reversed back to nor-
mal direction in the connector in use in exchange
B, whereupon relays 609 and 601 in repeater Ri
restore, causing the restoration of relays 508
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and 501 of the repeater 8R—I, the current flow
in the calling line being reversed to normal di-
rection by the restoration of relay 501.

S12. Clearing out

When the receiver is replaced at the calling
substation, the established connection clears out
as will now be explained.

S12a. Clearing out in the calling exchange C

Line relay 584 restores when the receiver is
replaced at the calling substation. At its upper
contacts, it open-circuits and restores the distant
line relay 605, while at its lower contacts it open-
circuits release relay 506. Release relay 506
restores after a slight interval, followed by the
restoration of outgoing-transfer relay 509. Re-
lays 512 and 511 incidentally operate at this time,
but clear out responsive to the resortation of re-
lay 506. At the inner upper contacts of outgo-
ing-transfer relay 509, ground potential is re-
moved from the sleeve conductor of the associated
line multiple #231, whereupon line circuit LC—
231 returns to normal condition and the con-
nection established through the connector Cl and
finder Fl in Figs. 13 and 11 is cleared out as
previously described.

812b. Clearing out in the called exchange D

In exchange D, when line relay 605 is open-
circuited at the upper contacts of line relay 504
as above mentioned, it unbridges the tip and ring
conductors of the associated line multiple #211{
at its upper contacts to permit the connector in
use to clear out, while at its lower contacts it
open-circuits incoming release relay 606. Re-
lease relay 606 restores a moment later, permit-
ting incoming transfer relay 6{@ to restore.
Series relay 687 operates incidentally at this time,
but clears out following the restoration of relay
696.

The remaining portion of the connection, in-
cluding the connector in use, is cleared out as
hereinbefore described in connection with the
connector Ci1 (Fig. 13). When this occurs, cub-
off and lockout relays 624 and 623 of line cir-
cuit T.C—21i1’ restore, returning the line circuit
to its illustrated normal condition.

T. Manual-exchange calls through tandem
exchange C to terminating exchange D

The handling of manual-exchange calls
through tandem exchange C to lines of terminat-
ing exchange D will now be described. For this
purpose, it may be assumed that the operator at
exchange A receives a call for a subscriber of
terminating exchange D. It may be assumed
that the trunk line A—TI( (Figs. 7 and 8), as-
sociated with trunk circuit A—TCI and repeater
OR—|, is used for this call.

T1. Seizing and prevaring a connector
in tandem exchange C

When a cord-circuit plug is inserted into the
jack J3 (Fig. 7), operations as hereinbefore de-
seribed occur, causing line relay 828 of line cir-
cuit LC—21{1 to operate. It may he assumed that
finder Fi of Fig. 11 responds at this time to ex-
tend the call over the associated link L to the
connector C{ of Fig. 13. The connector CI is
thereupon prepared for operation as described
and returns a dial-tone signal to the calling man-
ual exchange.
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T2. Dialing the single-digit
number of exchange D

The calling operator now dials the digit 8 as-

signed to the terminating exchange, causing the
connector C{ to be operated to take an idle one
of the concerned trunk lines for use as herein-
before described.

T3. Seizing repeater 8R—I

It may be assumed that the trunk line C—T1
in Figs. 5 and 6 is idle and allotted at this time,
in which case the connection is extended through
line multiple #2381 to the repeater 8R—I, Fig. 5,
relays 516 and 5{7 of line circuit LC—234{ operat-
ing.

Td. Preparing repeater 8R—1 for
outgoing toll operation

The seized repeater 8R—I is now prepared for
outgoing toll operation by the energization of line
relay 594, release relay 598, and outgoing trans-
fer relay 588, as hereinbefore described. Detec-
tor relay 583 does not operate at this time re-
sponsive to the closure of the inner upper con-
tacts of outgoing transfer relay 589 because the
sleeve lead of the connection established through
tandem exchange A from the calling manual-to.
automatic repeater OR—{ (Fig. 8) is grounded
in the repeater OR—I{ as hereinbefore described.
This ground connection to the sleeve conductor
in repeater OR—1{ includes the middle contacts
of release relay 885, lower contacts of operated
sleeve-control relay 888, and contacts of incom-
ing transfer relay 868. The repeater $R—1 is now
prepared to condition repeater Ri subsequently
for toll operation, as will be described herein-
after.

T5. Preparing repeater R1 for
incoming operation

In exchange D, the repeater R! is prepared for
incoming operation as hereinbefore described by
the operation of line relay 685, release relay 668,
and incoming transfer relay 6i8. The line cir-
circuit LC-21{ now operates as described to cause
an idle connector to be linked to the associated
line multiple #2111, whereupon dial-tone signal is
transmitted back over the connection to the call-
ing operator to inform her that she may dial the
listed directory number of the desired subscriber
in terminating exchange D.

T6. Repeating the digit impulses through
tandem exchunge C to lerminating exchange D

The impulse series constituting the digits in the
desired number, which are generated by the call-
ing device CD, Fig. 7, are repeated by repeater
OR—{, Fig. 8, (at the upper contacts of line
relay 804) to the repeater 8R—1{. At its upper
contacts, line relay 584 of the repeater 8R—i re-
peats the received impulses to line relay 695 of
the repeater Ri, which in turn repeats them at its
upper contacts to the connector in use in ex-
change D.

T7. Relaying the grounded-sleeve, toll-call
indication from exchange C to exChange D

It will be recalled that series relay 52 in re-
peater 8R—{ operates at the beginning of each
series of impulses and restores at the end thereof,
and that series-auxiliary relay 51§ responds to
each operation of relay 5{2 and restores a short
interval after the restoration of relay 542.

‘At the end of the first digit repeated by re-
peater 8R—I in the present call (in which detec-

10

15

20

30

35

40

45

50

55

60

65

70

7%

82

tor relay 508 is in restored condition as described
to  indicate a toll call), the current flow in the
conductors of trunk line C—TI is unbalanced
momentarily by a ground connection made there-
to in the interval required for relay 511 to restore
after series relay 512 restores. With relay 512
restored and with slow-restoring relay 511 stilt
operated for a moment, a circuit connection ex-
ists from ground, through the inner armature
and back contact of relay 512, contacts of the
operated relay 8il, contacts 525 of relay 509,
contacts of detector relay 583, front contact of
armature §23 and the said armature, and through
the upper right-hand winding of repeating coil
500, to the tip conductor of the trunk line C—TI,
By this ground connection, retard coil 604 and
the upper winding of detector relay 693 in the
repeater Rl are shunted, thus unbalancing the
current flow in the two windings of differential-
detector relay 603,

T7a. Conditioning repeater R1 for toll operation

In the exchange D, detector relay 603 of re-
peater RI now operates to close a circuit for
sleeve-control relay 602 from ground on the sleeve
conductor of the associated line multiple #2{{,
through the inner upper contacts of the operated
Incoming transfer relay 6{0 and contacts of de-
tector relay 603. Sleeve-control relay 602 now
operates. At its upper contacts, it locks itself to
the associated sleeve conductor, independent of
the contacts of detector relay 603. At its lower
contacts, relay 662 completes a ground connec-
tion to the sleeve conductor of the associated
line multiple #21| as follows: from ground
through the inner lower contacts of the oper-
ated incoming release relay 606, through the low-
er contacts of sleeve-control relay 602, the upper
contacts of relay 602, and through contacts of
relay 610 to the said sleeve conductor. The
ground potential is thus applied to the sleeve con-
ductor of line multiple #2i1 to mark the cal] as
one coming from g manual exchange,

When the above-described temporary unbal-
anced condition is terminated (by the restora-
tion of relay 811), detector relay 663 restores, but
sleeve-control relay 602 remains operated there-
after through its own contacts independent of
the contacts of detector relay 663.

The unbalancing operation is repeated at the
end of each dialed digit, but is of no particular
effect after sleeve-control relay 602 has operated
and locked as above noted.

It is to be particularly noted that the unbal-
ancing connection made to the trunk line C—Ti
does not interfere with the impulse-repeating cir-
cuit from 8R—I to RI in the event that slow-
restoring series-auxiliary relay 511 occasionally
fails to restore between closely spaced successive
impulse series, since the ring conductor of trunk
line C—T1 is left free for controlling line relay
§05 of repeater Ri, and line relay 665 is not di-
rectly affected by the fact that the ring conduc-
tor of the trunk line is grounded at both ends, for
such line relay remains under the free control of
the upper contacts of line relay 504.

T8. Conditioning the connector in use in ex-
change D for toll operation

When the complete number has been dialed
and the connector in use in exchange D tests the
called line and operates either its busy relay or
its switching relay, the test winding of the detec-
tor relay therein corresponding to detector relay
1368 of the connector C{ .is cut into circuit, but
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such detector relay.is prevented from operating

at this time by the ground potential maintained
on the sleeve conductor of the connection in ex-
change. D by the above-mentioned ground con-
nection to the sleeve conductor S of the calling
line multiple #2111 associated with the repeater
Ri. Accordingly, the connector in use in ex-
change D is conditioned for toll operation by the
failure of the above-mentioned detector relay
to operate.
T9. Answered supervision

Assuming that the called line is idle and that
the called subscriber responds, the consequent re-
versal of current flow brought about by the con-
nector in use causes supervisory relays 609 and
§01 in the repeater R to respond to reverse the
current flow over trunk line C—TI, as previously
described, whereupon supervisory relays 588 and
501 in repeater 8R—I respond to reverse the cur-
rent flow in the connection in exchange C. Re-
lays 806 and 863 in the repeater OR—I there-
upon respond as hereinbefore described, and the
latter relay reverses current flow to the trunk
cireuit A—TCI. When this occurs, relays 702
and 701 respond and the latter relay causes the
calling operator to be given answered supervision.

T10. Disconnect and recall supervision

The above-mentioned supervisory operations
are reversed when the called subscriber replaces
his receiver. The called subscriber can, of course,
sienal the operator by manipulating his hook-
switch as desired, the hookswitch signaling being
repeated from repeater RI to repeater 8R—I
(Figs. 6 and 5), and from the repeater 8R~—{ to
the repeater OR—I (Fig. 8) and from the repeat-
er OR—I1 to the trunk circuit A—TCIi (Fig.D).

T11. Clearing out

When the operator at exchange A removes her
plug from the jack J3, the resulting open-circuit
condition is relayed by the repeater OR—I (Fig.
8) to the repeater 8R—I1 (Fig. 5), thereby to the
repeater BRI (Fig. 6), and thereby to connector
in use in the terminating exchange D. The con-
nection in tandem exchange A is cleared out re-
sponsive to the removal of ground potential from
the sleeve conductor of line multiple #211 asso-
ciated with repeater OR—I or to the removal of
ground potential from the sleeve conductor of
line multiple #231 associated with the repeater
8R—1, whichever occurs last.

In the exchange D, the connector in use re-
moves ground potential at one point from the
sleeve lead of line multiple #2114, Fig. 6, part 2,
when it clears out. Incoming release relay 606
of repeater Rl restores as a result of the deen-
ergization of incoming line relay 685. When it
does so, it. removes ground potential at one point
from the sleeve conductor of -the associated line
multiple #211. Responsive to whichever of these
operations occurs last, line circuit LC—211’ clears
out, and relays 662 and 610 restore,

U. Local call jrom terminaling exchange D to
tandem exchange C

The way in which subscribers of terminating
exchange D are given service on calls to sub-
scriber lines of tandem exchange C will now be
described. For this purpose, it may be assumed
that a subscriber at pay station #2821 (Fig. 2,
part 2) on line #202 of exchange D desires to con-
verse with a subscriber of tandem exchange C.

) Ul. Seizingaco1mector in exchange D
When the receiver is removed at the calling
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pay station, a finder such as Fl’ (Fig. 2, part 3)
is caused to operate to link a connector such as
Cl’ with the calling line, whereupon such con-
nector is prepared for operation and a dial-tone
signal is given to the calling subscriber.

U2. Dialing the single-digit number of exchange C

The calling subscriber may now dial the digit
0 assigned to tandem exchange C from the stand-
point of terminating exchange D, with the result
that the connector in use is operated as herein-
before described for connector Cl (Fig. 13) to
make connection with an idle one of the trunk
lines interconnecting exchanges C and D. It may
be assumed that the trunk line C—TI intercon-
necting the repeaters 8R—{ and Rl of Figs. 5
and 6 is idle and allotted at this time, in which
case it is taken for use by way of line multiple
L. M. #211 (Fig. 6, part 2).

U3. Clearing the line circuit LC—211’

When the connector in use in exchange D seizes
line multiple #211 therein, associated with re-
peater RI, Fig. 6, it thereby extends as the con-
ductors of the calling line to the tip and ring
conductors T and R of the seized line multiple,
and extends the still-grounded sleeve conductor
of the connection to the sleeve conductor S of
the line multiple. Cutoff and lockout relays 624
and 623 are thereupon operated over the associ-
ated sleeve conductors to clear the line circuit
LCc—211",

U4. Preparing repeater R1 for outgoing operation

In the repeater Ri, retard coil 612 is normally
connected between the free pole of the exchange
batbtery and the ring conductor of the associated
line multiple through contacts 628 of incoming
transfer relay 610 and the lower left-hand wind-
ing of repeating coil 600, while outgoing line re-
lay 613 is normally connected between ground
and the tip conductor of the line multiple through
contacts 621 and the upper right-hand winding
of the repeating coil. Consequently, outgoing
line relay 613 is energized over the calling line
when the associated line multiple #211 is seized.
Relay 613 thereupon operates causing the succes-
sive operation of outgoing release relay 6if and
outgoing transfer relay 608. Outgoing transfer
relay 608 applies a holding ground potential to
the sleeve conductor of the associated line mul-
tiple as follows: from ground, through normally
closed contacts controlled by inner armature of
release-timer relay 615, the lower winding of
transformer 616, and through the inner upber
contacts of outgoing transfer relay 608, to the
associated sleeve conductor,

With outgoing release relay 611 operated class-
tone relay 617 operates through contacts of out-
going supervisory-control relay 614, followed by
the operation of class-tone relay 618, to prepare
for the giving of a class-tone signal when the call
is answered, which signal is important only when
a manual exchange is being called.

At armatures 625 and 626, outgoing transfer
relay 608 disconnects the conductors of trunk
line C—T1 from retard coil §02 and incoming line
relay 665 and transfers them to a bridge con-
trolled by the upper contacts of ocutgoing line re-
lay 613, This bridge may be traced from the
front contact of armature €25, through the up-
per contacts of outgoing line relay 613, the low
resistance left-hand winding of polarized super-
visory relay 609, and through resistor 633, to the
front contact of armature 626,
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US5. Preparing repeater 8R—I1 for
operation

incoming

In the repeater 8R—I in exchange C, incom-
ing line relay 51# is normally connected to the
conductors of trunk line C-—-T1{ through the re-
peating-coil windings and back contacts of ar-
matures 523 and 524. Line relay 5!4, accord-
ingly, now operates over the trunk line C—T{
through the above-traced bridge across the con-
ductors thereof in the repeater Ri, including the
upper contacts of outgoing line relay 6{3. In-
coming release relay 513 and incoming transfer
relay 587 operate successively responsive to the
operation of relay 5i4. Relay 513 prepares an
impulse circuit to series relay §12, while incom-
ing transfer relay 597, at its inner upper con-
tacts, connects the lower winding of sleeve-con-
trol relay 5i8 to the associated sleeve conductor,
but without any particular effect at this time be-
cause the associated sieeve conductor is not
grounded for the moment.

176. Seizing a connector in exchange C

At armatures 524 and 522, relay 597 discon-
nects the tip and ring conductors of the asso-
ciated line multiple #23{ from line relay 504
and retard coil 565, and transfers them to a
bridge including the upper contacts of line relay
544, This bridge may be traced from the front
contact of armature 521, through the upper con-
tacts of line relay 5i4, the low-resistance left-
hand winding of polarized supervisory relay 508,
and resistor 633, to the front contact of arma-
ture 522. Line relay 518, of line circuit LC—23{
now operates through the above-traced bridge to
ground the associated T and U mark conductors
to cause a finder to link an idle connector with
the associated line multiple #231. When this
has been done (as by the cperation of the finder
Fi, Pig. 11, to link the connector C{ of Fig, 13),
ground potential is placed on the sleeve con-
ductor by the connector, operating cutoff and
lockout relays 518 and 87, whereupon line relay
518 is disconnecied and restored.

U7. Grounding the sleeve in repeater 8R—I

In the repeater 8§R—1, the grounding of the
sleeve conductor of the associated multiple closes
an operating circuit through contacts of relays
507 and 5{{ for the lower winding of sleeve-con-
trol relay 5i8. Sleeve-control relay 50 is re-
tarded in operation by the normally short-cir-
cuited upper winding thereof. 1t operates after
a slight interval to open-circuit its upper wind-
ing to render it fast-releasing, and it makes a
circuit connection: from ground at the inner
contacts of release relay 513, through the lower
contacts of sleeve-control relay 518, and the
inner upper contacts of incoming transfer relay
587, to the sleeve conductor of the associated
line multiple #231. This application of ground
potential has no purpose except in calls from
onte or the other of the manual exchanges, its
purpose then being to shunt ocut and maintain
restored the detector relay of the concerned re-
peater such as OR—I{, Fig. 8, to permit reverse
battery supervision to be relayed back therefrom
as will be described hereinafter. Special pro-
visions are associated with sleeve-control relay
510 to secure the removal of ground potential in
the repeater 8R—1{ from the associated sleeve
conductor at the time when the detector relay
of the connector in use is rendered effective to
determine whether the connector is to be con-
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ditioned as a toll connector or is to be con-
ditioned as a local connector, as will be described
subsequently.

The usual dial-tone signal is sent back by the
seized connector in exchange C through the
repeaters 8R—1 and R{ of Figs. 5 and 6 to the
calling line in terminating exchange D to in-
form the calling pay-station subscriber that he
may now dial the directory number of the de-
sired subscriber in the called tandem exchange C.

U8. Repeating the digit impulses

Upon the dialing of each of the four digits in
the directory number of the called line in ex-
change C, outgoing line relay 613 of repeater
R! is momentarily restored a number of times
corresponding to the value of the digit. Each
time it restores, it opens the above-traced bridge
across the conductors of trunk line C—T1 at its
upper contacts, whereby incoming line relay 5t4
in repeater 8R—I in exchange C is caused to
follow the calling device in exchange D.

Each time incoming line relay 514 momentari-
Iy restores, it opens the bridge across the tip
and ring conductors of the associated line mul-
tiple #23! at its upper contacts, whereby the
calling-device impulses are repeated to the seized
connector, causing such cohnector to operate as
hereinbefore described to set up the desired
connection.

In the repeater R!, each monetary restoration
of outgoing line relay 63 closes a circuit for

‘series relay 807 through contacts of outgoing

supervisory relay 5¢4 and contacts of the oper-
ated outgoing release relay 5fl. Relay 807 ac-
cordingly operates and remains operated
throughout the series of impulses. At its inner
upper contacts, it shunts resistor 631 around the
winding of retard coil 6{2 to improve the re-
sponse of line relay 618, while at its upper con-
tacts it shunts resistor 632 across resistor 633
and the left-hand winding of relay 609, to im-
prove the response of incoming line relay 54
of the repeater 8R—I.

UY9. Counting the number of digits to determine
destination of the call

Arrangements are provided in the repeater R{
to count the number of digits dialed by a calling
exchange-D subscriber after seizure of the re-
peater to determine thereby whether the call is
being made to one of the manual exchanges (in
which case only a single digit, 9 or 0, is dialed)
or is for a local line of exchange C (in which case
four digits are dialed). The purpose of the de~
termination is to enable reverse battery super-
vision received by the repeater R! when the call
is answered to be relayed bhack to the calling line
if the call is to a subscriber line of exchange C,
but to be withheld in the repeater Ri if the call
is to one of the manual exchanges, whereby call-
ing pay-station subscribers of exchange D are
permitted to make free calls to the manual ex-
changes, but are required to deposit a coin be-
fore being permitted to converse with called sub-
scribers of exchange C.

U9a. Disconnecting the joulgoing supervisory re-
lay when the first digit is counted

The digit-counting operation is accomplished
by digit-counter relays 619 and 620 under the
control of series relay 6817.

When relay 607 operates as described in re-
sponse to the first repeated digit, it closes a cir-
cuit for the lower winding of digit-counter relay
620, as follows: from ground through the inner
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lower contacts of the operated outgoing release
relay 611, lower armature and front contact of
series relay 607, upper armature and back con-
tact of digit-counter relay 619, and thence to
battery through the lower winding of relay 624.
Relay 620 operates when this circuif is closed.
At its lower contacts, it disconnects outgoing su-
pervisory relay 62f so as to prevent the relaying
back of reverse battery supervision unless relay
620 is subsequently restored. At its upper con-
tacts, relay 620 prepares a restoring circuit for its
upper winding, and at its inner lower contacts
it closes a self-locking circuif, as follows: from
ground through the lower contacts of relay 6li,
the inner lower contacts of relay 620, the lower
winding of relay 619, and through the lower wind-
ing of relay 820 to battery. The lower winding
of relay 649 is not energized in this locking cir-
cuit for the time being, for it is short-circuited
by the initial circuit closed for the lower winding
of relay 628.

When slow-restoring series relay 647 falls back
at the end of the first digit dialed following the
seizure of the repeater R, it opens the initial
circuit above traced for the lower winding of re-
lay 620. Relay 520 remains operated in its above
traced locking circuit and relay 619 operates
therein. Upon operating, relay 619 closes a lock-
ing circuit for its upper winding, to ground
through the inner lower contacts of release re-
lay 611, whereby it is maintained operated inde-
pendent of the contacts of relay §20 until the
connection is cleared out.

At its upper armature, relay 619 opens a fur-
ther point in the previously established initial
circuit for the lower winding of relay 620 and
prepares a restoring circuit for the upper wind-
ing of relay 620.

On calls to the manual exchange, the single
digit dialed after the seizure of the repeater R
suffices to fully extend the connection, and re-
lay 620 is, therefore, not restored by further
digling. On such calls, outgoing supervisory re-
lay 621 remains disconnected. In the present ex-
ample, however, the call is for a subscriber line
of the tandem exchange and three additional
digits are dialed, causing relay 6§20 to restore, as
will be described, to again connect up outgoing
supervisory relay 621.

U9b. Reconnecting - the supervisory relay when
more than one digit is counted

When the second digit in the desired number
is dialed, series relay 607 is again operated and
remains operated throughout the digit. At its
lower armature and front contact, it closes a
circuit through the inner contacts of the oper-
ated relays 6!9 and 628 fcr the upper winding
of relay 620. Reloy 628 is a differential relay,
as indicated. As a result, relay 628 is ceenergized
by the current flow in its upper winding, and it
accordingly restores. Upon restoring, relay €28
again connects up outgoing supervisory relay 621
at its lower contacts; it disconnects its upper
winding at its upper contacts; and at its inner
lower contacts, it opens the locking circuit
through the lower windings of relays 6{8 and
620. Relay 618, however, remains operated
through its own lower contacts and usper wind-
ing.

With relay 619 locked operated, and with relay
620 again restored, these relays are not afiected
by the further operations of series relay 887 dur-
ing the dialing of the remzining two-digits in the
number.
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Tn the repeater 8R—I in exchange C, each timé
incoming line relay 514 restores momentarily pur-
suant to the repeating of the digit impulses, it
closes a circuit for slow-restoring series relay 512.
Relay 512 accordingly operates at the beginning
of each digit series of impulses and remains op-
erated until the end thereof. At its upper con-
tacts, relay 512 shunts resistor 532 around re-
sistor 533 and the left-hand winding of relay 568
to improve the impulse-repeating circuit to the
connector in use in exchange C.

U10. Temporary sleeve-ground removal for local-
call identification

Each time a digit is dialed, relay 52 operates
slow-restoring series-auxiliary relay 5if. Relay
511 disconnects the lower winding of sleeve-con-
trol relay 518 at its inner contacts, whereupon
sleeve-control relay 519 immediately restores, re-
moving ground potential in the repeater from the
sleeve conductor of line multiple #231, leaving the
sleeve conductor of the connection in exchange C
grounded only in the connector in use.

At the end of the first series of impulses, series
relay 542 restores and opens the circuit of series-
auxiliary relay 811, Slow-restoring relay 541 falls
back after a slight interval and reconnects sleeve-
control relay 5i0. Relay 518 does not reoperate
immediately because of its normally short-cir-
cuited upper winding, but it reoperates after a
slight interval to reapply ground potential to the
associated sleeve conductor.

The above operations of relays 5i2, blf, and
519 are repeated on the dialing of each subsequent
digit in thie desired number. Accordingly, at the
end of the final digit in the desired number, relays
512 and 5!l are in operated condition and relay
5i8 is restored and ground potential is tem-
porarily removed at the repeater from the asso-
ciated sleeve conductor. This ground potential is
not replaced for a substantial interval, the time
required for the successive restoration of the
slow-restoring relays 8i2 and 511 and the opera-
tion of the slow-operating relay 548. By the time
this has occurred, the series relay (such as 1321)
of the connector in use has restored at the end
of the final digit and has brought about the oper-
ation of one or another of the associated switch-
ing and busy relays (such as 1319 and 1328), to
remove the normally existing shunt from around
the upper winding of the associated detector relay
(such as 1368) to allow this detector relay to oper-
ate and condition the connector in use for local
operation., After this has been accomplished, the
subsequent replacing of ground potential on the
sleeve conductor in the repeater 8R—I{ at the
lower contacts of relay 510 does no harm, for the
detector relay (such as 1308) locks itself oper-
ated at its lower contacts and shunts out its test
winding at its inner upper contacts, besides
changing over the connector to local operation as
hereinbefore described.

Ull. Answered Supervision.

When the called subscriber responds, the super-
visory relay (such as {384) in the connector in ex-
change C reverses the connection between the
associated incoming tip and ring conductors and
the line relays (such as (3395 and 1306), thereby
causing the current flow to be reversed in line
multiple #2341 (Fig. 5) and consequently in the
bridge across these conductors in repeater R—I,
including the left-hand winding of pclarized su-
pervisory relay 568. Relay 508 thereupon oper-
ates and closes a circuit, through contacts of in-
coming transfer relay 801, for incoming super-
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visory relay 515. Incoming supervisory relay 545
thereupon reverses the conductors of trunk line
C—TI, reversing the current flow through the
left-hand winding of polarized relay 689 in the
repeater Ri. Relay 609 thereupon operates its
armature 8§50, closing a circuit, through con-
tacts of outgoing transfer relay 688, and confacts
of the restored digit-counter relay 628, for out-
going supervisory relay 621. Relay 621 operates
to reverse the current flow over the tip and ring
conductors of the associated line multiple #2141,
thereby reversing current flow over the calling
pay-station line #202 (Pig. 2, part 3). The calling
pay-station #2021 is thereupon disabled by the
operation of the polarized pay-station magnet as
described hereinbefore in connection with pay
station #283{ (Figs. 2 and 10). The calling pay-
station subscriber is thus required to deposit a
coin to recondition the pay station for conversa~
tion.

U12. Disconnect supervision

Assuming that the called subscriber is the first
to replace his receiver after conversation, the
above described supervisory operations are re-
versed, returning the current flow in the line mul-
tiple #2301 associated with repeater 8R—I, in
trunk line C—T1 and in the calling line in ex-
change D to normal direction.

U13. Clearing out

When the receiver is replaced at the calling
substation, the resulting open-~circuit condition is
relayed by repeater RI of BFig. 6 to repeater 8R—I
of Figs. 5 and 6, and thence to the connector in use
in exchange C, permitting such connector to clear
out as hereinbefore described. The repeater
8R—1 is cleared out by the restoration of relays
513 and 587 in succession, following the restora-
tion of incoming line relay 5{4. Relays 512 and
511 are incidentally operated at this time and
relay 51! disconnects and restores sleeve-control
relay 510 immediately, relays 512 and 511 restor-
ing successively responsive to the restoration of
relay 513,

In the calling exchange D, outgoing release re-
lay 611 restores a slight interval after the restora~
tion of outgoing line relay 613. At its inner con-
tacts, relay 6{{ open-circuits and restores out-
going transfer relay 633 and digit-counter relay
§19. Outgoing transfer relay 8§33, at its inner con-
tacts, removes ground potential from the asso-
ciated sleeve conductor, thereby permitting the
line circuit LC—211’ to clear out along with the
connector in use and the calling line circuit.
Series relay 887 is operated momentarily upon the
restoration of line relay 6§12 but clears out respon-
sive to the restoration of release relay 6!1 with-
cut producing any particular result at this time.

V. Handling calls from terminating exchange D
to manual exchanges A and B

The handling of calls from terminating ex-
change D, through tandem exchange C, to manual
exchanges A and B will now be described. For
this purpose, it may be gssumed that a subscriber
at pay station #2821 (Fig. 2, part 3) desires to
make a call to or through one of the manual ex-
changes A and B, manual exchange A, for ex-
ample,

V1. Calling tandem exchange C
When the receiver is removed at pay station
#2621, an idle one of the connectors Cl’ to CX’ is

linked to the calling line #282 by operation of the
associated one of the fiinders FI’ to FX’ under
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the control of the distributor DR’ as hereinbe-
fore described. Such connector thereupon re-
turns a dial-tone signal to the calling pay station
line, and it responds to the digit 0, when dialed,
to extend connection to tandem exchange C over
an idle one of the interexchange trunk lines C—TI
to C—T6. It may be assumed that trunk line
C—T{ is idle and allotted at this time and is
therefore seized, by way of repeater Ri of Figs.
2 and 6.

When the repeater Rl is seized in the termi-
nating exchange D, it is prepared for outgoing
operation as hereinbefore described, its relays 613,
§il, 608, 617, and 6i8 operating.

The repeater 8R——1 (Fig. 5) in exchange C is
now prepared for operation responsive to the
bridging of the associated trunk line C—TI in
the repeater R{I as hereinbefore described, its
relays 514, 513, and 507 operating,

The line circuit LC—231 now responds (by its
line relay 518) to cause an idle connector in
tandem exchange C to be linked to the asso-
ciated line multiple #231 by finder operation. It
may be assumed that the finder Fi, Fig. 11, op-
erates to link the connector C{ to the calling
multiple #231. The connector Ci is thereupon
prepared for operation, and grounds the asso-
ciated sleeve conductor, and consequently the
sleeve conductor of multiple #231, whereupon re-
lays 8i6 and 517 operate and relay 518 restores.

Via. Sleeve grounding for supervisory identifica-
tion

In the repeater 8R—I, sleeve-control relay 510
now operates from the grounded associated sleeve
conductor, through contacts of incoming transfer
relay 507 and contacts of series-auxiliary relay
511, At its lower contacts, relay 510 places
ground potential, controlled by incoming release
relay 513, on the associated sleeve conductor,
through contacts of relay 507, to identify the call
as one over which supervision should be given
from the called manual exchange.

V2. Calling manual exchange A

When the calling subscriber in exchange D,
on hearing the dial-tone signal now sent back
from the connector Ci in exchange C, dials the
digit 0 assigned to the manual exchange A from
the standpoint of exchange C, the ten momentary
interruption impulses constituting such digit are
repeated by the repeater RI of Fig. 6 to the re-
peater 8R—I of Fig. 5, and are thereat repeated
to the connector Ci of Fig. 13. As a result, the
connector Cl operates as previously described to
cause connection to be made with the called man-
ual exchange A, by way of the trunk line A—T!
for example, Figs. 7 and 8. This connection is
made by way of line multiple #21! and the re-
peater OR—I of Fig. 8, upon the hereinbefore de-
scribed switching-through operation of the con-
nector CI.

When the last-named line multiple #2{1 is
seized by the connector Cl, the ground potential
extended to the sleeve conductor thereof by the
seizing connector, brings gbout the operation of
relays 820 and 819 in line circuit LC—211, The
repeater OR-—{ is prepared for operation as here-
inbefore described, relays 810 to 812, 814, 815 op-
erating. Detector relay 813 does not operate at
this time because of the ground connection made
to the sleeve conductor at repeater 8R—I by
sleeve-control relay 510. Splash-ring relays 801
and 802 operate to project ringing current mo-
mentarily over the trunk line A—TI1 to signal
the operator in exchange A.




91

V3. Answered supervision

When the operator in manual exchange A an-
swers (having been signaled by call lamp T88),
the consequent bridging at the trunk circuit A—T{
of the conductors of trunk line A—T|{ causes
incoming line relay 884 in repeater OR—I to
operate, followed by the operation of incoming
release relay 805,

Class-tone relays 814 and 815 restore successive-
ly as previously described responsive to the op-
eration of incoming line relay 884, but no class-
tone is thereby impressed on the talking circuit
because of the absence of class-tone connections
to the sleeve conductors of the concerned line
multiplies #21{1 and #231.

With detector relay 813 in restored condition
as previously mentioned, a circuit is closed
through contacts of relays 804 and 885, arma-
ture 821 and its right-hand front contact, and
contacts of detector relay 813, for outgoing super-
visory relay 8i6. Relay 816 thereupon operates
to reverse the current flow in the associated line
multiple #2(1 and consequently in the connected
line multiple #23( associated with repeater
8R—I, Fig. 5.

In the repeater 8R—I, polarized relay 590 re-
sponds to the above-mentioned current-flow re-
versal, occasioned by the operation of outgoing
supervisory relay 86 of the repeater OR—1. At
its contacts 550, relay 508 operates incoming
supervisory relay 515. At its inner lower contacts,
relay 515 disconnects series relay 512 to prevent
operation of the latter relay in response to any
restoration of line relay 5f{4 which may occur,
while the established connection is in the state
of answered supervision. At its inner upper con-
tacts, relay 515 closes a parallel, high-resistance
bridge across the tip and ring conductors of the
associated line multiple #231 through the 30,000-
ohm right-hand winding of supervisory relay
508, for a purpose to be discussed subsequently.

Incoming supervisory relay 515 also reverses
the direction of current flow over the trunk line,
to relay answered supervision to the repeater Rf
in exchange D.

In the repeater R/, polarized supervisory relay
609 now responds and operates outgoing super-
visory-control relay 6(4.

V3a. Barring current reversal at repeater RI

Outgoing supervisory relay 621 is not operated
at this time because it is maintained discon-
nected at the lower contacts of the operated digit-
counter relay 620, relay 620 not having been
restored in the present call, because only a single
digit was dialed, following the seizure of the
repeater RI, to extend connection to the called
manual exchange. The current flow is, there-
fore, not reversed in the calling pay-station line,
wherefore the calling pay-station subscriber is
able to carry on a conversation with the oper-
ator in the manual exchange without first depos-
iting a coin, as he is obliged to do before con-
versing when a subscriber of either of the auto-
matic exchanges is called.

Upon operating as above noted, outgoing super-
visory-control relay 614 disconnects series relay
667 at its middle lower contacts; at its upper
contacts, it closes a parallel bridge across the
conductors of trunk line C—TI! including the
30,000-ohm right-hand winding of polarized su-
pervisory relay 609, for a purpose to be subse-
quently brought out; and at the back contact
of its inner lower armature, it disconnects class-
tone relay 611.
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V3b. Class-tone signaling at repeater Rl

Class-tone relays 617 and 618, both of which
are slow-restoring relays as indicated, now re-
store successively. During the time required for
relay 618 to restore after relay 617 restores, the
upper winding of transformer 616 is bridged
across the talking circuit in series with con-
denser 6§30, to relay to the talking circuit any
tone signal which may be impressed on the sleeve
conductor of the calling line. Such sleeve con-
ductor is now extended, through the finder con-
nector link in use to the sleeve conductor S of
the associated line multiple #2111, and this con-
ductor is extended to ground through the lower
winding of transformer 616. The sleeve con-
ductor of the line multiple associated with the
calling pay-station line #202 (Fig. 2, part 3) may
have a class-tcne connection made thereto from
a common class-tone lead through an individual
condenser, as illustrated in Fig. 10 in connec-
tion with line multiple #2083 associated with pay
station #203! of tandem exchange C. The pay-
station tone is thus received at the lower wind-
ing of transformer 6{6 and is induced in the
upper winding thereof and impressed across the
conductors of the talking circuit through con-
denser 630 and the contacts of relays 617 and 618
during the short interval in which relay 618 re-
mains operated after relay 617 restores. The pay-
station tone signal is thus sent back over the
talking circuit to the called manual exchange to
he heard by the answering operator. The opera-
tor is thereby informed that the call is from a
pay station, as previcusly discussed in connec-
tion with a call to exchange A from the pay sta-
tion shown in Fig. 10.

The calling pay-station subscriber may now
converse with the operator as desired, not hav-
ing to first deposit a coin, as previously discussed.

V4. Recalling the called manual-exchange
operator

While the established connection is in a state
of answered supervision (that is, after the oper-
ator answers and before she disconnects), the
calling pay-station subscriber may recall the op-
erator by momentarily depressing his hookswitch
one or more times to cause operations to occur
resulting in g flashing of the answering super-

visory lamp in the cord circuit in the manual

exchange. The previously discussed closing of
high-resistance holding bridges in the repeater
Ri of Fig. 6 and 8R—I of Fig. 5 enables such
recalling to be accomplished without causing the
connection to be released, as will now be de-
scribed.

When the hookswitch is depressed at the call-
ing substation in terminating exchange D, oub-
going line relay 613 of the repeater R1 restores.
Series relay 667 does not operate at this time as
it is disconnected at contacts of outgoing super-
visory-control relay 614, whereby the setting of
digit-counter relays 6139 and 628 is not inter-
fered with.

Outgoing release relay 611 restores a short in-
terval following the restoration of outgoing line
relay §13, but outgoing transfer relay 608 remains
operated nevertheless, through the inner lower
armature and front contact of outgoing super-
visory-control relay 614, As a result, outgoing
transfer relay 608 maintains the associated sleeve
conductor grounded at its inner upper contacts
to maintain the connection established in the
local exchange. At its upper contacts, line relay
613 opens the previously traced low-resistance



2,427,850

93

bridge across the conductors of trunk line C—TI
through the left-hand winding of polarized super-
visory relay 689, but relay 609 remains operated
at this time in a high-resistance bridge includ-
ing both windings of relay 689 in series, and the
upper contacts of outgoing supervisory-control
relay 614. Contacts 650 are thereby maintained
closed to maintain relay 614 operated.

In tandem exchange C, line relay 514 of the
repeater 8R—{ restores when the upper contacts
of line relay 613 of the repeater R1 open, as it is
unable to remain operated over the high-resist-
ance bridge maintained through the upper con-
tacts of relay 614, At its upper contacts, relay
514 opens the low-resistance control bridge, leav-
ing the high-resistance holding bridge closed
through the upper contacts of relay 545 to main-
tain relay 508 operated.

Relays 512, 5il, and 510 are prevented from
responding to the restoration of relay 514 be-
cause series relay 5{2 has been disconnected at
the lower contacts of incoming supervisory relay
515.

Incoming release relay 53 restores a slight
interval after line relay 5!4 restores. When it
does so0, it removes, at its inner lower contacts,
the ground potential applied locally to the sleeve
conductor S of the associated line multiple #231,
but incoming transfer relay 587 and sleeve-control
relay 510 are maintained operated thereafter,
over the said associated sleeve conductor which
is grounded by virtue of the connection which has
been extended to the repeater OR—I1 (Fig. 8).

In the repeater OR—{, the ground connection
to the associated sleeve conductor is through con-
tacts of the operated auxiliary relay 812 and the
lower winding of detector relay 843. Detector re-
lay 813 operates when it is thus made the sole
supply of ground connection to the sleeve con-
ductor, but the associated outgoing supervisory
relay 816 is not thereby restored, as it is main-
tained operated in a locking circuit including its
lower contacts in shunt of the contacts of the
detector relay.

Qutgoing line relay 818 restores responsive to
the opening of the upper contacts of incoming line
relay 514 of the repeater 8R—I, as it is unable
to remain operated in the high-resistance bridge
in the latter repeater. The restoration of relay
810 is followed a moment later by the restoration
of outgoing release relay 814, but auxiliary relay
812 remains operated at this time in a circuit
from ground, through the middle contacts of in-
coming release relay 885, and the inner armature
and front contact of relay 82, whereby ground
potential is maintained on the associated sleeve
conductor through the upper contacts of relay 812
to maintain the connection established in the
tandem exchange.

The lower contacts of line relay 8!8 open-cir-
cuit and restore incoming supervisory relay 883,
whereby the current flow over trunk line A—T!
is reversed to normal direction to cause relays
702 and T8{ to restore successively, whereby the
operator’s cord-circuit lamp becomes lighted as
previously described. .

When the calling subscriber in exchange D
again releases the hookswitch and permits the
contacts thereof to close, the above-described op-
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ment of the supervisory lamp in the called manual
exchange. The act of depressing the hookswitch
momentarily may be repeated as many times as
desired, causing the operator’s supervisory lamp
to flash to call her attention to the fact that the
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calling subscriber desires to converse with her
again.
V5. Clearing out

When the calling subscriber has replaced his
receiver and the operator has taken down the
connection in the manual exchange, the entire
connection is cleared out. The clearing out of
the connection occurs in either of two ways, de-
pending upon whether the operator disconnects
first or the calling subscriber replaces his receiver
first. The more usual operation is for the calling
subscriber to replace his receiver first, and the
clearing-out operations will be described under
this assumption.

When the receiver is replaced at the calling
substation, operations as hereinbefore described
in connection with the temporary depression of
the hookswitch contacts occur to cause the super-
visory lamp t¢ become lighted in the manual ex-
change, being lighted steadily at this time as
a disconnhect signal. When the operator responds
to the disconnect signal by removing her plug
from the jack J3 (Pig. 7), incoming line relay
804 of repeater OR—I{ restores responsive to the
opening of the jack contacts 787, open-circuiting
and restoring outgoing supervisory relay 816. The
current flow is thus reversed back to normal di-
rection in the connection between repeater OR—{
and the repeater 8R—1i of Fig. 5.

After a slight interval, incoming release relay
895 restores, followed by the restoration of aux-
iliary relay 8{2 to remove ground potential from
the associated sleeve conductor of line multiple
#211, permitting the connection in tandem ex-
change C to clear out.

In the repeater 8R—{, Fig. 5, supervisory relay
588 restores when the current flow through its
two windings in series, by way of upper contacts
of incoming supervisory relay 515, is reversed
back to normal direction by the above restoration
of outgoing supervisory relay 8(6. When this
oceurs, incoming supervisory relay 5!5 restores .
and reverses the current flow over trunk line
C—T{ to normal direction.

A moment later, when the connection in the
tandem exchange is cleared out as above noted,
and ground potential is consequently removed
from the sleeve lead of the associated line mul-
tiple, sleeve-control and incoming transfer relays
{0 and 587 restore, along with cutoff and lock-
out relays 516 and 5i7 of the line circuit LC—231,
returning this repeater and line circuit to their
illustrated normal condition.

In the calling exchange D, polarized supervisory
relay €08 of repeater R{ (which was being held
operated in a high-resistance bridge including
both its windings and the upper contacts of relay
614) restores when the current flow over trunk
Jline C—T{ is reversed back to normal direction
by the restoration of incoming supervisory re-
lay 518. Upon restoring, relay 689 open-cireuits
and restores outgoing supervisory-control relay
614. At the frout contact of its inner lower arma-
ture, relay 614 open-circuits and restores digit-
counter relay 819 and outgoing transfer relay
668. Relay 6§08 thereupon ungrounds the asso-
ciated sleeve lead at its inner upper contacts,
returning the repeater R{ and associated line
circuit LC—211’ to normal condition and clear-
ing out the portion of the connection in exchange
D between the calling line and the repeater R1.

W. Permanent timing at the repeater 8R—1

Leads HI, P{, and {355 of the two-minute timer

75 T (Fig. 13, part 6) are extended to the repeater
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‘8R—I to permit so-called permanent-timing op-
erations to occur in the repeater 8R—I during
outgoing operation thereof, release-timer relay
502 and associated circuit arrangements bzing
provided for this purpose.

When repeater 8R—I is seized, in exchange C,
for outgoing operation, the consequent opera-
tion of outgeing release relay 506 results in the
application of ground potential to the common
start conductor 1355. At the same time, pickup
lead Pl is extended through contacts of release-
timer relay 582, lower contacts of series-auxil-
iary relay 511, contacts of outgoing release relay
506, and contacts of outgoing supervisory relay
* 581, to the winding of release-timer relay 502.
This circuit connection is broken temporarily
during the dialing of each digit when series-auxil-
iary relay 5{1 responds to the operation of series
relay 512, and it is also broken when the call is
answered and outgoing supervisory relay 581
operates.

If, at the time lead Pl is next grounded mo-
mentarily, neither of the relays 5i1 and 501 is
in operated condition, release-timer relay 8502 op-
erates over lead Pl and locks itself operated
through contacts of relays 511, 506, and 591, dis-
connecting its winding from lead PI. At its inner
armature and associated contacts, relay 5062
transfers the associated sleeve conductor to the
normally grounded hold lead HI.

If no further dialing occurs during the next
two-minute interval, and the call is not answered
during this time to operate outgoing supervisory
relay 501, then release-timer relay 502 remains
operated and the maintenance of ground poten-
tial on the associated sleeve lead is dependent
upon the continued grounded condition of hold
lead HI. Under this condition, when hold lead
Hi is next momentarily ungrounded by the com-
mon timer, the associated sleeve lead is conse-
quently ungrounded, permitting the connection
established to the repeater 8R-——I to clear out,
whereupon the line circuit associated with the
calling line is brought into lockout condition.

W1. Permanent timing at 8R—1 following
conversation

If, in a call through repeater 8R—I to termi-
nating exchange D, the calling subscriber in tan-
dem exchange C fails to replace his receiver
after the conversation has ended, and outgoing
supervisory relay 581 has restored as previously
described, the pickup circuit for release-timer
relay 502 to lead P! is reéstablished at the lower
contacts of relay 504, with the result that the
connection is subsequently cleared ouf by timer
action as previously described if the calling sub-
sceriber does not in the meantime replace his re-
ceiver to permit the connection to clear out.

X. Permanent timing at the repeater R1

Repeater RI (Fig. 6) is provided with release-
timer relay 615 and has associated therewith
common start lead [35%’, common pickup lead
P{’, and common hold lead HIi’, associated with
the two-minute timer in terminating exchange
D similar to the timer T (Fig. 13, part 6) in ex-
change C.

When the repeater R is seized in exchange D
on a call outgoing to exchange C, outgoing release
relay 611 completes a circuit connection at its
lower armature and front contact hetween pickup
lead Pl and the winding of release-timer relay
615.

If the call has not been answered, to thereby
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cause outgoing supervisory relay 614 to operate,
before lead Pl is next grounded, release-timer
relay 615 operates over lead Pl and locks itself
at its lower armature to ground through contacts
of series relay 607 and the inner contacts of
outgoing release relay 611,

If no dialing occurs during the next two-minute
interval (to operate series relay 607), and if the
call is not answered during this interval (to op-
erate oulgoing supervisory-control relay 614),
relay 615 remains operated, and the associated
sleeve conductor remains dependent upon the
continued application of ground potential to the
common, hold lead H{’. TUnder this condition,
when hold lead HI’ is next ungrounded the as-
scciated sleeve lead is consequently ungrounded,
permitting the connection to clear out and caus-
ing the calling line circuit to be placed in lockout
condition.

The connection is similarly released following
conversation (and the consequent restoration of
relay 616) if the calling subscriber does not re-
place his receiver in the meantime.

Y. Allotter control at repeaters 8R—1 and R1

The repeater 8R—I1 controls the #1 allotter
relay in the associated trunk allotter TA—8 (Fig.
4) over the allotter conductors 40f as explained
hereinbefore in connection with the repeater
OR—1 of Pig. 8 and trunk allotter TA—0 of Fig.
9. When the repeater 8R—I1 is in use as an
incoming repeater, conductors 401 are separated
at the lower contacts of incoming transfer relay
507. When the repeater is in use as an out-
going repeater, conductors 491 are separated at
the lower contacts of outgoing transfer relay 509.
Conductors 481 are thus maintained separated
at any time when the repeater 8R—{ (and con-
sequently the associated interexchange trunk
line C—T1) is in use, being joined together at
all other times to indicate an idle condition of
the trunk line to the associated allotter.

Similarly, the corresponding relays (688 and
610) of the repeater R{i control the associated
allotter conductors 641 to indicate to the associ-
ated trunk allotter (not shown) in exchange D
the busy or idle condition of trunk line C—TI.

I claim:

1. In a telephone switching system, multi-level
automatic switches having access to lines, said
lines being divided into groups cerresponding to
the levels of said switches, each of said switches
being provided with means for selecting all the
lines of any level, and being further provided with
means for selecting any one line of the selected
level, the last-named means including units relays
each operable to select a pair of lines and a units-
switching relay operable to select a line of the
pair selected by the operation of a units relay,
an allotter associated with the lines reached by
way of one level of said switches, means effective
when any one of said switches is operated to se-
lect the last-named level for temporarily render-
ing said allotter exclusive to such switch and for
making temporary connections between the
switch and the allotter, said temporary connec-
tions comprising conductors corresponding re-
spectively to said units relays and said units-
switching relay, said allotter including allotter
relays corresponding respectively to lines reached
through the associated level of said switches,
said allotter relays being individually controllable
each in accordance with the busy or idle condition
of the associated line, said allotter relays be-
ing arranged by pairs to energize the conductors
associated with the units relays of a switch, and
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a chain cireuit path for energizing the econduc-
tor associated with said units-switching relay in-
cluding contacts controlled by one relay of each
of said pairs.

2, In g telephone system, a first exchange and
a second exchange, a two-conductor trunk line
extending from the first exchange to the second
and having a three-conductor extension in each
exchange, each such extension including a sleeve
conductor, a repeater in the first exchange inter-
posed between said trunk line and its local ex-
tension, means in the first exchange for extending
connections of two classes to said repeater over
the associated local extension, means included in
connections of one class but not in connections
of the other class for maintaining energized the
sleeve conductor of said local extension, a detec-
tor relay in said repeater controlled by said ener-
gization of the sleeve conductor, said repeater
being effective following seizure to repeat series
of digit impulses over the trunk line to the second
exchange by intermittent balanced current flow
over the two conductors thereof, means con-
trolled by said detector relay in accordance with
whether or not said energization of the associ-
ated sleeve conductor is being maintained for
temporarily establishing an unbalanced current
flow over said trunk line following the repeating
of a series of digit impulses, and means in the
second exchange controlled by such unbalanced
current flow for energizing the said sleeve con-
ductor in the second exchange when the connec-
tion is of one class but not when the connection
is of the other class.

3. In a telephone system, a first exchange and
a second exchange, a two-conductor trunk line
extending from the first exchange to the sec-
ond and having a three-conductor extension in
each exchange, each such extension including a
sleeve conductor, a repeater in the first exchange
interposed between said trunk line and its local
extension, means in the first exchange for extend-
ing connections of two classes to said repeater
over the associated local extension, means in-
cluded in connections of one class but not in con-
nections of the other class for maintaining ener-
gized the sleeve conductor of said local exten-
sion, a detector relay in sald repeater controlled
by said energization of the sleeve conductor, said
repeater being responsive to seizure to set up a
balanced current flow over the trunk-line conduc-
tors, said repeater being effective following seizure
to repeat series of digit impulses over the trunk
line to the second exchange by series of inter-
ruptions of said balanced current flow, means
controlled by said detector relay in accordance
with whether or not said energization of the asso-
ciated sleeve conductor is being maintained for
temporarily unbalancing said current flow fol-
lowing the repeating of a series of digit impulses,
means in the second exchange controlled by such
unbalanced current flow for energizing the said
sleeve conductor in the second exchange when
the connection is of one class but not when the
connection is of the other class.

4. In a telephone system, a first exchange and
a second exchange, a two-conductor trunk line
extending from the first exchange to the second
and having a three-conductor extension in each
exchange, each such extension including a sleeve
conductor, a repeater in the first exchange inter-
posed between said trunk line and its local ex-
tension, means in the first exchange for extend-
ing connections of two classes to said repeater
over the associated local extension, means in-
cluded in connections of one class but not in
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connections of the other class for maintaining
energized the sleeve conductor of said local ex-
tension, said repeater being effective following
seizure to repeat digit information over the trunk
line to the second exchange, said digit informa-
tion being represented by successive series of digit’
impulses repeated by said repeater, means con-
trolled by said repeater in accordance with the
energized or unenergized condition of the asso-
ciated sleeve conductor for transmitting or fail-
ing to transmit other information over said trunk
line at a time when said digit information is not
being repeated, and means in the second ex-
change responsive to said cther information for
determining whether or not the associated sleeve
conductor in the second exchange is to be ener-
gized, the last-named sleeve conductor being
thereby energized when the connection is of the
one class but not when the connection is of the
other class. ‘

5. In a telephone system, a first exchange and
a second exchange, a two-conductor trunk line
extending from the first exchange to the second,
means for extending a connection to said trunk
line in the first exchange, and for setting up a
balanced current flow over the two conductors
thereof in series, contacts in the first exchange
for producing series of interruptions in said bal-
anced current flow to transmit digit information
to the second exchange, means for transmitting
cther information from the first exchange to the
second exchange by unbalancing the said current
flow, means in the second exchange responsive to
the current flow when unbalanced to signal the
arrival of said other information, said unbalanc-
ing operation in the first exchange consisting in
connecting a shunt around one of the conductors
of the trunk line, said contacts in the first ex-
change being located between said shunt con-
nection and the other frunk line conductor, and a
digit-impulse responding relay in the second ex-
change connected in circuit with said other con-
ductor and controlled thereover independent of
the current flow in the shunted conductor to en-
able the said transmission of digit information
to proceed effectively while said other informa-
tion is being transmitted. i

6. In a telephone system, a manual exchange,
a tandem automatic exchange, and a terminating
automatic exchange, trunk lines interconnecting
said tandem exchange with each of the other said
exchanges, automatic switches in said tandem ex-
change effective to extend connections from any
line thereof to subscriber lines of the tandem ex-
change and to said trunk lines, each such con-
nection including a pair of talking conductors
and a sleeve conductor, means effective when one
of the automatic switches is completing a con-
nection from the manual exchange and con-
trolled over its incoming sleeve conductor for
conditioning the circuits associated with the au-
tomatic switch for toll operation, such condition-
ing being responsive to an energizing connection
to the sleeve conductor of the calling line, there
being no such energizing connection on a call
from a subscriber line, the said trunk lines ex-
tending from the tandem exchange to the manual
exchange being arranged to cause answered su-
pervision to be relayed back toward the calling
line only responsive to an energizing connection
made to the sleeve conductor associated with the
calling line, whereby answered supervision is not
relayed back to calling local lines of the tandem
exchange when calls are answered in the manual
exchange, means associated with the sleeve con-
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ductors in the tandem exchange of the trunk
lines between the tandem and terminating ex-
changes for a,pplymg'e'nergizmg potential thereto
when calls are made from the terminatirig ex-
change to or through the - tandem exchange,
whereby answered supervision is relayed back to
the ¢oncerned trunk line between the terminat-
ing and tandem exchanges when the call is
through the tandem exchange to the manual
exchange, the determination of whether one of
the automatic switches in the tandem exchange
is to operate as a local switch or as a toll switch
being made immediately following the dialing of
one of the digits in the desired number, and
means in the tandem exchange associated with
the trunk lines between the terminating ex-
change and the tandem exchange for temporarily
removing the sleeve-energizing connection for a
sufficiént interval following the dialing of such
digit to cause the automatic switch in-use in the
tandem exchange to be conditioned to operate as
a local switch rather than as a toll switch.

7. In a telephone system, including a termi-
nating automatic exchange, a tandem automatic
exchange, and -a manual exchange, said ex-
changes being interconnected by trunk lines ex-
tending from the terminating and manual ex-
changes to said tandem exchange, automatic
switching equipment in said terminating and
tandem exchanges controllable over lines of the
terminating exchange to extend connections
from lines of the terminating exchange through
said tandem exchange to the manual exchange,
means including repeaters in the tandem and
terminating exchanges for relaying answered su-
pervision from the manual exchange back to the
terminating exchange, each of the connections
through the terminating exchange -including a
pair of talking conductors and a sleeve conductor,
each of certain of the lines of the terminating
exchange having a class-tone signal impressed
on its sleeve conductors, means in the terminat-
ing" exchange responsive to answered supervision
1elayed ‘back from the manual exchange for tem-
porarily coupling the sleeve conductor inductive-
ly with the talking conductors to enable the op-
erator to hear any class-tone signal that may be
nnpressed on the sleeve conductor of the calling
line, the -connections through the terminating
exchange to the trunk lines between the termi-
nating and tandem exchanges being subject to
being held by a potential applied to the sleeve
conductor to enable recall of the manual-ex-
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change operator ‘to be effected by hookswitch op-
eration, and fieans in the terxmnatmg exchange
for applying a holdihg potetitial to the associated
sleeve lead responsive simply to the réceipt of
said ahswered supervision.

8.Ina telephone systém incliiding & termihat-
ing automatic excharnge, a tandem automatic ex-
change, and a mantial exchange, said exchanges
being interconnected By trunk lines extending
from the terminating and manual exchanges to
said tandem exchange, automatic switching
equipment in said terminating and tandem ex-
chariges controllable over lines of the terminat-
ing exchange to extend connections from lines of
the terminating exchange through said tandem
exchange to the manual exchange, means in-
cluding repeaters in the tandem and terminat-
ing exchanges for relaying answered supervision
from the manual exchange back to the terminat-
ing exchange, each of the connections through
the terminating exchange including a pair of
talking conductors and a sleeve conductor, the
connections through the terminating exchange to
the trunk lines between the terminating and
tandem exchanges being subject to being held
by a potential applied to the sleeve conductor to
enable recall of the manual-exchange operator
to be effected by hookswitch operation, and
means in the terminating exchange for applying
a holding potential to the associated sleeve lead
responsive simply to the receipt of said answered
supervision.

PIER BAKKER.
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