
I 
d
n
o
w
d
 

L
v
-
2
 

S
3
N
I
9
 

O
N
I
Q
N
]
3
S
 

y
a
s
 

[> a] 
a 

FS 
. 

gS 
nes 

a
n
 

is 
3 

1-2 
wAQNI4 

on; 
id 

st 
& 

ST3NNVHOGNS- 
T3NNVHOENS 

go. 
fig 

*
 

a 
OL 

ad! 
SLi 

0 
ro 

° 
. 

Zul 
. 

E 
o
e
 

i 
we 

n o 
| 

' 
> 

g 
| 

| 
> 

= 
a 

. 
a 

L 
= 

"a 
I3NNvHOENSe-———__—____———_ 

f= 
= 

=
 

o
o
n
 

; 
I 

dnowD 
ae 

_
 

L
v
-
2
 

z
e
r
o
 

‘ 
saniq 

aI 
dnows 

0 
< 

ONIGN3S 
8
 

wo 
ao 

ww 
. 

fa 
n
N
 

- 

Ha 
3 

| 
—
 

fa 
- 

ik 
a
 

&
 

-
s
 

- 
4 

5 
2 

| 
a
 

Wi 
& 

Lv-z 
z
o
 

| 
- 

2 
@o@ 

! 
S$3NI7 

O
z
n
 

Y
O
L
D
A
N
N
O
D
 

O
N
I
G
N
G
S
 | 

fe] 
rt 

a
n
y
 

oO 
fk 

J 
yas: 

m 
| 

vi-2 
vi-2 

u
a
a
N
I
 

=| 
tT 

S
T
a
N
N
W
H
D
G
N
 
|
 

S
T
3
N
N
W
H
O
E
N
S
:
 

3Nniq 
P
|
 

= 
7
 

OL 
O
N
I
G
N
3
S
 

ugaliuosans 
[ 

|) & 
a
o
e
 

: 
NIT4wS 

. 
| 

9 
S3NI1 

Ir 
dnows 

O
N
I
O
N
S
 

I 
g
a
n
o
u
s
 

April 4, 1944, 

: 

J
N
N
V
H
O
S
N
S
 
o
o
n
 

dh“ aan 
a
s
 

Iq 



2,345,628 - O. E, PIERSON 

MULTICHANNEL TELEGRAPH SYSTEM 

April 4, 1944, 

26 Sheets-Sheet 2. Filed Jan, 28, 1942 

AI 
d
n
o
w
s
 

It 
a
n
o
w
o
 

Tr 
d
n
o
u
w
s
 

T 
g
d
n
o
w
o
 

E
2
4
]
 

(2 
O14} 

6) 
“914 

r
e
a
e
m
d
 

-
_
 

22 
D
1
5
|
0
2
 
914] 

91 
Ota 

A
L
d
n
o
w
o
 

L
v
-
2
 

S
3
N
I
4
 

S
N
I
A
I
Z
9
3
4
 

y
a
s
 

Imdnouwo 
Lv-z 
Sanit 

O
N
I
A
I
Z
D
 34 

y
e
s
 

W
d
n
o
w
o
 

L
y
-
2
 

s
a
n
i
q
 

O
N
I
A
I
Z
9
D
3
4
 

y
a
s
 

T 
d
n
o
u
s
 

i
v
-
2
.
 

S
3
N
!
I
1
 

O
N
I
A
I
Z
9
3
Y
 

y
g
s
 

c
c
 

Y
O
L
I
A
N
N
O
D
 

a
n
y
 

¥
O
1
9
3
1
3
S
 

3
N
I
7
 

O
N
I
A
I
Z
O
3
4
 

w
3
a
g
G
H
o
s
E
n
s
 

a
a
t
i
v
o
 

it 
“Sia] 

@ 
‘old 
i
 

S
U
a
N
N
V
H
O
E
N
S
 

O
L
 

v
i
-
z
 

S
U
A
N
N
W
H
O
E
N
S
 

OL 

INVENTOR 
PIERSON 0. E. 

ATTORNE 



April 4, 1944, O. E. PIERSON 2,345,628 
MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 26 Sheets-Sheet 3 

244 

To
 
F
I
G
.
 6
 
—
—
-
—
_
_
_
 

lai] 

190 
al 

TT 339 
UL -—TO FiG.§ —_. H. ; INVENTOR 

0. E. PIERSON 

FIG. 4 oe "hes y 
,  AVRORNE 



April 4, 1944, O. E, PIERSON 2,345,628 
MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 26 Sheets-Sheet 4 
+ eee, Eman 

293 

INVENTOR FIG. 5 0. E. PIERSON 
BY 

La 
ATHORN 



April 4, 1944, O. E. PIERSON 2,345,628 
MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 26 Sheets-Sheet 5 

/2.50 247 : 
ee oo] 

+ 
SS 

> 418 

E 
TO
 

FI
G.
 

8 

TO
 

FI
G.
 

4
-
-
 

INVENTOR 
0. E. PIERSON 

FIG. 6 " Linge 5; pag 



April 4, 1944, O. E, PIERSON 2,345,628 
MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 26 Sheets-Sheet 6 

Hl To FIi6.6 ——.- : —- 

[P| 

4 ‘one 
=e 

Pee — 

285 ——_——— 

fie tial Te | 
269 T

L
 

3-4 7 
a © 

26 

oa | ap 3 
265 

+ * ‘ 
e 

42h - 

0. E PIERSON FIG. 7 -_ BY. : 

A it 

_ATVORNEY// 



April 4, 1944, O. E. PIERSON 

MULTICHANNEL TELEGRAPH SYSTEM 

28, 1942 ' Filed Jan, 

+ i + 
340f _ | | 

oo 339 i 

2,345,628 

26 Sheets-Sheet 7 

TO
 

Fl
ic
. 

i 

9— 

i 
l 

TT i 
"342 

+ 

INVENTOR 
0. E. PIERSON 

4 wre 

_ ATVORNE 



April 4, 1944, ©. E, PIERSON 2,345,628 
_ MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 26 Sheets-Sheet 8 Tl TT : 250 TO FIG. 8 ———. 

inn 237 oe a oa 294 

pli 

I : 
i: 

224 
Salil; iteos 423 

| 422 

424 
eno 

L
o
e
 

FI
G,
 

7 —
—
-
-
—
_
.
 

A, wt adr aaa ay 
: | 

a: 
TO FIG. 190 ——_.-____. 

FIG. 9. Gent 



April 4, 1944, O. E. PIERSON 2,345,628 
: MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 26 Sheets-Sheet 9 

1 re ee eases ae i 

SUBCHANNEL-2 

SUBCHANNEL-14 

SUBCHANNEL~15 

“INVENTOR 
0. E PIERSON 

FIG. 10 "UG Z 
ATT RNEY/ 



April 4, 1944, O. E. PIERSON 
MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 

402 

395 

383 il eT FIG $2 —— 

FIG. 

2,345,628 

26 Sheets-Sheet 10 

Owes 

INVENTOR 
0. E. PIERSON 

YO Sa 

TO
 

FI
G.
 

[4
 



April 4, 1944, O. E PIERSON 2,345,628 
MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 ®6 Sheets-Sheet 11 te a . TO FIG. Ww—— . Wl ee ee : 

366 383 EEES=_==== 

10 
C2855 aT 

699 

427 

+111 [701 

705 

2555 

wm 

o 

0 S 

9 
z 

L e 
2 

Al 427a 

4276 

433 

i 

295 |_| ; | 4 
= io 38! _ s=sSY . “296 

+ 
. 

J 432 . ° 366 

— T9 FIG, 19 —— ——. — INVENTOR 
0. E. PIERSON 

FIG. |2 BY , 
ATTORNEY 



April 4, 1944, 0. E, PIERSON 2,345,628 
MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, i942 26 Sheets-Sheet 12 
TO FIG. 12 — 

66 aaa 
445 1234 § 388a - 

FI
G.
 

{0
 

-—
——
To
 



April 4, 1944, O. E. PIERSON 2,345,628 
MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 26 Sheets-Sheet 13 

388 

INVENTOR 
O. E. PIERSON 

FIG. 14 DK bemuegue 
‘ he ee 
ATTORNEY 



T
O
 

FI
G.
 

l2
 

April 4, 1944, 

388 

O.E. PIERSON ~ 2,345,628 
MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 26 Sheets~Sheet 14 
TO FIG. 4 

352 

SRE | T 
©, +o ~ 

451. 

“440 [Ac 

INVENTOR 
°O. E. PIERSON 

BY . FIG. 15 UAGpeouagé 
ATTORNEY. 

TO FIG. 16 



2,345,628 0, E. PIERSON 

MULTICHANNEL TELEGRAPH SYSTEM 

April 4, 1944, 

26 Sheets-Sheet 15 
Filed Jan. 28, 1942 

Wo 12 13 14 15 

H
e
 

H
t
 
a
e
 

a
 il 

2
 

oh 

23456. 

440 . 

NTOR 
IERSON 

Wn 

Zui Vv. 

BY FIG. 16° 

ATTORNE 



April 4, 1944, ©. E. PIERSON 2,345,628 
MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 26 Sheets-Sheet 16 

a
 

, O
T
 

a
 

Qa
 

“
s
 

-~
 

t 

i 1 { 

'9 i 7 | : 

13 1 ! toon 
i 

4 2 

9g 

, e 
2 (479 

ow fo 

io - No00 ; + 

5 ly _ 

20-7 | : 
| ae | 

8 

i 

14 

698 

17 

i 

565 553 

INVENTOR 
0. E. PIERSON 

BY , FIG. 17 mR 



April 4, 1944, ©. E. PIERSON 2,345,628 
MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 26 Sheets-~Sheet 17 

FIG. 18 

-T
O 

FI
G.
 

20
 

at EA = 
INVENTOR 0. E. PIERSON 

BY 

WK Gersag te 
tame TO FIG, JQe. 1 dbo ‘ ATT: RNEY( 



April 4, 1944, . _ ©. E, PIERSON 2,345,628 

_ 
TO
 

FA
G.
 

{7
 

<< Ali 

[fe 

MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 26 Sheets-Sheet 18 
- TO FIG. Ig —. —___.____. 

w&
 = ean __T 

aie ~ a = N 
— Tore = iZ 

T
O
 

F
i
G
.
2
1
 



TO
 

F
I
G
 

18
 

April 4, 1944. 

£ 

0, E, PIERSON 2,345,628 
MULTICHANNEL TELEGRAPH SYSTEM 

558 
559 
56! 

38h 
~363 

+ 488 

+ 489 » 

Filed Jan. 28, 1942 

4907 | 

s 4 491 + 

6 492, + 

e &¢ 493, + 

ain 524 
H i) 

669 

26 Sheets-Sheet 19 

! 618 | 

; | 602 | 

FIG. 20 | 

Hy ST) _f6i9 l 

) 593 INVE 
0.6. PIERSON 

‘—-TO FIG. 2] —— 
* le 



April 4, 1944, O, E, PIERSON 
MULTICHANNEL TBLEGRAPH SYSTEM 

Filed Jan. 28, 1942 

Je = i 22000 01 ey ee ee a | ET ST eT Ee HERES 
7 
HT age th | | 

my HL TI 
enteral ymtteaeongumecnnnmarnnnnar tt) =| 

574 

718 

TO
 

FI
G.
 

19
- 

2,345,628 

26 Sheets-Sheet 20 

642 67) 592 
602 

591 b 
ns oe + 

a ith 495 43 } | 1.4 ' 

29 o 9 497 577 ML |] al 4 

TO
 

FI
G.
 

23
 



April 4, 1944, 0. E, PIERSON 2,345,628 
MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 . 26 Sheets-Sheet 21 

——— 
ee 

————7 
616 617 

8-14 15-2) 22-27 28-34 35-41 | 

531 IF 636a 42 

TO
 

FI
G.
 

20
 

‘T
O 

FI
G.
 

24
 
—
—
-
 

—47 

593 INVENTOR 619 
0. E. PIERSON 622 

. BY 

oe TO FiG.234+—. -—~.—LI1._  ATYORNE, . 

34
 



April 4, 1944, 0. E. PIERSON 2,345,628 
MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan, 28, 1942 26 Sheets-Sheet 22 
TO FIG. 22 

TO
 

FI
G.
 

25
 



April 4, 1944, ©, E. PIERSON 2,345,628 
MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 26 Sheets-Sheet 23 

lise ae o, NVENTOR 
FIG. 24 BY 

UKpocagte 
TT Te 10 FIG, 28 . ATTORNEY 



April 4,:1944, O. E. PIERSON 2,345,628 
MULTICHANNEL TELEGRAPH SYSTEM 

Filed Jan, 28, 1942 26 Sheets-Sheet 24 uit a 0 FIG, 2g ts, 



April 4, 1944, O. E. PIERSON 2,345,628 
EL TELEGRAPH SYSTEM 

Filed Jan. 28, 1942 26 Sheets-Sheet 25 

i IN 
a 
Te 
my 

AU 

Pp: 

Di 
ai 

| ia
 



April 4, 1944, O. E. PIERSON | 2,345,628 
MULTICHANNEL TELEGRAPH. SYSTEM 

Filed Jan. 28, 1942 26 Sheets-Sheet 26 
‘es: . 117 72 Fis. 26 —--— ‘+5, 

SOS Oe 26s ee esse finmnsenieennvnaeceeere en} 

FIG. 27 OE. Pl 



Patented Apr. 4, 1944 2,345,628 - 

UNITED STATES PATENT OFFICE 
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MULTICHANNEL TELEGRAPH SYSTEM 

Oscar E. Pierson, Brooklyn, N. Y.,.assignor to The 
Western Union Telegraph Company, New York, 
N. ¥., a corporation of New York 

Application January 28, 1942, Serial No. 428,607 
(Cl. 178—52). 58 Claims. 

This invention relates to signaling systems and 
more particularly to expanding channel or vario- 
plex telegraph systems, the present invention re- 
lating to an improvement upon the system dis- 
closed and claimed in a copending application 
of O. E. Pierson, M.D. Adams and W. S. W. 
Edgar, Jr., Serial No. 308,226, filed December 8, 
1939, now Patent No. 2,282,341, granted May. 12, 
1942. 

The term “expanding channel or varioplex sys-- 
tem” as used herein refers to a system in which 
a variable number of telegraph transmitting sub- 
channels share a common lane of traffic, substan- 
tially the entire lane time in the preferred sys- 
tem being divided among the operating transmit. 
ters or subchannels. The system thus distributes 
the use of the lane of traffic, which may con- 
sist of one or more channels of a synchronous 
multiplex system, among any busy combination 
of a number of traffic sources or telegraph trans- 
mitters. While the lane of traffic referred to gen- 
erally comprises a channel or channels of a mul- 
tiplex system, any equivalent communication sys- 
tem may be utilized, such as one or more radio 
or carrier channels, or one or more cable con- 
ductors or a direct wire, or combinations of dif- 
ferent types of communication channels. Hence, 
the expression “lane of traffic” as used herein 
designates any suitable route or medium over 
which signaling is accomplished, 

The expanding channel system thus comprises 
a multichannel system -in which the number of 
subchannels operating over the connecting cir- 
cuit or lane of traffic may be expanded or con- 
tracted by cutting in or out simultaneously trans- 
mitting and receiving devices at opposite ends 
of the system. The present invention is em- 
bodied in a printing telegraph system of this 
character in which message. characters are sent 
from operating transmitters in sequence and 
printed on the corresponding receiving. devices, 
one busy subchannel being rendered operative 
after another while omitting the idle or inopera- 
tive subchannels. 

In the system disclosed in the copending case 

10. 
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25 

30 

35 

40 

45 
of Pierson et.al referred to and in all other prior . 
systems, each transmitting device and its corre- 
sponding receiving device is permanently con- 
nected to a subchannel and the equipment asso- 
ciated with a subchannel. Each subchannel is 
associated with the lane of traffic only when the 
transmitting and receiving devices are busy. 
Such systems have been particularly useful in 
providing each subscriber with the equivalent of 
a direct communication circuit between the trans- 

50 

55 

mitting and receiving apparatus. The successful 
operation of such systems is predicated onthe 
simultanecus use of the facilities provided by a 
relatively small number of subscribers. It is then 
possible to associate a relatively large number of 
subscribers with such a system and thereby de- 
rive the attendant economies of operation: 

Such systems have been found to be highly 
satisfactory, but it also has been found that in 
order to provide communication facilities for a 
substantial number of subscribers by means of 
such a system it is necessary to furnish complete 
subchannel apparatus for each ‘of the subscribers 
served by stich a system. This apparatus in- 
cludes q start-stop distributor, a tape reperfora- 
tor and a tape transmitter. All of these items, 
particularly the first two, are rather costly in- 
struments and together represent an appreciable 
proportion of the cost of the subscriber terminal 
equipment, Experience has shown that any par- 
ticular unit of this subchannel equipment is ac-~ 
tually in use for only a small percentage of the 
time during which the system is in operation. 
Accordingly, it is with the view of employing the 
subchannel apparatus more economically that 
the system embodying the instant invention has 
been developed. 

One abject of the present invention is to pro- 
vide a multichanne] telegraph system in which 
‘the subchannel apparatus is utilized to better ad- 
vantage. 

Another cbject of the invention is to provide 
& multichannel telegraph system in which the 
facilities equivalent to a direct wire connection 
sre made available to a greater number of sub- 
scribers at a ccst which is less per subscriber 
than that.of prior systems. 

A further object of the invention is to pro- 
vide a multichannel telegraph system of the char- 
jacter described which is more flexible than prior 
systems. 

Still another object. of the invention is to pro- 
vide a multichannel telegraph system in which a 
relatively small number of signal storage and 
retransmitting devices are made available to a 
relatively large number of subscribers. 

A still further object of the invention is to 
provide a multichannel telegraph system having 
switching mechanism to connect any one of a 
large number of subscribers to any one of a small- 
er number of subchannels and other switching 
mechanism to connect each of the busy sub- 
channels to ‘a lane of traffic in such a manner 
that the transmitting time of the Jane is shared 



a 
substantially equally among the busy subchan- 

nels, 

An additional object of the invention is to pro- 

vide a multichannel telegraph system of the 

character set out in the immediately foregoing 

object and in which a subscriber’s apparatus may 

be semipermanently connected to a selected one 

of the subchannels. 

Another object of the invention is to provide, 

in an expanding channel or varioplex system 

having facilities for connecting automatically any 

one of a plurality of subscribers’ stations to any 

one of a plurality of subchannels and for switch- 

ing automatically the subchannels into.and out 

of operative association with a lane of trafic, 

means for maintaining a connection after the 

connected subchannel is switched out of associa- 

tion with the jane of traffic and for interrupting 

such a connection only when the subchannel is 

needed to serve another subscriber and then only 

if the previously connected subscriber is idle. 

Another object of the invention is to provide, 

in.a varioplex system having means for connect- 

ing any of a plurality of subscribers to any of a 

plurality of subchannels, means for determining 

the identity of the subchannel to which any one 

of the subscribers is connected. 

Another object of the invention is to provide, 

in a multichannel telegraph system having facili- 

ties whereby subscribers’ apparatus is switched 

automatically into and out of operating associa- 

tion with subchannel apparatus and the sub- 

channel-apparatus is switched automatically into 

and out of operative association with the system, 

improved means to detect failures of the switch- 

ing operations. 

Another object of the invention is to provide, 

in a multichannel telegraph system having facili- 

ties for connecting and disconnecting subchan- 

nels to and from the system, switching failure 

detecting means including a plurality of com- 

mon conductors to which the. contacts of the 

a
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ing the calling subscriber’s transmitting appara- 

tus ineffective until the automatic connection is 

made. 
Another object of the invention is to provid 

means for stopping automatically ail transmis- 

sion in a multichannel telegraph system in the 

event that the receiving apparatus cf an opera- 

tive one of a plurality of subchannels is not con- 

nected to the receiving apparatus of cne of a plu- 

rality of subscribers. 

Another object of the. inventicn is to provide, 

in-2 multichannel telegraph system in which the 

receiving apparatus cf any one of a plurality of 

subchannels may be connected to the receiving 

‘apparatus of any one of a plurality of subscrib- 

ers under the control of special switching signals 

transmitted over a lane cf traffic, means con- 

’ trolled by regular message signals transmitted 

20 

30 

ww
 

qt
 

40 

switching apparatus are connected so as to form | 

a, series circuit through the contacts only if the 

desired switching operation is performed prop- 

erly. 

Another object of the invention is to provide, 

in a system of the character described, means 

responsive to the switching failure detection 

“means outlined in the preceding paragraph to 

interrupt automatically the operation of the sys- 

tem. 

Another object of the invention is to provide, 

in a varioplex system wherein apparatus units 

are switched in groups and wherein means are 

ermployed to detect switching failures, means for 

indicating the apparatus group in which such 

failures occur, 

Another object of the invention is to provide, in 

a varioplex system having switching failure de- 

tection means which utilize a plurality of conduc- 

tors multiplied to the switching apparatus to form 

part of a series circuit, means controlled by the 

switching apparatus for testing periodically. said 

conductors fer electrical isolation from one an- 

other and from extraneous potentials, 

Another object of the invention is to provide, 

in a rauitichannel telegraph system including a 

plurality of subchannels having receiving and 

retransmitting apparatus, the latter of which may 

be associated with a common lane of traffic and 

the former of which may be connected automati- 

cally to the transmitting apparatus of any one of 

a. plurality of subscribers in response to a sub- 

scriber’s calling signal, novel means for render- 

Go 

75 

over the lane of traffic whereby transmission on 

all operative subchannels is automaticaliy inter- 

rupted in the event that any operative subchan- 

nel is not connected to a subscriber’s receiving 

apparatus. 

Another object of the invention is to provide, 

in an expanding channel or a varioplex system 

wherein the apparatus of any one of a, plurality 

of subchannels may be connected to the appara- 

tus of any one of a plurality of subscribers, novel 

arrangements for cperating a character counter 

-associated with the subscriber apparatus under 

the control of the apparatus of any one cf the 

subchannels to which it may be connected. 

Another object. of the invention is to provide 

novel means for coding switching signais to be 

transmitted over a lane of traffic to represent 

arrangements of the transmitting apparatus of 

a multichannel telegraph system of the varioplex 

type. 

Another object of the invention is to provide 

novel means for decoding switching signals re- 

ceived over a lane of traffic to control switching 

apparatus whereby the receiving equipment of a 

multichannel telegraph system of the varioplex 

type may be connected ina manner to correspond 

to,the connections of the transmitting equipment. 

Other cbjects and advantages of the invention 

will appear from the following description of an 

illustrative embodiment thereof shown in the ac- 

companying drawings, wherein: 

Figs, 1 and 2 illustrate in block diagram form 

an expanding channel system in accordance with 

the instant invention; 

Fig. 3 shows the arrangement of the remain- 

ing figures of the drawings to form a complete 

portion of the system; 
Figs. 4 to 16, inclusive, show in detail typical 

circuit connections cf the apparatus at the trans- 

mitting end of the system; and 

Figs. 17 to 27, inclusive, show corresponding 

typical receiver connections. 

Having reference first to Figs. 1 and 2, the gen- 

eral plan of the system may be seen. Three chan- 

nels of a synchronous muttiplex system are used 

to form the lane of traffic. Such a communica- 

tion system is illustrated diagrammatically as 

comprising a transmitting distributer. TD which 

is connected by means of & line wire L to a re- 

ceiving distributor RD. Each of these distribu- 

tors is divided into 3 channels A, B and C, and 
each is traversed by a brush B!, in the case of 

the transmitting distributor, and Bé, in the case 

of the receiving distributor. The system also com- 

prises 15 subchannels complete with the necessary 

apparatus for storing and retransmitting signals.
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Blocks 51. and 52 represent respectively the ap- 
paratus comprising subchannels 1 and {3. Each 
of these subchannels and any others which may 
be rendered operative are connected to the multi- 
plex transmitting distributor TD through a mixer 
53. This apparatus comprises essentially a chain 
of relays similar to that disclosed in the copend- 
ing Pierson et al. case referred to and also in 
Patent No, 2,233,347, granted on February 25; 
1941, to O. E. Pierson and M. D. Adams. The 
purpose of the mixer is to connect the operative 
subchannels in sequence to the multiplex. sub- 
channels. If no more than 3 subchannels are op- 
erative, the mixer serves merely as a means for 
establishing semipermanent connections between 
the subchannels and one or More of the multi- 
plex channels. With more than 3 subchanneis 
operative, however, the mixer §3 cycles to con- 
nect each of the operative subchannels in turn 
to one of the multiplex channels. 

The input side of each of the 15 subchannels is 
connected to switching apparatus 54 to which also 
is connected the sending lines of the subscribers 
having access to the system. In the present em- 
bodiment facilities are provided for connecting 
any one of 192 subscribers to the expanding chan- 
ne] system. These subscribers are formed into 4 
groups of 48 subscribers each. Groups I, IT, III 
and IV each includes subscribers { to 4. iAs will 
be obvious from the following detailed description 
of the invention, the number of subscribers in a 
group is not fixed, and there is nothing inherent 
in the present system requiring such an arrange~ 
ment or division of groups and subscribers. The 
system described is divided into four groups of 
forty-eighé subscribers each for the purpose of 
illustration, and on review of the description it 
will be obvious to those skilled in the art that the 
number of groups and the number of subscribers 
in @ group may be varied, The substatien equip- 
ment for subscriber { of group I is designated by 
the block 55 and that of subscriber 48 of group I 
by the block 54. 
the subscribers’ equipment 55 and 5 respectively, 
to the switching apparatus BA. Similar connec- 
tions are made between the apparatus of the 
other 4§ subscribers of this group and the switch- 
ing apparatus. Similarly, the subscribers’ ap- 
paratus of groups II, TII and IV is connected by 
suitable line wires to the switching apparatus 54. 

Associated with the switching apparatus and 
the subchannel equipment is auxiliary switching 
subchannel finder apparatus 59 to which connec- 
tions from each of the subscriber’s lines are made. 
This auxiliary switching apparatus is also con- 
nected to the subchannel apparatus for a. purpose 
to be described. 

At the receiving station, the 3 channels A, B and 
C of the multiplex circuit are connected toa re- 
ceiving relay chain mixer §! to which also is con- 
nected the receiving subchannel equipment for 

Line wires 57 and 58 connect: 
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each of the 15 subchannels. Blocks 62 and 63 _ 
represent the apparatus for subchannels ! and {5, 
it being understood that similar apparatus is pro- 
vided for the other 13 subchannels. The sub- 
channel equipment is also connected to switching 
apparatus €4. There is also connected to this 
switching apparatus each subscriber’s receiving 
line of which lines $5 and &6 are typical. These 
lines connect respectively to receive apparatus §7 
and 68, the former of which is the apparatus for 
subscriber { of group I, and the latter of which 
is the receiving apparatus for subscriber 48 of 
group I. 15 

3 
OPERATION—-GENERAL 

Without reference to the specific details, the 
following description covers the general mode of . 
operation of the system. When one of the sub- 
scribers desires to transmit; he initiates at his 
transmitting apparatus a calling signal. Sup- 
bose, for example, such a signal is initiated by 
subscriber | of group I. The signal is trans- 
mitted over the subscriber’s sending line 57 to the 
central station where it is communicated by 
means of conductor 69 to the idle subchannel 
finder apparatus 59. Suitable switching mech- 
anisms forming a part of this apparatus are op- 
erated to locate an available subchannel, The 
system is designed so that, once a subscriber’s line 
is connected to the subchannel apparatus, it re- 
mains in connection therewith until the particu- 
lar subchannel is selected for use with another 
subscriber’s line. As a result of such an arrange- 
ment, after the system is placed in operation ai; 
the beginning of a business day, for example, the 
first 15 different subscribers initiating calls are 
connected in turn to one of the 15 subchannels. 
Consequently, if the call placed by subscriber | 
‘of group I is made at a time before al] of the 
available subchannels have been connected to 
other subscribers’ lines, the switching mechanism 
59 selects one of the 15 subchannels not already 
connected to subscribers’ lines. However, if such 
‘a call is made after 15 other subscribers. have 
made calls, the switching. mechanism 59 selects a 
subchannel which at the time is not busy, even 
though it is connected to some other subscriber’s 
line. Any such previous connection is then 
broken, and the subchannel apparatus is pre- 
pared. for connection with the calling subscriber. 
The identity of the selected subchannel apparatus - 
is communicated by the switching apparatus 59 
to the switching apparatus 54 by a connection 
represented here as conductor 11. 
‘That portion of the switching apparatus 54 

which is associated with the selected subchannel 
is then operated to find the subscriber’s line 517 
over which the call is being made. Having found 
-the subscriber’s line, this switching apparatus 
connects it by means of a conductor 12, for ex- 
ample, to the subchannel apparatus 54, it being 
assumed that subchannel { has been selected.. 
Once this connection is established, a signal is 
sent to the calling subscriber indicating to him 
that transmission of the message may be started, 
The message characters are stored in a perforated 
tape until such time as the subchannel apparatus 
is connected to the multiplex system. 

Having established a connection between the 
calling subscriber’s line and the apparatus of one 
of the subchannels, it is necessary to effect a 
similar connection at the receiving station. in 
order to do this, information must be transmitted 
over the multiplex circuit from the transmitting 
station to the receiving station identifying the 
selected subchannel, the group in which the call- 
ing subscriber is located, and finally the identity 
of the particular subscriber in the designated 
group. Asin the system disclosed in the copend- 
ing Pierson et al. case to which reference has been 
made, this information is transmitted over the A 
channel of the multiplex system, the remaining 
channels of which continue to operate with the 

. previously connected subchannels, if any. Inci- 
dentally, the B channel of the multiplex system 
also has a part in the switching signaling, as it 
does in the copending Pierson et al. case, but this 
will not be considered here. “When a switching 
operation is to be performed, the A multiplex 
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channel at the transmitting station is discon- 

nected from the mixer 53 by a switch 73 and is 

connected to the switching apparatus 54; the 

latter connection is made by means of a connec- 

tion shown here as conductor 174. 

Simultaneously, a switch 15 at the receiving 

station disconnects the receiving end of the A 

multiplex channel from the receiving mixer Gi 

and cohnects it by means of a conductor 76 to 

the receiving switching apparatus 64. Included 

in the transmitting switching equipment 54 is 

coding apparatus by means of which the switching 

information is translated into a code. The switch- 

ing apparatus also includes transmitting equip- 

ment which sends the coded switching informa- 

tion over the conductor 74 and the A multiplex 

channel to the receiving station at which this 

coded information is relayed over conductor 78 

to decoding apparatus associated with the receiv- 

ing switching equipment 64. The decoding appa- 

ratus translates the signals into suitable switch 

operations whereby conductor 17 associated with 

subchannel { is selected and connected through 

the proper receiving line 65 to the apparatus G7 

of subscriber -| of group I. Following this se- 

quence of operations, switches 73 and 75 are re- 

stored to their normal positions, thereby recon~- 

necting the A multiplex channel to the respective 

mixers 53 and §!. 

The subsequent operation. of the system is sub- 

stantially similar to the corresponding operation 

of the system of the copending Pierson et al. case 

referred to. Briefly, as soon as a sufficient num- 

ber of characters has been perforated in the 

storage tape of subchannel f, this subchannel is 

connected to the mixer 53 by means of which it 

is intermittently connected for the transmission 

of the stored characters over one of the multiplex 

channels. At the same time, corresponding con- 

nections are made between the receiving mixer 

§{ and the receiving apparatus 62 of subchan- 

nel f. : 

After. the transmission of signals from the sub- 

scriber’s station 55 has ceased and all of these 

characters have been retransmitted by the sub- 

channel apparatus 5! to the receiving end of the 

system, subchannel | transmitting apparatus 5f 

and receiving apparatus 62 are disconnected from 

the respective mixers 53 and 61, but as previously 

indicated, the connections from the subchannel 

apparatus to the subscriber’s transmitting and 

receiving apparatus are.left intact. These con- 

nections remain. undisturbed until the apparatus 

of subchannel | is required for use with another 

subscriber. It will be readily seen that, if sub- 

scriber -§ of group I again desires to transmit 

pefore the connection with the apparatus of sub- 

channel {has been broken, it will not. be neces- 

sary to initiate a new call. Hach subscriber is 

provided with suitable signals to keep him in- 

formed as to his status and as long as a sub- 

scriber is connected to some subchannel appa- 

ratus, he merely starts operating his transmitter 

eyboard whenever he desires to send in much 

the same manner as the subscribers of the sys- 

tems disclosed in the copending Pierson et.al. 

case and the Pierson et al. patent referred to. 

Consequently, since only the signaling necessary 

to re-enter a subchannel for operation of the 

muitiplex system is necessary, considerable line 

time may be saved with such an arrangement. 

SENDING APPARATUS—FUNCTIONS 

Before proceeding with the detailed description 

of.the operation of the sending end of the system, 
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there will be considered first. the functions of the 

apparatus thereat. It will be assumed that facil- 

ities are provided for 192 subscribers divided into 

4 groups of 48 subscribers each. Apparatus for 

a total of 15 subchannels, any one of which is 

accessible to any one of the 192 subscribers, is 

also provided. The system is disclosed in connec- 

tion with a three-channel synchronous multiplex 

over which any combination of the 15 subchan- 

nels may operate. Only enough apparatus to 

illustrate the principles of the invention is illus- 

trated. Such apparatus includes that necessary 

to show the operation of subscriber 1 of group I 

and subscriber 48 of group IV in connection with 

either subchannel { or subchannel (8. 

The subscriber call answering equipment and 

the switching mechanism necessary to select an 

available subchannel are-shown in Figs. 4 and 5. 

The subscriber line finding equipment and the 

subchannel connecting apparatus are shown in 

Figs. 6 and 7. Apparatus for subchannel [ to- 

gether with diagrammatic indications of similar 

apparatus for subchannels 2, {4 and {3 are shown 

in Fig. 10. The reley chain mixer is shown in 

Figs, 13 and i6. The coding apparatus for the 

generation of the switching signais is shown in 

Figs. 8 and 9. The switching signaling trans- 

mitting apparatus and the contrel equipment 

therefor are shown in Fig. 11. The apparatus 

necessary for the supervisory control of the sys- 

tem is shown in Fig. 12. The synchronous multi- 

plex line equipment is shown in Fig. 18 and some 

of the control apparatus necessary fcr the 

switching signaling is shown in Fig. 14. 

Much of the apparatus shown in connection 

with the subchannel! finding and connecting 

mechanism and for the subscriber line finding 

equipment is duplicated. In order to better 

understand the operation of the system and par- 

ticularly to enable one to practice the invention, 

the number of such pieces cf apparatus neces- 

sary to provide a system of the magnitude indi- 

cated will be given as the description proceeds. 

All subscribers, such as subscriber ! of group 

I and subscriber 48 of group IV, are provided with 

start-stop printing telegraph instruments (01 

and #62 respectively. These devices comprise 
keyboard-controlled groups of transmitting con- 

tacts 183 and {C4 respectively, and selector mag- 

nets 105. and 186 respectively to contrcl the 

printing apparatus whereby records of the trans- 

missions are provided. Relays 197 and [88 are 

also furnished at each subscriber’s station to se- 

lectively control the operation of the respective 

contacts {83 and 104 depending upon whether or 

not the subscriber’s equipment is connected to 

subchannel apparatus. Keys {99 and I!!i are 

used to. initiate calling. signals and indicator 

lamps {12, 113, ang (14, 115 are used to indicate 

to each of the respective subscribers his status 

in the system. 

At the central station relays 116 and {17 are 

provided to control, among other things, the ap- 

plication ef standby potentials to the associated 

subscribers’ Hne wires. There is cne relay of 

this type provided for each subscriber. Relays 

{18 and (19, of which there is cne for each sub- 

scriber, respond to calling signals. For each 

group of 48 subscribers there are provided respec- 

tively relays such as 2! and 122, each of which 

controls the starting of the subchannel finder 

equipment. Relays (28, 124 and (25, 126, of 

which there is one pair for each group of 48 sub- 

scribers, are used in the control of the switching 

mechanism for locating an available subchannel.
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Relays 127 and 128, of which there is one switch 
per subchannel for one group of forty-eight sub- 
scribers and a similar switch per subchannel for 
the second group of forty-eight subscribers, etc., 
or one per subchannel per group of 48 sub- 
scribers, are used in connection with the sub- 
channel finder equipment. Each of these relays 
is released when its associated subchannel is idle 
and is operated when its associated subchannel 
is busy. Relays {29 and 131 of which there is one 
per subchannel are used in connection with the 
subchannel finder apparatus and each is released 
when its associated subchanne] is not connected 
to a subscriber’s line and is operated when there 
is such a connection. A relay such as 132 or [33 
is provided for each subchannel and is employed 
to control the operation of the stepping switch 
used for locating an available subchannel. Vac- 
uum tubes 134 and 135 are used respectively with 
relays 127 and (28 to control their operation or 
non-operation in accordance with the busy or 
idle condition of the associated subchannel. 
Vacuum tubes {38 and (37 are used to control the 
stepping operations of the respective associated 
subscriber line finder switches. One pair of these 
tubes is provided for each group of 48 subscribers. 
For each group of 48 subscribers there is also 
provided a five-bank stepping switch such as 
switches {88 and 138, each of which is used in 
connection with locating available subchannels. - 
A three-bank stepping switch such as switches 
{4t, §42, (43 or 144, of which there is one per 
sroup of 48 subscribers per subchannel, is used 
for the purpose of finding the calling subscriber’s 
line. One of the relays 145, (46, 147 or 148, of 
which one is provided per subchannel per group, 
connects the calling subscriber’s line with the se- 
lected subchannel, 

The apparatus for each of the 15 subchannels 
includes a start-step distributor (49, a tape 
perforator (St and a tape transmitter (52. This 
apparatus also includes facilities for Preparing 
blank tape between perforateq messages, instru- 
mentalities for detecting the presence in the tape 
of blank or normal message characters and means 
for stepping blank tape through the transmitter 
without effecting the transmission over the multi- 
Plex circuit of the blank characters. 

A six-bank stepping switch 153, one of which 
is provided for the entire system, is employed for 
the purpose cf, among other things, generating 
part of the coded signals identifying a selected 
subchannel, A relay 154 is employed to generate 
the remainder of the subchannel code signals. 
Relays 85 and {56 function as generators of the 
code signals identifying the group in which the 
calling subscriber is located. Relays: 151, 158, 
159, 161, 162 and 163 are employed to generate 
the code signals identifying the calling sub- 
scriber in his particular group. A network of 
rectifier units 164 is used in connection with the 
subscriber’s line finder switches 141, §42, 143 and 
144 to selectively control the relays 157 to | 63, in- 
clusive, in accordance with the identity of the 
calling subscriber. 

A six-bank pattern switch 165 and a six-bank 
control switch {66 are connected for operation 
under the control of the multiplex apparatus to 
transmit the switching information necessary to 
control the receiving end of the system. 

A bank of storage relays 167 to i181, inclusive, 
is operated under control of the various sources 
of signals including the subchannel tape trans- 
mitters and the switching signaling apparatus to 
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the multiplex transmitting distributor rings 
MTR.. These segments are traversed by a brush 
B3 whereby the segments are sequentially con- 
nected through a winding of a line relay SR to 
the line L...The line relay is differentially. con-~ 
nected in-the well known duplex arrangement 
whereby it is unaffected by the outgoing signals. 
The multiplex apparatus also includes two pairs 
of local rings SLR which are traversed respec- 
tively by brushes B4 and BS. ° 

It. will be understood. that such a system is 
ordinarily operated on a duplex basis as facili- 
ties for signaling in both directions over the same 
lane of traffic are provided. In this case, the 
transmitting equipment will be duplicated at the 
receiving end of the system and the receiving ap- 
paratus will likewise be duplicated at the trans-~ 
mitting end of the system. At the transmitting 
station, for example, the receiving equipment will 
be connected as indicated to the contacts of the 
line relay SR. 

SENDING SUBSCRIBER TO SUBCHANNEL 
CONNECTION 

in the initial portions of the following detailed 
consideration of the operation. of the system 
three different conditions will be assumed, It is 
believed that with these typical arrangements a 
complete understanding of the operation of the 
subscriber-to-subchannel apparatus part of the 
system may be obtained. These condtions are 
when: (1) both of the illustrated subchannels 
are disconnected from subscribers’ lines; (2) one 
of the two illustrated subchannels is connected 
to a subscriber’s line and is busy and the other 
subchannel is not connected to a subscriber’s line 
and is, of course, idle: and (3) one of the two 
illustrated subchannels is connected to a sub- 
Scriber’s line and is busy and the other subchan- 
nel is also connected to a subscriber’s line but is 
idle. By the term “connected,” as used in this 
description, it is meant that the storage appa- 
ratus of the subchannel is physically connected 
to one of the subscriber's lines, Of course, when 
such a connection does not exist, the subchannel 
is described as “unconnected.” The term “busy” 
is used to describe a condition where the sub- 
channel is operating to retransmit signals from 
a subscriber to the multiplex apparatus, .Con- 
versely, the term “idle” is used to describe a con- 
dition wherein the subchannel apparatus is in- 
operative for the retransmission of signals, 

(1) Both subchannels disconnected—It is as- sumed that subscriber { of grotip I desires to ob- 
tain a connection to the communication circuit 
and to transmit signals thereover. At this time relay 1168 is released. and relay 118 is operated. 
In this: specification each relay contact, where it is not otherwise obvious, will be referred to, for example, as the third left (or right) hand make contact of a designated relay.. Such a contact may be found by counting out in the specified 
direction from the relay winding to the third 
armature. Also, direct current power. sources are 
indicated in the drawings by means of an. arrow pointing to either a plus or a minus sign; In every case it is intended to indicate that the non-designated terminal of each source of power is connected te ground, There is a circuit: from positive battery through resistance 482 to the left hand armature of relay 116. There is an-~ other circuit from positive -battery through re- sistance 183, the left hand winding and left hand make contact of relay 118 to the left hand arma- set up signaling conditions upon the segments of 75 ture of relay {16 These two circuits are both 
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continued through the left hand break contact 

of relay {16 over the line wire 57 to the sub- 

scriber’s station. Current is permitted to flow 

through the indicator lamp 112, which may be 

red for the guidance of the subscriber, through 

the closed key 109, the rectifier 184, the winding 

and make contact of relay {07 and through the 

winding of the selector magnet 105 to ground. 

Connected from the junction of resistance 183 

and the left hand winding of relay. {{8 to ground 

is a resistance (83. This resistance is approxi- 

mately five times the value of resistance 183 and 

aporcximately five-sixths the value of resistance 

i82. With a suitably proportioned terminal re- 

sistance of the subscriber’s apparatus, there is 

sufficient current flow through the left hand 

winding of relay 118 to maintain this relay oper- 

ated. 

Under the assumed conditions relays i2{1, (22, 

123, 124, 125, $26, #27, 128, £29, #3t, 182 and 133 

are released. 

The subscriber initiates a calling signal by de- 

pressing the key (09, thereby removing & short 

circuit from around the resistance (86. The in- 

troduction of this resistance in the described cir- 

cuit reduces the value of. the current through the 

left hand winding of relay 118 to the point where 

the relay is released. Through the outer right 

hand break contact ground is applied to the con- 

ductor 187, This conductor is multipled to simi- 

Jar contacts cn the other relays corresponding to 

relay {18 for each of the other 47 subscribers 

in group I, The application of ground to this 

conductor operates relay 121. The operation of 

this relay closes a test. circuit whereby an avail- 

able subchannel is selected for operation. This 

circuit may be traced from ground through the 

left hand. break contact of relay 132, the left hand 

break contact of relay. 133,-the. left: hand -break 

eontact of relay (24, the left. hand break con- 

tact of relay {28, conductor 198, the left hand 

roake contact of relay (21, conductor (91, the third 

left hand break contact of relay 127, the second 

right hand break contact of relay (29, the wind- 

ing of relay (32 and resistance 192 to positive 

battery. This latter relay operates and locks 

tarough its left hand make contact.. This opera- 

tion also opens the previously described test. cir- 

cuit which is inked through apparatus associated 

with the other subscriber groups and subchan- 

nels so that the apparatus cannot respond to a 

subsequent. call until the first one has been com- 

pleted. . The closure of the right hand make con- 

tact of relay 132. completes a circuit extending 

from ground, over conductor 183, through the 

first left hand break contact of relay 423, the 

first lef} hand break contact of relay {25, the 

right hand make contact of relay {2!, and the 

winding of relay 123 to positive battery. This 

Jatter relay is thus operated and locked through 

its first left hand make contact to ground at the 

right hand make contact of relay (32. 

The operation of relay (23. prepares an oper- 

ating circuit for the stepping magnet {96 of the 

switch 138. The circuit may be traced from the 

battery connected to the stepping magnet wind- 

ing through the interrupter contacts 97, the 

first right hand make contact of relay (23, the 

first right hand break contact of relay 124 to 

wiper (88 of the first bank of the stepping switch. 

Each bank of the stepping switch is provided 

with contact studs in numbers equal to the num- 

ber of subchannels. In the disclosed system 

there vill be 15 such contacts, although only the 

first and fifteenth are shown herein in detail. 
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Hach of the coritact: studs of the first. bank of 

the stepping switch 138 is connected to the right 

hand break contact of relays corresponding to 

relays {32 and 133. These contacts of these 

relays are also connected in multiple to corre- 

sponding contacts of the first bank of the step- 

ping switch {39 which is associated with the 

apparatus of group IV. 

In responding to a subscriber’s call, all of the 

relays such as relays (32 and 138, with the excep- 

tion of the one associated with the selected sub- 

channel apparatus, are released. Accordingly, 

in this case relay 132 is operated, thereby remov- 

ing a ground at its right hand break contact 

from contact {99 of the switch #38. Since all of 

the other similar relays, including relay 13%, are 

released, ground is connected to all other con- 

tacts including contact 29! of this bank of the 

switch. 138. If it is assumed that the wiper 198 

is resting upon one cf this latter group of con- 

tacts, for example, contact 201, the operating 

circuit of the stepping magnet 196 is completed 

to ground. The wipers of the switch thus are 

stepped successively over such grounded con- 

tacts until the wiper 198 effects engagement with 

cohtact 199. Since relay {32 is operated at this 

time, the operating circuit of the stepping mag- 

net is open at this point and the stepping of the 

switch is interrupted. 

There is, however, an alternate circuit extend- 

ing from battery through the winding 196 of the 

stepping magnet, the interrupter contacts 191, 

the first right hand make contact of relay 123, 

the winding of relay 124, resistance 292, and the 

second right hand make contact of relay 123 to 

ground. This circuit has been closed during the 

entire steoving operations of the switch 438, but 

the winding of relay 124 and the resistance 202 

have been effectively short-circuited by the 

grounds at the contacts passed over by the wiper 

198 of the switch §38. Since there is no ground 

connected to contact 199 of the switch, the short 

circuit is removed and sufficient current is con- 

ducted through the winding of relay 124 to effect 

its operation but this current energizes the step- 

ping magnet 196 insufficiently tc cause further 

stepping of the switch (38. 

The operation of relay !24 prepares a circuit 

for the stepping magnet 203 of the subscriber 

line finder switch {4f associated with the se- 

lected subchannel. This circuit may be traced 

from battery through the winding of the step- 

ping magnet 203, the interrupter contacts 204, 

contact 285 and wiper 286 of the third bank of 

the stepping switch 138, the third right hand 

roake contact of relay (24, through the parallel 

space discharge paths of the vacuum tubes (36 

to negative battery. The completion of this cir- 

cuit through the tubes is controlled by the grids 

of the tubes 136. These grids are connected in 

parallel through a resistance 207 to negative bat- 

tery which, by way of example, may have a value 

equal approximately to twice that connected to 

the cathodes of the tubes. The grids of these 

tubes are also connected through another re- 

sistance 208, the fourth right hand make contact 

of relay 124, wiper 209 and contact 2114 of the 

fourth bank of the stepping switch !28, the third 

left hand break contact of relay 145, wiper 212 

and contact 213 of the second bank of stepping 

switch (41, conductor 214 to the first right hand 

armature of relay 118. The described circuit 

exists only when the wipers of the stepping switch 

141 are in the positions shown. Assume that the 

wiper 212 is in engagement with contact 245.
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Then the circuit is extended by.a conductor (not 
shown) corresponding to conductor 214 to the 
first right hand armature of a relay which cor- 
responds to relay #18. If the subscriber with 
which this relay is associated is not connected 
to one of. the subchannels and is not calling, 

_ this relay will be operated. The described circuit 
is thus extended to ground through the first right 
hand make contact of the relay corresponding 
to relay 118, a rectifier corresponding to rectifier 
216, a counter and a resistance in parailel there- 
with corresponding respectively to the counter 
217 and resistance 218. : 

The two resistances 207 and 208 form a poten- 
tial divider from which voltage is supplied to 
the grids of tubes 139. This voltage is obtained 
at the junction between the two resistances and 
is dependent upon the voltages at their opposite 
ends. In the case under consideration the re- 
sistance 208 is connected to ground, or zero 
potential through the described rectifier and 
counter circuit. While the rectifier is not poled 
to pass current readily in the direction from 
ground to negative, its resistance is nevertheless 
negligible compared to that of the resistances 
207 and 268. The voltage at the junction of 
resistances 287. and 288 will therefore be of nega- 
tive polarity of such a value that the grids are 
rendered positive with respect to their associated 
cathodes which are connected to negative battery 
of a greater value. Accordingly, whenever the 
wiper 212 of switch (44 engages contacts asso-~ 
ciated with unconnected subscribers other than 
the contact associated with the calling subserib- 
er’s line, the circuit of the stepping magnet 293 
is closed, resulting in a stepping of the switch 
wipers over such contacts. 

In the case where the Wiper 212 of stepping 
switch [41 engages a contact such as 215 multi- 
pled to a corresponding contact such as contact 
219 of stepping switch 142 and associated with 
a subscriber’s line already connected to a sub- 
channel, it should be noted that the relay corre- 
sponding to relay {{8 will be operated and the 
relay corresponding to relay 116. will also be oper- 
ated. In this event the circuit from the grids 
of the tubes 136 through the rectifier correspond. 
ing to rectifier 216 will be in the condition de- 
scribed. Such a circuit has been shown to be 
ineffective in interrupting the operation of the 
tubes. However, there is established another cir- 
cuit from the grids through the right hand make 
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contact of the relay corresponding to relay 116, . 
the right hand winding of this relay and the re- 
sistance corresponding ‘to resistance 221 to nega. 
tive battery. The value of this battery may be, 
for example, substantially equal to that connect-~ 
ed to the cathodes of tubes 136. A circuit econ- 
nected in parallel with this latter circuit extends 
from the contact. 219 through the wiper.222 of 
stepping switch 142, the third left hand make 
contact of relay 146, which is operated under 
these conditions, over conductors 223 and 224 to 
the apparatus of subchannel 15. This conductor 
corresponds to conductor 225 associated with sub- 
channel 1 and is connected through apparatus 
corresponding to resistances 226 and 227 to posi- 
tive battery. The value of this battery may be, 
for example, substantially equal to that con- 
nected to the cathodes of tubes [36. ‘The com- 
bined value of the resistances 226 and 227 con- 
nected in. series is substantially equal to the com- 
bined resistance of the right hand winding of the 
relay corresponding to relay 116 and ‘the re- 
sistance corresponding to 221. Since the polarity 
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of the battery connected to one of these parallel 
circuits is negative and the polarity of the bat- 
tery connected to the other parallel circuit is posi- 
tive and both batteries are of substantially equal 
value, the potential of the contact 219 of the 
stepping switch 142 which is located at the junc- 
tion of these two circuits is substantially zero. 
Consequently, when this potential is applied to 
the control grids of the tubes 136, the tubes re- 
main conducting and continue to energize the 
stepping magnet 283 of the switch I41. 

If, while the wiper 212 of stepping switch 141 
is in contact with stud 215, the subscriber who 
at that time is connected with subchannel {5 is 
transmitting signals to the subchannel appa- 
ratus, the resistance which corresponds to. re- 
Sistance 226 is periodically short-circuited, there- 
by decreasing the total resistance of the Positive 
parallel circuit previously referred to. The effect 
of this operation is to momentarily render the 
potential of contact 219 cf. stepping switch: 142 
and contact 215 of stepping switch 141 which are 
connected in multiple slightly positive. The con- 
nection of this positive potential to the control 
grids of the tubes {36 is not effective to decrease 
their conductivity, and therefore it does not affect 
the operation of the stepping magnet 292. 

The negative branch of the two described par- 
allel circuits may be subjected to potential 
changes caused by the operation. of one of a plu- 
rality of push-button keys such as 228. Nor- 
mally, when this key is operated to close its left 
hand contact for a purpose to be described in 
the section entitled “Miscellaneous features,” a 
circuit is completed from the junction of resist- 
ance 22! and the right hand winding of the re~ 
lay corresponding to 116 through the right hand 
contacts of other keys including a key 229, 
through the second left hand break contact of 
relay $23, through resistance 231 to negative bat- 
tery. Such an operation would depress the po- 
-tential applied to the grids of the tubes 136 to a 
point where the conductivity. of these tubes might 
be sufficiently reduced to cause an interruption 
in the operation of the stepping magnet 293. 
However, during a switching operation relay 123 
is operated, thereby disabling the keys such as 
228 and 229 at the second left hand break con- 
tact of this relay. 
When the wiper 212 of stepping switch t4! en. 

gages the contact 213, the grids of the tubes. (36 
are connected by a circuit extending through the 
fourth right hand make contact of relay 124, 
wiper 269 and contact 211 of stepping switch 138, 
third left hand break contact of relay (45, wiper 
212 and contact 213, conductor 2 14, the first right 
hand break contact of relay 118, right hand 
winding of relay {16 and the resistance 221 to 
negative battery. The negative potential - de- 
rived from this source, in combination with ‘the 
negative potential derived through resistance 207, 
is sufficient to depress the grid-to-cathode po- 
tential of these tubes sufficiently to interrupt the 
space current. Consequently, no further opera- 
tion of the stepping magnet 283 of the switch 
41 is possible, and the switch Wipers are brought 
to rest in the positions shown. 

During the above described stepping operations 
of the switch 14{ the vacuum tube {34 is main- 
tained non-conducting for the reason that the 
control grid thereof is connected by conductors 
232 and 233, contact 224 and wiper 235 of step- 
ping switch 138, the second right hand make con- 
tact of relay 124, resistance 236 to the anodes of 
the tubes 138. ..While these. tubes are .conduct~ 
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ing during the operation of the switch {4i, the 

anodes are Maintained at a negative potential 

which is only slightly less than the value of the 

negative potential connected to their cathodes. 

The cathode of the tube 134 being connected to 

ground, this tube, therefore, is maintained. non- 

conducting. As scon as the tubes 136 are ren- 

dered. non-conducting due to the detection of the 

calling subscriber’s line, the negative potential is 

disconnected from.the grid of the tube 134.. Also, 

during the stepping operation of the switch !41 

the positive potential connected to the stepping 

magnet 203 is connected to the grid of the tube 

{34 by means of @ circuit extending through 

the interrupter contacts 204, contact 295 and 

wiper 206 of stepping switch (38, the third right 

hand make contact of relay 124; resistance 236, 

the second right hand make contact of relay (24, 

wiper 235 and contact 234 of stepping switch 

138: This positive potential is ineffective to.oper- 

ate the tube {24 because the impedance of the 

winding of the stepping magnet 203 and the re- 

sistor 281 is appreciably: greater than the im- 

pedance of the space discharge paths of the vac- 

uum tubes 136: As soon as this path through the 

tubes 136 is interrupted, however, the positive 

potential becomes effective to control the tube 

134. Conduction is not started immediately in 

this tube, however, because of the condenser 238 

connected between the grid and the cathode 

thereof. This condenser is charged from the 

positive battery connected to resistance 237 

through a timing resistance 238, and the time re- 

quired for this charge is sufficient to prevent a 

false operation of the tube {34 under conditions . 

which will be considered in the section entitled 

“Miscellaneous features.” When the condenser 

238 has become charged, to a potential suffi- 

ciently high to cause the tube 134 to become 

conductive, a circuit is closed through the left 

hand winding of relay (27 from the positive bat- 

tery connected thereto to the ground connected 

to the cathode of the tube. 

Prior to the operation of relay 127 a circuit 

was complete from positive battery at this relay 

over conductors 239 and 248, through the winding 

of relay 145, conductor 241, contact 242 and wiper 

243 of stepping switch 138, and the fifth right 

hand make contact of relay 124 to ground. At 

this time, however, the battery for this circuit 

is short-circuited through the first left-hand preak 

contact of relay i27 and the first right hand 

preak contact of relay #29 to ground, thereby ren- 

dering the circuit ineffective to cause the oper- 

ation of relay {45. The operation of relay {27 

removes the short circuit from the battery to 

permit the operation of relay 145, which locks 

‘through its first left hand make contact to 

ground; thereby insuring the continued operation 

of this relay independently of the circuit through 

the stepping switch 138. 

‘The operation. of relay (45 connects the sub- 

scriber’s line 57 over conductor 244, through con- 

tact-245 and wiper 246 of the line finder switch 

{4i, the fourth left hand make contact of relay 

145, conductor 247 and the winding of relay 248 

of the sub-channel { apparatus to negative bat- 

tery. It should be noted that prior to the oper- 

ation’ of relay {45 the circuit from the relay 248 

is complete through the fourth left hand. break 

contact of relay #45, the fourth left hand break 

contact of relay 147 and resistance 249 to ground, 

thereby maintaining the contacts controlled by 

relay. 248 closed to prevent the idle operation of 

the subchannel distributor apparatus. 
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It should also be noted that now there is con- 

nected to the subscriber’s line 57 battery of nega- 

tive polarity, whereas prior to the operation of 

relay 145 battery of positive polarity was con-~- 

nected thereto. Simultaneously with the connec- 

tion of negative battery to the subscriber’s line 

by the operation of relay 145, the positive battery 

is disconnected therefrom by the operation of 

relay (16. The operating circuit for this latier 

relay may be traced from negative battery 

through resistance 221, the right hand winding of 

this. relay, the first right hand break contact of 

relay 118, conductor 214, contact 213 and wiper 

212 of the line finder switch {4i, the third left 

hand make contact of relay 148, conductors 259 

and 225 and resistances 226 and 227 to positive 

battery. Once operated, this relay locks through 

its right hand make contact. The positive bat- 

tery through resistance 182 is disconnected from 

the subscriber’s line 57 at the left hand break 

contact of relay (16. The effect upon the sub- 

scriber’s equipment produced by this reversal of 

battery polarity will be considered presentiy. The 

operation of relay 116 also connects battery 

through resistance 182, the left hand make con- 

tact of this relay, the right hand winding of 

relay 118, the left hand winding of relay [16, re- 

sistance 251 and lamp 252 to ground. The cper- 

ation of the lamp gives an indication that sub- 

scriber {| of group I is connected to a subchan- 

nel. Relay 118 is operated and, upon closure of 

its left hand make contact, current is conducted 

through its left hand winding in such a direc- 

tion that the two windings are.mutually aiding. 

This ig a consequence of the junction of resist- 

ances 183 and {85 being at a higher positive 

potential than that of the left hand make ccn- 

tact. 
The currents in the two windings of relay 16 

are arranged to flow in opposite directions to pro- 

duce. opposing magnetic fields, that of the left 

hand. winding, however, being of considerably 

lesser magnitude than that of the right hand 

winding. This arrangement has the effect of 

producing a quick release of this relay when the 

subscriber’s line subsequently is disconnected 

from the subchannel in a manner to be described 

subsequently in this section under “(3) One sub- 

channel connected and busy—Cther subchannel 

connected and idle.” Therefore, in order to in- 

sure this type of operation, the magnetic field 

produced by the left hand winding is opposed to 

that. produced by the right hand winding and 

is less in magnitude than that of the right hand 

winding by the amount necessary to insure con- 

tinued operation of the relay until such time as 

it is desired to release it. 

The operation of relay {18 interrupts at the 

second right hand break contact thereof the 

operating circuit of relay (21, thereby effecting 

the release of this relay. 

When relay 127 is operated, the winding of 

relay 132 is short-circuited at the third right 

hand make contact. of relay 121. Relay 132 is 

thus deenergized but does not release imme- 

diately because it is provided with a slow-to- 

release characteristic. Such a characteristic is 

necessary in order to insure the completion of 

some of the relay operations previously described. 

When this relay does release, however, the ground 

at the right hand make contact to. which relay 

{23 has been locked is removed, thereby releas- 

ing the latter relay. The release of relay: 123
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also interrupts the operating circuit of relay 124 
to cause its release. So 

At the completion of this sequence of opera- 
tions, it is seen that the subscriber group calling 
test circuit apparatus is all restored to normal. 
Relay (21, which is associated with subscriber 
i of group I, is operated and is maintained in this 
condition in a manner to be described in the 
section entitled “Miscellaneous features.”.. Tn the 
section entitled “Sending switching signaling” . 
there will be described the operation of relay. 129 
and the operation of the apparatus involved in 
generating and transmitting the coded-switch- 
ing signals necessary to convey the switching in- 
formation to the receiving station. 

At the subscriber’s station, as long as Positive 
battery is connected to the line 51, relay. {07 is 
operated so that the keyboard controlled trans- 
mitting contacts 103 are short-circuited by the 
make contact of this relay. .Such an arrange- 
ment is desirable to prevent the possible loss of 
intelligence signals which might be ‘sent pre- 
maturely before the -subscriber’s apparatus is 
connected to subchannel storage apparatus. In- 
asmuch. as the subscriber’s keyboard mechanism 
is connected directly to the printer selecting 
-Mechanism.so that he may obtain a home office 
copy of the transmitted. subject matter, any 
operation of the transmitter keyboard while the 
relay 107 is operated is ineffective to produce a 
response by the selector magnet {05. Corise~ 
quently, the subscriber in attempting to send 
before his apparatus is connected to subchannel 
storage equipment, is immediately apprised of 
the condition by the failure of his printing appa- 
ratus to function. When the positive battery is 
disconnected from the subscriber’s line 517 and 
negative battery connected in place thereof, the 
previously described circuit through the rectifier 
unit (84 and the winding of relay {97 is inter- 
rupted and a circuit is complete through ‘the 
selector magnet 105 and the normally closed one 
of the transmitter contacts 103, rectifier 253 and 
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the lamp [13, which may for convenience be. 
colored green, over the line 57 and the previously 
described circuit to the negative potential con- 
nected to relay 248 of the subchannel { appa-~ 
ratus at the central station. It may be seen that 
relay 107 is thus deenergized to remove the short, , 
circuit from the transmitter contacts and a suit- 
able signal is operated to indicate this ‘condition 
so that the subscriber may proceed with. the 
transmission of the message. ; a 

Before proceeding with the description of the. 
operation. of the system following the above 
described series of operations, the remaining two 
typical arrangements referred to previously. will 
be considered. _ - 

(2) One subchannel connected and , busy—. 
Other subchannel disconnected.—It is assumed 
that subscriber { of group I is connected to sub- 

channel I and is engaged in transmitting mes- 
sage signals. It is also assumed that subchan- 

_nels 2 to 14 are connected to other subscribers. 
who likewise are busy and that subscriber 48 of 
group IV desires connection to the system. Under 
these conditions .the following relays are oper- 
ated: (16, (18;.127, £29, (45, 108 and 119. Line 
finder switch {41 is positioned as shown and the: 
positions of the other switches of Figs. 4; 5,°6 

“and’7 are immaterial. Also the following relays 
are not operated: (07, 123, (24, 132, -124; #17, 
133, -128, 121, (25, £26, £22, 146, 147: and-.148. 

Subscriber: 48 ‘of group: IV- initiates a-call by 
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operating the key.{{f{ to release relay 119. By 
means of the second right hand break contact of 
this relay, relay 122 is operated to close the sub- 
scriber calling test circuit. This time the cir- 
cuit may be traced from grotnd through the 
left hand. break contact of relay 132, the left 
hand break contact of relay 133, the left hand 
break contact of relay 124, the left hand break 
contact of relay 126, the left hand make con- 
tact.of relay 122, conductor 191, the third left 
-hand make contact of relay 1217, conductor 254, 
the third left hand break contact of relay 128, 
the second right hand break contact. cf relay 
131, the winding of relay 133 and resistance 255 
to battery. Relay 133 is thus operated and locked 
through its left hand make contact to ground 
through the left. hand break contact of relay 
132.. Also-a circuit is completed from ground 
through ‘the right hand. make. contact. of relay 
133, conductor 193, the first left hand break. con- 
tact of relay 123, the first left. hand break con- 
tact of relay 125, the right hand break contact 
of relay 121, the right hand make contact of 
relay. 122 and the winding of relay {25 to bat- 
tery.. The latter relay is thus operated. ‘ 

The operation of relay 125 prepares. a circuit 
from battery through the winding of stepping 
magnet 256 of the subchannel finder switch 133, 
the interrupter contacts 257 of..this switch, the 
first right. hand make contact of relay {25, the 
first right-hand break contact of relay .126, wiper 
258 of the subchannel finder switch and the bank 
contacts associated therewith to ground at. the 
right hand break. contact. of the relay 132 or 
others corresponding thereto, which are -2880- 
ciated with any. but the selected’ subchannel; in 
‘this case, any but subchannel.15.. ‘The wipers of 
switch (39 are thus stepped over. the. bank con- 
tacts until wiper 258 engages. contact 259 which 
is connected. to-the right hand break contact of 
relay 133. Since this relay is operated, the de- 
Scribed operating circuit for the stepping magnet 
256 is opened and the switch comes .to.rest as pre- 
viously described thereby causing the operation 
-of relay. 126 through resistance 261-and -the sec- 
ond. right hand make contact of relay {25 to 
_ground. 

The operation of. relay. 126 ‘prepares 2 circuit 
from. the .anodes. of the. tubes {37.through the 
third. right hand make contact. of relay 126, 
wiper 262 and contact 263 of stepping switch. 138, 
the interrupter contacts 264 and Winding 265 of 
the. stepping -magnet of line finder switch 144. 
Also a.connection from the grids of the: tubes {37 

-is established through the fourth right hand make 
.contact.of.relay 126 through the wiper 288 and 
contact 267 of switch 139, the third left. hand 
break contact of relay 148, to the Wiper 268 of 
switch 144. As long.as this wiper is engaged with 
contacts associated with non-calling subscribers, 
the tubes 137. are conductively conditioned in the 
manner described. The stepping of. the wipers of 

_ Switch 144. continues until wiper 268 engages con- 
tact 268 which is associated with. the apparatus of 
subscriber 48.0f group IV. The potential of. this 
contact is of such.a character that the. tubes ‘are 
rendered non-conducting and the wipers of the 
switch 44 are stopped in. the manner described. 

* When the tubes 137 are rendered non-conduct- 
-ing, a circuit-is made effective from positive bat- 
-tery through the winding 265 and interrupter con- 

' tacts 264 of the line finder switch 144, wiper 262 
and contact 263 of subchannel finder switch 139, 
the third right hand make contact of relay, 125, 
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resistance 2TI, the second right hand make con- 

tact of relay 126, wiper 272 and contact 2173. of 

switch. (39, and. conductor 274 to the control grid 

of tube 135. Between the grid and the cathode 

of this tube is connected a condenser 215 which 

begins to accumulate a charge ‘through the re- 

sistance 27! and ultimately reaches.a value suffi- 

cient to cause the conduction of space. current 

through the tube’ and the left hand winding of 

relay 128, thereby causing the operation of this 

relay. Ground from the first right hand break 

contact of relay 13! is removed from the upper 

end of the resistance 276 by the operation of the 

second left hand break contact of relay 128, 

thereby effecting the operation of relay 148. The 

operating circuit for this relay may be traced 

from battery through resistance 276, conductors 

211 and 278, the winding of relay 148, wiper 275 

and contact 281 of switch 139 and the fifth right 

hand make contact of relay 126 to ground. “As 

soon as relay 148 operates, it is locked through 

its first left hand make contact. a 

The operation of relay 148 connects the line 282 

of subscriber 48. of group IV over conductors 283 

and 284, wiper 285 and contact 286 of switch 144, 

the fourth left, hand make contact of relay 148, 

the fourth left hand break contact of relay 146 

and conductor 287 to the apparatus of subchan- 

nel 15. ‘The conductor 281 corresponds to the 

conductor 241 of subchannel { and is connected 

toa relay which corresponds to relay 248 of sub- 

channel I, terminating in negative battery. ‘Thus, 

negative potential is connected to the subscriber’s 

line 282 and concurrently therewith relay [7 is 

operated to remove at its left hand break con- 

tact the previously connected positive potential. 

The operating circuit for relay {11 may be traced 

from negative battery through resistance 288, the 

right hand winding of relay i111, the first right 

hand break contact of relay 119, conductors 289 

and 291, wiper 268 and contact, 269 of switch 

i44, the third left hand make contact of relay 

148, conductors 292 and. 224 to the apparatus of 

subchannel 15. Conductor 224 corresponds to 

conductor 225 of subchannel f and is connected 

through resistances ‘corresponding to resistances 

226 and 227 of subchannel ! to positive battery. 

The operation of relay 117 also effects the opera- 

tion of relay 119 in a manner similar to that de- 
scribed.. The operation of relay 119 releases 

relay #22: 

The operation of relay {28 also deenergizes re- 

lay 133 by short-circuiting the winding thereof 

at the third right hand make contact of relay 128. 

When the slow-to-release relay 133 releases, relay 

425 is deenergized and releases and, in turn, de- 

energizes and releases relay 126. : 

Thus it is seen that the subscriber callitig test 

circuit apparatus is restored to normal and the 

calling subscriber’s line. 282 is connected: to the 

apparatus of subchannel 15 so that transmission 

may be started by the subscriber. 

(3) One subchannel connected and busy— 
Other subchannel connected and idle—it is as- 

sumed that subscriber ! of group I is connected to 

subchannel { and is engaged in transmitting mes- 

sage signals. -It is also assumed that subchan- 

nels 2 to (4 are connected to other subscribers 

who likewise are busy and that subchannel 18 is 

connected to a subscriber’s line but is idle. At 

this time subscriber 48 of group IV desires a con- 

nection with the system. Under these conditions 

the following relays are operated: #16, #8, 12T, 

429, 145, #08, 119, 134 and £48. “Line finder 
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switch (41 is positioned as shown, the wipers of 

switch 144 are at the contacts of the connected 

but idle subscriber’s line, and the positions of the 

other switches of Figs. 4, 5, 6 and 7 are immate- 

rial. Also, the following relays are not operated: 

107, 123, 124, 132; 121, 147, (33, 128, 125, 125, (22, 

146 and (41. ; 

Subscriber 48 of group IV initiates a call by 

operating the key If f to release relay 119 which 

in turn operates relay (22. Prior to the opera- 

tion of relay 122, relay [48 is locked from ground 

through its first left hand make contact, the 

winding of the relay, conductors 278 and 217 

and resistance 2716 to battery. The subscriber 

calling test circuit is closed by the operation 

of relay (22 and may be traced from ground 

through the left hand break contact cf relay 

132, the left hand break contact of relay 133, 

the left hand break contact of relay 124, the 

left hand break contact of relay (26, the left 

hand make contact of relay 122, conductor 19, 

the third left hand make contact of relay [2T, 

conductor 254, the third left hand break contact 

of relay 128, the second right hand make contact 

of relay 131, conductor 293, the second left hand 

make contact of relay (27, the first left hand 

break contact of relay 128, conductors 277 and 

2718 to the right hand terminal of the winding 

of relay 148. Since ground is also connected 

through the first left hand make contact of this 

relay to the left hand terminal of the winding, 

the relay is deenergized and releases. 

The release of relay 148-cpens at its third 

jeft hand make contact the locking circuit of 

the relay corresponding to relay {17 associated 

with the previously connected subscriber, there- 

by effecting its release. Since the previous sub- 

seriber-to-subchanne] connection is broken at 

the fourth left hand make contact of relay 148, 

the release of the relay corresponding to relay 

{{T-restores the previously connected subscriber's 

apparatus to its idle unconnected condition. Be- 

fore the relay corresponding to relay [17 releases 

following the release of relay 148, the. negative 

potential derived through resistance 288 is im- 

pressed upon bank contact 269 of switch 144, 

and since such a condition might prevent the 

switch from operating, the relay corresponding 

to relay {17 is made to release as rapidly as 

possible in the manner described previously in 

this section under “(1) Both subchannels dis- 

connected.” ; 

Prior to the release of relay. (48, relay {31 is 

Jocked from ground through its first right hand 

make contact, the right hand winding of the 

relay, conductor 284, the third right hand make 

“contact of relay 148, conductor 295, and the sec- 

ond left hand break contact of relay 296 to bat- 

tery. Upon the release of relay 148 this circuit 

is opened. releasing relay !3!.. The ground from 

the left hand break contact of relay 132 is trans- 

ferred from the second right hand make contact 

of relay 131 to the second right hand break 

contact and through the winding cf relay 133 

and resistance 255 to battery, thereby operating 

_Yelay 138. 

70 

15 

The operation of this relay operates relay 125 

which in turn starts the subchannel finder switch 

i39. When the wipers of this switch have 

reached the contacts associated with subchannel 

{5, the switch is stopped and relay 126 is oper- 

ated. Following this the line finder switch 144 

is started and continues to step until the sub- 

scriber’s line 282 is found, whereupon relay 148 

is operated to connect thé subscriber’s line 282
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by means of conductors 283 ang 284, the con- 
tact 286 and wiper 285 of switch (44, the fourth 
left hand make contact of relay 148, the fourth 
left hand break contact of relay 146 and con- 
ductor 287 to subchannel [5. 

In case all of the subchannels are connected 
to subscribers’ lines and are busy at the time 
that another subscriber, for example subscriber 
48 of group IV, desires a connection, the relay 
corresponding to [22 associated with the calling 
subscriber is operated and closes the subscriber 
calling test circuit. At this time the circuit 
may be traced from ground through the left 
hand break contact of relay 132, the left hand 
break contact of relay 133, the left hand break 
contact of relay 124, the left hand break con- 
tact. of relay 126, the left hand make contact 
of relay 122, conductor I91, the third left hand 
make contact of relay 127, conductor 254, the 
third left hand make contact of relay 128, con- 
ductor 293, the second left hand make contact 
of relay 121, the first left hand make contact 
of relay | 28, lamp 291 and resistance 298 to 
battery. Thus it is seen that, aside from the 
operation of the relay corresponding to relay 
122, no other relays are operated, and the lamp 
297 is illuminated to indicate to an attendant 
that there are one. or more subscribers awaiting 
connection to the system which is at the mo- 
ment: utilized to full capacity... Also, by. reason 
of the failure of the red light 114 to be extin- 
guished and the green light: 115 to be lighted, 
the calling subscriber knows that there is no 
available subchannel apparatus at that time and 
he must wait ‘until such .apparatus becomes 
available. 

As soon as one of the operating subscribers 
becomes idle the relay corresponding to relays 
(32 and 133 which is associated with the sub- 
channel] to which the operating subscriber has 
been connected will be operated, and the switch- 
ing mechanism will function to. connect the call- 
ing subscriber to the available.subchannel in the 
manner described. 

SENDING SUBCHANNEL APPARATUS 

It is assumed that the entire system. is idle 
and that no subscribers are connected to any 
of the subchannels and ‘at this time subscriber 
| of group I initiates a call. After the previously 
described switching operations, relay {27 is oper- 
ated to cause the operation of relay 145, . At 
this time relay 121 also is effective to start the 
operation of the cede switch 153 in a manner 
which will be described in the section entitled’ 
“Sending code switch.” The operation of relay 
{45 connects the subscriber’s line 57 to relay 
248 of subchannel {. Since negative battery is 
connected to this relay and ground.to the other 
end. of the circuit at the. subscriber’s station, 
the relay remains energized. 

At this time relay. 299 of the subchannel appa- 
ratus is operated and locked by a circuit which 
extends from positive battery through resist- 
ances 39! and 302, the right hand make contact 
and right hand winding of the relay and the 
winding of the transmitter stepping magnet 303. 
Relay 248 is operated as described, the latch mag- 
net 394 of the start-stop distributor {49 is ener~ 
gized and the line relay 305 is operated. 

In response to the illumination of the green 
light 1413 at the subscriber’s station, the sub- 

scriber begins the operation of his transmitting 
keyboard to send start-stop signals over the line 
51 to relay 248 at the subchannel. In response 
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to the first start signal, which is spacing. or: an 
open line condition, relay. 248 is released: to de- 
energize the latch magnet 304 and the line relay 
305. The deenergization of the latch magnet 
permits the withdrawal of the latch 306 allow- 
ing.the distributor brush 307 to begin.a ‘traverse 
over ‘the rings. associated ‘therewith. ‘Connected 
to individual. segments of one of the distributor 
rings are selector magnets 308 of the tape per- 
forator 15!,° These magnets are selectively ener- 
gized as the brush passes over the segmented ring 
under the control of the make contact of the line 
relay 305 which ‘responds to the signals trans- 
mitted from ‘the ‘subscriber’s apparatus. When 
the brush 307 bridges segments 399 and 311, posi- 
tive battery is connected to the punch-magnet 
312 of the perforator to form perforations in the 
tape in accordance: with the received character 
signals. 
“Following ‘the operation of the punch-magnet, 

the brush 301. bridges segments 313 and. 314, 
thereby short-circuiting resistance 226. :Prior to 
the engagement of.the brush with ‘these two lat- 
ter segments, there is a.circuit extending from 

‘positive battery, through resistances 227 and 226, 
conductors 225-and 250, the third left hand:make 
contact of relay’ 145, wiper 212 and contact 21% 
of.. switch 141; ‘conductor 214° the right hand 
make contact. and right hand: winding of -re- 
lay 1i6-and.resistance 221 to negative battery, 
which has a value substantially equal to that 
connected to resistance 227. Also connected as 
a branch of the described circuit ‘from 'the con- 
ductor 214 is a-circuit which includes the. first 
right hand make: contact of relay (18, rectifier 
216 and the winding of the counter 217. and which 
terminates in ground. The combined value. of 
resistances 221 and the resistance of the right 
‘hand winding of relay {16 is substantially the 
‘Same as the combined value of resistances 226 
and 221, Consequently, the conductor 214 is 
substantially: at ground potential... When resist- 
ance: 226 is short-circuited: by: the distributor 
-brush 397, ‘the’ potential.of conductor .214- is 

“45. raised to ‘some positive value. Hence, there is a 
current. fiow in the branch ‘circuit through the 
rectifier 216 and the counter 217 which advances 
the counter. one’ step. Since this operation. oc- 
curs. once for every character transmitted by the 
subscriber, the ‘counter 217 compiles a-cumula- 
tive record ‘of the number of transmitted char- 
acters. 

Until such time as the perforator (51 can pre- 
pare sufficient tape; that portion of the tape‘ be- 
tween the perforator’ and the transmitter ‘is 
‘drawn taut ‘so that the shortened loop of tape 
315 keeps the tape lever 316 elevated sufficiently 

As soon. as 
the tape loop 315 lengthens: sufficiently: to-close 
contact 317, a: circilit is prepared: for. energizing 
‘the left hand winding of relay 299. This. circuit 
may be traced from positive battery through. re- 
sistance 301, -interrupter 318, the .right hand 
break contact of ‘relay 319; the second left hand 
break contact’ of relay 32t,-the sixth right-hand 
break contact of relay 322, the sixth. right. hand 
break contact of relay 323, the sixth: right- band 
break: contact of relay 324; conductor 6-of cable 
325; right: hand break contact of relay 326, con- 
tact 317; the left hand winding of:relay 299 and 
the winding of the stepping magnet 393 of the 
tape transmitter 152 to ground: The two wind- 
ings of rélay 299 are differentially arranged so 
that when both are energized the‘ relay isnot 
operated. “Corisequently, > when’ the’: interrupter 
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318 closes the described -circuit,. the -left.. hand 

winding of relay 299 is-energized: to- counteract 

the effect of the right hand winding and thereby 

release the relay. Subsequent. closures’.of the 

described circuit by ‘the interrupter 318: result in 

the simultaneous energization. of: both :windings 

of relay 299, the right hand winding now being 

energized through the right hand make contact 

in parallel with contact 347. For each closure of 

this circuit the stepping magnet 303 of the tape 

transmitter 152 is- energized to step the tape 

character-by-character through. the transmit- 

ter. Preferably this stepping -action is more 

rapid than that occurring under the. control: of 

the local multiplex apparatus when the subchan- 

nel is entered. : ; 

Since the first few of these characters perfo~- 
rated in.the tape which is stepped. through the 

transmitter are blanks, that is, all signal im- 

pulses sbacing, the tongues of the tape transmit- 

ter are maintained in connection with the spac- 

ing bus bar S.- These -connections. are main- 

tained when the pins are withdrawn for stepping 

purposes under the control of the stepping mag- 

net 303. 

between “blank” and.‘normal’. characters. A 

“plank” character may be defined’ as one com~ 

prising an all-spacing signal. combination; 4 

“normal” character may be defined‘as one hav- 

ing one or more marking impulses in the combi- 

nation. The blank characters. which are -per- 

forated in the tape 315 are stepped through the 

transmitter by means of the described local cir- 

cuit and are not transmitted over the muitiplex 

line. circuit. ; 
As soon’as the first normal char acter is stepped 

into the transmitter: and ‘the pins are released 

-to engage the tape, one or more.of the trans~ 

mitter tongues will be-moved' into contact with 

the marking bus bar M.A circuit is thus com~ 

pleted from positive battery, through resistances 

327 and 228, for example, and the upper trans- 

mitter tongue and- marking bus-bar M,: through 

In this specification, when: referring to < 

the B multiplex channel; a distinction is made 

ot
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resistarice 229 to the grid. of a vacuum tube 238, -45 
Normally there is connected to the-grid of this 

tube only negative potential through a resistance 

33f which is effective to render the tube non- 

conducting: However, the’: positive potential 

which. is. applied through resistance 329 is of a; 

sufficient value to initiate conduction of space 

current in the tube which is drawn from positive 

battery through resistance 332-and the left. hand 

winding of relay 321, thereby operating the relay. 

A condenser 

delay in the disabling of the tube 338 to permit 

the momentary’ disconnections of the ‘trans- 

mitter tongues from the marking bus bar during 

tape stepping operations. 

The operation of relay 321 opens the lecal 

tape stepping circuit controlled by the inter- 

rupter 318 at its second left hand break contact. 

Also, the closure of the first left hand make 

-contact of this relay completes a circuit from 

ground through the left hand winding of relay 

to negative battery. The local tape stepping cir- 

cuit is thus opened at a second point at the break 

contact of relay 326. Further ‘stepping of the 

‘tape to the transmitter is prevented until such. 

time as the subchannel apparatus is. connected 

to the multiplex circuit in a manner which is to 

be described in the section entitled “Sending 

switching signaling.” 

-It should be kept in mind that. the operations. 

$33 is provided to furnish sufficient , 

50, 

--65 

60 

.85 
326 and the left hand break contact of relay 319° 
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of.the subchannel, apparatus covered in this sec- 

tion. of. the specification occur at the time of 

some - preliminary operations. of . the. coding 

mechanism and the code transmitting apparatus. 

These features are covered in the following sec- 

tion of the specification. 

‘SENDING CODE SWITCH 

. While ‘the operations of the subchannel anpa- 

ratus described in the preceding section of the 

specification are occurring, the code switch (53 

is stepped to a position which is effective to set 

up. a part of the code used in the switching 

signaling to be described in the section of the 

specification entitled “Sending switching sig- 

naling.” This stepping operation is initiated by 

the operation of relay 127. It may he well. to 

éxamine the conditions existing just prior to the 

operation of this relay in response to a calling 

signal sent by a subscriber. 

_ One terminal of the stepping magnet 334 of 

switch {58 is connected to battery. The other 
terminal is connected through interrupter con- 

tacts 338 to. a junction point 338. This point is 

connected in multiple to the first right hand 

make contacts of all relays corresponding to re- 

Jays 127 and 128. At times when any one of 

_these: relays is operated by reason of the busy 
‘condition of the subchannel with which it is as- 

30: sociated or by. reason of the operation of one of 

these relays in. response to a call initiated by a 

subscriber desiring a connection. to a subchan- 

nel, the circuit.is further extended to the third 

right hand break contact of the associated relay 

corresponding to relays 129 and (31. If the re- 
lay corresponding to 127 is operated by reason 

of a busy condition of the associated subchan- 

nel, the associated relay corresponding to relay 

129 is also operated and the described circuit 

is open. If one of the relays corresponding to 

{27 is operated by reason of a response to a 

subscriber’s call, the associated relay corre- 

sponding to relay {29 is not operated at this 

time and the circuit is further extended io a 

junction point 387. This point is connected in 

multiple to the third right hand armatures of 

all of the relays corresponding to relays 129 

and (34. If the subchannel with which one of 

these relays is associated is connected to a sub- 

scriber, the relay corresponding to relay 429 

will be operated and the point 237 will be con- 

nected through the third right hand make con- 

tact of the relay to a conductor corresponding 

“to conductor 338. If the relay corresponding to 

129 is not. operated and the subchannel with 

which it is associated is not the one selected 

for connection to the calling subscriber, the re- 

lay corresponding to relay {27 will not be 

operated and the circuit from the point 227 will 

‘be extended through the third right hand break 

contact of the relay corresponding to relay 128, 

to the first right hand break contact of the asso- 

ciated relay corresponding to relay 427 and over 

the conductor corresponding to conductor 33% 

to a contact of the third contact bank of the 

code switch 152. Each of the contacts of this 

bank of the switch is connected to relays cor- 

responding to relays 127 and {29 for the other 

subchannels.. Also, the junction point 237 is 

connected by conductor 338 to one terminal of 

the winding of a relay $49. The other terminal 

of the winding of this relay is connected to 
ground. When the point 337 is connected to 
one of the contacts of the third bank of the 

code switch [53, it is connected to ground by 

i
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means of the wiper 34! of this switch and the 
third left hand break contact of relay 342. Con- 
sequently, as long as ground is connected to the 
point 3317, relay 340 is prevented from operating. 

If the same conditions are asstimed as in the 
preceding section of the specification, relays 21, 
129, 128 and 1314 are not operated. It is also 
assumed that the wipers of the code switch 153 
are engaged with contacts other than their first 
bank contacts. For example, assume that the 
wipers of this switch are standing in such posi- 
tions that wiper 341 is engaged with bank con- 
tact 343. At this time relay 1217 operates in re- 
sponse to a call from subscriber | of group. I. 
Relay 145 is operated in the manner described 
to connect the calling subscriber with subchan- 
nel {, 

In addition, the operation of relay 127 com- 
Pletes a circuit from battery through the wind- 
ing 334 of the stepping magnet of the code switch 
(53, the interrupter contacts 335, to point 336 
and thence over conductor 344, the first right 
hand make contact of relay 121, the third right 
hand break contact of relay 129 to point 337 and 
thence through the third right hand break con- 
tact of relay 131, the first right hand break con- 
tact of relay 128, conductor 345, contact 343 and 
Wiper 341 of switch 153 and the third left hand 
break contact of relay 342 to ground. The step- 
ping magnet 334 is thus energized and advances 
the wipers of the code switch 153 one step. The 
engagement of the wiper 341 with contact 346 
connects ground from the contact of relay 342 to 
conductor 338, Since relay {27 is operated and 
relay 129 is not operated, this ground is prevented 
from reaching the junction point 331, thereby 
preventing the operation of the stepping magnet 
334. This also removes the short circuit from 
the winding of relay 340. This relay is operated 
by means of a circuit which extends from battery 
through the winding of the stepping magnet 334, 
interrupter contacts 335, conductor 344, the first 
right hand make contact of relay 121, the third 
right hand break: contact. of relay (29, conductor 
339, and the winding of relay 340 to ground. The 
current which is permitted to flow in this circuit “ 
is insufficient to completely energize the step- 
ping magnet 334 but is sufficient to operate relay 
340.. The operation of this relay is effective to 
initiate a series of operations of the stepping 
Switches 165 and 166, together with auxiliary re- ~- 
lay apparatus for the transmission of the switch- 
ing signals to the receiving station in order to 
effect at that station switching operations similar 
to those already described at the transmitting 
station for the connection of the subscriber’s re- « 
ceiving apparatus to the system. These func- 
tions of the apparatus are described in the fol- 
lowing section of the specification. 

SENDING SWITCHING SIGNALING 

Hach character. sent over the multiplex portion 
of the system consists of five impulses, When 
the A multiplex channel is used for switching 
Signaling purposes, the first impulse of. each 
character is utilized for a system control purpose 
which will be described in the section of. the 
specification entitled “Automatic. system .con- 
trol.” The remaining four impulses of each 
character are used to convey the information 
necessary to perform the switching functions. 
In order to identify the selected subchannel, the 
Sroup in which the subscriber connected to that 
subchanne] is located and the particular sub- 
seriber within the group,: three characters. are 
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transmitted over the A multiplex channel. In 
accordance with the following table the four im- 
pulses of the first character are used to identify 
the selected subchannel, The first two impulses 
of the. second character are used to identify the 
subscriber group. The last two impulses of the 
second character and the four impulses of the 
third character are used to identify the sub- 
scriber. , 

TABLE 1 

Char. t Char. 2 Char, 3 Impulses — 2.3 4 5 23 45 25345 
| I Subchannel Group Subscriber 

Each subchannel may be identified according 
to a code comprising four impulses of either 
marking or spacing conditions. In the instant 
disclosure the coding of the subchannels is in ac- 
cordance with the following table. Marking con- 
ditions are designated by the letter M and spac- 
ing conditions by the letter Ss. 

TABLE 2 

Character 1 
Impulses._ see 23.4 5 Subchannel: 

M s 8 8 
SM Ss § 
MM 8 §8 
§ SM § 
M SM 5 

Ss MM s§s 
MMM § 

8 Ss 8.M 
M Ss SM 
SM s™M 
MM SM 

§ SMM 
MSM M 
SMM M 
MM M M 

The identity of the subscriber group is deter- 
mined by the coding of the first two impulses of 
the second character in accordance with the fol- 
Jowing table: : 

TABLE 3 

Character 2 

fifth impulses of the second character, and the 
third, fourth and fifth impulses. of the 

third character. The code used. inthis disclosure 
for this purpose is in accordance with the fol- 
lowing table: : 

TABLE 4 

Char, Character 3 

Imputlses___.. 2222222002. 4.5 234.5 cane 

Subscriber: 

M S| SM 8s § 
MS 8S S M §s 
M 8 8 MM.§s 

-|-M § 8 S8.S M 
Ms sM SM 

--M.§ 8s SMM 
M S| SMMM -| SM{S Msg 

- SM 8 S Ms 
- SM 8S MM s 

8s M s Ss S$ M 
$:°M 8S.M S.M 

-| &§ M 8. SMM 
SM 8 MM-M 

MM/i/- 8 McS 8 
MMi's S’M § 
MM 8 MM. gs 
M M!/:S. 8.8 mM 
M Mi'S°M> 3 M 



Tape 4—Continued ~ 

Char- | - , 
acter 2 Chrracter 3 

Impulses__.__.--------+------+=-+--+5+-- 4.5 2:93.45 

Subseriber-—Continued 
, 

20_..- eee eee ee eee eee M M s Ss M.M 
M sM MM 

siM M Ss 8 
sj/M SM § 
SsS|M MM >55& 
siMM Ss M 
sj/M SMM 
SiIMMMM 
s|M ™M 5§s5 § 
s!M S.M 8 
s|.MoM.M’ S$ 
sitM. S SM 

--siM M.S M 

S|M S M-M 
s|M- MM M 
M|iIM™M ~“S '8 
MIM .S°M -S 
MIM M M.S 
MIMS SM 
M|i|M M Ss'M 
MIM SMM 
MIM MMM 
Mi|M™M Ss 8 
M)/M SM S 
MIM MM S 
MiM 8 8M 
MIM ™M SM 
MIM SM ™M 
M|M MM ™M 

Contact banks 4, 5 and 6 of the code switch 

i583 and relay {54 are controlled in accordance 

with the selected subchannel to set up coded elec- 

trical conditions on the bank contacts of the 

switch 165. Relays (55 and 1§§ are controlled in 

accordance with the identity of the group in 

which the calling subscriber is located to set up 

coded electrical conditions upon the bank con- 

tacts of the switch 165. Relays 57, 158, (59,-161, 

{62 and 63 are controlled in accordance -with 

the identity of the calling subscriber and also 

set wo coded electrical conditions on the bank 

contacts of switch 165. 

At suitable times the. wipers of switch 185 are 

stepped over their associated bank contacts un-~ 

der the control of the local rings SLR of the mul- 

tipiex distributor. The electrical conditions on 

the bank contacts of switch 165 are applied at 

suitable times to the A multiplex channel storage 

relays 167 to {71, inclusive.. These relays are 

thus operated in varicus combinations in accord~ 

ance with the coded conditions applied thereto 

at.times when the transmission of normal mes- 

sage characters over the A multiplex channel is 

interrupted. ‘The contacts of the storage relays 

apply marking and spacing signaling conditions 

to segments | to § of the multiplex transmitting 

distributor MTR. These. conditions comprise 

what is termed a “pattern” signal and are later 

sent over the line L when the brush B3 crosses 

these segments. Upon the connection of the A 

multiplex channel to the line L following the 

transmission of a pattern signal, a signal which is 

termed herein a. “confirmation” signal is trans- 

mitted. ‘The confirmation signal is related to its 

corresponding pattern signal in such a manner 

that for every marking condition present in the 

pattern signal a spacing signal is present in the 

corresponding -portion of the confirmation signal. 

Also, impulses of the pattern signal which are 

spacing become marking impulses in the con- 

firmation signal, 

Following the transmission of the pattern and 

confirmation signals identifying the selected sub- 

channel, the subscriber group and the particular 

subscriber in the group, the transmission of nor- 

mal message characters over the A multiplex 

ou
 

10 

20 

25 

30 

35 

40 

45 

50 

60 

65 

70 

15 

2,345,628 

channel is resumed while the switch 165 is stepped 

over its bank contacts until it reaches the first 

of a group of contacts associated with the sub- 

channel apparatus. In the present embodiment 

of the invention the 15 subchannels are divided 

into 3-groups of 4 and 1 group.of 3 subchannels 

for the purpose of the switching signaling opera- 

tions. Each subchannel in a group of 4 is asso- 

ciated with one of the 4 character impulses. An 

active subchannel is represented by a marking 

condition, and an inactive subchannel is rep- 

resented by a spacing condition of its character 

impulse. Consequently, by the marking and 

spacing conditions of one character, the status 

of 4 subchannels may be designated. The sub- 

channel apparatus sets up electrical conditions on 

other bank contacts of the switch {65 which, 

when reached by the associated wipers, control 

the storage relays 167 to 171, inclusive. 

The operation of the pattern switch 185 and 

its associated apparatus is controlled by instru- 

mentalities employed to detect any desired change 

in the system. 'The corresponding switching ap- 

paratus located at the receiving station is started 

and stopped under the control of signals sent 

from the transmitting station. These signals are 

sent over the B multiplex channel over which 

normal: message traffic is momentarily inter- 

rupted. . When a switching operation. is to be per- 

formed, a blank or all-spacing signal character 

is sent over the B multiplex channel. _This signal 

is generated by means responsive to the detecting 

instrumentalities when a connection cr discon- 

nection is to be made. In either case, the trans- 

mission of a blank character over the B multiplex 

channel starts the. switching apparatus at the 

receiving station concurrently with that at the 

transmitting ‘station. After the switches have 

been started, when a pattern signal is te be trans- 

mitted over the A multiplex channel, a blank 

character is transmitted over the B multiplex 

channel on the immediately preceding revolution 

of the multiplex distributor. On the revolution 

of the multiplex. distributer following that -in 

which the pattern signal is transmitted, another 

blank character is transmitted over the B mul- 

tiplex channel. This, of course, will occur on 

the same revolution as that during which the 

confirmation signal is transmitted. ‘The purpose 

of the second blank transmitted over the B mul- 

tiplex channel is to guard against a condition 

whereby: the first blank is not received. The 

manner ix which this sequence of operations 

serves to stop the entire system is fully described 

in the copending case of Pierson et al, referred to. 

For switching signaling purposes the apparatus 

is divided into groups. Switching signaling ap- 
paratus groups f; 2 and 3 comprise the apparatus 

of Figs. 8 and 9 in accordance with Table 1 cor- 

responding respectively to characters {, 2 and 3 of 

this table. Switching signaling apparatus group 

4 includes the apparatus of Fig. 12 which is used 

for a system control purpose to be considered in 

the section of the specification ‘entitled “Super- 

visory system control.” .Switching signaling ap- 

paratus groups. 5,6, 7 arid.8 comprise the 4 

-groups of subchannel apparatus. . 

A change in the status of the system may be in- 

dicated in any of-the switching signaling .ap- 

paratus groups. An indication that a change is to 

be made-is detected by a vacuum tube 349 which 

is thereby conductively conditioned to operate a 

relay 351... The operation of this relay in. con- 

junction with one of the segments of the local 

rings SLR: of the multiplex distributor starts the
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stepping action of switches 165 and 168. Segments 
352, 353, 354, 355 and 356 of the multiplex local 
rings control the operations of the switching sig- 
naling apparatus in a manner to be described. 
Relay 3517 responds to the switching signaling ap- 
paratus common test which operates relay 351 
and also to individual switching signaling ap- 
paratus group tests which are made as the 
sWitches 165 and 166 step over their bank con- 

‘occur as the-brushes B4 and BS engage their 
associated segments on successive revolutions of 
the multiplex distributor apparatus. Some of 
these operations include the stepping of the 
switches 165 and 166, the positions of which at 
all times are indicated in the table. Also, the 
type of signals which are transmitted-over the - 
A and B multiplex channels on successive revolu- 
tions of the distributor apparatus is indiciated. 

ot
 

tacts. Relay 357 interrupts the stepping of one 10 When considering the B multiplex channel, a dis- of the subchannel transmitters and prepares for 
the transmission of a blank character on the B 
multiplex channel. This signal is set up on the 
B multiplex channel bank of storage relays includ- 

tinction is made between blank and normal char- 
acters in accordance with the. foregoing defini- 
tions, On the A multiplex channel, however, dis- 
tinction is made between pattern and confirma- ing relays 112 to 116 by relay 358. Relay 359 15. tion signals on the one hand and.any regular sig- 

switches the A multiplex channel from the sub- 
channel transmitters to the switching signaling 
apparatus for the transmission of pattern and 
confirmation signals. Relay 361 switches the step- 

nals on the other hand. Thus, in the table, in 
the B multiplex channel column “N” represents 
a normal character, and “B” represent a blank 
character. In the A multiplex channel. column 

ping circuits of switch 166 and also controls the 20 of this table pattern and confirmation signals are 
stepping of one of the subchannel transmitters 
associated with the A multiplex channel. Relay 
362, when operated, causes the temporary inter- 
ruption of the stepping operations of switches 

so identified, and “R” represents any regular sig- 
nal. This may be either a normal character or a 
blank character in the sense that these terms 
are used in connection with the B multiplex chan- 165 and 166. Relay 363 operates at times to gen- 235 nel. 

erate an impulse for the possible operation of re- 
lay 357 if a switching signaling apparatus group 
test is completed. Relay 364 operates to condition 
the switching signaling apparatus for the genera- 

A detailed description of the circuits involved 
in the operation of the switching signaling ap- 
paratus will be given for the first few revolu- 
tions of the multiplex distributor apparatus. In- tion of switching signals. Relay 365, when oper- 30 asmuch as this apparatus, after starting on a cycle ated, connects the apparatus of sub-channel { 

to the mixer. 
A typical series of operations of the switching 

signaling apparatus is set out in Table 5 which 

of operations, is designed to function according 
to a definite prearranged pian, it is believed to be 
unnecessary to fully describe the operating cir- 
cuits for each revolution of the multiplex dis- 

follows. The operations shown in this table are 35 tributor apparatus, because the principal differ- 
for one cf a number of possible complete series of 
steps of the switches {65 and 166 over their bank 
contacts. Such a series of steps is taken every 
time a change is to be made in the system. In 

ences in the circuits are the particular bank con- 
tacts of the switches 165 and 166 used, Table 5 
may be used as a guide in following the operations 
of the switching signaling apparatus to be de- the table are listed the operations, if any, which. 49 scribed. 

TABLE 5 

“Mux. chia. | Position 
Rev. | Seg. Operations : 

A B | 165 | 166 

Loe. 352 | None. --...2-2 2.2 
353 | ----- [6 (. aac 
354 | _..-. do.~_-.-e nee 

2_22-- 352 | Release 357.__..._..._ 
353 | Operate 861, 359_ 
354 | Release 358. 
355 | Step 166__...__ 
356 | Step transmitt: 

8... 352 | Step 165__-.._.-...-_ 2. 

354 | None 
355 | Step 166.___._.__ 
356 | Operate 358_.___ 

4.2... 352 | Release 357—step 165. 
353 | Operate 361, 359... ______ 
354 | Release 368__...-__-. 2.2 

356 | Step transmitter. 

5... 352 | Step 165_....-.2..222222. 
353 Qperate 357. 

355 | Operate 362_ 
356 | Operate 358___ 

:3855 | Release 362—step 166 
356 | Operate 358________ 

Town 352'| Release 357—step 163. 
353 |, Operate 361, 359___. 
354 | Release 358_.__._. 
355 | Pulse 364—step 166. 
356 | Step transmitter.._ 

353 | Release 361, 359—pulse 363 to operate 357 (group test) 

step 166_-.----_2 2. 
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Taste 5—Continued 

: Operations 

Mux. ‘chan. Position 

A | Bo 165 | 166 

30_.2.] - 

12_..- 

13..._] - 

14.22. 

16.2. 

16... 

17_.- 

18... 

192... 

21... 

22... 

23. 

24... 

| Release 362—step 166. - 

| Release 357—step 165. ..-.----1.------------- dpe ee eee 

Operate 361, 359. ---- 

A Pulse 864—step, 166_..-....--.------------ 

| Operate 35 
ij None-..-.-.- 
4 ‘Operate 362... 

Operate 358_--------------- 

‘| Release 361, 359—pulse 363 (group test) - - 

| Step 165_ 
| None-- 

: ‘Step transmitter. -- 

| ‘Release 857... +. --..-.-- eee eee ee eee eee ; 

| Step 165........-----—- 

‘Step transmitter 

| Release-357-——step 165--..-..---1------------- 26+ eee ee reenter 

| Step 165____..----------------2-- ee ec eee renee teen en ene 

| None (group test)...-. 

| Step 166 
Step transmitter 

Step 165....-...----- 

Operate 388. ------22---- 22-62 - nee eee ee ee eee tee 

Release 361, 359-—pulse 363 to operate 357 (group test) - 

Release 358, oot 

Operate 858. ..-.-----4---- 22-2 - een een reece a 

Release 358_-.-.-- 

Step 165. _-. 

Release -357__-_---.---------+----------+---- 

Release 858... -.----------------------- 

Release 362—step 166. 
Step transmitter. -.-..------------------++---------- 

Step 165... ...--.---------- +--+ ene reer 

None (group test) 
None. 

None-...---+-------+--- 

Step 166_.. 

Step 165._.----------------- 

Operate 357 (group test) .- 

Operate 361; 359... ---- 
Release 358. 
Pulse 364 +0 operate 365—step 166 

Step transmitter. ...---------------------
- 2-2 -e oon 

Release 357...--..--------~------- 2 rere eee 

Release 361, 359—pulse 363 (group test) 

Release 358....---.----------------- Jaane 

Release 362—step 166_ 
Step transmitter. ..-.-..-----------------+------ 

Step 166_- 
Step transmitter 

Step 165____.------------- ee ee ne nen center cenres 

None (group test)- 
None--_..----- 
Step 166..-- 
Step transmitter ._.._._.----------------------2--2- nero 

Step 166.__ 
Step transm 

None.--_..----------- 
Step 166_...2-...------ 

Step transmitter 

Operate 357_..-.-- wenn 

1 ‘Nome. ----.------- 
| Operate 862__--__- 

Pat. (char..2) |-.--- 
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TaBLE 5—Continued 

Rev. | Seg. Operations 

25....| 852 Step 165...-.-_._- 
353 None (group test)__ 
354 None... . 
355 
356 

352 Step 165.._.._ 0. 
353 Release 349, 351__ 
354 N 
355 
356 

352 
353 Ni 
354 
355 
356 

26__.. 

27.22. 

17 

Mux. chan. Position’ * 

A B | 165 | 166 

R ate} 99 Jel 
at peteeee ne encenee| Ni] 20} 

TCTs 
wale d ene] a ceee [eee 21 

Ro feenee i 

The foregoing table is made up and the follow-. 
ing description is given on the assumption that 
subscriber | of group I is to be connected to sub- 
channel !, and this subchannel is to be connected 
by the relay chain mixer for operation over the 
-multiplex circuit. It is also assumed that prior , 
to. the initiation of a call from the subscriber the 
entire system is idle, there being none of the sub- 
channels connected to subscribers’ lines or to the 
multiplex apparatus. It will be seen, however, 
‘that this latter assumption is immaterial as far: 
as the operation of the switching signaling ap- 
paratus is concerned. It-is further assumed that 
the calling subscriber’s line 51 is connected to the 
.apparatus of subchannel { by the operations of 
the subscriber’s line finder switch 14! and the: 
relay (45. At this time relay {27 is also oper- 
ated; the wipers of the code switch 153 have been 
stepped to the positions shown, and relay 3490 is 
operated. - Also, in response to the message sig- 
nals sent by the subscriber, tape has been pre- 
pared and stepped through the transmitter 152 
until the first normal character causes the oper-~ 
ations of the tube 330 and relays 321 and 326 in 
the manner described. Further stepping of the 
tape is prevented for the time being, although | 
additional tape may be in the process of prepara- 
tion in response to the subscriber’s character 
signals. 

The operation of relay 340 connects a ground 
at the second right hand make contact thereof to, 
conductor 8 of cable 366. This ground is further 
extended through resistance 367, conductor 6 of 
cable 386, the third left hand break contact of 
relay 368, the fourth left hand break contact of 
relay 364, wiper 369 and contact 37! to the grid 
of tube 349. Connected between the grid and 
cathode of this tube is a parallel arrangement of 
a Yesistance 372 and a condenser 373. ‘The cath- 
,ode is connected to ground. It is assumed that a 
‘negative charge is stored in condenser 373 suffi- 
cient to render the tube non-conductive, This 
negative charge is placed on the condenser during 
the preceding operation of switches (65 and 166 
ina manner. to be ‘described under “Revolution 
26” of this section of the specification. The con- 
nection of ground to the grid of the tube dis- 
charges the condenser and renders the tube con- 
dueting to energize relay 351, the winding of 
which is connected to the anode of tube 349. ‘The 
operating ‘circuit described for the tube 349 is 
the so-called switching signaling apparatus com-: 
mion test circuit. a ; 

With the wipers of switch 188 in the positions 
‘shown, this circuit may also be closed from any 
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‘of cable 366. 
apparatus of each of the subchannels 1,2,3 and 4, 

tential connected-to 

.Telays {72 to 16, inclusive, 

through either resistances 315 or 316 to.this cir-~ 
cuit from either conductors If or (3, respectively, 

Conductor. If is- connected to the 

comprising the first subchannel group, while con- 
ductor 13 is connected to the apparatus of sub- 
channels (3,-14.and 5, which comprise the fourth 
subchannel group. Similar connections are made 
between the apparatus. of the: other groups of 
subchannels and ‘the common test circuit. When- 
ever a change in the status of.the subchannel ap- 
paratus is to be made, a ground ‘is connected to 
one of the common test conductors to condition 
the switching signaling apparatus for operation. 

. Revolution.1—On ‘the first revolution of the 
multiplex distributor apparatus following the op- 
eration of relay 351, when brush B4 engages seg- 
ment 355, a circuit is:closed from the positive po- 

the solid ring through wiper 
377. and first bank contact of switch 166, the sec- 
ond break contact of relay 361,-conductors 378 
-and 879, the right-hand Winding of relay 357; the 
second right hand break contact of relay 381, the 
.third break contact of relay 382, conductor 383, 
wiper 384 and first bank contact of switch 166 
.and the make contact:of relay 35! to ground. 
Relay 357 is operated and locks through its first ‘Make contact and left hand winding through re- 
Sistance 385 to: negative ‘battery: 

The engagement of brush B4 with segment 356 
“completes a circuit from positive battery through the second: make contact of relay 351, the left hand winding of relay 358 and resistance 388 to 
ground, thereby causing the operation of the lat- 
ter relay, which is locked through its first make contact and right hand. winding and resistance 387 to negative, battery. The contacts of -relay 358 Control the battery applied to the contacts of 

of: the B multiplex channel. Normally, marking impulses are repre- sented by positive polarity and spacing impulses | 
by negative polarity on the B multiplex channel. Negative spacing battery is applied continuously .to the second make contacts of relays 112 to 176 directly from ‘the second make contact of relay ‘358 and is not affected in any way by the posi- tion of the second ‘armature of this relay.. Posi- tive marking battery is applied to the. second breaking contacts of ‘relays 112 to. 116 through the second armature and break contact of relay 358. The opération of this relay: connects nega~ tive spacing battery to both the second make and break contacts of relays (12 to. (16. The result ./0f this arrangement is that, irrespective of the 

‘one of the groups of switching signaling appa- _. ratus, For example; ground ‘may be connected 75 

operated or non-operated conditions of the bank of storage relays, negative spacing battery is con- nected to’ segments'6 to ta of the B multiplex 
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channel preparatory to transmitting a blank or 

all-spacing character over this channel on the. . 

following revolution of the distributor. 

Revolution 2—As the brush B3. crosses. seg~ 

ments | to 5 of. the transmitting ring MTR, a 

regular character is transmitted. over. the A 

multiplex channel. It should be noted that with 

the idle conditions assumed the character which 

is transmitted over each of the multiplex chan- 

nels is the letter “XX.” It may be seen that con- 

ductors 2, T and 12 of cables! 388 and 388&d are 

connected respectively through. the right hand 

break contacts of relays’ 389, 391 and 392 to 

ground. Thus, relays’($8, 1173 and 178.are op- 

erated, and the other relays:of the storage banks 

are not operated. Consequently, on multiplex 

channels A and C. positive spacing battery is 

connected respectively: to'segments:2 and {2 of 

the distributor ring MTR-and on the B multiplex 

channel: negative: spacing’ battery is connected 

-te-segment 7. -It:should also be: noted that on 

the A‘and’C multiplex channels positive battery 

is used: for spacing. signals: and negative for 

marking signals, while‘on the _B multiplex chan- 

-nel: negative: battery: is-used for spacing signals 

and. positive for marking. The character repre- 

sented: by ‘a’ signal-having ‘the first, third, fourth 

‘and: fifth impulses marking and the second im- 

pulse spacing isthe letter “2x.” 

-- While. brush: B3: is transmitting the. regular 

‘character “X” over the. A multiplex channel, 

brush B5. engages:segment 382 to connect. posi- 

_ tive: battery through’. wiper 293 and’ first bank 

contact. of switch !65, and -the second left hand 

break: contact of. relay:''359 to the junction of 

the left. hand: winding ‘of-relay 351 and the*re- 

sistance 385. ‘ The: negative potential which’ is 

applied tothe ‘relay winding through the: re- 

sistance thus: is ‘neutralized, thereby allowing 

the relay ‘to.release. . 

While brush: B3 of: the distributor is crossing 

segments 6 to-10. to:-send.a-blank character over 

the B multiplex channel, brush B4 engages seg- 

ment 353: and-connects positive battery to wiper 

394 and first -band ‘contact of switch 166, con- 

ductor 3985,-the third make contact of ‘relay 358, 
conductor: 396,-the right-hand winding of: relay 
361, and resistarice- 3917 to-negative battery.” Re- 
lay-861-is‘operated:-and connects ground through 

its first make-contact and left hand winding ‘to -! 
one: terminal of the winding of ‘relay 359, the 
other ‘terminal. of- which is: connected to re- 

-sistance 391-and negative battery. However, as 

‘long as-brush B4‘is ‘in ‘contact ‘with segment 383, 

positive potential is‘ also maintained on ‘this. & 

terminal of ‘the winding of-relay 359. As soon 

as: the. brush leaves: the ‘segment, ‘this relay is 
-Gperated in series with the left hand winding 

of relay-361.- The operation of relay 359 trans- 

férs-the ‘operating circuits of the A multiplex 
channel -bank relays’ 168 to ‘17!; inclusive, from 
the relay chain mixer to the wipers of the pat- 
-tern switch (65. - It: also transfers the operating 
circuit of ‘relay {67 from the mixer to. the left 

hand-break contact of relay 403. © 
‘The engagement of brush B5 with segment 354 

connects. positive battery to one terminal of the 
right: hand winding‘ of relay 358: This connec- 
tion neutralizes the negative battery also con- 
-nected: to-this ‘winding through resistance 287 
and‘allows:the relay to release. 

At the-same time, brush B4 engages segment 
285 .t>. connect: positive: battery through wiper’ 
‘877. end first: bank contact of switch {&6, the 
second: make contact of relay: 361, conductors 
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358.and. 388; the:winding of the stepping mag- 

net 489 of switch {@6.and resistance 40! to nega- 

tive battery. The stepping magnet 460 is thus 

energized to. prepare for the stepping. of the 

wipers of switch 166 to their second bank con- 

tacts. as soon. as.the winding. of. the. stepping 

magnet is deenergized upon the disengagement 

of brush-B4.of segment. 355. 

The engagement of brush B4 with segment 

355 connects positive battery through the sec- 

ond break contact of relay $57 to the relay chain 

mixer, but this battery. is- ineffective to cause 

the stepping of any of the subchannel transmit- 

ters, since none of the chain relays-is operated 

at this time. 

Revolution 3.—As the brush B3. crosses seg- 

-ments { to 53 of the A multiplex channel, a char- 

acter signal which is termed herein the pattern 

signal of the “guard” character is transmitted. 

The bank relays:.{67.to. #7Ti are set.in the proper 

hand make contacts of relay 389 to conductors 

i to & of cable 482. Conductor | is connected 

to ground ‘through the left-hand break contact 

system: control function to be described in the 

section of the specification entitled “Automatic 

Thus relay. 187. is operated. 

Conductors 2, 3, 4 and 5 of cable 482 are connect- 

“ed respectively to wipers 404, 495, 496-and 407 of 

the pattern switch {¢5. Wipers.605 and 407 are 

in-engagement with their first band contacts, 

thereby connecting ground to.conductors 8 and 5 

of cable 482 to operate bank relays.169 and 111. 

-Relays {88 and !7@ are unoperated. 

The pattern signal of the guard character 

.thus transmitted identifies. this particular’ sys- 

tem and is-invariably transmitted at the be- 

ginning of the transmission of switching signals. 

-The system which is: operated over the line L 

in the reverse direction-is identified by its par- 

‘ticular guard character, which preferably differs 

‘from the one described. Thus, the character 

here: considered: is the letter “R” in which the 

second: and: fourth- impulses are- marking and 

Subsequent references to the first. impulses of 

the pattern and confirmation signals will be 

omitted since they are usually spacing except 

in. the: special instance referred to in the pre- 

ceding paragraph. 
> While this: guard character is: being trans- 

mitted, brush BS engages segment 352 to connect 

positive battery through wiper 393 and first bank 

‘contact of switch 165, the second left hand make 

contact- of relay 259, conductors 468 and 409, the 

winding of the’ stepping magnet 410 of switch 

(65; and resistance 385 to negative battery. .As 

soon’ as the brush becomes disengaged from this 

segment, the wipers of switch 183: are advanced 

to their second bank. contacts. . 

' . While. brush B3 is crossing segments 6 to [0 to 

transmit a normal character, which in this case 

‘is the lteter ““X,” over the B multiplex channel, 
‘brush B4 engages segment 353 to connect posi- 
tive battery through wiper 394 and second bank 

contact of switch 166 and the winding of-relay 

863: to.the junction of resistance 397 and. the 
winding ‘of relay $59, thereby neutralizing the 

effect of the negative battery connected to re- 

sistance 387 to release relays 359 and 361. Atthe 
same time, relay 363 is operated momentarily as 

‘long as the brush remains connected to segment 
353 and connects, through its make contact, posi- 
tive battery over. conductor. 379, the right hand
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winding of relay 357, the second right hand 
-break contact of relay 381, the third break con- 
tact of relay 382, conductor 383, wiper 384 and 
Second bank contact of switch 166, conductor 6 
cf cable 366, the third left hand break contact of - 
relay 368, the fourth break contact of relay 364, 
wiper 869 and second bank contact of switch 166, 
conductor 8 of cable 366 and the second make 
contact of relay 340 to ground. Thus, the first 
switching signaling apparatus group test is made 
-and completed to operate relay 357, which locks 
through its first make contact and left hand 
winding in the manner described under “Revolu- 
tion 1.” 

The engagement of brush B5 with segment 354. 
produces no result at this time. 

The engagement of brush B4 with segment 
355 connects positive battery through wiper 377 
and second bank contact of switch (66, conduc- 
tor $99, winding 400 of the stepping magnet of 
this switch and resistance 401 to hegative bat- 
tery. Thus, as soon ag brush B4 becomes dis- 
engaged from this segment, the wipers of switch 
166 are advanced to their third bank contacts. 
The engagement of brush B4 with segment 356 .- 

operates relay 258 in the manner described under 
“Revolution 1” and thereby prepares for the 
transmission of a blank character on the B multi- 
plex channel on the next revolution of the dis- 
trioutor brushes in response to the completion ; 
of the first switching signaling apparatus group 
test described. 

Revolution 4—While brush B3 is sending a 
regular character, which in this case is the letter 
“X,” over the A multiplex channel, brush B5 en-- 
sages Segment 852 to connect positive battery 
through wiper 393 and second bank contact of 
switch (85, conductors 408 and 4099, the winding 
of the stepping magnet 410 of Switch 165 to the 
junction of the left hand winding of relay 357 and resistance 385. The. effect of the negative bat- 
tery connected to this resistance is thereby neu- 
tralized and relay 357 is released, After the dis- 
engagement of brush B5 from the Segment 352, 
the wipers of switch 65 are stepped to their 
third bank contacts. 

While a blank character is being transmitted over the B multiplex channel by the engagement 
of brush B3 with segments 6 to I of the trans- mitting rings MTR, brush B4 engages segment 
353 to connect positive battery through wiper 394 
and third bank contact of switch 166 to operate 
relays 86! and 359 in the manner described under 
“Revolution 2.” 

The engagement of brush B5 with Segment 354: 
releases relay $58 in the manner described under 
“Revolution 2.” 

The engagement of brush B4 with segment 355 
‘connects positive battery through Wiper 317 and 
third bank contact of switch 166, the fourth make 
contact of relay 361, the winding of relay. 364, 

‘conductor 399, the winding of stepping magnet 
488 of switch 166 and resistance 401 to negative 
battery. Relay 364 is thus energized for the 
duration of the engagement of brush B4 with 
segment 355, 

A circuit is closed from negative battery through the third make contact of relay 364, Wiper 4{{ and third bank contact of switch 166, conductor { of cable 366, the right hand winding 
of relay 342, the first make contact of relay 340 and the first break contact of relay 296 to ground, Relay 342 is operated and locked by a circuit ex~ 
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4{2 and third bank contact of switch 165, the 
first make contact and left hand winding of re- 
lay 342, wiper 413 and first bank contact of the 
code switch 153, the second make contact. and 
right hand winding of relay 121, the left hand 
winding of relay 129, conductor 414, the fourth 
right hand make contact of relay 145 and re- 
sistances 415 and 416 to positive battery. Thus, 
relay (29 is operated and relay 1217 is prevented 
from releasing. The operation of relay 128 opens 
at its third right hand break contact the operat- 
ing circuit for relay 349 which releases, The op- 
eration of relay 342 also completes a circuit at its 
second. make ‘contact from positive battery 
through wiper 417 and first bank contact of 
switch 158, conductor 418, the second right hand 
make contact of relay 145, wiper 419 and first 
bank contact of switch 141, conductor { of cable 
421 to a junction point 422. This is. the junc- 
tion point of two rectifiers 423 and 424, One 
branch of the described circuit continues through 
rectifier 423, over conductor 425 and through the 
left hand winding of relay {57 to ground, The 
other branch of the circuit continues through 
the rectifier 424, over conductor 426 and through 
the left hand winding of relay {61 to ground. 

The operations of relays 342, {57 an 16{ set up 
@ series of codes on the bank contacts of the pat- 
tern switch 165 preparatory to the transmission 
of the first three switching signals identifying 
the selected subchannel, the group in which the 
calling subscriber is located and the number of 
the subscriber in the group. It should be noted 
that none of the relays (54, {55 or 156 is operated 
at this time. It-is contemplated, however, that 
these relays are to be operated in various com- 
binations in accordance with Tables 2 and 3 when 
other subchannels are selected and/or when the 
calling subscriber is located in groups other than 
the one chosen for the purpose of illustrating the 
operation of the system. Similarly, relays 157, 
158 and 159 and relays 161, 162 and #63 are op- 
erated in various combinations in accordance 
with Table 4 when different numbered subscribers 
initiate a call. The conductors of cable 42{ are 
multipled to the bank contacts of all switches 
such as (41, 142, 143 and 144 in the manner 
shown for these switches. The associated wipers 
will be standing on a bank contact which corre- 
sponds to the identity of the calling subscriber at 
the time when relay 342 is operated. Conseauent- 
ly, positive battery will be connected over one 
of the conductors of cable 42{ 

of the circuit extends to the group of relays {57 
to 159 and the other branch to the group cf relays (6! to (&3. 

Upon the disengagement of brush B4 from seg- ment 255 the wipers of switch 165 are stepped to 
their fourth bank contacts. Following this op- 
eration brush B4 engages segment 856 which completes a circuit to step one of the subchannel 
transmitters connected to the relay bank of the B multiplex channel if such a connection exists, In the present case, however, the system being idle, nothing happens at this time. 

Revolution 5—Prior to the time the brush B3 starts to traverse segments { to 5 of the trans- Mitting rings MTR, relays [87 to {Tf are set in a combination determined by the first character 
with Table 2. Subchannel f is identified in this table by a character having the second impulse marking and the third, fourth and fifth impulses spacing. Tt 
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is: seen that relay 168-is connected through the 

-fourth right hand make contact of relay 359 to 

-gonductor 2'of cable 492, wiper 404 and third bank 

-contact of switch. ($5, conductor { of cables 427 

‘and. 427a to the second bank contact associated 

-with. wiper 428 of the code switch 153. Since 

-wiper:428 is engaged with its first bank contact, 

the circuit is not completed and relay 168 remains 

_deenergized to set. up a marking condition .on seg- 

-ment 2.of the transmitting ring. Relays {68 and 

.{10-are.connected respectively through the third 

-and second right hand make contacts of relay 

:359, conductors 3.and 4 of cable 402, wipers 495 

-and 403 and: third. bank. contacts of switch 165, 

conductors 2-and 5 of cable 421, the first bank 

“contacts and. wipers 429 and 431 and the fifth 

-and sixth make contacts of relay 342 to ground. 

Thus relays 168.and {70 are operated to set up 

.spacing conditions.on segments 3 and 4 of the 

transmitting. rings. Relay {[1f is connected 

through: the first right hand make contact of re- 

lay -389,-conductor 5 of cable 432, wiper 607 and 

_ third ‘bank contact. of switch 165, conductor 7 of 

_eables 427 and 427a and the break contact of re- 

-lay-154-to ground. Thus relay {11 is also. oper ated 

to set up a spacing condition on segment 5 of the 

transmitting rings. It is seen therefore that a 

signal in accordance with the code of Table 2 is 

set.up on the A channel of the multiplex system. 

While brush B3 is.crossing segments | to 5 of 

the transmitting rings, brush: B5 engages seg- 

ment 352 to energize the stepping magnet 410 

of switch !§5.in the manner described under 

“Revolution 3,” the only difference being that 

wiper 393 of switch 165 is engaged with its third 
bank contact-and the circuit this time does not 

include the second left hand make contact: of 

relay 359. Thus, after the disengagement of 

brush B5 from segment 252, the wipers of switch 

15 are stepped to their fourth bank contacts. 

The engagement of brush B4 with segment. 3&3 

connects positive battery through wiper $94 and 

fourth bank contact of switch {&6, the first left 

hand break contact of relay 362, the first left 

hand make.contact of relay. 259, the left hand 

winding of relay 351 and- resistance 325 to nega- 

tive battery, thereby operating relay 357. 

The engagement of brush B5 with segment 354 

produces no result at this time. 

The engagement of brush B4 with segment 385 

connects positive battery through wiper 377 and 

fourth bank contact of switch 168, the third left 

hand make contact cf relay 361, the left hand 

winding of relay 362 and resistance.286 to ground. 

It will be noted that the stepping magnet..420 of 

switch 165 is not energized at this time, thereby 

preventing the wipers of the switch from step- 

ping, but instead relay 342 is operated. This re- 

lay locks through its right hand male contact 

and right hand winding to. negative battery 

through resistance 401. 

The engagement of wiper B4 with segment 286 

operates relay 388 through the second left. hand 

make contact of relay 857-in the manner de- 

scribed under “Revolution 1.” 

Revolution 6—At the time the distributor 

brushes are about to make the sixth traverse of 
the rings, switches [65 and {66 have been ad- 

vanced so that their wipers are engaged with 

their fourth bank contacts. Storage bank relays 

188 to 17! for the A multiplex channel are con- 

nected by means of wipers 494, 405, 486 and 407 

of switch {$5 to the coding apparatus. Where 

one of these wipers on the preceding revolution 

.of the multiplex distributor was connected to 
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ground, it is now disconnected therefrom; and 

-the wipers of the switches which, on the preced- 

ing revolution, were not connected to ground are 

at this time connected thereto at the coding ap- 

-paratus. 

_ connection with its fourth bank contact and.con- 
For example, wiper 404, through its 

ductor. 2 of cables 421 and .427a, is connected 

through the first bank contact and wiper 428 of 

_switch:{53.and the fourth make contact of relay 

10. 
_are connected respectively to conductors 4, 6 and 
242. to ground. Also, wipers 495, 488 and 467 

&- of: cables. 427 and 427a which are open between 

the- bank contacts of switch 165 and wipers 429 

and 43! of switch 153 and the make contacts of 

relay {54 respectively. Consequently, relay {68 

is operated to set up a spacing impulse.on seg- 

and relays 169, 1189 and !71 are not oper- 

ated to set up marking impulses on segments 8, 
Thus, it is 

seen-that this combination is the reverse of the 

firmation signal previously referred to and is sent 

over the A-multiplex channel by the passage of 

brush. B38 over the segments { to 5 of the trans- 

-imitting rings TR. 

. While the confirmation signal for the first of 

the switching signaling apparatus groups is be- 

ing sent, brush BS engages segment $52 to close 

a, circuit from positive battery, through wiper 333 

and-fourth bank contact of switch 185, second 

left hand make contact of relay 362 to the junc- 

tion-of the left hand winding of relay G8? and 

_resistance 385, thereby neutralizing the 

battery: connected thereto and releasing relay 
negative 

887.. it. will. be noted that the stepping magnet 

445. of switch £65 is. not energized at this time, 

_thereby preventing the wipers of this switch 

_from stepping. 

. While. brush B3 is traversing segments & to 12 

of the transmitting rings to send a blank char- 

acter over the B. multiplex channel, brush Bé4 
engages..segment 283 to close a circuit for the 

release of relays 389 and 264 and to momentarily 
In this case, the circuit in- 

eludes wiper 384 and the fourth bank contact of 
switch 188 and the first left hand make contact 
of relay 282.. The closure of the make contact 

of relay. 383 prepares relay 357 for a switching 

Signaling apparatus group test which, in this in- 
stance, is completed resulting in the operation 

of relay $51. ‘The test circuit may be traced from 
battery through the make contact of relay 383, 
eonductor 378, the right hand winding of relay 

$87, the second right hand break contact of relay 
#84; the third left hand break contact of relay 
362, conductor $83, wiper 384 and fourth bank 
contact of switch i66, conductor 8 of cable. 266, 
the third-left hand break contact of relay. 298, 
-the fourth left hand break contact of relay 364, 
wiper -868 and fourth bank contact of switch {8&, 
-eanductor § of cable 366 and the third make con- 
tact of relay 342 to ground. 

' ‘The engagement of brush B3 and segment 254 
releases relay 25$ in the manner described under 
sors Revolution 2.” 

The engagement of brush B4 with segment 355 
connects: positive potential to wiper 377 and 
Tourth bank contact of switch 166, the third left 
hend -break contact of relay 381, conductors 393 
and 399,.the winding of the stepping magnet 409 

{66 to the junction point of the right 

effect of ‘the negative battery on the winding of
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relay 362 is thus neutralized and -the relay is 
permitted to release. Following the disengage- 
ment of brush B4 from this segment the wipers 
of switch 166 are advanced to their fifth bank 
contacts. 

The engagement of brush B4 with segment 355 
operates relay 358 through the contacts of relay 
357 in the manner described under “Revolu- 
tion 1.” 

Revolution 7.—The operations performed in 
this revolution of the multiplex distributor are 
the same as those described under “Revolution 
4.” The manner in which these operations are 
performed is the same except that in this case 
the wipers, particularly wipers $93, 384 and 371 
of switches [65 and 166 are engaged respectively 
with their fourth and fifth bank contacts. the 
latter of which are multipled to the third bank 
contacts. With wiper 393 of switch (65 engaged 
with its fourth bank contact, the engagement of 
brush B5 with segment 352 releases relay 351 and 
energizes the stepping magnet 418, the circuit 
differing from that of “Revolution 4” by includ- 
ing the second left. hand break contact of relay 
362. The operation of relay 364 does nothing on - 
this revolution since the apparatus for the trans- 
mission of the coded switching signals is already 
operated. ; 

Revolution 8—The operations performed in 
this revolution of the distributor are the same as 
those described under “Revolution 5,” the only 
difference being that the wipers, particularly 
Wipers $93, 394 and 371 of switches {65 and {6$ 
are engaged respectively with their fifth and sixth 
bank contacts which are multipled respectively 
to the third and fourth bank contacts. During 
this revolution the pattern signal which is trans- 
mitted over the A multiplex channel is Character 
2 in accordance with Table 1. The first two 
impulses of the character convey the subscriber 
group identifying information in accordance with 
Table 3. The subscriber group in this casing 
being group. I, both of these impulses are sent 
spacing. This may be seen by tracing the oper- 
ating circuits for relays 168 and 169. These re- 
lays are connected by means of conductors 2 and 
3 of cable 492 through wipers 404 and 495 and 
the fifth bank contacts of switch 165, conductors 
§ and {! of cables 427 and 421a through break 
contacts of relays 155 and 156 to ground. Thus, 
relays {63 and 169 are energized to set up spac- 
ing conditions on segments.2 and 3 of the trans- 
mitting rings. The other two impulses of this 
character convey part of the subscriber identify- 
ing information in accordance with Table 4, 
From this table it is seen that for subscriber | 
the fourth impulse is marking and the fifth im- 
pulse is spacing. The circuit for relays {70 and 
{74 are extended through conductors 4 and 5 of 
cable 492, wipers 406 and 407. and the respective 
fifth bank contacts of switch 165, conductors i3 
and 15 of cables 427 and 421a.to the break con- 
tacts of relays 157 and 158. Since Telay {57 is 
operated, the circuit over conductor {3 of cables 
427 and 4214 is not complete thereby maintain- 
ing relay 178 in its unoperated condition to set up 
a.marking condition on segment 4 of the trans- 
mitting rings. Since relay {58 is not operated, 
ground is connected to conductor {5 of cables 
427 and 427a to operate relay 17{ and thereby 
establish a spacing condition on segment 5 of the 
transmitting rings: 

Revolution 9.—The operations taking place on 
this revolution are the same as those described 
under “Revolution 6” with the exception that 
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the wipers, particularly wipers 393, 394 and 377 
of switches 165 and {66 are engaged with their 
sixth bank contacts which are multipled to the 
respective fourth bank contacts. On this revolu- 
tion a confirmation signal of Character 2 is trans- 
mitted and a switching signaling apparatus group 
test is made and completed at the contacts of 
relay 342 to operate relay 357 in the manner de- 
scribed under “Revolution 6.” ; 

Revolution 10.—The operations performed in 
this revolution of the distributor are the same as 
those described under “Revolution 7.” The oper- 
ations are’ performed in the same manner except 
that the wipers, particularly wipers 393, 394 and 
371 of switches {65 and 166 are engaged with 
their sixth and seventh bank contacts which are 
multipled respectively to the fourth and fifth 
bank contacts. The operation of relay 364 dur- 
ing this revolution does not produce any result 
since the coding apparatus for the switching sig- 
nal remains operated. : 

Revolution 11.—The operations occurring dur- 
ing this revolution are the same as those de- 
scribed under “Revolution 5” and are effected in 
the same way except that the wipers, particu- 
larly wipers 383, 394 and 311 of switches (65 and 
166 are engaged with their seventh and eighth 
bank contacts which are multipled respectively 
to the third and fourth bank contacts. During 
this revolution there is transmitted. over the A 
multiplex channel the pattern signal for Charac- 
ter 3 of the coded switching signals. According 
to Table 4, for subscriber { the second, fourth and 
fifth impulses are spacing and the third impulse 
of this character is marking. Relays 168, (70 and 
{Ti are connected by conductors 2, 4 and 5 of 
cable 402 through wipers 404, 406 and 407 and 
Seventh bank contacts of switch 165, conductors 
17, 2f.and 23 of cables 427 and 421Ta, through 
break: contacts of relays 159, {62 and {63 to 
ground. ‘Thus, relays (68, 170 and: {Tf are oper- 
ated to set up spacing conditions on segments 2, 
4 and 5 of the multiplex transmitting rings. 
Similarly,. relay .169 is connected by conductor 
3 of cable 402, wiper 405 and seventh bank con- 
tact of switch 165, conductor 19 of cables 427 
and 427a to the break contact of relay 161 which 
is operated, thereby preventing the completion 
of the operating circuit. for relay 169. This re- 
lay remaining unoperated,: sets up @ marking 
condition on segment 3 of the multiplex trans- 
mitting rings. . 

Revolution 12—The. operations performed in 
this revolution of the distributor are the same 
as those described under “Revolution 6” and are 
effected in the same manner except that the 
wipers, particularly wipers 393, 394 and 317 of 
switches 165 and 166 are engaged with their 
eighth bank contacts which are multipled re- 
spectively to the fourth bank contacts. During 
this revolution the confirmation signal of Char- 
acter 3 of the code switching signals is transmit- 
ted over the A multiplex channel. Relay 357 is 
not operated in response to a group test made’ 
during this revolution for the reason that: the 
operating circuit therefor is not completed at the 
group apparatus tested. This apparatus com- 
prises the system. control instrumentalities of 
Fig. 12 which will be considered in the section 
of the specificatoin entitled “Supervisory system 
control.” Likewise there is no operation of re- lay 358 so that there will be no blank character 
transmitted over the B multiplex channel on the 
following revolution. 

Revolutions 13, .14 and 15-—The wipers of 
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switches {65 and {66 are’ stepped successively - 

over ‘their associated bank contacts until, at the 

completion’ of the fifteenth revolution, the wipers 

of switch 165 are engaged with their eleventh 

bank contacts and the wipers.of-switch 196 with’ 

their twelfth bank contacts. ‘his stepping of 

the switches is effected without interruption for 

the reason that no group tests are completed dur- 

ing these revolutions which would have resulted 

in the operation of relay $51. 

During “Revolution..13”:-when ‘the’ wipers - of 

switch 165 are stepped from their eighth to their 

ninth bank contacts, the locking circuit through 

the left hand winding of relay 342 is opened’ by 

the: disengagement of wiper 412 from its eighth 

bank contact. This relay is thus released and, 

by means. of its contacts, relays {57 and 1&{ are 

also: réleased: thereby restoring to normal the’ 

coding apparatus for the switching signals. 

From this point on the functions and :cpera-- 

tions of the stepping switches l€5 and 186 and 

the associated relay apparatus.are the same as 

those described for similar apparatus in the co-: 

pending case of Pierson et al. previously referred: 

to... Consequently, the remaining portion of ‘this: 

section of the specification will not deal with de-- 

tailed: circuits, reference being made for this pur-: 

pose:to the aforementioned copending applica-- 

tion. . 

Rebolution 16:—With the wipers. of switch 165: 

engaged with their twelfth bank contacts, a group 

test of the.first. group. of subchannel apparatus is 

made when the brush B4 éngages. segment 353. i 

Relay 351 ‘is operated since the test circuit is. 

completed from ‘positive battery through. seg-* ; 

ment 353, wiper 394 and twelfth bank contact 

of switch 166; the first left. hand break contact 

of relay :382,. the first left hand break ‘contact. of 

relay 259, conductors $78 and 379, the right hand’ 

winding of relay 251, the second right hand break. 

contact. of relay 381, the third.break. contact ‘of: 

relay 382, conductor 383, wiper. 384 and twelfth : 

bank contact of switch #66;.conductor 6 of cable 

365, the third left hand break contact of relay 

$68, the fourth break contact of relay’364, wiper ; 

269 and twelfth bank. contact of switch (66, con-) 

ductor {! of cable 866, the second right hand 

make contact of relay 32{,-the second left. hand. 

make contact of relay #29 and the second left: 

hand break contact of relay 365 to ground. Sub-: 

sequently relay 358 is operated to prepare for the: 

transmission of a blank character. over the B 

muitiplex channel on.the following revolution of 

the multiplex distributor. 

Revelution 17.—The operations eccurring dur-' 

ing this revolution of the distributor are the same: 

as. those described under “Revolution 7’ except. 

that the wipers, particularly wipers 393, 394 and 

211 of ‘switches 165 and 188 -are engaged with 

their twelfth and thirteenth bank contacts which: 

are multipled respectively to the fourth and fifth’ 

hank contacts. Theoveration of relay 364 com-: 

pletes a circuit. for the operation of relay 363° 

which ‘may be traced from negative battery 

through the fourth make contact of relay 364, 

wiper 389 and thirteenth bank contact of switch 

(6¢,.conductor {2 of cable 366, the first right hand 

make contact and right hand winding of relay 321. 

the first left hand make contact of relay 129, the 

right hand. winding cf relay 365, conductors 432 

and 483, and first break contact of relay 296 to 

ground, Relay 385 is locked from the ground of 

relay 289 through ‘its left-hand winding and first 

left hand make contact, conductor 434, and re- 

sistance 435 to positive battery. 
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Revolution 18—The operations performed dur- - 

ing this revolution of the distributor are similar 

to those described under. “Revolution 5” with the 

exception that the wipers, particularly wipers $83, 

854 and 311 of switches 165 and 1&6 are engaged 

with their thirteenth and fourteenth bank con- 

tacts which are ~muiltipled respectively tothe 

third and fourth bank contacts. ‘The ‘pattern 

signal, which is transmitted while the wipers &g4, 

495, 498, and 407 of switch [83 are engaged with 

their thirteenth bank contacts prior to the step- 

ping of these wipers during this revolution of 

the distributor, is determined-by the operated cr 

unoperated- conditions of relay 865 and others 

corresponding thereto in the first suochannel 

group. Under the assumed conditions only relay 

385-of this group is operated. Hence, relay [58 

is unoperated, its circuit through wiper 894, thir- 

teenth bank contact and ecnductor 28 of cables 

421 and 427d is open at the third left. hand break 

contact of relay. 365. ° The three other relays 

of this subchannel group are unoperated so that 

the operating circuits of relays {89 to {7! are 

closed to effect.operation of the bank relays. The 

pattern signal transmitted thus has the first, 

third, fourth and fifth impulses spacing and the 

second impulse marking. 

Revolution 19.—During this revolution which 

is similar to “Revolution 6” except that the wipers 

of switches 185 and {66 are engaged: with their 

fourteenth bank contacts, the confirmation signal 

for the first subchannel group is transmitted ever 

the A multiplex channel while a blank character is 

peing transmitted over the B multiplex channel. 

Since it is assumed that the remaining fourteen 

subchannels are idle, the switching signaling ap- 

paratus group test of the second subchannel group 

which is made during this revolution is not com- 

pleted. Corisequently,. there is no operation of 

relays $87 and 358. 

- Revolutions 20 to 25—The operations occurring 

during these revolutions of the multiplex dis- 

tributor are substantially the same as those de- 

scribed under “Revolutions 13, 14 and 15.” Since 

there are no switching signaling apparatus group 

tests completed, the wipers of switches 165 and 

188 are stepped uninterruptedly over their respsc- 

tive bank contacts until, at the end of “Revcelu- 

tion 25,” the wipers of switch 165 are engaged 

with their twentieth bank contacts and the wipers 

of switch {66 are engaged with their twenty-first 

bank contacts. 
Revolution 26.—As brush B8 engages segment 

352, the wipers of switch 185 are advanced to their 

twenty-first bank contacts. The engagement of 

wiper 412 of switch 165 with its twenty-first bank 

contact connects negative battery to the centrol 

grid of vacuum tube 349. The grid is thus placed 

at a negative potential with respect to its cath- 

ode, thereby rendering the tube non-conducting 

and effecting the release of relay 251. 

As brush B4 crosses segment 355, the wipers cf 

switch 186 are stepped to their first bank contacts. 

Revolution 27.—As brush B§ crosses segment 

$52, the wipers of switch {65 are stepped to their 

first bank contacts. The negative potential con- 

nected to wiper 412.of this switch is thus discon- 

nected from the grid of tube 349. However, the 

negative potential is maintained on the grid of 

this tube for a period of time controlled by the 

constants of the condenser 2173 and resistance $72. 

The purpose of this arrangement is to provide 

for the re-operation of tube 249 and relay 38! 

automatically after the lapse of a predetermined 

time to start the switches 165 and 166 cn an- 

other cycle of operation. This arrangement in-
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sures the intermittent operation of these switches 
and the associated relay apparatus even though 
there is no switching signaling apparatus com- 
mon test completed requiring a change in the: 
status of the system. en

 

With both switches {65 ang 166 in their home: 
positions, further operations of the switching sig- 
naling apparatus do not occur until either: a 
Switching signaling apparatus common test cir- 
cuit is completed or the tube 349 is again rendered ' 
conducting automatically in the manner de- 
scribed. 

The foregoing detailed description of one typi- 
cal cycle of operation of the switching signaling 
apparatus is deemed sufficient for a thorough 
understanding of the operation of this apparatus 
under any of the other possible conditions of op- 
eration. 
the wipers of switch {$5 are engaged with odd 
numbered bank contacts,- pattern signals are” 
transmitted over the A multiplex channel -and 
when the wipers of this switch'are engaged with 
even numbered bank contacts, confirmation sig- 
nals are transmitted over the A multiplex chan- 
nel, Of course, these signals generally are trans- 
mitted only when there is a change :to be made 
from the previous arrangement, 
When the wipers of switch {68 are engaged with 

even numbered bank contacts, a switching signal- 
ing apparatus group test is made and if ‘com-~ 
pleted, prepares for the transmission of a blank 
character on the B multiplex channel on ‘the fol- 
lowing revolution of: the multiplex distributor. 
When these wipers. are engaged with odd num- 
bered bank contacts, the apparatus group cut-in_. 
relays are operated or released as conditions re- 
quire if a change is to be made in a particular 
group cf apparatus. 

It will also be. noted that at times when pat- 
tern and confirmation signals are being sent over 
the A multiplex channel, the wipers of both 
switches 165 and 166 miss one. step, remaining 
for two successive revolutions of the multiplex 
distributor on even numbered: bank centacts. 
The purpose of this arrangement is to insure 
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45 synchronous operation of the ‘switching signal- . 
ing apparatus at the transmitting and receiving ; 
stations in the manner described in:the copeng- 
ing case of Pierson et al. referred-to. ce 

At the time when the switch wipers are en- 
gaged with odd numbered bank contacts a test is 
made of the condition. ofthe storage relays: 1712. to 
{16 to determine whether or not the contacts are 
set to transmit a blank character over. the B 
multiplex channel. 
ing operations immediately preceding the trans- 

During the series of switch- - ;,-, 

di) 

mission of pattern and confirmation signals over 
the A multiplex channel, a blank «character Ag - 
transmitted on the B multiplex channel for the 
purpose of preparing the receiving switching an. 
paratus for the reception of the pattern and con- 
firmation signals to follow. 
the storage. relays 172 to 116 to be set for the 
transmission of a blank character over the B mul- 
tiplex.channel by the subchannel apparatus. If 
this condition. occurs while the wipers of switch 
{66 are engaged with odd numbered bank con- 
tacts, the reception of this, blank character by 
the receiving apparatus prepares it to receive 
pattern and confirmation signals over the A chan- 
nel] on the two succeeding revolutions of the mul- 
tiplex distributor. Consequently, such a blank 
must be detected at the transmitting station to 
prepare the switching signaling apparatus there- 
at for the transmission of pattern and confirma- 

GU 

It is possible for. 

78 | 

23. 
tion signals even though no change is to be made 
in the subchannel connections. : 

Therefore, whenever the wipers of switch (66 
are engaged with odd numbered bank contacts, 
the engagement of brush B4 with segment 353 
prepares a circuit from positive battery to wiper 
394 and any odd numbered bank contact of switch 
{66, conductor 395, the third right hand break 
contact of relay 358 and the first make contacts : 
of relays 172 to 116 to conductor 396 and the 
winding of relay 361 to negative battery through 
resistance 397. In the case where a blank char- 
acter is set up in the B multiplex channel stor- 
age bank, a circuit is completed through the first 

. make contacts of relays 172 to 116 to cause the 
operation of relays 361 and 389 in the manner’ 
previously described. Thus, even though: there-is 
ho switching signaling apparatus group test com | 
pleted by the switching signaling apparatus at 
the transmitting station, the detection of a blank 
character in .the bank: of storage relays ‘of the 
B multiplex channel conditions. the apparatus - 
for the transmission of pattern and confirmation 
signals on the two succeeding revolutions of ‘the 
multiplex distributor. : 

This same condition may arise at atime when 
the switches 165 and {86 are at rest in engage- 
ment with their first bank contacts. It is seen- 
in this case, however, that the described circuit 
is effective under these conditions to cause the - 
operation of relays 361 and 359 and thereby start 
the switches on the cycle of operations described. 

Also, during “Revolution 26,” while’ the wipers 
of switches 165 and 166 are engaged with their 
twenty-first bank. contacts, a blank character 
may be generated by the subchannel apparatus 
to operate the storage relays {12 to 116, inclusive, 
to transmit a blank character signal over the 
B multiplex channel during this revolution. At 
this stage of the operation of switches {65 and 
(66, itis no longer possible. to. generate pattern 
and confirmation signals, but the twenty-first 
bank contact of switch {65 is arranged so that 
a second or final guard character May. be trans- 
mitted over the A multiplex channel to: the re- 
ceiving station where it may be received in much 
the same manner as the initial guard character 
is received. The final guard character may. be 
the same as the initial guard ‘character, or it 
may be different, but in either case it is always 
the same for each transmission. Consequently, it 
is not necessary to transmit-a confirmation ‘sig- 
nal, since the checking circuits. at the receiving 
station may be permanently arranged for the re- 
ception of the final suard character. : 

While the blank character is being transmitted 
over the B multiplex channe] during this revolu- 
tion, the engagement of brush Ba with segment 
353 closes the described circuit through the first 
make contacts of relays 172 to. 176, inclusive, 
for the operation ofirélays 361anq 859. . The 
wipers of switch. 186. are stepped to their first 
bank contacts by the engagement of brush B4 
with ‘segment 355 asin the previous case. The 
operation of relay 359 ‘transfers the respective 
operating circuits for relays 187 to {74, inclu- 
sive, to the contact of relay 483 and to. wipers 
404 to 491, inclusive, of switch { 65. In this case: 
the character chosen for the. nal guard charac: 

_ ter is the letter “V,” in which the first impulse 
is spacing and the remaining four impulses are 
marking. Accerdingly, the operating ‘circuit fer 
relay 167 is complete as in previous’ cases to: 
ground at the left hand break. contact of. relay: 
403, thereby providing for the operation of this. 
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storage relay. The operating circuits of the 

other four relays of the A storage bank are in- 

complete at the twenty-first bank contacts’ asso- 

ciated with wipers 404 to 407, inclusive, of switch 

iG5, thereby preventing the operation of these 

relays. It is seen, therefore, that when brush 

B3 traverses the segments of the A multiplex 

channel on “Revolution 27,” the final guard char- 

acter is transmitted. Also, during this: revolu- 

tion, the engagement of brush B5 with segment 

352 advances the wipers of switch 155 to their 

first bank contacts. 

Tf, on this revolution, another blank character 

is set up in the B multiplex storage bank, the 

switches 163 and 186 will be started on another 

eycle of operation such as that described. For 

the purposes of this description, however, assume 

that a normal character is set up in this storage 

bank in such a manner that one or more of the 

relays such as' 176, for example, is positioned on 

its marking or break contacts. Now, when brush 

B4 engages segment 353, positive battery is con- 

nected. through the first break contact of relay 

{16 and over conductor 436 to the junction of 

the winding of relay $89 and resistance 397, 

thereby neutralizing the negative battery also 

connected to this point and releasing relays 361 

and 339. Thus, it is seen that. the switching 

apparatus is restored to its normal idle: condition 

as before. 

SENDING RELAY CHAIN MIXER 

The switching signals for the connection or 

disconnection of the subchannel and subscriber 

apparatus having been transmitted, . the sub- . 

channels in operation at that time are connected 

successively to the channels of the multiplex 

system by means of a mixer comprising a chain 

of relays illustrated in Figs. 13 and 16.. This 

type of mixer is described in detail in the. co- 

pending Pierson et al. case and also in the Pier- 

son et al. Patent No. 2,233,347 referred to. Con- 

sequently, for the purposes. of. this description 

reference will be made to the pricr disclosures 

for the details of operation. This description will 

deal with these operations only in a general 

manner. 
Under the assumed conditions of a completely 

idle system at the time subchannel | is prepared 

for operation by the operation of relay 365, this 

subchannei will be connected to the C multiplex 

channel onthe following revolution of the mul- 

tiplex distributor. Since relay 365 is operated, 

relay 437 is operated by means of a circuit which 

may be traced from ground through the fourth 

right hand make contact of relay 365, the wind- 

ing of relay 437 and ‘the second left hand break 

contact of relay 368 to positive battery. When 

brush B5, at the end of “Revolution 17” and the 

beginning of “Revolution 18,” engages segments - 

438 and 439 of the local multiplex rings, a cir- 

cuit is closed from positive battery over con-~ 

ductor 440, the make. contact of relay 437, the’ 

first left hand break contact of relay 391, con- 

ductor 441, the first right hand break contacts 

of relays 442, 443 and 444, the first right hand 

make contact of relay 365, conductors 445 and 

446, the right hand winding of relay 324, con- 

ductor 447 and winding of relay 392 to negative 

battery through resistance 448. Thus, relays 

324 and 392 are operated. 

The contact tongues of the subchannel | tape 

transmitter 152 are then connected by conductors 

1 to 5 of cable 325, the first five right hand make 

contacts of relay 324, and conductors I! to !5 of 
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cables 388a and 388 to the windings of relays 

{11 to (81. It will-be remembered that, at this 

time, the contacts of the tape transmitter {52 

are set in some combination other than an ali- 

spacing one. Consequently, the storage relays 

(77 to 181 are set in ‘accordance with this char- 

acter combination to apply marking and spac- 

ing potentials to the segments if to-15 cf the 

transmitting rings MTR in preparation for. the 

traversal of these segments by the brush B&, at 

which time the character will be transmitiec 

over the line on the C multiplex channel. 

Before brush B3 reaches the C multiplex chan- 

nel segments to transmit the first character, 

prush B4 engages segment 449 to complete a 

circuit from positive battery over conductor 451, 

the sixth right hand make contact of relay 224,’ 

conductor € of cable 325, the make contact and 

right hand winding of relay 326 and the right 

hand winding of relay 219 to ground. This lat- 

ter relay is operated and locked from. battery 

through its left hand make contact and left 

hand winding and the first left hand make con- 

tact of relay 321 to ground. The operation of 

relay $19 opens at its left hand break contact 

the circuit through the left hand winding of 

relay 326. This relay does not release immedi- 

ately, however, since its right hand winding is 

energized at this time. Also, the operation of 

relay 319 opens at its right hand break contact 

the stepping circuit controlled by the interrupter 

318. This circuit remains open as long as relay 

321 remains operated under the control of nor- 

mal characters perforated in the tape being 

stepped through the transmitter 152. When 

brush B4 leaves segment 449, the operating cir- 

cuit for relay 319 is opened and also the circuit 

through the right hand winding of relay 228 is 

interrupted to cause the release of this relay. 

Conductor 6 of cable 325 which is energized 

whenever brush. B4 crosses segment 448, is con-— 

nected by the break contact of relay 325 to the 

operating circuit of the stepping magnet $03 of 

the tape transmitter 152. Thus, once in every 

succeeding revolution of the multiplex distrib- 

utor the stepping circuit is energized to step the 

tape through the transmitter. 

Subchannel { remains connected to the C mul-. 

tiplex channel through. the agency of relay 324- 
until a second subchannel desires a connection to 

the system. In accordance with the referred to 

prior disclosures of this relay chain mixer, sub- 

channel { then is disconnected from the C chan- 

nel upon the release of relay 324 and subchan- 

5 nel 2, for example, is connected to the C multi-- 

plex channel by the operation of relay 452. Re- 

lay 322 is subsequently operated to connect stub-- 

channel ! to the A multiplex channel. 

When a third subchannel desires connection 

to the system, relay 452 is released to disconnect 

subchannel 2 from the C multiplex channel and 

relay 453 is operated to connect subchannel 14, 

for example, to the C multiplex channel. Relay 

322 is released to disconnect subchannel { from 
the A multiplex channel and rélay 4584 is oper- 

ated to connect subchannel 2 to the A multiplex 
channel. Then relay 328 is operated to connect 

subchannel { to the B multiplex channel. These 
connections remain undisturbed as long as three 

subchannels are operated. Thus, each subchan- 

nel is connected on a semi-permanent basis to 

one of the multiplex channels. 

If subchannel {5 now desires a connection to 

the system, relay 453 is released to disconnect 

subchannel {4 from the C multiplex channel and:
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‘relay 455.is operated .to..connect--subchannel . 15 
‘to the C. multiplex: channel, Relay. 454.is -re- 
"leased .to- disconnect. subchannel 2 from. the A 
multiplex. channel.and relay..456: is. operated .to 
connect subchannel {4.to.the A multiplex chan- 
nel. Relay .323. is: released .to disconnect. -sub- 
channel { from the B multiplex channel and relay 
457 is operated to connect:subchannel 2 to the 
B: multiplex: channel, . 

Since there.are now more subchannels.in. oper- 
ation than there are-multiplex. channels. avail- 
able, the relay chain. mixer cycles: in. the manner 
set forth in detail in the prior, disclosures. re- 
ferred to. Briefly, typical operations. are. as. fol- 
‘lows. “Relay.-455-is- released. to -disconnect..sub- 
channel {5 from.the ¢ multiplex .channel -and 
relay 324 is operated. to -connect~-subchannel .{ 
to the C multiplex channel. Relay 456:is.released 
to disconnect subchannel {4 from the A multiplex 
channel..and. relay. 458 is. operated: to. connect 
-subchannel {5 to the A multiplex channel. --Relay 
457 is released to disconnect subchannel 2. from 
the B multiplex channel: and: relay-459. is oper-~ 
ated to-connect. subchannel: {4 to-the.B multiplex 
channel. : Relay , 324. is released to .disconnect 
“subchannel {from ‘the C multiplex channel. and 
relay 452 is operated..to connect: subchannel. 2 
to the. C multiplex..channel. Relay 458. is. re- 
leased.-to: disconnect, subchannel 15.from. the A 
multiplex channel and relay. 322 is..operated..to 
connect subchannel {| to the A multiplex.channel. 

‘Relay: 459 is released to -disconnect,. subchannel 
14 from the B multiplex .channel,.and relay. 461 
is operated to connect’ subchannel .5. to, the-B - multiplex. channel, 
‘The cyclic operation.of.the Telay;chain .mixer 

at the transmitting station: continues.in the man- 
ner: outlined in synchronism with a similar relay 
chain mixer.at the -receiving. station and thereby 

’ connects -both ends.:of each.subchannel together 
- for communication successively over one..of the 
“multiplex . channels. 

OTHER SENDING: SWITCHING 
SIGNALING : ; 

Hf it is assumed that.only subscriber { of group 
T-is- operating over: subchannel. !;-after.the. sub- scriber. has. finished. sending,..a “predetermined 

“number..of. blank: characters: are perforated: -in _the-tape 315 so-as.to- insure. the. transmission " Of the: last: message «character. The detection by the pins of .the transmitter152.of a -blank -character:in-the tape ‘renders :the tube ..330-non- 
‘conducting: and: thereby-releases relay.32!. The 

" Yelease ‘of. this. relay: initiates. another: cycle .of operation of the. switches. -I65-and.-166. 
-: With ithe-release: of relay.321 a: circuit is com- 
pleted:from ground ‘through the second left-hand 

«make contact-of-relay: 365; the-second:right-hand 
~break contact of relay 32 (;-conductor if of-cable 
"1366; resistance 375, conductor 6-of cable: 366; the “third ‘left ;hand break: contact of relay $68,the : fourth break -contact: of relay.364; wiper 389 -and 
* first -bank»contact of switch “186 to the grid: of “tube? 349. --Fhis tube-is conductively- conditioned 

» to- cause ‘the ‘operation ‘of telay 35f-and: thereby 
initiate: a-.cycle of -operation: of the switches::165 

“and: 186;::as: described. :: Since relays: 349 arnid-342 
“are unoperated, there are no-group tests :com- 

‘ pleted. during. the engagements: of wiper’ :369: of “switch £86 with its‘second: fourth and sixth bank 
“contacts. “Similarly, ‘the ‘engagement of+wiper 
"384: of this switch::with its, tenth. bank. contact 
» does: not:complete: ar ‘group test;:sinceit:ris-as- 
‘sumed that ‘the:supervisory:system: control appa- 
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ratus of Fig. 12.is not operated. Upon the en- 
gagement. of wiper 369 with its twelfth bank 
contact and the. engagement of brush B4 with 
segment 353, a group test is completed ‘over con- 
ductor {1 of cable'366 tothe ground at the second 
right hand make contact of relay 385. “The com- 
pletion of. this test circuit causes the operation 
of relay’357 as in all other previously .described 
similar cases to prepare ‘for the transmission of 
a blank character. over the:B multiplex: channel. 
This blank character js generated by the opera- 
tion of relay 358 upon -the-engagement of brush 
‘BA with segment °356. 

‘During the ‘following revolution. of the -multi- 
plex distributor, -when the wipers -of switches 
165 and 186 are engaged with -their.-thirteenth 
bank contacts, the operation. of relay 394 caused 
-by ‘the engagement of brush “B4- with segment 
‘355 -completes -a--cireuit: from negative battery 
through ‘the ‘fourth make. contact of. the. relay, 
wiper '369-and thirteenth: bank. contact.of Switch 
‘166, conductor‘ {2 :of -cable 366, the first right 
hand‘break contact.of.relay’32f tothe ‘junction 

-of the first-left:-hand make-contact and: left: hand 
-winding-of relay 365:and resistance. 435, through 
“which :positive battery vis also- connected::to the 
junction point. ‘Thus; the two-batteries: neutral- 
“ize one another, effecting the release of relay:265. 

"The-release of relay 365 opens: at: its-fourth 
right: hand make -contact-the ‘operating ..circuit 

“of relay 431, thereby releasing. this relay. jWhen 
next “brush: ‘BS > engages. segments - 438 » and--439 
positive -battery: is ‘connected to-.a-cireuit-inelud- 
ing: conductor 440-and the -right hand: break con- 
tact-of: relay 431 .to the-junction-of.the winding 

“Of ‘relay 392 and-resistance 448-to- which. also is 
“connected negative battery. - Thus ‘relays:392. and 
“324: are: released.-and.at. the-right hand -contacts 
“of the- latter the.subchannel ‘transmitter: (52. is 
‘disconnected from: the, multiplex..apparatus. 

‘During the revolution of the , multiplex ..dis- 
- tributor: following: the -Telease of .relay.:385, the 
“pattern signal -for the -first, subchannel group.is 
‘transmitted. while. the wipers. of.switch 165.are 
‘engaged with their. thirteenth ..bank., contacts. 
‘Since relay-365.is:released, conductor. 29. of cable 
~421b- is: connected to..-ground:-at the third deft 

50. 

Ahand> break- contact-of- the -relay.so.that the 
operating circuit for-relay (68 through wiper -464 
and thirteenth bank. contact -.of -switch .185- is 

“complete causing the --operation of - relay. 168. 
Since, it is.assumed. that :all-other relays corre- 

' sponding ; to’ relay~365- of. the.first., subchannel 

60 

68 

75 

: 70 

group are not operated,-. the -operating circuits 
for relays {69 to i171, inclusive, similarly are 
complete to cause operation-of these relays so 

“that: the; pattern. signal-transmitted. over. the A 
‘multiplex channel.is -one:.in which .all- five. -im- 
‘pulses: are ‘spacing. 

: On: the; following -revolution of. the multiplex 
distributor: with the: wipers. of. switch 165 engaged 
‘with: their -fourteenth bank- contacts, the. con- 
cfirmation -signal-of the first. subchannel .group 
is transmitted. -These -pattern and -confirmation 

- Signals are.utilized -at. the receiving station for 
-the: disconnection: of : the apparatus -of: subchan- 
onel {-from:the multiplex apparatus in.a-manner 
> tovbe-described in the. section.of the Specification 
~entitled “Other receiving: switching signaling.” 

‘Zhe: release of .relay..324:in. the manner : de- 
“scribed.-following: the release of Telay..821. com- 
=pletes ‘the previously..described local: circuit: for 
i: Stepping the blank tape ‘through. the. transmitter 
-f52 under the .control, of -the. interrupter. 218. 
This stepping continues until.the tape loop shert- 



26 

ens sufficiently to open contact 317 so that, upon 

the succeeding closure of the circuit by the in- 

terrupter, the right hand winding of relay 299 

alone is energized to operate the relay which 

locks through its right hand make contact. At 5 

the same time the local stepping circuit is opened 

at the right hand break contact of relay 299. 

It will be seen that the system, as far as the 

subchannel-to-multiplex ‘apparatus connection 

is concerned; is restored to its completely idle 

condition. ‘The connection between the sub- 

scriber and the subchannel apparatus, however, 

is not disturbed at this time, and at the sub- 

scriber’s station the green lamp {13 is main- 

tained operated. 15 

If, before the system is utilized to the extent 

necessary to disconnect subscriber | of group I 

from the apparatus of subchannel I in the man- 

ner described in the preceding section of the 

specification entitled “Sending subscriber to sub-- 20 

channel connection,” subtitle (3), this subscriber’ 

again desires to transmit, it is only necessary to 

immediately start operation of his transmitting 

keyboard. Additional nermal characters are os 

thus perforated in the tape 315 which are sub- 

sequently stepped under the pins of the trans- 

mitter 152 in the manner described in the sec- 

tion entitled “Sending subchannel apparatus.” 

The detection of the first normal character in go 

the tape causes the operation of tube 330 and 

relay 321 as described. The operation of this 

relay causes the interruption of the locally con- 

trolled tape stepping and closes 4 circuit. from 

ground through the second left hand break con- 35 

tact of relay 365, the second left hand make 

contact of relay 129, the second right hand make 

contact of relay 321, conductor if of cable 366 

and through resistance 375 and the previously 

described circuit to the grid of tube 349. This 49 

tube is conductively conditioned to cause the 

operation of relay 351, which in turn initiates a 

cycle of operation of the switches 165 and 166. 

Again there is no transmission of switching sig- 

nals from the code apparatus, since there are 45 

no group tests completed during the engagement 

of wiper 369 with its second, fourth and sixth 

pank contacts for the reason that relays 340 and 

342 are not operated. When the wipers of switch 

165 are engaged with the thirteenth and four~ 50 

teenth bank contacts, pattern and confirmation 

signals are transmitted to effect the reconnec- 

tion of the receiving apparatus of subchannel ! 

to the multiplex apparatus. ; 

RECEIVING APPARATUS—FUNCTIONS 

The receiving station apparatus is shown in 

Figs. 17 to 27, inclusive, arranged as indicated in 

Fig, 3. All signals including intelligence and 

switching signals are transmitted over. the line go 

L and, at the receiving station, operate the re~ 

ceiving line relay RR. The contacts of this relay, 

in cooperation with the multiplex distributor 

brush B6 and the receiving rings MRR, transfer 

the signals to three banks of storage relays 462 65 

to 416, inclusive. The intelligence signals stored 

in any of these banks of relays are retransmitted 

together with rest and start impulses by relays 

411, 418 or 419 under the control of the start- 

stop local transmitting rings STR and brush BT 70 

to a connected subscriber’s receiving apparatus. 

The switching signals which are received. over 

the A multiplex channel are transferred at suit- 

able times from the contacts of storage relays 

462 to 466, inclusive, to actuate the decoding 

65 

15 

® apparatus of the proper subscriber. 

nated group which 

selected subchannel. 

’ switching signals of the 
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apparatus. These contacts are connected by! 

means of some of the conductors of cables 48f 

and 481a, the contacts of relay 482 and some of! 

the wipers and bank contacts of a receiving pat- 

tern switch 483 to the decoding apparatus. 

The decoding apparatus includes relays 484,, 

485, 486 and 487 which are responsive to Char-. 

acter 1 of the switching signals and prepare for: 

the connection of the selected subchannel to the: 

The decod-~ 

also includes relays 488 and 489, 

the first two impulses of Char-. 

acter 2 of the switching signals to select the: 

proper subscriber group. Relay 499 is used for 

timing the selecting operations of relays 488 and 

489. Relays 491 and 492 respond to the last two: 

impulses of Character 2 of the switching signals. 

and together. with relays 493, 494, 495 and £96, 

which respond to Character 3 of the switching sig-: 

nals, select the proper subscriber in the desig- 

is to be connected to the 

ing apparatus 

which respond to 

Relays 491, 498, 499 and 5G{ respond to the 

first group of subchannel 

apparatus to prepare for the operation of the 

relay chain mixer. Also, relays 502, 583 and 5&4 

respond to the switching signals of the fourth 

group of subchannel apparatus to prepare the 

- corresponding portions of the relay chain mixer 

for operation in accordance with the disclosure 

of the copending Pierson et al. case referred to. 

Also involved in the reception, decoding and 

testing for the detection of signaling or apparatus 

failures are relays 595, 596 and 587. For the op- 

eration of the complete system of the magnitude 

indicated, the apparatus referred to up to this 

point is shown complete. 

For each group of 48 subscribers there is re- 

quired a stepping switch corresponding to either 

switch 508, associated with subscriber group I, 

or switch 509, associated with subscriber group 

IV. Each switch functions in conjunction with 

relays 484 to 481, inclusive, to prepare further 

for the connection of the selected subchannel to 

the proper subscriber. Associated with the switch 

508 is a pair of vacuum tubes 51! and a single 

auxiliary control vacuum tube 512 by means of 

which the wipers of the switch are stepped over 

the bank contacts. Switch 509 is provided with 

similar apparatus, such as the pair of vacuum 

tubes 513 and the auxiliary control tube 514. 

Also associated with the switch 508 is a relay 515 

- which controls the starting of the stepping action 

of the switch in response to the settings of the 

subscriber group designating relays 488 and 489. 

Switch 509 is provided with a similar starting re- 

lay 516. Also associated with switch 508 is a 

relay 517 which responds to the location by the 

wipers of the switch of the bank contacts asso- 

ciated with the selected subchannel. The corre- 

sponding relay for switch 509 is the relay 518. 

There is also associated with switch 508 a relay 

519 which is operated under the control of the 

receiving pattern switch 483, after the wipers of 

switch 508 are stopped in engagement with con- 

tacts associated with the selected subchannel, to 

initiate the stepping of one of the switches 52! 

or 522, There are provided as many of the latter 

switches associated with switch 508 as there are 

subchannels in the system. In this case, in order 

to provide for 15 subchannels, there would be re- 

quired 15 such switches. Also associated with 

switch 508 is a pair of vacuum tubes 523 by means 

of which one of the switches corresponding to 

521 and 522 is operated. Switch 509 is similarly
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provided with a relay 524 which corresponds to 
relay 519 to control the starting of one of 15 
stepping switches suchas switches''$25 and $26. 
The stepping circuits of-any-of-these-switches are 
controlled by a pair of: vacuum tubes 527. A 
vacuum tube 528 and-a--relay--529,controfled 
thereby in response to the iengagement of the 
wipers of one of the switches: corresponding: to 
Switches 521 and 522 with the bank contacts asso- 
ciated with the desired subscriber, are also asso- 
ciated with the switch 508. The proper bank 
contacts are determined by an arrangement of 48 
vacuum tubes 538, of which: one at a time, for 
example, tube 53/, is conditioned under the-con- 
trol of decoding relays 491 to ‘496, inclusive. Cor. 
responding apparatus: associated: with the ‘switch 
509 comprises the vacuum tube 532 and relay 533. 
This apparatus also operates in ‘conjunction with 
the vacuum tube network/:530, one of which is 
provided for the entire system. 
There are associated with each of the stepping 

switches corresponding ‘to switches 821, 322; -525 
and 526 relays 534, 535, 536.and.537, respectively. 
There is provided one such relay per subchannel 
per group of 48 subscribers, ; 

In the system of the magnitude indicated: hav-~ 
ing 15 subchannels and 4.groups. of .48..subserid- 
ers each, there will be required 4 switches such as 
598 and 599 and 4 groups of the apparatus-shown 
with each switch. There-will also be required 60 
switches corresponding to. switches.-521,.522,-525 
and 526 and 60 relays corresponding to relays 534 
to 5817, inclusive. 

By means of one of. the relays corresponding to 
relay 524 and its associated .switch.521, the’start~.: 
stop transmitting circuit from one of the relays 
411, 478 or 479 is connected, for example,-to-sub- 
seriber’s line 538, which: is associated with sub- 
scriber ! of group I, and thence to the subscriber’s 
receiving apparatus 538. In the:case:of sub- 
scriber 48 of group IV, the start-stop transmit- 
ting circuit is connected: by means of one of the 
relays corresponding: to ‘relay-536 -and-its-asso- 
ciated switch 525 to the subscriber’s line $49, and 
thence to the subscriber’s “receiving apparatus’ 
541. 

RECEIVING SWITCHING SIGNALING 

For the description -of “the~operation “of: the 
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“assumed as ‘those assumed for the description of 
the transmission of the switching signals ‘by the 
sending apparatus. It will be remembered that 
the systemiis'assumed to be idle and -that:sub- 
scriber | of group I was connected to subchannel 

- 4 at--the-sending.. station. . To..accomplish. this 
connection at the receiving station-five pattern 

- signals were transmitted, although not necessarily 
consecutively. The identity and character of these 
Signals are listed hereinafter, it being remembered 
that the first impulse of every. signal normally is 
‘sent spacing and that each. pattern-signal is foi- 
lowed immediately by its corresponding confirma- 
tion signal, with the exception that no. confirma- 
tion signal for the guard character is sent. In 
other words, ‘courting all:pattern:and confirma- 
tion signals, nine switching signals are sent. 

.. Pat... (guard) 
. Pat. (char. 1) .-----____. 
. Conf, (char. 1) 
Pat. (char. 2) 
Conf. (char.. 2). .0 02 
Pat. (char. 3) 
Conf. (char. 3) 

“Pat. €cut-in) ..---______* 
Conf. (cut-in) n
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These switching signals are sent over: the A 
multiplex channel and are.stored.in.the bank of 
relays 462: to 466; inclusive. “The blank characters 
which are sent before ‘and..after .each. pair of 
pattern and confirmation signals are stored in 
the bank of relays-461..to. 41, inclusive. | Brush 
B8, in traversing the local rings RLR,. engages 

“segments-542 and-$43 and, in.cooperation with the 
contacts of the storage relays,’controls the pat- 

--tern switch 483.and the auxiliary-relays.482, 565, 
566, 598, 544, 545 and 572. 

The operation of the receiving switching ap- 
paratus, together with the approximate. time of 
operation with respect to the engagement of seg- 
“ments 542 and 543 of. thé-Iocal rings, the position 
--Of the. wipers of stepping-switch 483 and the type 
of characters received over the A and B multi- 

45-plex channels,-is-set forth in ‘Table 6, which fol- 
ows...Reference may be made to this: table for a 
complete outline of a typical series of switching 

--operations,..some..of which will be “describedi:in 
~-detail-in- the following” portion.of -the..specifica- receiving equipment the: same conditions. willbe .50-tion. 

TABLE 6 

Reve 

Operate 462, 464, 466 

Release 544 

Step 483. 

Operate 462, 464, 465, 466 

Operate 505 to operate 482. 

Confirm guard character—step 483 

Release 505 to release 482, 506 
Release 467, 468, 460, 470, 471 

’ Operate 505 to operate 507, 

Pulse 482 to operate 484—step 483 

Mux. chan, 
Operations 
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TasLe 6—Continued 

Mux. chan. 

Rev. Seg. Operations 

A B. | 483 

B22. _..-.| Operate 462, 463_2-.-..-_---------p-~cee nn nen inane nner Conf. (char. 1) |..---]----- 

842 | Operate 506 to release 507 to operate 482 

Release 467, 468, 469, 470, 471--------- 

543 | Confirm char. 1 

yn 542 | Release 505 to release 482, 606...----------- Lene nen ne eee ee ene ee 

Release 467, 468, 469, 470, 471 

543 | Step 483_.. 
Operate 490 

8.-..--|----- Operate 462, 463, 464, 466. . ----------------------- 2+ sonnet 

542 | Operate 505 to operate 507 

543 | Pulse 482 to operate 491—step 483... ----- ---2--e---eeneeneenneeee 
Operate 515 to start 508..--------.--------------------e ence nena 

9_.-.-~)----- Operate 462, 465 
542 | Operate 506 to release 507 to operate 482_- wee 

’ | Release 467, 468, 469, 470, 471-..------- 

543.| Confirm char. 2.....------------- 2-2-2 ene eee nee cee to eet peer ncn s enn eeee 

10.._..| 542 | Release 505 to release 482, 506--.-.-~---------2--4-- n-ne e enone nnn Rs |owne-|----- 

Release 467, 468, 469, 470, 471 
B 

T-.--|--.-- Operate 462, 463, 465, 466... ---..~------------ neem ee cco rr serene 

542 | Operate 505 to operate 507-.-.------------------- Lee wee nce eesee cee 

543 | Pulse 482 to operate 494 to operate 531—step 483_---.-—---------+---- meee nee ence wens lene en 7 

12_.-..|-.--- Operate 462, 464_...-...--~---~-- = peace ene nee enters 

542 | Operate 506 to release 507 to operate 482_ 

Release 467, 468, 469, 470, 471.--.------ 
343 | Confirm char. 3_..-.----------------

-2-- ee nne nents enon nan cme swans |amaen 8 

13.....| 542 | Release 05 to release 482, 506.------------------------#e--- aonneaees pS ee oe 

543 | Step 483_--------------------ceeeconnpe encore gcemeceg rgreygg po reef 8 
(517 operated by now) operates 519 to start 521 and release 484 to |__....-.-.------}--.-- 9 

release 490, 515. : 

14e--~-| 542 | Nome__ oo -- one-one ne ee ne ee ener enter ne nnn ncccnn eens |: a a 

548 | Stop 483--a---ceoeeeceecececoeeseereeceeneesceneaseneeceneneetenee eoenueeecnncenee|nane 9 

15.-...| 642 | None.------.---- --- ene enn nent nee ern tener n omnes R [eee pee 

By now 521 stopped, 529 pulsed to operate 534 and release 491, 494 |e ee 

to release, 531, 517, 519. 
543 | Step 488.22. -----nnnnnennnne ne nn ee enna ne ne nner er tenn reser mann nnacan lane acanace ewan nian 10 

16----- 542 | None. ----- eee en nen cee ne ee eee ee nen entree serene rns RR [wpe 

543 | Step 483_--------------- nee en nn een ne nn eee rnc se mene mennnn arene amen a aen anc cn sen fawman u 

17..-.-| 542 | None.---_---- + -n nen nee nnn nee eee ene re rene cc rene cn eras 

Release 467, 468, 469, 470, 471. 
843 | Step 488_._...---------------=-- 

Test release of 484, 485, 486, 487.-.----------------- 722 --- oer ner 

18...--|--.-- Operate 462, 464, 465, 466_ 0 nn ne nn en en nn eee eee ne cee 

542 | Operate 505 to operate 507--.-.--~-----2----F--- eran ene nner n nnn nn 

543 | Pulse 482 to operate 497—step 483..--..--.----------- pee tednneeneenne ance meer eneer ne 

19..---}.-.-- Operate 462, 463_..._-...------------oe- eee ennn none trntrr 

542 | Operate 506 to release 507 to operate 482__ 

Release 467, 468, 469, 470, 471 -------- 

843 | Confirm cut-in_...--.-------------2-
--- oon en neers 

20...--- 542 | Release 505 to rele ase 482, 506_.-...---~--------------e2--eeen nono ee- 

21...-- 842 | None... on nnn eee ee ee eee ere nem c naman R 

843 | Step 488____.---------2--ne nnenennn een en neeetentennn tn e Penne nnn ccen 

22...-- 842 | None.___.---.-------- = eee en nnn eee ene cn ten nn errr n nee R 

643 | Step 488_...------------- =n eee een ee ene nett pee dacedeeneweee 

23--.-- B42 | None_----w-- 2 nnn nnn en ee ee nee nn reenter cnnae R 

543 | Step 483.....------------ eee 2 eee nec ene nett note eee 

24.-...} 842 | Non6.------ececeee---- nescence ceeeeesceeaceenete es ceeenneennnnens RU 

643 | Stop 483__..----.------- new -neeenc newer net ee ewan ne eeen ene e|eeen eee ece ee een 18 

Pest release of 401, 402, 493, 404, 405, 496, 619, 629... ----------------|---------------- | 19 
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_ TABLE 6—Continued - 

Rev. |Seg. 

25_....] 542 

543. 

26.2... 542 

543 

27.2... 542 

543 

Operations’ -’ 

Prior to the initiation: of. a, switching operation;: 
the -wipers. of the receiving.:pattern switch 483:< 
are engaged with their first: bank. contacts: and 20 
relays'506 and 544 are operated. The operating . 
circuit for relay 544.may be.traced. from ground: 
through the right. hand break contact. of relay .: 
548, conductor 547, wiper 548 and first. bank con- 
tact. of.switch 483 and. the ‘winding of relay .544 
to positive battery. With this relay. operated,:a 25; 
circuit is complete. from positive. battery through’: 
resistance: 551, the third make contact of relay... 
544, conductor 552 and the left hand winding :of:.: 
relay .596.to. ground, thereby: holding: :this relay 
operated. Also. at this time.the: regular. charac. -20 
ters which are received over, the.multiplex. line: 
circuit on all channels are the idle signals ~repres:: 
senting.the letter: “xX.” ; ; 
evolution 1—While:a-regular characteris.bes:: 

ing received over:the A. multiplex ‘channel, and:a 35. 
normal character: is: being.:received ‘over the:-B< 
multiplex channel,. the. engagement ‘of: brush B8:: 
with segments $42 and .§43-accomplishes:nothing.; 

Revolution. 2-—The :engagement: of brushoB82 40 
with: segment. 542: at..theitime:-when: a regular. 
characteris. being: received-over:the: A multiplex: 
channel produces no result. : 

As brush. BS traverses segments’ 6 to:180f thes 
multiplex receiving rings. MRR, a blank character ‘ 
is received. and: stored. in ‘relays: 481 to:4Tl; ink. 45 
Clusive. . These: relays: are positioned on: their. 
spacing. or. break .contacts:: 
The.engagement of brush BS -with segment 543~ 

produces no:result.: - 
Revolution 3.—The pattern signal‘of the guard 50 

character‘is received’ over.the A multiplex:chan=.. 
nel-and is stored in: relays 462-to 466, inclusive: 
in. such. a manner: that-relays: 462; 464:and 466°: 
are operated,. and ‘relays: 483--and “465--are:.re=: 
leased, moving: the. armatures controlled: by~the® 55.: 
operated: relays to their ‘spacingvor-makercons. 
tacts, ‘and. the. armatures: controlled by >the? res: 
leased relays. to. their marking:or: break contacts:: 

While. the storing of the guard. character:is:be=: 
ing:.effected, ‘brush. B8:: engages :segment.-842 to. 60: 
close.a circuit. which may: be traced:from posi. 
tive battery connected to the solid local; ring: 
through segment 542, conductor 553, wiper-:554 
and first bank contact: of ;switch:483:: the second: 
break. contacts of relays 4617: to: 411; inclusive; the: 65: 
right hand: windingiof relay:5057and: resistances: 
555.and: 558: to negative -battery: | Relay (505: is: 
thus: operated and locked:from negative -battery:: 
through. ‘resistance: ‘551 and: -its: first left: -hand-. 
make contact: and: left: hand: winding to: ground: 70° 
The operation of :relay: 505:-completes:a circuits 
from negative battery through resistance 556-and:; 
the third right hand:make-contactjof- the. relay; 
the right. hand swinding of--relay,;482--and-the:. 
seventh. break contact -of-relay- 501- to. ground... 75 -relay 606; 

Relay:: 482: thus -is “operated. Also;relay. 586:-is: 
provided with a locking circuit independent: of 
relay: 544-:which ‘may -be :traced from: ground: 
through: the. left: hand: winding .and first :make 
contact: of telay..506; the second break contact. of: 
relay: 545; :the. second ‘right: hand -make contact: : 
of. relay::505 "and:-resistance-551- to positive: bat- 
tery. ; , 

During :the -traverse of brush: B& ‘over the -B 
multiplex: channel. segments ‘of rings: MRR: on 
this:revolution;: usually:.a normal character: is re- 
ceived to operate atleast one of the relays. 461. ‘to: 
47[- to.its marking. or make ‘contact,.-the' relay: - 
opening: the -previously described: circuit through 
the -spacing or: break ‘contacts-.of. these. :relays::: 
However, a blank character ‘originating: at:one-of 
the :tape: transmitters. may -be. received: -without:: 
affecting .the. operation, of the Switching -appa-- 
ratus,-since this circuit will also: be open at the 
bank:contacts associated with wiper $54-of ‘switch: 
483- which, onthe following revolution, will “be 
engaged with its second bank:contact; : Similarly, 
a blank instead of a normal ‘character may. be: 
received. on: the .B-raultiplex channel:. during: : 
“Revolutions 5, 8, 11, 18 and 20.” 

When: brush B8 engages segment 543--of- the 
local. ring. RLR,- the .confirmation - test ‘of the 
guard: character-is made: In making this: con- 
firmation. test.and. all-other similar tests:of the. 
deceding and. switching apparatus, five conduc~ 
tors:multipled: to the apparatus. ina manner to:: 
be-deseribed are:employed. They. comprise con-- 
ductors. 558-559, 561,.562 -and 563, Inasmuch 
as there-are no relay operations effected: by: the. 
guard character, the-first: bank. contacts -of, the 
switch 483 involved. in the confirmation: test. are. - 
connected directly to these conductors.’ - 

In.making-.a confirmation test; a differentially 
wound, relay, 584 is connected in such a manner. 
that. one winding is energized substantially-.di- 
rectly. from the segment 543 and, if. the. test- is - 
completed properly, .the other winding of the-re-.. 
lay:is energized:in a manner. to neutralize: the ef-. 
fect.of.the- first winding ana ‘thereby prevent the : 
relay: from operating... In. the event that the test: - 
is not:completed,; the second winding of the telay. 
is not-energized,.and-the relay is operated: by ‘the 
unbalanced. effect. produced by: the energization: 
of.the first winding. ; 

The engagement: of brush: B3 with ‘segment 543°: 
closes..a circuit from positive battery. over’ :con= ductor 565; the first right hand: make contact of” relay: 505, the second: make contact of relay: 506: conductors 566 and 567, the left hand. winding of. relay:.564,-the first: make: contact. of relay-544, conductors. 568; 569° and: 571, the left ‘hand :wind= ing. -of -relay.572- and: ‘Tesistance:.513 ‘to: negative battery: Also, fromthe Second ..make:contact:of: 

“the: circuit: branches -and: is. continued :: 
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through the first right hand break contact of 

relay: 397,.the-left hand make contact of relay 

482, conductor 3 of cables 48ia and 481, the second 

make contact of relay 462, conductor | of cables 

481 and 48{b, the third. make contact of relay. 

508, conductor 574, upward on conductor 563, over 

conductor 575, the first bank contact and wiper 

516 of switch 483, the first right hand make con- 

tact of relay 482, conductor 5 of cables A8ia and 

481, the second break contact of relay 468, con- 

ductor 7-of cables 481 and-481b, the fourth make 

contact of relay 566, conductor 377, upward on 

conductor 362, conductor 578, the first bank con~ 

tact and wiper 579 of switch 483, the second right 

hand make contact of relay 482, conductor 8 of 

cables 43ia and 481, the second make contact. 

of relay 494, conductor § cf cables 43{ and 481d, 

the fifth.right hank break contact of-relay 501, 

conductor §8i, upward on conductor 595i, con~ 

ductor. 882, the first bank contact and wiper 583 

of switch 483, the third right hand make contact . 

of relay 482, conductor 19 of cables 481a and 481, 

2;345,628 ° 

- eonnection of negative battery through resistance 

a
 

551 to the left hand winding of relay 505. These 

two potentials neutralize one another to deener- 

gize the relay, permitting its release. The open- 

ing of the third right. hand make contact of relay 

505 deenergizes the right hand winding of relay 

£92 to release this relay. Also, the opening of 

10 

the second break contact of relay. 465, conductor” 

12 of cables 481 and 481d, the second right hand 

break contact of relay 587, upward on conductor 

359, conductor 584, first. bank contact and wiper 

583 of switch 483, the fourth right hand make . 

contact of relay 482, conductor 43 of cables 48ta 

and 481, the second make contact of relay. 466, 

conductor {1 of cables 481 and 48ib, the third 

right hand break contact of relay 587, downward 

on conductor 558, conductor 885, and through the 

right hand winding. of relay 864,-where the cir- 

cuit is connected with the circuit through the left 

hand winding of this relay and extended to nega- 

tive battery through the left hand winding of re- 

lay 572-as described. Thus, it is seen that there 

is a. complete circuit through both windings’ of 

the relay 584, thereby producing no response by 

this relay to the confirmation test of the guard 

character. ; 

The energization of the left hand winding o 

relay 572 operates this relay which locks momen- 

tarily through its right hand winding and right 

hand make contact, through the interrupter con- 

tacts of the stepping switch 483 and resistance 

581 to ‘positive battery. .The right hand make 

contact of relay 572 also energizes the switch 

the second right hand make contact of relay 565 

interrupts the locking circuit through the left 

hand winding of relay 506 to release this relay. 

A biank character is received over the B mul- 

tiplex channel at this time to release relays &&7 

to 471, inclusive. 

The engagement of brush B8 with segment 543 

closes a circuit which may be traced from posi- 

tive battery over conductor 5895, the first right 

hand break. contact of relay 595, the second break 

contact of relay 544, conductors 588, 569 and 37 i, 

the left-hand winding. of relay 572 and resistance 

573 to negative battery. This relay is operated 

and ‘temporarily locked through its right hand 

winding as before and energizes the winding of 

the stepping magnet 588 of switch 483 which, by 

_ means .of. the interrupter eontacts controlled 
Ww
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. thereby, opens the locking circuit of relay 512 to 

deenergize the stepping magnet and permit the 

wipers of the switch to step to their third pank 

contacts. 

_ Revolution 5.—The pattern signal for Character 

‘Lis received over the A multiplex channel and 

operates relays 462, 464, 465 and 466 and releases 

relay 463... 
The engagement of brush B3 with segment 542 

’ closes the circuit through the second break con- 

35 
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40 

“4b 

stepping magnet 588 to open the interrupter con-" 

tacts and break the described locking circuit. 

As soon as brush B8 becomes disengaged from 

segment 543, the circuit through the left hand 

winding of relay 512 also is interrupted, thereby 

releasing this relay which, by means of the open- 

ing of its right hand make contact, deenergizes 

the stepping magnet 588 of the switch 483, per- 

mitting the wipers of the switch to step to their 

respective second bank contacts. Upon the dis- 

engagement of the wiper 848 of the switch 4&3 

from its first bank contact, the operating circuit 

through the winding cf relay 544 is interrupted, 

releasing this relay. The opening of the third 

make contact of relay 544 opens the operating 

circuit through the left hand winding of. relay 

505, but this relay does not release immediately, 

since the locking circuit through this winding is 

still intact through the first make contact of the 

relay, the second break contact of relay 545, the 

60° 
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second right hand make contact of relay B05 to” 

positive battery. 

Revolution 4.—While a regular character is‘be- 

ing received over the A multiplex channel, brush 

BS. crosses. segment 542 to connect positive bat- 

tery over conductor 583, wiper .554, and second. 

pank contact. of switch 483, conductor §89 to the 

70 
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“taets of relays 467 to 471, inclusive, for the opera~ 

tion of relay 505. This circuit is the same as 

a@ corresponding circuit traced under “Revolu- 

tion, 3,” with the exception that wiper 584. of 

483 is engaged with its third bank con- 

tact.. The operation of relay 505 closes a cir- 

cuit which may be traced from positive battery 

through resistance 551, the second right hand 

make contact of relay 505, the second break con- 

tact of relay 545, the first break contact of relay 

506, and the right hand winding of relay 50T to 

ground, resulting in the operation of this relay. 

A normal character is received on the B multi- 

plex channel to open the circuit through the 

second break contacts of relays 467 to 4171. 

. The engagement of brush B8 with segment 

543 closes. a circuit which may be traced from 

positive battery over conductor 55, the first 

right hand make contact.of relay 595, the second 

break contact of relay 506, the left hand wind- 

» ing of relay 482, conductor 571, the left hand 

winding of relay 512 and resistance 5713 to nega- 

tive. battery. Relay 512 is operated to prepare 

for the stepping of the wipers of switch 485 upon 

the disengagement of brush B8 from segment 

543. Relay 482 is also operated for the duration 

of.the engagement of the local brush with seg- 

ment 543. 
The operation of relay 482 completes a circuit 

or circuits, depending upon the settings of re- 

slays 462 to 466, inclusive, for the operation of 

the first group of decoding relays comprising -re- 

lays. 484 to 487, inclusive,.in accordance with the 

pattern signal of Character 1 received. In this 

case, relay 463 is in its marking position, in- 

dicating that relay 484 of the first group of de- 

coding relays is to be operated, and relays 464, 

465 and 466 are in their spacing positions, in- 

dicating that the other three relays 485, 486 and 

481 of the first group of decoding relays are 

“not.to. be. operated.. The operating circuit for



23345; 628:: 

relay :484 may be.-traced. from: positive: battery: - 
through: the right.-hand winding :Of..the. relay, 
conductor..2.of: cables 591: and- 59ia, the. third 
bank contact ‘and. wiper.-516: of: switch :483, the . 
first right-hand make:-contact of relay: 482;:con-... 
ductor.5 ‘of: cables..48!a:and “A81,. the second. 
break contact of. relay.463; conductor 7 of cables. 
481. and. 48{b,:and the fourth ‘break: contact :0f::. 
relay .506 -to:-ground.: .As.soon: as: relay. 484::is. 
operated, it is. locked ‘through: a-circuit ‘extend-.. 
ing. from positive. battery: through ‘the right: and 
left. hand. :windings. of -the:relay,,.the. first::left:: 
hand «make. .contact, conductor ‘$92; the. fifth 
break contact: of relay. 524: the fifth: break ‘con=:.. 
tact-of relay. 519; conductor.593 and. the break: =: 
contact -of .relay: 594 to ground. : It:may be: seen-. 
that..similar operating - circuits.-for:. relays: :.485,: 
486: and.481T are.all:incomplete. at the right hand.: 
break: contacts. of -relays. 464, 495: and 466,°re-. 
Spectively.: After..this operation,.the. wipers. of 
Switch.483. are stepped to. their respective. fourth. 
bank: contacts.. 

Revolution 6—The confirmation signal: for 
Character:1 is received: on.the A. multiplex chan- 
nel .and results in the. operation of'-relays 462 
and -463: and: the: release of relays: 464,465 -and 
466: 
When brush:B8 ‘engages:segment 542,-a circuit 

is completed. from: positive battery over: conduc- 
tor:.-558, :wiper.554 and fourth bank: contact. of. 
switch: 483, the-left. hand.make contact and. left: 
hand-winding..of relay:.501, the right-hand: wind- 
ing of relay 596:and resistances 555-and 556. to 
negative-battery.- Relay 506 is operated, and.re-~ 
lay 507 is held operated during the engagement 
of the brush -with the:segment. - However, as soon 
as ‘this:connection ‘is broken, relay. 5017: releases 
for: the reason. that its previous locking--circuit 
through -the-right«hand winding is:-opened--at : 
the. first--break contact of. relay. 596.°. The- ree. 
lease: of relay. 5017: closes a circuit: from- ground - 
through: its seventh right hand. break ‘contact, 
the-right hand winding of: relay: 482, the. third 
right -hand-make contact. of relay. 505:-and: re- 
sistance 556:to negative battery, thereby-overat- 
ing -relay..482:- ; 

A blank ‘character-is- received cver the-B multi- 
plex--channel -at this' time-to-release-relays 461: 
to 4T4;,-inclusive..- 

As brush: B8-engages: segment: -543; the ~con- 
firmation -test for Character: 1-is made. In mak-— 
ing this: test, positive: potential is connected-to the 
left:hand winding. of relay $64;-as previously de- 
scribed'under “Revolution-3.* © Also, in-this case; 
the positive potential which: is applied to the left 
hand winding of-this ‘relay-is:connected: through 
the first-‘right hand ‘break contact of: relay Bet,” 
the left hand make contact ‘of relay 482, conduc- 
tor 3 of cables 48fa- and- 484,’the second make 
contact: of relay 462, conductor { of cables 49-4 
and 481; the third make contact: of relay 506, the 
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sixth: break contact -of relay 507, conductor: 4 ‘of - 
cables 4816 and-484; the second make contact of 
relay 463, conductor 5 of-cables-48{-and 48ta, the 
first right hand make contact-of relay 482; wiper 
576 and fourth bank ‘contact. of switch’ 483, ‘con+ 
ductor.1. of .cables.59i%a-and 591, the second left’ 
hand make. contact: of relay 484; downward on 
conductor-.562,: conductor.-$71,-the fourth -make- 
contact. of relay. .506,:conductor- 7 ‘of: cables 48{b: 
and 481, the second break-contact: of relay- 454) 
conducter..8 :of: cables:.484.and:48fa,-the second 
right hand.make: contact: of relay. 482; wiper. 579-' 
and..fourth: bank .contact of.switch-483, -conduc~ 
tor:3 of cables 59ta.and 591; the second left-hand- 75° 

70. 
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break contact:of relay 485, downward on-conduc- 
tor 56, conductor 596, the second: left: hand: 
break contact.of relay 486, conductor 5.of cables: : 
59f and 591a, the fourth bank contact and wiper ©: 
583 of switch 483, the third right hand make con-_. 
tact of relay 482,. conductor 10 of. cables 481a.and 
481, the second break contact of relay. 465, ‘the . 
second break contact of relay.466, conductor {3 of - 
cables 48{ and 48ta, the fourth right hand. make. 
contact of relay 482, wiper 585 and fourth bank 
contact of switch 483, conductor 1 of cables §9la 
and. 591, the second-left hand. break contact of . 
relay 487, downward .on conductor. 558, over con-. 
ductor §86 and through the right hand winding 
of relay 564 where it joins .the circuit through, 
the left hand winding. of this relay and is con- 
tinued through the first break contact of. relay 
544, the first break contact of relay 545 and re- 
sistance 573 to negative battery. .Thus, in this 
case, it is seen that both windings of: relay 564. 
neutralize one another to prevent the relay: from: 
operating in response to.the completion: of :the; 
confirmation ‘test. vod 

It will be noted ‘that, in order to:complete ,the.. 
circuit through the right hand winding.of relay.: 
564, it-is necessary to establish: a complete path * 
through the contacts of all of the-relays-and: the 
contacts of the stepping switch 483: which are ins. 
volved in the operation of. one or more-of the.re-.. 

_lays in.a-switching. group under. the. control:of - 
the. storage relays: of the: A multiplex :channelL: 
Such a -circuit:ineludes -these contacts. inua series: 
connection so: that, if: there.is even -one faulty: 
contact, or. if-one or. more of the-relays are notin: 
their proper positions, it is-impossible ,to-com+ : 
plete the circuit-through the right-hand ‘winding: 
of relay 584, thereby resulting in the operation. 
of. this relay to'stop transmission -over: the<circuit 
from the. sending station in:a manner similar-to: 
that disclosed in ‘the copending Pierson etal: case. 
referred to and also-herein: in the section.entitied:. 
“Automatic system. control.” : vo 
‘Revolution -7—While a -regular :character.-is: 

being. received:ion the A multiplex: channel, ‘the. 
engagement.of brush B8 with segment 542 closes 
a circuit:from positive. -battery,:over conductor.. 
§58,:. wiper §54. and. fourth «bank. /contact:: of. 
switch: 483. and -:the-left hand: break :contact ‘of: 
relay.587 to the. junction. of the circuit: through: 
the: left’ hand -winding and:the-left hand: make. 
contact. of -relay 505: and resistance 557%: thereby:- 
neutralizing -the negative battery .connected: ta, 
the resistance and releasing relay. 585.:..As.a-re«:: 
sult,:relays 482-and 896-are releasedvas. described. 
under: “Revolution: 4.” : oe 

A blank -character 4s received over: the B:mul-: 
tiplex. channel. to.-release.relays 467 to 4Ti: ine 
clusive: : moe 
Theengagement: of brush B8 with segment 34%: 

advances . the .wipers: of ‘switch ‘483 «from: their: 
fourth to their fifth bank contacts inthe. man-. 
ner- described. -under: “Revolution: 4°. THe: step- 
ping of the-wipers completes.a circuit which may. 
be: traced from ground ‘through: the:right hand: 
break contact: of relay 546; conductor 547; wiper. 
548-.and fifth: bank. contact: of switch 483;: the. 
winding: of relay: 490, °the first-right:- hand: make. 
contact: of.relay 484,.the first right hand: break: 
contacts of relays 485, 486,:and-481,° and -resist- 
ance‘ 587: to positive battery, effecting: the opera-- 
tion: of-relay 498... It will be noted -that.thisire~ 
lay -is invariably operated. at. this time: during:.a.: 
switching: operation for effecting a new ‘connec-. 
tion- between: a subscriber-and- 4 subchannel, since: 
atleast=one-of ‘the -relays: 484, 1485):486-and ABT: 
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will be operated for aiding in establishing a part © 

of the connection. By means of the make con- 

tact of this relay, ground is connected to the cir- 

cuit leading from the armature for a purpose to 

be described under “Revolution 8.” 

Revolution 8—The pattern signal for Charac- 

ter 2 is received over the A muitiplex channel 

and effects the operation of relays 462, 483, 464 

and 466 and: the release of relay 465. 

Upon the engagement of brush B8 with seg- 

ment.542 relay 5€5 is operated to effect the opera- 

tion of relay 507 in the manner described under 

“Revolution 5” with the exception that wiper 534 

of switch 483-is at this time in engagement with 

its fifth bank contact. ; 

‘A normal character is received on the B multi- 

plex channel to open the circuit through the sec-. 

ond break contact of relays 487 to 471. 

When, during the engagement of brush B& 

with segment 543, relay 482 is operated as de- 

scribed under “Revolution 5,” a. circuit is closed 

for the operation of relay 491.. This circuit may 

be traced from positive battery through the right 

hand winding of relay 491, conductor 14 of cables 

591 and 59/a, the fifth bank contact. and wiper 

583 of switch 483, the third right hand make con- 

tact of relay 482, conductor 10 of cables 48!a and 

481, the second break contact of relay 465, con- 

ductor 12 of cables 481 and 481b and the second 

right hand make contact of relay 587. to ground. 

As soon as relay 491 is operated, it is locked from 

positive battery through its right and left hand 

windings, its first left hand make contact, con- 

ductors 598 and 599, the first break contact of 

relay 533, the first break contact of relay 529, 

conductor. 593 and the break contact of relay 594 

to ground, : . 

It should also be noted that relays 488 and 489, 

if and when operated, are locked through their 

first left hand make contacts. independently of 

any other relays. 

of these relays is operated under the control of 

one or both of relays 463 or 464, the condition is 

maintained until it is desired to reposition these 

relays. In the present case it is required for the 

selection of the subchannel group designated for 

jllustration: that both relays be released. Since 

this was the condition assumed, these relays are 

unaffected in the present case. But, in order to 

describe the action of these relays under other 

conditions, suppose for the moment that. prior 

to the operation of relay 482, relay 488, for ex- 

ample, was operated and locked.. Also assume 

that relay 489 is released but, in order to select a 

subscriber group other than the one selected for 

illustration, the operation of this relay and the 

release of relay 488 are required. In order to ef- 

fect the release of relay 488 and the operation of 

relay 489, storage relay 463 must be operated and 

storage relay 464 must be released. Then, with 

the operation of relay 482, a circuit is completed 

from positive battery through resistance 601, the 

sixth make contact of relay 501, conductor 4 of 

cables 481b and 481, the second make contact of 

relay 463, conductor 5 of cables 481 and 481a, the 

first right hand make contact of relay 482, wiper 

516 and its fifth bank contact, conductor 10 of 

cables 59ia and 591, the left hand, winding and 

first left-hand make contact of relay 488 to 

ground. The energization of the left hand wind- 

ing of this relay neutralizes the effect of the ener- 

gized right hand winding, thereby effecting the 

release of the relay under the control of the oper- 

ated storage relay 463... Another circuit is closed 

Thus, when either one or. both . 
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by the operation of relay 482 which may be traced 75 
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from positive battery throtigh the right and left 

hand windings of relay 489, conductor {2 of cables 

591 ang 59ta, the fifth bank contact and wiper 

579 of switch 483, the secorid right hand make 

contact of relay 482, conductor 8 of cables 48!a 

and.481, the second break contact of relay 464, 

conductor 1 of cables 481 and 481b, and the fourth 

preak contact of relay 506 to ground. In this . 

manner relay 489 may be operated under the con- 

trol of the released storage relay 464, 

To resume consideration of the assumed con- 

ditions, that is, for the selection of subscriber 

group I, relays 488 and 489 are released by the 

operation of relays 463 and 464 as described. The 

ground which is applied by the make contact of 

relay 490 to the contacts of relays 488 and 489 | 

is extended through the right hand break con- 

tact of relay 488 and the second right hand break 

contact of relay 489 over conductor 602 to the 

left hand terminal of the winding of relay 515, 

Since the other terminal of this relay is also 

connected to ground, there is no response thereby 

at this time. : 

Upon the disengagement of brush B8 from seg- 

ment 543, the wipers of switch 483 are advanced 

to their sixth bank contacts in the manner de- 

scribed under “Revolution 5.” The disengage- 

ment of wiper 548 of switch 483 from its fifth 

bank contact removes the ground from the wind- 

ing and contact of relay 490. This relay is not 

released, however, since ground is also applied to 

the contact and winding through the winding of 

relay 515. ‘This latter relay, however, is now 

operated, since the short circuit is removed from 

around its winding. 
The operation of relay 515 controls the starting 

of the stepping switch 508. In order to describe 

this action, it may be well to consider the condi- 

tions existing just prior to the operation of the 

relay. Negative battery is applied through a rel- 

atively low resistance 603 and the interrupter 

contacts of switch 508, the left hand winding 

of relay 547, the second break contact of relay 

515, to the anode of tube 512 and to one side of 

a condenser 604. ‘The other side of the condenser 

is connected to ground and, since the resistance 

in the circuit from the negative battery is rela- 

tively low, the condenser is charged to approxi- - 

mately the full negative potential of the battery . 

connected to resistance 603. This negative po- 

tential is applied through a relatively high re- 

sistance 605, to the control grids of stepping tubes 

5ii. Also connected to these grids is another 

source of negative potential through a resistance 
606, having a value substantially equal to that of 

resistance 605. The cathodes of the tubes 5il 

are both connected to negative potential of a 
lesser value. than those connected to the grids. 
Consequently, these tubes are held non-conduct- 

ing under these conditions.. The negative poten- 

tial which is connected through resistance 603 ~ 
is also connected through the left hand winding 
of relay 5i7 and a relatively high resistance 601 
to the grid of an auxiliary control tube 512. 
There is also connected to this grid a second nega- 
tive potential through resistance 608, having a 
value substantially equal to that of resistance 607. 
The cathode of this tube is connected to negative 
potential of a lesser value than those connected 
to its grid, and consequently this tube is also 
maintained non-conducting. 

Upon the operation of relay 515, the connection 
between the condenser 604 and the negative po- 
tential derived through resistance 603 is inter- 

-rupted, and the condenser starts to dissipate the 
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negative charge and to accumulate a positive 
charge derived from a source of positive potential 
connected through a relatively high resistance 
Gil. Because of the presence of the relatively 
high resistance in this positive charging circuit, 
the rate of change of the potential on the con- 
denser 604 is relatively slow. It will be noted 
that the operation of relay 515 has no effect 
upon the control circuit of the auxiliary tube 512 
at this time. When the potential to which the 
condenser 604 is being charged reaches a value 
such that the potential applied to the grids of 
tubes 511 rises to a predetermined value above 
the cut-off point, the tubes become conducting 
to the. extent necessary to operatively energize the 
winding of the stepping magnet 612 of the switch 
508. It will be noted that the space current for 
the tubes is derived from the Positive battery 
connected to this stepping magnet Winding. 

The energization of the stepping magnet opens 
the interrupter contacts and disconnects the neg- 
ative battery through the relatively low resist- 
ance 603 from the network of resistances con- 
trolling the auxiliary tube 512. 
tential that is applied to the grid of tube 512 
through a resistance 613, which is low relative to 
the equal resistances 607 and 608 and high rela- 
tive to the resistance 663, then has more effect 
upon the grid of tube 512 than has the negative 
potential derived through the resistance 608. 
This tube becomes conducting and completes a 
circuit from negative battery. connected to its 
cathode through the space discharge path of the 
tube to the condenser 604. Thus, a relatively low 
impedance discharge path to hegative battery is 
provided for the condenser 694 which substan- 
tially instantaneously assumes 4 negative charge 
sufficient to depress the grid-to-cathode poten- 
tials of the tubes 511: below the cut-off point, 
thereby rendering these. tubes non-conducting 
and releasing the stepping magnet 612 of the 
switch 508. The wipers of the switch are thus 
advanced to their next bank contacts and nega- 
tive battery is again connected through the in- 
terrupter contacts and is effective to overcome 
the positive battery applied to the grid of tube 5(2 through resistance 613 to render this tube 
non-conducting. 'This causes the disconnection 
of negative battery from the condenser 604 which again begins to accumulate a positive charge 
through the previously described circuit. 

it will be noted that, after the wipers of switch 
508 ave advanced to their next bank contacts, 
there is produced a time lag before the stepping 
magnet 612 is again operatively energized. This delayed action is accomplished by means of the relatively slow charging of the condenser 604 to 
positive potential. The purpose of this arrange- 
ment is to insure that the Wipers of the switch 508 make the proper test of the Settings of relays 484 to 487, inclusive, required, and which is to be described. 
The wipers of the switch 568 are stepped suc-~ cessively over their bank contacts from whatever 

point they happen to be resting after. the last preceding operation thereof until they become en-. gaged with their respective contacts which are associated with the subchannel to be selected in 
accordance with the setting of the relays 484 to 437, inclusive, Wipers 6{4 and 6{5 of switch 588 are. connected respectively to the first and sec- ond make contacts of relay 815. As Jong as these 
wipers are engaged with contacts other than those associated with the subchannel to be selected, the 
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circuits from one. bank of contacts to: the other 75 
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are open. When these wipers step onte. the 
bank contacts associated with the subchannel to 
be selected, there is a complete circuit between 
the first bank contacts associated. with ‘these -two 
Wipers through the contacts of relays 484 to 487, inclusive, ee _ 

Since it is assumed that subchannel { is to be 
selected, the engagement o wipers $i4 and 615 
with their first bank contacts closes a circuit 
which may be traced from Positive battery 
through the first make contact of relay. 515, wiper €{4 and first bank contact of switch $08, con- 
ductor 616, the second right hand break contact 
of relay 486, the second right hand make con- 
tact of relay 484, the second right hand break 
contact of relay 485, the third right hand break contact of relay 487, conductor 617, the first bank 
contact and wiper 615 of switch 508, the second 
make contact of relay 515, and resistance 607 to 
the grid of tube 512. It is seen that the effect of 
the circuit through the contacts of relay 515, the 
wipers and bank contacts of switch 588 and the 
contacts of relays 484 to 481, inclusive, is to short- 
circuit resistance 613. The potential of the grid 
of tube 512 is thus raised to a value with respect 
to its negtaive cathode Sufficient to maintain con- 
duction in the tube. This will be appreciated, even though negative potential through resist- 
ance 643 and the left hang winding of relay 517 is also connected to the upper terminal of resist- ance 607, when it is considered that the positive potential which is also connected to this terminal 
is applied thereto by the described circuit with- 
out the inclusion therein of. any ‘appreciable re- sistance, Consequently, the effect of the negative 
potential is substantially neutralized by the posi- tive potential allowing the grid of the tube 542 to be raised substantially to or above the cathode potential. 

With the tube 512 continuously conducting, ‘negative potential is maintained on the con- denser 664, thereby depressing the grid-to-cath- ode potentials of the tubes 511 below the cut-off point. These tubes are then maintained non- conducting to prevent the further energization of the stepping magnet 612 to effect any further stepping operations of the Wipers of switch 508. Also, upon the closure of the described test cir- cuit, positive potential is applied to the left hand terminal of the left hand winding of relay 517 and, since the interrupter contacts of the stepping Switch 508 will have been closed by this time, the other terminal of this Winding is connected to negative battery through resistance 603, there- by effecting the operation of relay 5{7.. The op- erating circuit of the stepping magnet 612 thus is opened at a second point at the second break contact of relay 517. With the operation of this relay, no further operations of this apparatus are effected until some subsequent switching opera- tion occurs. . 
Revolution 9—~The confirmation signal for Character 2 is received over the A multiplex 

Channel and operates. relays 462 and 465 and re- leases relays 463, 464 and 466. ; The engagement of brush B8 with segment 542 operates relay 506, which releases relay 507, which in turn operates relay 482 in the manner de- Scribed under “Revolution 6,” with the exception that wiper 554 of switch 483:is engaged with its sixth bank contact. ; . : 
A blank character is received over the B multi. plex channel and releases relays 461 to 471, in- clusive, es 



oF 

The engagement of brush B8 with segment 543 

makes the confirmation test of Character 2. This 

test is made in the manner similar to the test 

made and described under “Revolution 6,” with 

the exception that the contacts of relays 488, 489, 

491 and 492 and wipers 576, 579, 583 and 585 of 

switch 483 in cooperation with their respective 

sixth bank contacts are employed together with 

the common relay apparatus. 

_ Revolution 10.—While a regular character is 
being received on the A multiplex channel, the 

engagement of brush B8 with segment 542 re- 

Yeases relay $05, which in turn releases relays 482 

and 508. This operation is the same as a carre- 

sponding operation described under “Revolution 

7,” with the exception that wiper 554 of switch 

483 is engaged with its sixth bank contact. 

A‘blank character is received over the B-muiti- 

plex channel to release relays 467 to 47f, in- 

clusive. : 

The engagement of-brush B8 with segment 548 

advances the wipers of the switch 483 -to their 

seventh bank contacts in the manner described 

under “Revolution. 4.” 

Revolution 11.—The pattern signal for Char- 

acter 3.is received over the A multiplex channel 

and effects the operation of relays 462, 463, 465 

and 488 and the release of-relay 464. 
The engagement of brush B8 with segment 542 

operates relay 505, which in turn operates relay 

507. These operations are the same as corre- 

sponding operations described under “Revolution 

5,” with the exception that wiper 854 of switch 

483 is engaged with its seventh bank contact. 

A normal characteris received over the B mul- 

tiplex channel to ‘position relays 467 to 471, in-. 

clusive, in. some combination representative of 

the received character. 

The engagement of brush B8 with segment 543 

operates relay 482 for the duration of the en- 

gagement to operate relay 494. 

be traced from positive battery through the right 

hand winding of the relay, conductor 20.of cables 

591b and 59la, the seventh bank contact and 

wiper 579 of switch 483, the second right hand 

make. contact of relay 482, conductor 8 of cables 

48ia and 481, the second break-contact of relay 

4$4, conductor 7 of cables 481 and 4810. and the 

fourth break contact of relay 566 to ground. Ii 

may -be seen that. the operating circuits for re- 

lays 493,.495 and 496 are incomplete at the-second 

break contacts of relays 463, 465 and 466, re- 

spectively, thereby preventing the operation of 

the former relays. Relay 494 after operation is 
locked from positive battery through its right and 

left hand windings, its first left hand-make con- 

tact and over a circuit including conductor 599 

similar to that described in connection with the 

locking of relay @91 under “Revolution 8” to 

ground at the break contact of relay 594. 

Relays 49!, 492 and 483 are used to condition 

the cathodes of a horizontal row of vacuum tubes 

comprising the tube network §30. Only the tubes 

appearing at the corners of this network are il- 

lustrated herein, but it will be understood that 

the network comprises seven horizontal rows of 

seven tubes-each. There'is‘omitted from the net- 

work the tube which would appear at the center 

thereof -so that the network comprises a total of 

48 tubes, such asthe tube 531. 

In this case, with relay 494 operated and relays 

482 and 493 released, a circuit is established from 

negative battery through. resistance 618,-the right 

hand make contact. of relay 491, the first right 

hand break contact of relay 492, the second right 

This circuit may’ 
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hand break contact of relay 483 to conductor 6/3. 

Connected ‘to this conductor arethe cathodes of 

the top row of vacuum tubes including the ‘tube 

531. It will be seen that other horizontal rows 

of tubes are-similarly conditioned by other opera- 

tive combinations of the relays 434, 492 and 4$3. 

Normally, there ‘is connected to the grids of 

each vertical row of vacuum tubes in the network 

530 negative potential of a higher value than that 

connected at any time to the cathodes of the 

tubes. For example, in the left hand vertical 

row of tubes negative potential is connected 

through relatively high resistances 620 and 621 to 

the grids of all the tubes in this row. Similar 

connections are made through other like resist- 

ances to the grids of other vertical rows of tubes. 

With relay 494 operated and relays 485 and 

496 released, ground is connected through. the 

right ‘hand make contact of relay 494, the first 

right hand break contact of relay 495, the second 

right hand break contact of relay 486 and con- 

ductor 622 to the junction of resistances 620 and 

621. The negative potential connected to re- 

sistance 620 is thus effectively short-circuited, 

and the grids of the left hand vertical row of 

tubes -are raised to ground potential. It will be 

seen that the tube lying at the intersection of the 

horizontal row of operatively conditioned cath- 

odes and -the vertical row of operatively condi- 

tioned grids is the tube 53!. All other tubes, 

including the remaining six in the left hand ver- 

tical row, are not completely conditioned for 

operation. Hence, tube 531 is rendered conduct-~- 

ing for use at-a later step in the series of con- 

necting cperations described under “Revolu- 

tion 13.” 
After brush B8 becomes disengaged from seg- 

ment 343, the wipers of switch 483 are advanced 

to their eighth bank contacts in a manner simi- 

jar to that described under “Revolution 5.” 

Revolution 12.—The confirmation signa] for 

Character 2 is received over the A multiplex 

channel and effects the operation of relays 462 

and 484 and the release of relays 463, 465 and 

46. 
The engagement of brush B&8 with segment 542 

operates relay 586, which releases relay 507, 

which-in turn operates relay 482. These opera- 

tions are the same as the corresponding opera- 

tions described under “Revolution 6,” with the 

exception that wiper 554 of switch 483 is engaged 

with its eighth bank contact. 

A blank character is received over the B multi- 

plex channel and effects the release of relays 467 

to 417i, inclusive. 

The engagement of brush B8 with segment. 

563 makes the confirmation test of Character 3 

in a manner similar to that of other confirma-. 

tion tests, such as that described under “Revolu-. 

tion 6.” In this case, however, the contacts of 

velays.493 to 486, inclusive, and wipers 576, 579,, 

583 and 585, together with their respective eighth 

bank contacts, are employed. 

Revolution 13.—While a regular character is 
being received on the A multiplex channel, brush 

B& engages segment §42 to release relay 505 which 

effects the release of relays 482 and 506 in the 
manner described under “Revolution 7,” with the 

exception that wiper 554 of switch 483 is engaged 

with its eighth bank contact. 

A normal character is received over the B mul- 
tiplex channel during this revolution to operate 

at least one of the relays 467 to 471 to its marking 

or make contact. 
The engagement-of brush B8 with segment 543
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advances the wipers of switch 483 ¢o their ninth 
bank contacts in ‘the manner described under 
“Revolution 4.” : 

It will be remembered that the stepping action 
of switch 588 is purposely retarded in the manner 
and for the purpose described. By the time that 
‘wiper 548 of switch 483 is moved into engagement 
with its ninth bank contact, however, the step- 
bing of switch 508 normally will have been com- 
pleted and relay 517 will have been operated in 
the manner described so that the stepping : of 
the wipers of switch 433 at this time initiates 
a series of operations culminating in the connec- 
tion of the subscriber’s receiving line to the sub- 
channel apparatus, But, in view of the fact that 
the start of this series of operations also depends 
upon ‘the operation of relay 511, which may be 
delayed, additional time is allowed for the relay 
operation by strapping together the ninth and 
tenth bank contacts associated with wiper 548 
of switch 483. Consequently, the switch wipers 
may be advanced to their tenth bank. contacts 
and still effect the initiation of the series of op- 
erations referred to when relay 517 does operate. 

For the purpose of the present description, 
however, assume that prior to the engagement 
of wiper 548 with its ninth bank contact, relay 
5i7 is operated. A circuit is then completed from 
sround through the right hand break contact 
of relay 546, conductor 547, wiper 548 of switch 
483 and its ninth bank contact, conductors 623 
and 624, the first make contact and right hand 
winding of relay 517, the winding of relay 519 
and resistance 625 to positive battery, Relay 519 
is operated, and relay 517 is prevented from re- 
leasing at this time. 

The operation of relay 519 at its fifth break 
contact opens the locking circuit for relays 484 
to 487, inclusive. Thus, relay 484, which is the 
only one of this group of relays operated, is re- 
leased and opens the operating circuit through 
the windings of relays 490 and 515, permitting 
these relays to release, The release of relay 515 
restores the control circuits of tubes 511 and 512 
to their normal idle conditions. The operation 
of relay 519 also starts the stepping operation of 
one of the subscriber connecting switches 52! or 
522. 

It may be well to examine the condition of the 
circuits employed for the control of tubes 523 
and $28 prior to the operation of relay 519. There 
is a connection from negative battery through a 
relatively high resistance 626 to the control grids 
of tubes 523. There is another connection to 
these control grids through resistance 627 which 
has a value substantially equal to that of re~ 
sistance 626, resistance 628 which has a value ap- 
proximately half that of resistances 626 and 627, 
the fourth break contact of relay 519 to negative 
battery connected to the third armature of re- 
lay 529. Since the cathodes of tubes 523 are con- 
nected to negative battery, which may have a 
value of approximately one-half of that of the 
battery connected to resistance 626, the grid-to- 
cathode potentials of the tubes are held below the 
cut-off point, thereby rendering the tubes non- 
conducting. 

A condenser 629 is at this time in a state of 
substantial discharge, the upper plate being con- nected through the third break contact of relay 
‘528 to negative battery and the lower plate be- 
ing connected through a resistance 631, which 
preferably has a value substantially five times ‘that of resistance 628, the fourth break contact 

“of relay 519, to the negative battery connected 
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to the third armature of relay 529. Consequently, 
the control grid of tube 528 has applied thereto 
substantially the full negative potential con- 
nected to the condenser 629 and, since the cath- 
ode of this tube is connected to ground, this tube 
also is non-conducting. 
When relay 519 operates, negative potential is 

disconnected at the fourth break contact of the 
relay. from resistance 628. Positive potential 
connected through a relatively low resistance 
632 becomes effective at this time by acting 
through resistances 628 and 6271 to raise the 
potentials of the grids of tubes 523 sufficiently 
above the cut-off points to render the tubes con- 
ducting to the extent necessary to operatively 
condition the stepping magnet 633 of switch 521. 
This circuit may be traced from positive battery 
through the winding of the stepping magnet 633, 
the interrupter contacts, the second left hand 
break contact of relay 534, the first bank con- 
tact and wiper 634 of switch 598, the second 
make contact of relay 519 and the Space dis- 
charge paths of the tubes 523 in parallel to 
negative battery. 

The wipers of switch §2! are stepped succes- 
sively over their respective bank contacts by 
means of the described stepping circuit until 
wiper @35 engages its first bank contact, A cir- 
cuit is then completed from the negative battery 
connected to the cathode of tube 53f of the net- 
work 530 by means of the contacts of relays 491, 
492 and 498, through the Space discharge path 
of the tube, conductor 1 of cables 636g and 636, 
the first bank contact and wiper 635 of switch 
$2!, the first bank contact and wiper 631 of 
switch §88, the third make contact of relay 519 
and resistance €27 to the control grids of. the 
tubes §28. The grid-to-cathode potentials of 
these tubes are thus depressed below the cut-off 
point, rendering the tubes non-conducting and 
preventing further stepping of the Wipers of 
switch 521. 

While the tubes 522 are conducting during the 
stepping of switch 521, the potential at the point 
of junction of resistance 638 with the circuit 
from the plates of tubes $22 is maintained nega- 
tive with respect to ground due to the relatively 
low impedance of the Space discharge paths 
through the tubes to negative battery as com- 
pared to that through the stepping magnet 633 
to positive battery. The current flowing to this 
point from positive battery through resistances 
632, 631 and 638 produces a negative potential 
at the grid of tube 528 because resistance 631 
is large relative to resistance 638. This. tube, 
therefore, is maintained in its non-conducting 
state during the previously described operation. 
When the tubes 523 are rendered non-conduct- 
ing to. disconnect negative battery from the junec- 
tion point, the potential thereof becomes sub- 
stantially that of the positive battery connected 
to stepring magnet 633. As a consequence, the 
potential of the grid of tube 528 becomes suffi- 
ciently positive to render this tube conducting. 
At the same time condenser 629 is given a charge 
so that the lower plate thereof is positive with 
respect to the upper plate, 

The operative conditioning of tube 528 op- 
528 through the Winding of which 

Space current is derived from positive battery. 
Negative battery is disconnected at the third 
break contact cf relay §29 from the condenser 
§22 so that it may become more positively 
charged for the purpose of prolonging the con- ductive condition of the tube 528. The purpose 
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of such an arrangement is.to provide ample 

timas for the completion of operations effective 

upon the actuation of relay ‘229. 

“Negative potential is connected through the .. 

tind imeke contact of relay 829, over conductors 

632 and &8{ tc the control grids of tubes $23, 

thereby holding these tubes non-conducting in~ 

dependently of the network tube 531. At the first 

break contact of relay §29 the locking. circuit 

for relays 491 and 894 is interrupted, allowing 

these relays to rélease and to render the tube 

531 non-conducting. The release of relay 484 

closes ‘2, circuit from ground through the right 

hard bresk contact of the relay, the second right 

hand break contact of relay 485, the fourth right 

hand ‘break contact of relay 498 and conductor 

‘$42 to the junction point between resistance 

825 and the winding of relay 819. This ground 

effectively short-circuits the windings of relays 

517 and 519, thereby effecting their release. 

The operation of relay 529 also completes a 

circuit frora negative battery through the third 

make contact, conductor 643, the second make 

contact of relay 528, wiper 644 and first bank 

contact of switch 3@9, the left hand winding of 

relay $85, wiper 645 and first bank contact of 

switch #24, the winding of relay 646 and re- 

sistance 641 to positive battery, thereby effecting 

the operation of relays 534 and 646. These re- 

jays are -locked through a circuit which may 

be traced from positive battery through resist- 

ance 647, the winding of relay 646, the first 

bank contact and wiper $48 of switch #21, the left 

hand winding of relay 334, resistance 648, the 

first left hand. raake contact of relay 534, the 

third left hand break contact of relay 884 and 

yeetifier §43 tc ground. The rectifier is poled 

to offer a high resistance to the flow of current 

through resistance 648 and the locking circuit 

fram the negative battery connected to the con~- 

tacts of relay 528 while this relay is operated. 

Such a current, if permitted to flow, would ad- 

versely affect the operating circuit of relays 534 

and 84§ and, in addition, would tend to prevent 

a change of polarity at the bank contacts asso- 

ciated with wiper 645 of switch $2! for a pur- 

sose to be deseribed in the section of the specifi- 

cation entitled “Receiving subscriber to subchan- 

nel connection,” subtitle (3). 

The operation cf relay 534 compietes a cir- 

cuit from the line 538 associated with subscriber 

{-of group I through the first bank contact and 

wiper 651 of switch 52/, the first right hand 

make contact of relay 534 and conductor 652 

to the relay chain mixer apparatus associated 

with subchannel | which is shown diagrammati- 

eally in Fig. 23.. Conductor 652 is connected 

through the second break contacts of relays 653, 

654 and 658 over conductor 656, upward on con- 
ductor 857, the second right hand make contact 

of relay 584 and resistance 658 to negative bat- 

tery. Concurrently with the connection of this 

negative battery to the subscriber’s line 538, the 

positive idle or standby battery hitherto con- 

nected to the subscriber’s line through resistance 

659 and the break contact of relay 648 is dis- 

connected by the operation of this relay. 

Also, it will be observed that prior to the 

operation cf relays 5384 and 648 the positive 

‘standby battery connected through resistance 

688 is conducted through the winding of the 

selector magnet 66! of the subscriber’s receiving 

apperatus 539, lamp 682 which, for example, 

may be red, and rectifier 683 to ground. When 

the connection to the subchannel apparatus is 
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effected and relays 534 and 646 are operated in 

the manner described, negative potential con- 

nected to the subscriber’s line 538 is conducted 

through a lamp 664 which may be colored green 

‘and a rectifier 665 to.ground. The extinguishing 

of the red light 662 and the lighting of the 

‘green light 664 is an indication to the subscriber 

that. his receiving apparatus is about to function. 

‘As ‘soon as ‘rélay 549 releases, the negative 

potential connected to the third armature of 

‘yelay ‘528 is connected by means of the fourth 

preak contact of relay 5/9 to the junction point 

of resistances §3{ and 582. Thus, there is estab- 

Jished a circuit. to negative. battery from the 

lower plate of condenser 629 to:charge this plate 

to -a negative potential with respect to ground. 

This circuit includes the relatively high resist- 

‘ance $21 and is connected to negative battery 

at the third armature of relay 529. After the 

-conderser has become charged sufficiently nega- 

tive to depress the grid-to-cathode potential of 

the ‘tube 528, relay 529 ig released and the ap- 

paratus for stepping the switch 529 is restored 

to ‘normal. 

The series of operations starting with the op- 

eration of relay 519 and ending with the release 

of relay 529 requires very little time for com- 

pletion, since the stepping of the switch 52i 

is-effected very rapidly. Also, this series of oper- 

ations is illustrative of but one of several typical 

operations encountered under the varying con- 

‘ditions of the- system operation. In order not 

to- interrupt the continuity of this section of the 

svecification, the operation of this apparatus un- 

der the other. conditions will be considered later 

in the specification in the section entitled “Re- 

ceiving subscriber to subchannel connection.” 

Revolutions 14, 15 and 16—While regular 

characters are being. received over the A multi- 

plex channel and normal. characters over the 

B multiplex channel during these revolutions of 

the multiplex distributor, no operations are per- 

formed by the successive engagements of brush 

B8 with ‘segment 542. 

The engagements of brush B8 with segment 

483 during these revolutions of the distributor 

step the wipers cf the switch 483 over their 

tenth and eleventh bank contacts in the manner 

described under “Revolution 4” so that, at the 

end of “Revolution 16,” the wipers are engaged 

with their twelfth bank contacts. 

' Revolution 17.—During the receipt of a regu- 

jay character over the A multiplex channel, no 

operations -are effected by the engagement of 

brush B8 with segment 542. 

A blank-character is received over the B multi- 

plex channel to effect the release of relays 457 

to4il, inclusive. 

The engagement cf brush B8. with segment 

543 advances the wipers of switch 483 to their 

thirteenth bank .ccntacts in the manner described 

ander “Revolution 4.” 
The engagement of wiper §48 of switch 483 

with its thirteenth bank contact closes a circuit 

frem ground through the right hand break con- 

tact of xelay #48, over conductor 547, wiper 548 

and thirteenth bank contact of switch 483, to 
the right hand terminal of the left hand :wind- 
ing of relay @67. The left hand terminal of 
this- winding is connected by conductor 668 and 

resistance 597 to positive battery. . However, if 
relays 484 te-481, inclusive, are released properly, 

this positive potential is also connected through 

the first right ‘hand break contact of the relays 
cand. the first break contact of relay 667 to the
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right hand terminal of the left hand winding 
of this relay.. In this case, the relay is not oper- 
ated but, if-one or more of the relays 484 to 
481, inclusive, is not properly released, the last 
described circuit is incomplete, thereby effecting 
the operation of relay 661, which is effective to 
stop transmission over the circuit in the manner 
described in detail in the copending Pierson et 
al. case referred to, and which will be referred 
to in a section of this specification entitled “Auto- 
matic system control.” The purpose of making 
this test is to insure that relays 484 to 487 are 
properly released so that they can respond cor- 
rectly to the next group of switching signals 
transmitted from the sending station. 

Revolution 18 —The pattern signal for. the first 
subchannel group is received over the A multi- 
plex channel and effects the operation of relays 
462, 464, 465 and 466 and the release of relay 483. 

The engagement of brush B8 with segment 542 
effects the operation of relay 505, which in turn 
operates relay 507 in substantially the same man- 
ner as that described under “Revolution 5,” with 
the exception that wiper 554 of switch 483 is en~ 
gaged with its thirteenth bank contact. 

A normal character is received over the B mul- 
tiplex channel to set the storage relays 467 to 471, 
inclusive, in some combination other than that 
resulting from the reception of a blank character. 

The engagement of brush B8 with segment 543 
operates relay 482 for the duration of the en- 
gagement. A circuit is thus closed from positive 
battery through the right and left hand wind- 
ings of relay 481, conductor 30 of cables. 59tc, 
59{b and 58fa, the thirteenth bank contact and 
wiper. 576 of switch 483, the first right hand make 
contact of relay 482, conductor 5 of cables 48ia 
and 481, the second break contact of relay 463, 
conductor 7 of cables 48{ and 481b and the fourth 
break contact of relay 506 to ground. Relay 497 
operates and locks from positive battery through 
its right hand winding and first left hand make 
contact over.conductor 669 and the break con- 
tact of relay 594 to ground. The operation of 
relay 497 conditions the receiving relay chain 
mixer for the inclusion of subchannel ! in its ‘~ 
connecting operations. 

Upon the disengagement of brush B8 from seg- 
ment 543, the wipers of switch 483 are advanced 
to their fourteenth bank contacts in the manner 
described under “Revolution 5.” 

Revolution 19.—The confirmation signal for 
the first subchannel group is received and effects 
the operation of relays 462 and 463 and the re- 
lease of relays 464, 465 and 466. 

The engagement of brush B8 with segment $42 
operates relay 506 which releases relay 501, which 
in turn operates relay 482 in the manner de- 
scribed under “Revolution 6,” with the exception 
that wiper 554 of switch 483 is engaged with its 
fourteenth bank contact. 

A blank character is received over the B multi- 
plex channel and releases relays 467 to 471, in- 
clusive. 

The engagement of brush B8 with segment £43 
makes the confirmation test of the first sub- 
channel group in the manner described under 
“Revolution 6,” with the exception that the con- 
tacts of relays 497; 498, 499 and 561 and wipers 
576, 579, 583 and 585, together with their respec- 
tive fourteenth bank contacts are employed. 

Revolution 20-——-While a regular character is 
being received over. the A multiplex channel, the 
engagement of brush B8 with segment 542 re- 
leases relay 585, which effects the release of relays .75 . 
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482 and 506 in the manner described under 
“Revolution 7,” with the exception that wiper 554 
of switch 483 is engaged with its fourteenth bank 
contact. 

A normal character is received over the B mul- 
tiplex channel.to open the circuit through the 
second break contacts of relays 467 to 411. 

The engagement of brush B8 with segment 543 
advances the wipers of switch 483 to their 
fifteenth bank contacts in the manner described 
under “Revolution 4.” 

Revolutions 21, 22, 23 and 24.—During these 
revolutions. regular characters are received over 
the A multiplex channel and normal characters 
over the B multiplex channel. 

No operations are performed by the engage- 
ments of brush B8 with segment 542. 

The successive engagements of brush B& with 
segment 543 steps the wipers of switch 483 over 
their sixteenth, seventeenth and eighteenth bank 
contacts so that, at the end of “Revolution 24,” 
the wipers are engaged with their. nineteenth 
bank contacts. 

At. this time the release of relays 491 to 496, 
inclusive, 519 and 529 is tested. A circuit is 
closed for this purpose which may be traced from 
ground through the right hand break contact of 
relay 546, conductor 547, wiper..548 and 
nineteenth bank contact of switch 483, the right 
hand winding of relay 667, conductor 670 and re- 
sistance 618 to negative battery. If relays 491 to 
493, inclusive, 519 and 524 are released properly, 
there is a second circuit from negative battery 
through resistance 618, the right hand break con- 
tact of relay 491, the second right hand break 
contact of relay 492, the fourth right hand break 
contact of relay 493, conductor 611, the first break 
contact of relay 524, and the first break contact 
of relay 519 to ground. Hence, it is seen that the 
right hand winding of relay 667 is short-circuited, 
thereby preventing the operation of this relay. 
It may be seen also that the proper release of 
relays 494 to 496, inclusive, is tested incidentally 
when it is remembered that it was the release of 
all of these relays which effected the release of 
relays 519 and 51T. 

Revolutions 25 and 26.—Regular characters are 
received over the A multiplex channel and normal 
characters over the B multiplex channel during 
these revolutions. , 

The engagements of brush B8 with segment 
542 do not effect any operations. 

The engagements of brush B8 with segment 
543 advance the wipers of switch 483 from their 
nineteenth to their twenty-first bank contacts: 
At this time a circuit is closed from ground 
through the right hand break contact of relay 
546 over conductor 547, wiper 548 and twenty- 
first bank contact of switch 483 and the wind- 
ing of relay 545 to positive battery, thereby ef- 
fecting the operation of this relay. 

The purpose of operating relay 545 at this time 
is to prepare the receiving apparatus for the re~ 
ception and confirmation of a final guard char- 
acter if itis sent. It was assumed, however, that 
such a character was not sent, and consequently 
this portion of the description will be continued 
‘Upon that assumption. The operation of the re- 
ceiving apparatus following the reception: of a 
final guard character will be described subse- 
quently in this section. 

Revolution 27.—-Normally, a regular. character 
is received over the A multiplex channel and a 
normal character over the B multiplex channel. 

The engagement of brush B8 with segment 542 
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does not effect the operation of any of the re- 

ceiving apparatus. ; 

The engagement of brush B8 with segment 

R48 steps the wipers of switch 4383 from their 

twenty-first to their first bank contacts in the 

manner described under “Revolution 4.” ‘The 

disengagement of wiper 548 from its twenty- 

first bank contact opens the operating circuit for 

relay 545 and this relay releases. The engage- 

ment of this wiper with its first bank contact 

closes the operating circuit described in the para- 

eraph preceding “Revolution 1” of this section 

of the specification to operate relay 544, ‘The 

. operation of this relay operates relay 506 in the 
manner described in the paragraph referred to. 

Thus, the receiving switching apparatus is re- 
stored to its normal idle condition which is main- 

tained until another blank character is received 

over the B multiplex channel as a result. of the 

completion of the common test circuit or the 
automatic starting apparatus at the sending sta- 

tion becoming effective to initiate another series 

of operations such as that described. 

If, during “Revolution. 26” of the multiplex 

distributor, a blank character is received over the 

B multiplex channel while. relay 545 is operated, 

the confirmation testing apparatus is. employed 

to check the reception of the final guard char- 

acter, It will be remembered that with the 
switches at the seriding station engaged with 

their twenty-first bank. contacts the generation 

of a blank: character. by some of the subchan- 

nel apparatus which happens to be connected to 

the B multiplex. channel at: the time causes the 

sending station apparatus to detect. the blank 

character and to send the final guard. character 

on the following revolution of the multiplex. dis- 

tributor. 

The final guard character is received over the 
A multiplex channel during. “Revolution 27” and 

effects the operation of relay 462 and the release 

of relays 483 to 466, since. this character is the 

letter “V” in which the first impulse is spacing 

and the remaining impulses are. marking. 

While this is occurring, brush. B3 engages seg- 

ment 542 to close the circuit for the operation 

of relay 503 as described under ‘Revolution 5,” 

with the exception that wiper 544 is engaged with 

its twenty-first bank contact. This time, how- 
ever, the operation. of relay 5535 does. not. oper- 

ate relay 587 for the reason that the previously 

described circuit for accomplishing this result 

is incomplete at the second break contact of relay 
545. Instead, there is. completed. a, circuit. which 

may be traced frem positive battery through re- 

sistance 581, the second right hand make contact 
of relay 595, the second make contact. of relay 
545, conductor 552, and the left hand winding 
of relay 586 to ground. The operation of relay 
595 also completes the circuit described. under 

“Revolution 6” to operate relay 482. 

’ The engagement. of brush B& with. segment 

542 makes the confirmation test of the final guard 

character set up in the storage relays 482 to. 466, 

inclusive, by connecting positive battery. over con- 

ductor 565, the first right hand make contact of 

relay 885, the second-make contact of relay 596, 

conductors. 566 and 567, and: through the left 

hand winding of relay 564. Before tracing the 

remainder of this circuit,-the circuit through 

the ecnfirmation apparatus will be traced. This 

circuit continues from the second make contact 

of relay 886, through the first right hand break 

contact of relay $07, the left hand make contact 
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of relay 482, conductor 3 of cables 48a and 481, 

the second make contact of relay. 462, conductor 

f of cables. 48: and 4846, the third make contact 

of relay 506, conductor.574, upward on conductor 

563, conductor 673, the twenty-first bank contact 

and wiper 878 of switch 483, the first right hand 

make contact- of relay: 482, conductor 5 of cables 

48ta and 481, the second break contacts cf relays 

463 and 464; conductor 8 of cables 481 and 48!a, 

the second right hand make contact of relay 482, 

wiper 519 and twenty-first bank contact of switch 

438, conductor 474, the twenty-first bank contact 

and wiper §83 of switch 483, the third right 
hand make contact of relay 482, conductor {3 

of cables 481a and: 431, the second break con- 

tacts of relays 465 and 486, conductor {$ of cables 

481 and 48/a, the fourth right hand make con- 

tact of relay 452, wiper 585 and twenty-first bank 

contact of switch 483, conductor 475, downward 

on conductor §58, over conductor 588, and through 

the right hand winding of relay 564 where it 
joins the circuit traced through the left hand 

winding of this relay. This common circuit may 

be further traced through the first break contact 

of relay 544, the first make contact of relay 545, 

conductors 569 and §7i and the left hand: wind- 

ing of relay 5172 to negative battery through resis- 

tance 573. Since the confirmation test is com- 

pleted, relay 584 does not operate and relay 572 

is energized to effect the stepping of the wipers 

of switch 483 to their first bank contacts. Relay 

545 is released in the manner described and, at 

its second make contact, interrupts the operat- 

ing circuit of relay 506. But it is seen that. the 
circuit from ground through the left. hand wind- 
ing and first make contact of relay 586 is imme- 

diately completed at the second break. contact 

of relay 895 so that the former relay is not re- 

leased. ‘The engagement of wiper 548 of switch 

483 with its first bank contact operates relay 844 

in the manner described. 
If, while the operations described in the pre- 

ceding paragraph are occurring, a blank charac- 

ter is not received over the B multiplex channe!, 

relays 467 to 471 will. be set in. some combination 

other than that resulting from the reception of a 
blank character so that at least one of them, for 

example, relay 471, is operated. Upon the en- 
gagement.of brush B8 with segment. 542 on the 
following revolution of the distributor, a circuit is 

closed from positive battery over. conductor 583. 

wiper 554 and first bank contact of switch 483, 

the second make contact of relay 4711, conductor 

616 to the junction of resistance 557. and the 

first left hand. make contact. and left hand wind- 

ing of relay 525. This winding is deenergized.to 
release. the relay which, at its third right hand 

make contact, interrupts. the circuit through the 
right hand winding of. relay 482 to effect its 

release. Thus, it is seen that.the receiving switch- 

ing apparatus is again restored to its normal idle 

condition following the confirmation test of the 

final guard character. 

The system is provided with facilities for in- 

suring that no more than a predetermined inter- 

val of time may occur between successive series 

of operations of the sending and receiving pat- 
tern switches. The apparatus for providing the 

automatic starting of the sending pattern 

switches after the lapse of a predetermined period 

of time following the preceding series of oper- 
ations of these switches has been described. The 
receiving apparatus is arranged to detect a, fail- 

ure of the sending apparatus to initiate such a
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series of operations and to interrupt operation of 
the system. 
Whenever relay 512 is operated to advance the 

wipers of switch 483, a circuit is momentarily 
closed by the make~before-break contact of this 
relay. This circuit may be traced from negative 
battery through resistance 671, the make-before- 
break contact of relay 572 and resistance 678 to 
the grid of a vacuum tube 679. Also connected 
between the grid and cathode of this tube is a 
condenser 68/. . Since the potential applied to 
the grid of the tube is of negative polarity and 
the cathode of the tube is connected to ground, 
the tube is rendered non-conducting and con- 
denser 68/ is given. a negative charge. The 
charging circuit is through relatively low resist- 
ances and, even though closed for only short 
periods of time, the condenser is substantially 
completely charged upon each operation of relay 
572. During the time that the charging circuit 
is open, the negative charge on the condenser is 
slowly dissipated through the relatively high re- 
sistance 682. The timing of the discharge cir- 
cuit for the condenser 681 is set to be slightly 
longer than the timing of the tube 349 at the ¢ 
sending station. Consequently, if the pattern 
switches are not started by the apparatus for 
effecting a change in the system or by the appa- 
ratus for automatically starting these switches, 
the charge on the condenser 68! will be. dissi- 
pated sufficiently after the lapse of a predeter- 
mined time to operatively condition the tube 679. 
When this tube becomes conducting, it derives 
its space current from positive battery through 
the right hand winding of relay $83 which is 
operated and, by means of apparatus controlled 
thereby, stops the system in a manner to be 
described in a later section of the specification 
entitled “Automatic system control.” 

RECEIVING SUBSCRIBER TO SUBCHANNEL 
CONNECTION - 

JO 

3U 

When. it is desired to effect a connection. be- . 
tween the apparatus of one of the subchannels 
‘and a subscriber’s receiving apparatus, a number 
of different operating conditions may be encoun- 
tered resulting from previous connections. There 
are in general four typical conditions. They are: 
(1) the subscriber is disconnected. and the sub- 
channel is disconnected; (2) the subscriber is 
disconnected and the subchannel is connected to 
another subscriber in the same group; (3). the 
subscriber is disconnected and the subchannel is 
connected to a subscriber in another group; and - 
(4) the subscriber is connected to another sub- 
channel and the subchannel is connected to an- 
other subscriber. There are, of course; other pos- 
sible combinations of the above enumerated typi- 
eal conditions which it will not be necessary to 
describe, since they are all based on. the four 
typical conditions. . 

(1) Subscriber disconnected—Subchannel dis- 
conneécted.—One_ condition of this type is that 
encountered. in the preceding description under 
“Revolution 13” in which case subchannel 1 was 
connected to subscriber | of Group I. 

_ It may be necessary, however, to connect sub- 
channel f to any other subscriber in any of the 
four groups such as subscriber 48 of group 1V. 
In this case there are operated relay 484 in re- 
sponse to the pattern signal of Character 1, re- 
lays 488, 489, 491 and 492 in: response to the 
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454, 495 and 496 in response to the pattern sig- 
nal of Character 3. Switch 509 is operated under 
the control of tubes. 513 and 514 and of relays 
56 and 518.. When the wipers of this switch are 
engaged with their first bank contacts, relay 524 
is operated to initiate the stepping action of 
switch §25 under the control of tubes 527 to step 
the wipers thereof into engagement with their 
forty~eighth bank contacts. Then relay 533 is 
operated to effect the operation of relays 536 
and 684, thereby connecting the receiving ap- 
paratus 641 of subscriber 48 of group IV to the 
apparatus of subchannel |. 

If subchannel 15 is. to be connected to sub- 
scriber ! of group I, relays 484 to 487 are op- 
erated. The wipers of switch 508 are stepped 
to their fifteenth bank contacts where a circuit is 
clesed between wipers 614 and 615 through the 
contacts of relays 484 to 481, thereby stepping the 
switch in the manner described under “Revolution 
13.” When relay 819 is operated, the wipers of 
switch 522 are advanced until they become en- 
gaged with their first bank contacts. Relay 522 
is then operated to operate relays 535 and 646, 
thereby completing a connection between the re- 
ceiving apparatus 389 of subscriber | of group I 
to the apparatus cf subchannel (5. 

The connection of subchanne] {5 to subscriber 
48 of group IV is effected by the operation of 
relays 484 to 487 to select subscriber 15, relays 488 
and 489 to select grcup IV and relays 491 to 496 
to select subscriber 48, and the advancement of 
the wipers of switch 5€9 to their fifteenth bank 
contacts. The operation of relay 524 operates 
switch 526 until its wipers become engaged with 
their forty-eighth bank contacts, after which 
relay 525 is operated to effect the operation of 
relays 537 and §84, thereby completing a con- 
nection between the receiving apparatus 54! of 
subscriber 48 of group IV and the apparatus of 
subchannel 15, 

(2) Subscriber disconnected—Subchannel con- 
nected to other subscriber in same group.—It is 
assumed that subscriber ! of group I is discon- 
nected so that relay €49 is released and that sub- 
channel ! is connected to some other subscriber in 
group I. In this case relay 334 is operated and 
locked in series with a relay corresponding to 646 
associated with the subscriber connected to sub- 
channel f. \Also, wipers of switch 521 are en- 
gaged with the bank contacts associated with the 
other subscriber. The operation of switch 588 
is the same as that described under “Revolution 
13.” For a connection involving subchannel |, 
relay 484 is operated so that the wipers of switch 
598 come to rest on their first bank contacts. 
The operation of relay 5/9 closes a circuit from 
the anodes of tubes 523 through the second make 
contact of relay 519, wiper $24 and first bank con- 
tact of switch 588, the second left hand make 
contact and right hand winding of relay 534, and 
resistance 685 to positive battery. The flux gen- 
erated in the right hand winding of relay 534 is | 
in opposition to that generated in the left hand 
winding, thereby effectins deenergization and re- 
lease of this relay. At the same time the relay 
corresponding to relay &48 associated with the 
subscriber previously connected to subchannel { 
is released. Upon the release of relay 534, the 
previously described circuit through the stepping 
magnet $22 of switch #2{ is completed, thereby 
advancing the wipers of this switch until they 
becomes engaged with their first bank contacts. 
The operation of relay §28 then reoperates relay 

pattern signal of Character 2, and relays 433, 75 534 and operates relay 648 to complete a circuit 
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from the receiving apparatus 539 cf subscriber f 

of group I to the apparatus of subchannel |.. 

(3) Subscriber disconnected—Subchannel. con~ 

nected to subscriber in other group:—tit is. as- 

sumed that subscriber | of group I is disconnected. 

and that subchannel.f is connected to subscriber 

48 of group IV. In this case it is desired to con- 

nect subchannel ! with subscriber { of group I. 

The connection between subchannel | and sub- 

scriber 48 of group IV. is made by the operation 

of relays 588 and 884 with the wipers of switch 

525 engaged with their forty-eighth bank con- 

tacts. It is seen that the locking circuit for ré- 

lays. 336 and 684 includes the first left hand make 

contact of relay 586 and the third left hand break 

contact of relay 524.. After the wipers of switch 

568 are stepped to their first bank contacts, relay 

519 is operated to initiate the stepping action of 

switch 521. Upon the engagement of the wipers 

of this switch with their first bank contacts, re- 

lay 529 is operated to operate relays 534 and 645. 

The operation of relay §$4 interrupts the locking 

circuit for relays 586 and 684, thereby releasing 

these relays and breaking the connection be- 

tween subchannel {1 and subscriber 48 of group 

iV. It is seen that the disconnection of the pre- 

viously established circuit is made substantially 

concurrently with the establishment of the new 

connection between. subchannel ! and subscriber 

{ of group I by the operation of relays 364 and 

646. 
' (4) Subscriber connected to other subchan- 

nel—Subchannel connected to other subscriber — 

It is assumed that subscriber 1 of group Tis con- 

nected.to subchannel 15. ; 
and 846 are operated and locked in series and the 

wipers of switch 522 are engaged with their first 

bank contacts. Tt .is also assumed that. subchan- 

nel { is connected to subscriber 48 of group IV, in 

which case relays 536 and 684 are operated and 

locked in series and the wipers of switch 525 are 

engaged with their forty-eighth bank contacts. 

It is desired to connect subchannel { with sub- 

scriber { of group I. The wipers of switch 588 

are advanced to their first bank contacts and re- 

‘Jay 519 is operated to initiate the stepping of the 

wipers of switch 52/. After these wipers are 

stopped in engagement with their first bank con- 

tacts, relay 529 is operated and completes the op- 

erating. circuits for relay 534. The operation of 

this-relay opens the locking circuit for relays 836 

and 684, thereby releasing these relays and dis- 

connecting subscriber 48 of group TV from sub- 

channel {. The completion of the overating cir- 

cuit for relay 834 is effected by. the connection. 

of negative battery by relay 529 through the left 

hand winding of relay 334 and the wiper 645 to the 
rst bank contact of switch 521. This bank con- 

tact is at negative potential with respect to ground 

by reason of the previously referred to action of 

the rectifier 649 in preventing the shunting of the 

negative battery connected to the contacts of 

relay 429. This negative potential is also applied 

by conductor $24 and the first bank contact and 

wiper 627 of switch 522 to the left hand winding 

of relay 585. At the same time positive battery 

is also connected to this point from the previous 

connection through the winding of relay $46. 

Consequently, these two polarities cither neu- 

tralize one another or produce an effective re- 

versal of polarity upon the winding of relay 535, 

thereby releasing the relay. By the release of 

relay 585 the previous connection. between sub- 

seriber | of group I and subchannel {5 is also 

broken, and by the operation of relay 534 the new 

In this case relays 835 . 
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one between this subscriber and subchannel I is 

established substantially concurrently. 

RECEIVING RELAY CHAIN MIXER 

After the connection of subscriber | of group 

I to subchannel 1 has been made in the manner 

described, the engagement of brush B8 with seg- 

ments 689 and 691 is effective to operate relay 

655 through switching circuits $82 which cor- 

respond to switching circuits shown in detail at 

the sending station. Relay §93 is also operated 

at this time in series with the right hand wind- 

ing of relay 655. Relay 694 is operated by means 

of a circuit extending from ground through the 

right hand make contact of relay 497, the wind- 

ing of relay 684, the third right hand break con- 

tact of relay 69%, the first right hand break con- 
tact of relay 696 to positive battery. 

If it is assumed that only one subchannel is 

in operation at this time, the message signals 

which are received over the C multiplex channel 

are stored temporarily by relays 412 to. 476,. in- 

clusive. The armatures of these relays are con- 

nected respectively by conductors 5,. 8, ft, 14 

and IT of cable 688 to segments of the start- 

stop local transmitting rings STR. The marking 

and spacing contacts of these relays are con- 

nected respectively to the lower and upper wind- 

ings of the retransmitting relay 473. The lower 

winding of this relay is. also connected by con- 

ductor 20 of cable 698 to a rest segment of the 

start-stop transmitting ring STR, and the upper 

winding of relay 478 is also connected by con- 

ductor 2 of cable 698 to a start segment of. ring 

STR. This. relay is of the banking type so that 

its armature remains in contact with either its 
left or right hand contact, depending upon 

whether the upper or lower winding was last 

energized. 

Normally, following the retransmission of a 

message signal to the subscriber’s receiving ap- 

paratus, brush BT engages the rest segment of 
the C channel and connects ground through 

conductor 28 of cable 698 to energize the lower 
winding of the retransmitting relay 419 to posi- 
tion the armature on its right. hand contact. 
Following the storage of a message signal in the 
C multiplex channel storage bank, brush BT en- 
gages the start segment of the C channel and 
connects ground over conductor 2 of cable 693 
to energize the upper winding of relay 479 and 
thereby move the armature to its left hand con- 
tact. The circuit which previously had been 
closed from negative battery through the right 
hand contact of relay 479, the second make con- 
tact of relay 655, the second break contacts of 
relays 654 and 653, conductor 682, the first right 
hand make contact of relay 534, wiper 65! and 
first bank contact of switch 521,.subscriber’s line 
538, selector magnet 6€1, lamp 664 and rectifier 
665 to ground is opened to transmit a start. im- 
pulse to the subscriber’s receiving apparatus. As 
brush B7 continues its traverse of the ring STR, 
the windings of relay 419 are energized in ac- 
cordance with the settings of the contacts of re- 
lays 412 to 478 so that the message signal is 
retransmitted to the subscriber’s receiving ap- 
paratus, 

As more subscribers become connected to the 
system, additional subchannels are utilized. 
When three or more subchannels are in operation 
at the same time, all three multiplex channels are 
used for transmission of message signals, and 
the relay chain mixer functions in the manner 
described in the. section under “Sending relay
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chain mixer” to divide the lane time substan- 
tially equally among the operating subchannels. 
Relays 417 and 4178 are used respectively in con- 
junction with the A and B multiplex channel 
storage relays to retransmit received signals 
under the control of the start-stop transmitting 
rings STR to the connected subscriber’s receiv- 
ing apparatus in the same manner as relay 479 
retransmits the signals received over the C mul- 
tiplex channel. It should be noted in this con- 
nection that relay 418, which is associated with 
the B multiplex channel over which the blank 
characters employed with the switching signaling 
are received, functions to retransmit these char- 
acters to the receiving apparatus of any sub- 
scriber which happens to be connected to the B 
multiplex channel at the time such a character 
is received. However, the receiving apparatus is 
effective to delete these characters. When the 
A multiplex channel is employed for the trans- 
mission and reception of the switching signals, 
the upper winding of relay 471 is prevented from 
operating the armature of the relay for the re-. 
transmission of spacing signals to. the | sub- 
scriber’s receiving apparatus. The operating cir- 
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cuit for this winding includes the second left. - 
hand break contact of relay 505 which is. op- 
erated as described whenever the A multiplex 
channel is used for switching signaling purposes: 
Consequently, relay 417 is not effective to re- 
transmit these switching signals to any of. the 
subscriber receiving apparatus. 

OTHER RECEIVING SWINGING SIGNALING 

If it is assumed that only suscriber { of group 
I is operating over subchannel { and that, at the 
sending station, this subscriber stops sending; 
the switching signaling apparatus is started as 
described in the section entitled “Other sending 
Switching signaling.” When the wipers of the 
receiving pattern switch 483 are engaged with 
their. thirteenth bank contacts, relays 462 to 466 
are operated to their make or spacing contacts 
in response to the pattern signal received. ‘in 
which all of the impulses are spacing to represent 
the disconnection of all of the subchannels of 
the first subchannel group. ‘The engagement of. 
brush B8 with segment 542 operates relays 505 
and 587 in the manner described to complete a 
circuit through the left hand winding of relay 
491 from positive battery and including the sixth 
right hand make contact of relay 507 and the 
second make contact of relay 463. The two wind- 
ings of relay 497 are thus energized in opposition 
to release the relay. With the opening of the 
right hand make contact of this relay, relay 694 
is also released. When the brush BS. engages 
Segments 639 and 69/, relays 655 and 693.are 
released in a manner similar to that of relays. 
324 and 392 at the sending station, as described 
in the section entitled “Other sending switching 
signaling.” Thus it is seen that the receiving 
apparatus of subchannel | is disconnected from 
the multiplex apparatus concurrently with the 
disconnection of the sending apparatus of this 
subchannel. The connection between the receiv- 
ing apparatus of subscriber { of group Ito the 
subchannel apparatus is not disturbed, being com- 
pleted through the second break contacts of re- 
lays 653 to 655 to the negative battery connected 
to resistance 658. : 

If subscriber { of group I again begins to trans- 
mit before the connection between. his sending 
apparatus and the apparatus of subchannel | is 
broken, the receiving pattern. switch 483 is again 
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started in response to signals received over the 
line circuit as described. When the wipers of this 
Switch reach their thirteenth bank contacts, the 
operations described under “Revolution 18” of 
the section entitled “Receiving switching signal- 
ing” are repeated and result in the reoperation 
of relays 497, 694, 655 and 693 whereby the re- 
ceiving apparatus of subchannel { is reconnected 
to the multiplex apparatus and the subscriber’s 
receiving apparatus is restored to the control of 
the retransmitting relay 419. 

SUPERVISORY SYSTEM CONTROL 
The system embodying the instant invention is 

provided with facilities for controlling the opera- 
tion of the system in much the same manner as 
the system disclosed in the copending case of 
Pierson et al. previously referred:to. . These facili- 
ties include “Home stop” apparatus for stopping 
transmission from one station to the other under 
the control of an attendant at the first station. 
“Distant, stop” facilities are also provided to en- 
able an operator at the receiving station to stop 
transmission from the sending station into the 
receiving station. Certain of these facilities are 
also interconnected. with apparatus for effecting 
the automatic interruption of transmission in 
both directions over the circuit in the event: of 
some failure of the apparatus to respond prop- 
erly to the switching signals... These latter facili- 
ties will be considered in the section of the specifi- 
cation. entitled “Automatic system control.” 
Home stop—When, during the operation of 

the system, it is desired to stop -transmission 
from the sending to the receiving station, an at- 
tendant at the sending station may accomplish 
this..result. The apparatus principally involved 
in effecting this operation is shown in Fig. 12. 
It is assumed that the system is operating with 
one or more subscribers connected to the sub- 
channel apparatus, and the latter is connected 
by means of the relay chain mixer to the multi- 
plex transmitting apparatus. In this case cer- 
tain of the relays corresponding to relays {29 
and 13{ are operated as a result of subscriber 
connections to the subchannel apparatus. Also, 
certain of the relays corresponding to relays 365, 
444, etc., are operated and locked, and relay 437 
is also. operated. It.is also assumed that the 
wipers of the switches. 165 and 166 are at rest on 
their first: bank contacts, as shown. 

At this time the attendant. desiring to stop 
transmission from the sending station operates 
the home stop switch key 699. This key is of 
the locking: type so that it remains in-its oper- 
ated position until manually restored; ‘The clo- 
sure of the right hand make contact of this switch 
connects ground over conductor 701, the second 
right hand break contact of relay 368, conductor 
3 of cable 366, resistance 102 to the grid of tube 
349, thereby discharging condenser 373 and con- 
ductively conditioning the tube to effect the op- 
eration of relay 35{.. This operation is known as 
the completion of. the common test circuit, pre- 
viously described, which results in the starting of 
the switches 165 and 166. . 

It is assumed that in traversing bank contacts 
{ to 9 the switching code mechanism is not op- 
erated so that no switching signals, other than 
the receiving switch starting signal, are trans- 
mitted over the line circuit, and the operation 
of none of the receiving apparatus for making a 

_ change in the subchannel and subscriber con- 

15 
nections is effected.. Of course, it should be borne 
in mind that it is possible to effect a change in 
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these connections, if such a change is called for. 

In such a case, the appropriate group test is com- 

pleted to cause the necessary switching signals 

to be transmitted in the manner described in the 

section entitled “Sending switching signaling.” 

With the wipers of switches 165 and 166 en- 

gaged with their tenth bank contacts, the en- 

gagement of brush B4 with segment 353 operates 

relay 357 in the manner described under “‘Revo- 

lution 16” in the. section entitled “Sending 

switching signaling,” since the group test is 

completed to the ground connected to the right 

hand make contact of switch 699 through wiper 
884 and tenth bank contact of switch 166. 

The engagement of brush B4 with segment 355 

operates relay 358 to prepare for the transmission 

of a blank character over the B multiplex chan- 
nel on the following revolution of the multiplex 

distributor. 
During the following revolution of the multi- 

plex distributor, with the wipers of switches 165 

and 166 engaged with their eleventh bank con- 

tacts, relay 3571 is released when brush B35 en- 

gages segment 352. 

Also, a blank character is transmitted over 

the B multiplex channel, and the engagement 

of brush B4 with segment 353 operates relays 

$59 and $61, as previously described. 

Relay 358 is released by the. engagement of 

brush BS with segment 354, : 
The engagement of brush B& with segment 

385 operates relay 364 for the duration of the 

engagement. The operation of this relay closes 

a circuit from negative battery through the 

fourth make contact of the relay, wiper 369 and 

eleventh bank contact of switch 166, conductor 

i0 of cable 366, the left hand make contact of 

the home stop key 699, conductors 703 and. 104 

and the left hand winding of relay 368 to ground. 

This relay is operated and locked from ground 

through its right hand make contact and right 

hand winding and resistance 705 to. positive 

battery. 
During the following revolution of the multi- 

plex distributor, a. pattern signal representative 

of. the supervisory system control apparatus con- 

dition is transmitted over the A multiplex chan- 
nel. The pattern signal, as before, is transmitted 

with the first impulse spacing. The second im- 

pulse is also sent spacing for the reason that * 
relay #68 is operated by means of a circuit. in- 

cluding wiper 404 and eleventh bank contact of 

switch . (63, conductor 25 of cable 427 and the 
first left hand make contact of relay 368 to 
ground. The third impulse of the pattern signal ‘+ 
is also sent spacing for the reason that the relay 

188 is operated by means of a circuit including 

wiper 405 and eleventh bank contact of switch 
{65, conductor 27 of cable 427 and the third break 
contact of. relay 788 to ground. The fourth and 

fifth impulses of the pattern signal are sent 

marking for the reason that relays 170 and IT! 

are not operated, the circuits being open at the 

eleventh bank contacts associated with wipers 

406 and 487 of switch 165. 

On the revolution of the multiplex distributor 
following the transmission of the pattern signal, 

the confirmation signal is sent.. The first im- 

pulse of this signal is sent spacing as usual. .The 

second and third impulses are sent marking for 

the reason that relays {$8 and |69 are not. oper- 

ated, since the respective circuits through wipers 

464, 405 and the twelfth bank contacts are open: 

respectively at the first left hand break contact 
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of relay 268 and the third make contact of relay 

106. The fourth and fifth impulses of the con- 

firmation signal character are sent spacing for 

the reason that relays 17% and #7t are both oper- 

ated by circuits extending to ground at the 

twelfth bank contacts associated with wipers 405 

and 407 of switch 165. 

Before considering the results produced by the 

reception of the pattern and confirmation signals 

transmitted as. described, the results produced 

by the operation of relay 348 at the sending end 

will be considered: The opening of the second 

left hand break contact of relay 388 releases 

relay 437 immediately so that the impulse gen- 

erated by the engagement of brush BS with seg- 

ments 438 and 439 which follows closely upon 

the operation of relay $88 will be diverted by 

means of the released contacts of relay 437 to 

prevent ‘the operation of the relays of the mixer 

ordinarily controlled thereby. The closure of 

the second left hand make contact of relay 368 

operates relay. 296 through an obvious circuit. 

Also, the opening of the third left hand break 

contact of relay 368 opens the common and group 

test: circuits associated with the regular switch- 

- ing apparatus, thereby insuring that the switches 
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(65 and 166 will not be operated to send pattern 

and confirmation signals during the remainder 

of their cycles of operation. The cpening of the 

second right hand break contact of relay 368 

opens the described test circuit through the right 

hand make contact of the home stop key 629. 

The operation of relay 298 opens the locking 

circuits of the relay chain mixer control relays 

such as relays 355 and 442 to 644, inclusive, there- 

by effecting the release of any of these relays 

which may be operated. Also, at the second 

break contact of relay 286 the locking circuits 
of the relays corresponding to relays [23 and 

{34 are opened, thereby effecting the release of 

all such relays. Relay $42 is prevented from 

being operated by the opening of the first break 

contact of relay 296. 
The release of the control relays such as relay 

365, etc., prepares for the release of connecting 

relays such as relays 322, 223, 324, etc., in the 

manner described in the section entitled “Other 

sending switching signaling.” "With the connect- 

ing relays released, further stepping of the tape 
transmitters such as transmitter !52 is prevented. 

The subchannel connections of all subscribers 

having unsent tape are maintained, however, by 

the continued operation of all relays such as 

relays 445 to 148. The manner in which this 
is effected will be described in the section en- 

titled “Miscellaneous features.” 
Following the transmission of the pattern and 

confirmation signals representative of the home 

stop. condition, the wipers of switches {65 and 
166 are stepped uninterruptedly over their re- 
maining bank contacts, finally stopping in their 
normally idle positions in, engagement with the 

respective first bank contacts in the manner 
described. 

By referring to the figures comprising the re- 
ceiving station of the system, the reception of 
the pattern and confirmation signals for effect- 
ing a home stop of the system will be considered. 
Operation of switch 483 is initiated in the man- 
ner described. With the wipers of the switch 
engaged with their eleventh bank contacts, relays 
462, 463 and 464 of the A multiplex channel stor- 
age bank are operated and relays 465 and 466 
are released in response to. the pattern signal. 

Upon the engagement of brush B8 with seg-
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ment 543, relay 695 is operated by means of a 
circuit similar to that described under “Revolu- 
tion 5” of the section entitled “Receiving switch- 
ing operation,” with the exception that this time 
the wiper 576 of switch 483 is engaged with its 
eleventh bank contact and the circuit includes 
conductor 25 of cables 59fa, 5$1b and 59!d and 
both windings of relay 695, terminating in ground. 
It will be noted that the operation of relay 464 
does not effect the operation of relay 187 at this 
time, as normally would be expected, for the 
reason that the operating circuit for this relay 
terminates in positive battery through the fifth 
right hand make contact of relay 507. 

Before considering the results of the operation 
of relay §95, the circuit for making the confirma- 
tion test effective upon the receipt of the con- 
firmation signal during the following revolution 
of the multiplex distributor will be traced, since 
this circuit is somewhat. different from other 
confirmation circuits previously described. Re- 
lays 462, 465 and 466 are operated and relays 
463 and 464 are released by the received con- 
firmation signal. Upon the engagement of brush 
B8 with segment 543, the confirmation test cir- 
cuit is closed through the left hand winding of 
relay 564 in the manner previously described. 
The circuit through the right hand winding of 
this relay may be traced from the second make 
contact of relay 508, through the first right hand 
break contact of relay 507, the left hand make 
contact of relay 482, conductor 3 of cables 48ia 
and 48f, the second make contact of relay 462, 
conductor { of cables 481 and 48ib, the third 
make contact of relay 506, conductor 514, down- 
ward on conductor 563, conductor 708, the left 
hand make contact of relay 695, conductor 26 
of cables 591d, 591d and 59{a, the twelfth bank 
contact and wiper 576 of switch 483, the first 
right hand make contact of relay 482, conductor 
5 of cables 481a and 481, the second break con- 
tacts of relays 463 and 464, conductor 8 of cables 
48{ and 48la, the second right hand make con- 
tact of relay 482, wiper 519 and twelfth bank con- 
tact of switch 483, conductor 28 of cables 59ia, 
59!6 and 591d, the left hand break contact of 
relay 197, upward on conductor 581, conductor 
581, the fourth right hand break contact of relay 
587, conductor 9 of cables 481b and 481, the sec- 
ond make contact of relay 465, conductor 10 of 
cables 484 and 48fa, the third right hand make 
contact of relay 482, wiper 583 and twelfth bank 
contact of switch 483, conductor 109, the twelfth 
bank contact and wiper 585 of switch 483, the 
fourth right hand make contact of relay 482, con- 
ductor (3 of cables 48/a and 481, the second make 
contact of relay 456, conductor {1 of cables 481 
and 481b, the third right hand break contact of 
relay 587, downward on conductor 558 and over 
conductor §86 through the right hand winding 
of relay 564 where it joins the circuit through 
the left hand winding of this relay and is con- 
tinued to negative battery through resistance 573 
over the circuit previously described. 
When relay 695 operates, it is locked from 

ground through the left hand winding and first 
right hand make contact of the relay to positive 
battery. The operating circuit for relay 694 is 
opened at the third right hand break contact of 
relay 688 to produce the immediate release of this 
relay in order to prevent the impulse generated 
by the engagement of brush B8 with segments 
§88 and $91, following closely upon the operation 
of relay 695, from operating any of the relay 
chain mixer relays in a manner similar to the 
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corresponding arrangement described in connec- 
tion with the operation of the sending station 
apparatus. The engagement of the second right 
hand make contact of relay 695 closes a circuit 
from positive battery, through the winding of 
relay 584 to ground, thereby effecting the opera- 
tion of this relay. 

Upon the opening of the break contact of this 
relay, the locking circuits for all of the switching 
signaling decoding relays such as relays 484 to 
481, inclusive, and 491 :to 496, inclusive, are inter- 
rupted. By the time that the wipers of switch 
483 have been advanced sufficiently to cause the 
operation of relay 594 in response to the recep- 
tion of a home stop signal, the decoding relays 
will have been released in the manner described. 
However, the opening of the locking circuits for 
these relays provides added insurance against 
their premature subsequent operation and lock- 
ing so that, when the system is restored to nor- 
mal, the decoding relays will all be in their re- 
leased positions ready to respond to the switch- 
ing signals. The opening of the break contact of 
relay 594 also interrupts the locking circuits for 
the mixer control relays such as relays 491 to 
499, inchisive, and relays 50! to 504, inclusive. 
The release of all of these relays also removes 
sround from the operating circuit of relay 694, 
thereby opening this circuit at a second point. 

Thus, it is seen that, at the receiving station, 
the connections between the subchannel appa- 
ratus and the multiplex receiving apparatus are 
interrupted, thereby cutting off the receiving ap- 
paratus from the line circuit. But here also it 
should be noted that the connections between the 
subchannel apparatus and the receiving appara- 
tus of the subscribers are not affected in any way, 
Since any relays such as relays 534 to 537, in- 
clusive, which may have been operated are main- 
tained in this condition, and the wipers of the 
stepping switches such as 521, §22, 525 and 526 
are maintained. in connection with their bank 
contacts. This condition is incidental, however. 
since it will be demonstrated presently that, 
upon the resumption of operation, switching sig- 
nals will be sent to effect these connections. 
Where the proper connections exist, the signals 
serve to confirm the conditions. 

" AS soon as it is desired to resume operation of 
the system, the attendant at the sending station 
restores the home stop key 699 to its normal un- 
operated position. The engagement of the right 
hand break contact of this switch closes a circuit 
from ground through the second left hand break 
contact of relay Ti! and the second right hand 
make contact of relay 368 to conductor 3 of 
cable 368 to close the common test circuit de- 
scribed for the operation of the tube 349 and the 
relay 351 to initiate a cycle of operation of the 
switches (65 and (66. When wiper 369 of switch 
!66 is engaged with its eleventh bank contact, 
relay 384 is operated by the engagement of the 
brush B4 with segment 355. The closure of the 
fourth make contact of relay 364 connects nega- 
tive battery through wiper 369 and the eleventh 
bank contact of switch 166, over conductor {0 of 
cable 366, the left hand break contact of the 
home stop key 698, the first left hand break con- 
tact of relay Tf! to the junction of resistance 
705 and the right hand winding of relay 368. 
Thus, the positive battery which is also con- 
nected to this point is neutralized and effects 
the release of relay 368. There is effected the 
release of relay 296 by the opening of the second 
left hand make contact of relay 368 and the res~. 
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toration to normal of the common and group 

test. circuits by the engagement of the third left 

hand break contact of this relay. 
With the wipers 404 to 407, inclusive, of switch 

{65 engaged with their eleventh bank contacts, 

the. pattern signal representative of the restora- 

tion of the home stop key to normal is set up on 

the A channel of the multiplex apparatus. Relay 

{G7 is operated to send the first impulse of this 

signal spacing as before. Relay {68 is not op- 

erated for the reason that the operating circuit is 

cpen at the first left hand make contact of relay 

368, thereby sending the second impulse of this 

signal marking. Relay i69 is operated as before 

to send the third impulse of the signal spacing 

for the reason that its operating circuit is closed 

to ground at-the third break contact of relay 786. 

The fourth and fifth impulses of the signal are 

sent marking, since relays 118 and {Tf are not 

operated, their circuits being open at the eleventh 

bank contacts associated with wipers 485 and 

407 of switch 165. 
When the wipers cf switch {65 are advanced to 

their twelfth bank contacts, the confirmation 

signal is set up on the A channel! of the multiplex 

apparatus in the familiar manner so that this 

character is. sent with the first, second, fourth 

and fifth impulses spacing and the third im- 

pulse marking. ; 
No further operations of the sending appara- 

tus are effected during the remainder of this 

traverse of the bank contacts by the wipers of 

switches 165 and (66. 
At the receiving station upon the reception of 

the pattern signal representing the restoration 

of the home stop key at the sending station to 

its normal unoperated position relays 462 and 464 

are operated and relays 463, 465 and 466 are re- 
leased. 

When the wipers of switch 483 are engaged 

with their eleventh bank contacts so that wiper 

516 is in connection with conductor 25 of cable 

591a, brush B8 engages segment 543 to operate 

relay 482. <A circuit previously described applies 

ground through the fourth break contact of re- 

Jay 506 to the right hand winding of relay 695 

so that. this winding becomes energized in oppo- 

sition to the left hand locking winding of this 

relay to effect its release. Upon release, the op~ 

erating circuit for relay §84 is interrupted at the 

second right hand make contact of relay 695, 
thereby effecting the release of the former relay, 

which restores ground to the locking circuits of 

the switching signaling decoding relays and the 

relay chain mixer control relays. Also, at the 

third right hand break contact of relay 685, the 

operating circuit for relay 694 is restored to the 

control of the mixer control relays such as 497, 

etc. 
The reception of the confirmation signal oper- 

ates relays 462, 463, 465 and 466 and releases re- 
lay 464 so that when brush B8 engages segment 

543 on the next revolution a confirmation test 

is made in the usual manner to check the release 
of relay 685. 

While the wipers of switch 483 are stepping 

over their remaining bank contacts, no further 

operations of the receiving apparatus are ef- 

fected. 
After the sending station apparatus has been 

restored to its: normal condition following the 

restoration of the home stop key 699, the switch- 

ing signaling apparatus starts to restore the con- 
nections between the multiplex transmitting ap- 
paratus and the subchannel apparatus so. that 
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message transmission over this circuit may be 

resumed. ‘This reconnection is done in precisely 

the saime manner as the similar connection de- 

scribed in detail previously in this specification. 

It is to ke noted that for the establishment of 

each connection the switches [65 and {$6 are re- 

quired to make a completes traverse of their bank 

contacts. 
In response to the reception of the switching 

signals sent from the sending station for the re- 

establishment of the previously existing connec- 

tions between the multiplex apparatus and the 

subchannel apparatus, the receiving decoding and 

switching apparatus is operated in the manner de- 

scribed previously in the specification to reestab- 

lish corresponding connections at the receiving 

station. 

Distant stop—The attendant at one station 

may desire to stop transmission from the distant 

station to his station. It should be borne in mind 

that a system of this character, as previously 

mentioned, is ordinarily operated over a circuit 

in the well-known duplex manner. In this case 

each station is provided with transmitting and re- 

ceiving apparatus. Consequently, an attendant at 

the station in which the detailed receiving ap- 

paratus of this disclosure is located is provided 

with a distant stop switch key such as the key 

142 illustrated in Fig. 12 to contro] transmitting 

apparatus such as that shown in detail at the 

sending station of this disclosure. This key is of 

the locking type so that it remains in its oper- 

ated position until manually restored. Upon the 

operation of this key, ground is connected by 

means of the left hand make contact through the 

second break contact of relay 726 to conductor 

3 of cable 366 to close the common test circuil 

whereby relay 351 is operated to start a cycle of 

operation of the switches [65 and I&§. 
When wiper 384 of switch 186 is engaged with 

its eleventh bank contact, and brush B4 engages 

segment 355 to operate relay 364, a circuit is 
closed from negative battery through the first 
make contact of the relay, the left hand break 
contact of relay 381, the second break contact of 
relay 382, conductor 388, wiper 324 and eleventh 

bank contact of switch 1&6, conductor 4 cf cabie 
386, the right hand make contact of switch 112 
and the right hand winding of relay 106 to ground, 
thereby operating this relay which locks through 
its first make contact and left hand winding to 
positive battery through resistance 113. The op- 

eration of this relay effects the generation of a 
pattern signal representative of the operation of 
the distant stop key in which the first impulse 
is spacing and the other impulses are marking. 

The confirmation signal which is sent when the 
wipers of switch 165 are engaged with their 
twelfth bank contacts is a signal in which all im- 
pulses are sent spacing. 
When the pattern and confirmation signals 

are received at the other end of the system by 
the receiving apparatus located, in this instance, 
at the station illustrating the transmitting ap- 
paratus, a relay corresponding to relay 197, shown 
in the detailed receiving apparatus of this dis~ 
closure, is operated in a manner similar to the 
operation of any of the other switching or con- 
trol relays previously described. In this case 

the operating circuit includes the secend break 
contact of relay 464, wiper 579 and eleventh bank 
contact of switch 483 and conductor 27 of cables 
59la, 59{b and §9ld. The relay 797 is locked 

from ground through its right hand make con- 
tact and its left hand winding to positive battery.
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Having described the operation of relay 107 in 
response to a distant stop signal, reference will 
be made to the transmitting apparatus for the 
description of the control of this apparatus ef- 
fected by such a relay. 

Here, relay 11i, Fig. 12, corresponds to relay 
107, Fig. 19, and is operated and locked in the 
manner described. The effect of the operation of. 
relay T!{ upon the transmitting apparatus is. to 
apply ground through the right hand break con- 
tact of the home stop key 699, the second left 
hand make contact of relay 1i!, conductor 101 
and the second right hand break contact of re- 
lay 368 to conductor 3 of cables 386 to close the 
common test circuit, effecting the operation of re- 
lay 351 to start the switches 165 and 166 upon a 
cycle of operation. When wiper 369 of switch 
166 is engaged with its eleventh bank contact, 
the operation of relay 364 by the engagement of 

. brush B4 with segment 355 closes a circuit from 
negative battery through the fourth make con- 
tact of relay 364 and including conductor 19 of 
cable 386, the left hand break contact of the home 
stop switch key 699, the first left hand make con- 
tact of relay 71! and conductors 163 and 104 to 
the left hand winding of relay 368. This relay is 
operated and locked as in the previous case result- 
ing from the operation of the key 699. Follow- 
ing the operation of relay 368, pattern and con- 
firmation signals representative of a home stop 
condition are transmitted from the sending sta- 
tion to the receiving station, and the sending sta- 
tion subchannel apparatus is disconnected from 
the multiplex apparatus in the manner described 
in this section under “Home stop:”. 

At the receiving station the corresponding dis- 
connections of the receiving subchannel apparatus 
from the multiplex apparatus are effected in a 
similar manner. 
When it is desired to restore the circuit 

to normal, the attendant at the station orig- 
inating the distant stop signal releases the 
distant stop key, which in this case corresponds 
to the key 712 shown in Fig. 12. The sending 
pattern and control switches associated with the 
stop signal originating station are again started 
to effect the release of the relay corresponding to 
relay 7106 and to effect the transmission from that 
station to the other station of pattern and con- 
firmation signals representative of the restored 
condition of the circuit. These signals upon re- 
ception are utilized to release relay Til corre- 
sponding to relay 101, which in turn initiates an- 
other cycle of operation of the switches 165 and 
166 to effect the release of relay 388 and the trans- 
mission of pattern and confirmation signals repre- 
sentative of the restoration of the sending ap- 
paratus to normal. The reception of these sig- 
nals by the receiving apparatus effects the res- 
toration of this apparatus to normal in the man- 
ner described in this section under “Home stop.” 

AUTOMATIC SYSTEM CONTROL _. 

Failure to complete the confirmation test of 
the received signals in the manner = described 
results in the operation of relay 564 of Fig. 19. 
The operation of this relay closes.a circuit for 
the operation of relay 546 which initiates a cycle 
of operations resulting in the complete shutdown 
of the system in both directions. The operation 
of relay 546 resulting from an incomplete -con- 
firmation circuit is called a “pattern failure.” 
This relay may also be operated asa result. of 
other events occurring at the receiving station in 
@ manner which will be. described subsequently 
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in this section of the specification, For con- 
.venience, however, all operations of this relay are 
called pattern failures, even though some of them 
are of a somewhat different nature. In order to 
follow this portion. of the description, it again 
will be necessary to. keep in mind that each ‘sta- 
tion connected to the terminals of the multiplex 
line is provided with complete transmitting and 
receiving apparatus. Inasmuch as some of the 
relays employed in the automatic control of the 
system are associated with both transmitting and 
receiving equipment, some of these relays have 
been duplicated in the instant disclosure. Gen- 
erally speaking, relays which are operated by 
means of signals received over. the line circuit 
are shown with the receiving apparatus. Of 
course, where these relays are used to control 
some of the receiving equipment, these circuits 
are shown. However, some of the relays which 
are operated by signals received over the line 
circuit are used to control the transmitting appa- 
ratus, and such relays are shown at the receiving 
station for the details of the operating circuits 
and also at the transmitting station for the de- 
tails of the circuits controlled thereby. Rather 
than attempt to trace in detail. the series of 
operations. resulting. from the detection of a 
pattern failure from beginning to end, the various 
steps will be described in a general manner in 
the sequence in which they occur, For this pur-. 
pose the station at which the transmitting appa- 
ratus is shown will be designated the “East” sta- 
tion, and that at which the receiving apparatus 
is shown wili be referred to as the “West” station, 

» Reference then will be made to the appropriate ._ 
figure or figures for a detailed description of the 
various operating and controlled: circuits. 
Assume that, during the reception: of the 

switching signals at the West ‘station: déscribed 
in the section entitled “Receiving switching oper- 
ation,” the wipers of switch 483 are engaged with 
any even-numbered bank contacts, such as the 
fourth bank contacts, as in “Revolution 6” of 
the section of the specification referred to above. 
Also assume that for one reason or another relay 
484 is not operated as it should be. When the 
confirmation test is made, this error is detected 
by the failure to complete the operating circuit 
through. the right hand winding of relay .564, 
thereby resulting in the operation of. this relay. 
Relay 546 is immediately operated. to start the 
pattern and control switches. associated with the 
sending apparatus at the West station. Prepara- 
tions also are made to send an eastbound pattern 
stop signal when these switches reach their third 
bank contacts. When this pattern stop signal is 
transmitted, the sending subchannel apparatus 
at the West station is disconnected from the 
multiplex apparatus, thereby stopping transmis- 
sion over the circuit in an eastward direction. 

The pattern stop signal which is transmitted 
from the West station by sending the first im- 
pulse of every pattern and confirmation signal 
marking instead of spacing is received by the 
Teceiving apparatus of the East station. Relay 
382 is operated while the wipers of the receiving 
pattern switch are engaged with their third bank 
‘contacts. The receiving subchannel apparatus 
at the East station is immediately disconnected 
from the receiving multiplex apparatus. to con-~ 
form with the disconnection of the corresponding 
sending apparatus at the West station. Follow- 
ing the operation of relay 382, relays 403 and 368 
‘are operated. Relay 368 stops transmission from 
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the’ East: station sending apparatus and relay 493 

‘prepares for thé transmission of a pattern stop 

signal over the circuit in a westward direction. 

This signal is repeatedly sent with-every pattern 

and confirmation signal-for the. remainder of.the 

cycle of operation of switches 163 and 165. Of 

course, the signals. will represent: non-operating 

conditions, since the sending apparatus is dis- 

connected. The sarne is-true of the pattern stop 

signal-sent in-an eastward direction previously 

referred to. - 

The westbound pattern: stop signal is received 

by the illustrated receiving apparatus at the West 

station and results in the: operation of relay 686. 

This relay-immediately disconnects the receiving 

subchannel apparatus from the multiplex appa- 

‘ratus at the West station and operates relay 695. 

Thus, it is-seen-that transmission over the-sys- 
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tem:in both directions is completely interrupted | 

and remains in this- condition until the system 

is restored: to. normal by manual operations 

effected. by-the attendants at the two stations. 

The following description is for the detailed 

operating and’ control- circuits of the relays re- 

ferred to in the foregoing paragraphs. When re- 

lay 564 operates in response to the failure of the 

confirmation test to be completed, a circuit is 

-closed from ground through the left hand break 

contact of a switch key 744, the make contact of 

relay 564 and the right hand winding of relay 

846 to positive-battery. ‘This relay is operated 

and locked from. battery. through its left hand 

winding and left hand make contact and the left 

hand break contact of the key 7f4:to ground. 

-In order to. enable. an attendant to: localize the 

trouble which caused the failure, a-series of neon 

lamps is provided, each of. whichis. associated 

with one of the:groups of apparatus controlled 

by the switching. signals or by the subchannel 

cut-in signals. One such signal is shown herein 

associated with the first group of switching re- 

lays 484 to. 487, inclusive. A glow-discharge de- 

“vice such. as.a néon lamp 7/8 is connected with 

one terminal to.an intermediate point of a poten- 

tiometer or voltage divider 116, one end of which 
is: connected to ground, and the other end of 

which is connected through the right-hand break 

contact of. the Key 114 to negative battery... The 

other terminal of .the lamp. T45 is connected - 

through a.resistance Ti7 to ground. -This termi- 

nal-is also connected by .conductor 118 to the 

fourth bank contact. associated with wiper 548 of 

switch 483. This. circuit-is open except while 
- the wiper is engaged with this bank contact so 

that.ordinarily there is impressed upon the lamp 

115 -a voltage which is:insufficient to cause a 

breakdown but which, after the glow.discharge 

has been started, is sufficient to maintain. the 

discharge. 

When. wiper 548 is engaged with its fourth bank 

contact during the confirmation test of the relays 

484 to 481, the circuit from the lamp 115 is ex- 
tended over conductor 847 to ground at the. right 

hand break contact of relay 348: Also connected 

to this contact is a resistance 119 to which is con- 
nected positive battery. Ib is seen that this posi- 

tive: potential is short-circuited while the right 

hand armature of relay 846 is engaged with cither 

its make or its break contact so that the lamn 115 

remains unoperated. . Upon the operation of re- 

lay 546, however, while the right hand armature 

is travelling from its break to its make contact, 

the short circuit is removed. momentarily. from 

the positive battery, thereby causing it:to become 
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effective to raise the potential applied to the 

lamp 715 sufficiently to initiate discharge. Even 

though this high potential is almost immediately 

removed, the lamp remains operated as an indi- 

cation to the attendant that the pattern failure 

occurred. while the wipers of switch 483 were en- 

gaged with their fourth bank contacts. 

In.order to describe the effects produced. by the 

operation of relay $48 upon the transmitting ap- 

paratus, reference will he made to Fig. 12 where 

there. is shown relay 381 which corresponds to 

relay 548. If it is assumed that at the time the 

pattern failure is detected at the Wesi station 

the sending pattern and control switches at that 

station are engaged with their first bank con- 

tacts, the operation of relay 33! causes relay 337 

to be operated when brush B4 erigages segment 

855. The operating circuit for this relay is simi- 

lar tc that described under “Revolution 1” of the 

section entitled “Sending switching operation,” 

with the exception that, instead of being com- 

pleted to ground at the contacts of relay 381, in 

this case it is completed to groind through the 

second right hand make contact of relay 338i. 

Switches corresponding to switches 168 and 166 

are started in the manner described and, when 

wiper 377 is engaged with its third bank contact, 

‘as described under “Revolution 4” of the sec- 

tion entitied “Sending switching operation,” and 

relay 364 is operated by the engagement of brush 

BA with segment 355, relays 388 and 433 are cp- 

erated. The circuit may be traced from negative 
battery through the first make contact of relay 

264, the left hand make contact of relay 334 and 

the left hand windings of relays 483 and 368 to 

ground. Relay 368 is locked in the manner de- 
scribed, and relay 483 is locked from battery 
through its right hand winding and first right 

hand make contact and the left hand break con- 
tact of switch key 12! to ground. 

The operation of the relay corresponding to re- 

lay 388 immediately disconnects the sending sub- 

channel apparatus from the multiplex apparatus 

at the West station in the manner described un- 
der “Home stop” of the section entitled “Super- 
visory system control.” The operation of the re- 

lay corresponding to relay 403 removes the 
ground at its left hand break contact from the 
circuit controlling the relay corresponding to i67 
so that the first impulse of every pattern and 
confirmation signal transmitted from the West 
station is sent marking instead of spacing. 

These signals are termed herein pattern stop sig- 
nals, 

In order to describe the manner in which re- 
lay 382 at the East station is operated in re~ 
sponse to a received pattern stop signal, refer- 
ence will be made to Fig. 19 where there is shown 
a corresponding relay 686. At any time when 
relays 505 and 597 are operated while the wipers 
of switch 483 are engaged with odd-numbered 
bank contacts, the operation of relay 482 upon 
the engagement of brush BS with segment 543 
closes a circuit which may be traced from positive 
battery through the right hand winding of relay 
696, the first right hand make contact of relay 

507, the left-hand make contact of relay 482, 

conductor 3 of cables 48la and 481, the second 
break contact of relay 462, conductor 2 of cables 
48{-and 481d and the seventh right hand make 
contact of relay 507 to ground. Relay 696, when 
operated, is.locked from positive battery through 
its left hand winding and left hand make contact 
‘to ground through the left hand break contact of
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key 114. Relay 684 is immediately released by 
the opening of its operating circuit at the first 
right hand break contact of relay 696, thereby 
disconnecting the receiving subchannel appa- 
ratus from the multiplex apparatus at the East 
station. A circuit is closed from positive bat- 
tery through the first right hand make contact 
of relay 696 and the left hand winding of relay 
695 to ground, thereby operating this relay, which 
controls the receiving circuits described in the 
section entitled “Supervisory system control.” 
The closure of the second right hand make con- 
tact of relay 696 connects the terminals of the 
windings of relay 564 together, thereby prevent~ 
ing this relay from responding to incomplete con- 
firmation tests at the East station. 

Relay 382, when operated at the East station, 
also prepares for the operation at that station 
of relays 368 and 403. When relay 364 is oper- 
ated, the circuit is closed from negative battery 
through the first make contact of the relay, the 
left hand break contact of relay 38!, the second 
make contact of relay 382 and the left hand wind- 
ings of relays 403 and 368 to ground. ‘The opera- 
tion of relay 368 disconnects the sending sub- 
channel apparatus from the multiplex apparatus 
at the Hast station in the manner described. 
The operation of relay 403 prepares for the trans- 
mission cf pattern stop signals from the East 
station to the West station. 

These pattern stop signals are received at the 
West station which originally detected the pat- 
tern failure and are effective to cause the opera- 
tion of relay 696 in the manner described whereby 
the receiving subchannel apparatus is discon- : 
nected from the multiplex apparatus at the West 
Station, thereby completing the interruption of 
transmission in both directions over the line 1. 
When it is desired to restore the circuit to 

normal operation, the attendants at their respec. < 
tive stations operate switch keys 721 and 144, 
With reference to the sending apparatus illus- 
trated, the operation of switch key 12! opens the 
locking circuits of relays 403, 381 and 382, there- 
by releasing these relays. Relay 368 is released 
in the manner described under “Home stop” in 
the section entitled “Supervisory system control.” 

With reference to the receiving station appa- 
ratus, the operation of key 114 opens the locking 
circuits of relays 696 and 546, thereby effecting 
the release of these relays. Relay 695 is released 
in the manner described under “Home stop” in 
the section entitled “Supervisory system control.” 
The operation of key 114 also restores the lamp 
TI5 to its normal unoperated condition by mo- 
mentarily opening the holding circuit therefor. 
When relay 687 is operated in response to a 

detection of the failure of some of the switching 
signaling apparatus to be released in the manner 
described, the operation of relay 546 is effective 
to stop the system in the same manner ag it is 
stopped as a result of a pattern failure. In this 
case relay 546 is operated by a circuit which may 
be traced from positive battery through the right 
hand winding of the relay, conductors 122, 123 
and 724, the second make contact of relay 657, 
conductors 725, 126 and 127 and the left hand 
break contact of the switch key 7/4 to ground. 
Once operated, relay 657 is locked by means of a 
circuit from positive battery through resistance 
597, conductor 668, the left hand winding and 
first make contact of the relay to ground at the 
left hand break contact of key 114, 

In the event that switch 483 is not started in 
response to.a signal received’ from the sending 
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apparatus within the predetermined time for 
which the tube 6179 is set, relay 683 is operated 
to close a circuit for the operation of relay 546 
which may be traced from positive battery 
through the right hand winding of the latter re- 
lay, conductors 122, 123 and 128, the second left 
hand make contact of relay 683, conductors 125, 
726 and 121 and the left hand break contact of 
key 714 to ground. Relay 683 is locked in a cir- 
cuit extending from positive battery through the 
left hand winding and first left hand make con- 
tact of the relay to ground at the left hand break 
contact of key Tt4. 

In case there is a condition, arising from some 
failure of the receiving apparatus to respond 
properly, in which some of the subchannel appa- 
ratus is not connected to the apparatus of one of 
the subscribers, one of the relays such as relays 
534 to 537 is not operated when it should be. As- 
sume, for example, that sub-channel { is connect- 
ed to the multiplex apparatus in the manner de- 
scribed and that it should be connected to one of 
the subscribers of group I, butisnot. In this case 
relays 534 and 536 are released. In accordance 
with the previous description, one such relay 
‘should be operated to complete the connection be. 
tween the subchannel apparatus and the appa- 
ratus of one of the subscribers of this group. As 
soon as transmission is started over subchannel 
!, the first character received will contain one 
or more marking impulses. A circuit will then 
ve complete from one of the retransmitting re- 
lays, for example, relay 419, from negative. bat- 
tery through the right hand contact of the relay, 
the second right hand make contact of relay 655, 
the second right hand break contacts of relays 
654 and 653, conductor 652, the first right hand 
break contact of relay 534, the first right hand 
break contact of relay 536, conductor 129 and the 
right hand winding of relay 731 to ground. This 
relay is locked by a circuit which may be traced 
from positive battery through the left hand wind- 
ing and first make contact of the relay, con- 
ductors 726 and 127 and the left hand break 
contact of key 114 to ground. The operation of 
relay 131 completes the operating. circuit for re- 

. lay 846 which may be traced from positive bat- 
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tery through the right hand winding of the re- 
lay, conductors 122 and 132, the second make con- 
tact of relay 731 to ground at the left hand break 
contact of key 7i4. It is seen, therefore, that 
with the operation of relay 546 preparations are 
made toe stop the system as a result of this type 
of failure. ; 

Relay 13f is also subject to the control of the 
subscriber connecting relays of other groups, such 
as group IV, by means of conductor 133 and simi- 
lar contacts of relays 537 and 535. 

MISCELLANEOUS FEATURES 

In describing the connection of a subscriber’s 
sending apparatus to the sending subchannel ap- 
paratus in the section of the specification en- 
titled “Sending subscriber to subchannel con- 
nection,” reference was made to the function 
of resistance 236 in delaying the response of the 
tube (24 so that under certain conditions a false 
or premature operation of relay [217 is avoided. 
if it is assumed that the wipers of switch 142 
are positioned as shown and relay 148 is op- 
erated, bank contact 134 is at ground potential 
by reason of its connection to negative battery 
through the right hand make contact and right 
hand winding of relay 116 and resistance 221 
to negative battery and through wiper 222 and 
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the third left hand make contact: of relay 146 

to positive battery through a resistance corre- 

sponding to resistance 227 at the apparatus of 

subchannel 15. This ground is also connected 

to: bank contact 213 of switch #4(. If, while this 

switch is operating to effect. a connection be- 

tween another subscriber and subchannel {, re- 
lay (46 is released to disconnect the line of sub- 

seriber 4 of group I from the subchannel appa- 

ratus at the time that wiper 2'2 of switch {41 

is engaged with bank contact 213, the positive 

potential is disecnnected from this contact and 

for an instant the contact is at negative poten- 

tial, since it requires some time, even though 

small, for the. release of relay 116 to disconnect 7 

the negative battery. In this case the stepping 

tubes. 186 are rendered non-conducting momen- 

tarily to stop the wipers of switch {4 on their 

first bank contacts. As soon as the contacts of 

relay 1!46-open, however, bank contact 213 is 

again. restored to ground potential so that. the 

tubes. 436 are again conductively conditioned. to 
resume the stepping operations of switch {4}. 

For this reason it is desirable to delay the op- 

eration of tube 124, since otherwise the selected 

subchannel might be connected to a non-calling 
subseriber. This-delay is effected by the resist- 

ance 286 included in the charging circuit of 
condenser 238. It reduces the charging rate 
sufficiently to. prevent the tube 134. from becom- 

ing conductively conditioned: until after the 
elapse of an interval longer than that required 

for the release of relay 116. 
AS soon as tube 134 effects the operation of 

relay 127, this condition is maintained locally 
for a limited predetermined time by the con- 
denser 238. In order for the subscriber to hoid 
the connection to the subchannel apparatus for 
a longer time, it.is necessary for him to transmit 

at least one character, unless, before the expira- 
tion of the original period, the switching signal- 
ing is completed to the point at. which relay 129 
is operated, in which case the connection. is re- 
tained until broken in response to a call by an- 

other subscriber in the manner described. Since 
each .character transmitted contains at least 
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one spacing impulse, that is, the start impulse, . 
relay 805 at the subchannel apparatus is re- 
leased at least once to close a circuit which 

may be traced from positive battery through the 
break contact. of the relay and the winding of 
relay 135.to ground. The momentary operation 
of this relay closes a circuit from positive bat- 
tery through the second left hand make. contact 
of relay 145, the make contact cf relay 735, con- 
ductors. 136 and 232 to the grid of the tube i134. 
Thus, this tube is reconditioned for another 
limited predetermined period. of operation, and 
during this period the tape 315 normally will 
be stepped through the transmitter 152 to cause 
the engagement of the pins thereof with the 
first normal character perforated therein in re- 
sponse to the character sent by the subscriber. 

This causes the operation of relay 22f in the 
manner described to close a circuit from ground 
through its first left hand make contact, con- 
ductor 137 to one terminal of a resistance 738. 
This: resistance is. connected in series with an- 
other resistance 71385 and the circuit extended 
through the second left hand make contact of 
relay 145 to positive potential. The junction of 
resistances 738 and 139 is, therefore, at a posi- 
tive potential which is applied through resist- 
ance 744 and conductors 136 and 232 to the 
grid of the tube {34. This latter condition ob- 
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tains as long as the tape contains normai char- 

acters for engagement by the pins of the trans- 

mitter, thereby maintaining relay {27 operated 

as leng as the subscriber is busy. It will be 

noted that, as soon as relay 385 is operated to 

connect the subchannel apparatus to the relay 

chain mixer, the circuit from resistance 738 is 

also connected to. ground through the fourth 

leit hand make contact of the relay. 

When the subscriber is finished sending and 

the prepared tape stepped through the trans- 

mitter #52, relay 32! is released upon the detec- 

tion of the first blank character following the 

message characters in the tape. It is net until 

relay 365 is released, however, during the discon- 

nection of the subchannel] apparatus from the 

multiplex apparatus that ground is removed 

from the terminal of resistance 738. With relay 

3% of the subchannel apparatus released, nega- 

tive potential is connected through the left hand 

break contact of the relay, the left hand winding 

of relay 226 and conductor 737 to the terminal 

of resistance 128. The value cf this resistance 

is approximately one-third of that of resistance 
139 so that, if the value of the negative potential 

connected to resistance 728 is substantially equal 

ta the positive potential connected to resistance 
739 at the second left hand make contact of re- 

lay £46, the junction of the two resistances is 
at a negative potential which is applied through 

the relatively high resistance 7144 to the grid. of 
tube 134. Ultimately, the condenser 238 is dis- 
charged through the resistance 741, and the tube 
124 is rendered non-conducting to release re- 
lay 127. 

Once relay 129 is operated, and it ordinarily 
will be before the expiration of the first operative 
period of the tube 134, the subscriber retains his 
connection to the subchannel even though he does 
not start to send within the first operative period 
of the tube [34, unless some other subscriber is 
connected to the subchannel in the meantime. 
This connection is maintained by the continued 
operation of relay 145. It is only possible to 
short-circuit the winding of this relay to effect 
its release when both relays 121 and {29 are re- 
leased. With relay 129 operated, the short-cir- 
cuiting ground is disconnected at the first right 
hand break contact of the relay; thereby prevent- 
ing its connection to the winding of relay 145 even 
though the first left hand break contact of relay 
127 closes as a result of the failure of the sub- 
scriber to start sending immediately. If for some 
reason there is a delay in the transmission of the 
switching signals for the establishment of the 
receiving connection and the calling subscriber 
fails to start sending before the expiration of 
the first operative period of the tube 134, relay 
{29 will not have been operated by the time that 
relay 127 is allowed. to release. Consequently, 
the winding cf relay {45 is short-circuited by 
means of the described circuit and releases to 
open the connection betwen the calling sub- 
scriber and the subchannel apparatus. 

The present system is provided with means for 
maintaining a connection between a subscriber 
anda selected subchannel irrespective of the busy 
or idle condition of the subscriber’s transmitting 
apparatus at the time that another subscriber is 
seeking connection to the system. In other 
words, there is provided, in effect, a manually 
controlled semi-permanent connection between a 
subscriber and a particular subchannel. If it is 
desired to hold a particular subscriber on 2, par- 
ticular subchannel, then at the time that such a
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connection exists the semi-permanent.connection 
may be made. -For example, assume :that.:sub- 
scriber | of group I is connected: to:subchannel-t. 
Relay !45-is operated and the subscriber is 'trans- 
mitting so that relay 127 is operated. At this 
time switch 742 is closed, thereby connecting 
positive battery through the: second left hand 
make contact of relay 145 permanently to the 
grid of tube 134. With this: connection the sub- 
channel apparatus may become idle in the man- 
ner described without effecting the release of relay 
{27. Thereafter, when another subscriber places 
a call, subchannel f will not' be selected, since. the 
operation of relay !21 conditions the subchannel 
selecting test circuit in-such a manner that sub-.. 
channel { is made unavailable. 

In case it is immaterial which subscriber is con- 
nected toa particular subchannel, and it is only 
desired to hold connected ‘to g-selected subchan- 
nel the first subscriber which becomes connected . 
thereto, switch 742 may be closed at any time 
prior to the connection: of the- subchannel toa 
subscriber. -At. the completion of the first con- 
necting operation involving subchannel !, when 
relay {45 is operated; the tube 134 is conditioned 
for permanent operation in the manner described. 
When the system is stopped in any of the. de- 

scribed ways ‘which result in the operation: of 
relay 296, all of the relays. corresponding to relays 
{29 and 131 ‘associated ‘with subscribers having 
previous connections with the subchannel appa- 
ratus are released. Where a subscriber is not 
sending and the tape in which his. signals ‘had 
been stored. has been stepped through the sub- 
channel tape transmitter, the connection between 
such a -subscriber: and’ the subchannel: apparatus 
is broken by :the release of one of the connector 
relays corresponding to. relays 145 to -148,.inclu- 
sive. This is seen, since in: each case. both:of the 
relays corresponding respectively with-relays 1217 
and ..129 will be released ..to short-circuit the 
winding of the connector: relay-and thereby-effect 
its release. 

Where a subseriber is-either sending -or .the 
tape which he has previously prepared “has -not . 
been. completely stepped.through the transmitter, 
the relay corresponding to relay 127 is not re- 
leased. Irrespective of whether. he has-stopped 
sending or not, the stepping of the tape is inter- 
rupted with the pins engaging a normal. charac- 
ter, thereby maintaining relay 32! operated. 
Ground is connected through the first left.hand 
make .contact- cf this.relay to resistance 138:to 
maintain the grid of tube 134 positive and. there- 
by maintain the tube conductive to keep the relay 
corresponding to relay. 127 operated. 

Facilities are also provided for determining: the 
particular subchannel connected.to:a particular 
subscriber. For this purpose -a.group of:neon 
lamps. such.as 143 is provided for each group of 
48 subscribers. There. are as many. neon lamps 
in a group.as there are subchannels -which, in 
this case, is 15. ‘These.lamps. are controlled: by 
means of push-button Keys such.as.228 and-229, 
of which there. is.one for.each subscriber.. .As~- 
sume that subscriber | of group I is connected: to 
subchannel |, in.which.case relays -{{6.and 445 
are operated, and.the-wipers ‘of. switch :(4{-are 
engaged with their first bank contacts, as shown. 
A potentiometer. comprising resistances .144-and | 
145 is connected between: positive. potential -and 
ground. .A connection is made from the junction 
of these resistances te one:terminal of lamp: 143 
in such amanner.that:the potential at this point 
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other terminal of the lamp 743 is connected by 
means of:the first right hand-make contact and 
third left hand make contact of relay 145 -and 
wiper .212-of ‘switch (4! to bank- contact 213. 
Normally the potential at this point is either 
ground or positive, depending upon the operation 
of the. counter actuating mechanism. In. either 
case the potential applied to the lamp 143 is in- 
sufficient to cperate it. 
When the key 228 is operated to its left: hand 

contact, resistance 221-is shunted by resistance 
23! by means of a circuit which may be traced 
through the left hand contact of key 228 and 
the right hand contacts of all other similar keys 
associated with the other subscribers.of the group 
similar to key 222 and the second left hand 
break. contact of relay 128. The effect of ‘this 
operation upon the locking winding of relay 116 
is merely to increase the current therethrough 
temporarily, but the effect upon the bank con- 
tact 213 of switch f4f is to produce a negative 
potential thereat which is applied to the -léft 
hand ‘terminal of the lamp 743. The effective 
potential impressed. across the terminals. of this 

lamp then is sufficient to cause a glow discharge 
therein. If the subscriber happens’to be send- 
ing at the. moment, the operation of'the counter 
21 by the subchannel apparatus changes the 

potential at the bank contact 213 of switch 141 
in such a manner that the effective ‘potential 
upon.the lamp 143 is decreased, causing the lamp 
to be extinguished momentarily. Consequently, 

as long the key 228 is operated to its left hand 

contact and the subscriber is sending at the 
time, the lamp 1743 flickers. However, since ‘this 
lamp is associated with subchanne! 1,‘ whether 
the illumination is steady or intermittent, ‘the 
attendant receives an indication that subscriber 
i of group I is at the time connected with sub- 
channel i. The other keys enable an attendant 

to determine similar connections between ‘any 
of the other subscribers. Hach lamp, such as 
743, is shunted by a condenser 746 for the pur- 
pose of by-passing transient voltages caused by 
the operation of the character counters. 
‘Similar facilities may be provided with the re- 

ceiving apparatus by connecting a neon lamp to 
wiper 645 of switch 521:.through an added make 
contact of relay 534 to be operated under “the 
control of a push-button key for :shunting .re- 
sistance 647. Like connections would be made 
to all other corresponding apparatus. 

‘In order for the testing circuit; employed in 
conjunction with the confirmation signals at the 
receiving station to.be of value, it is essential 
that the five conductors forming an important 
part of the confirmation circuits be clear. of all 
extraneous connections such as grounds, crosses 
between conductors, etc. Consequently, periodic 
tests are made to determine the electrical con- 
ditions of these conductors. For this purpose a 
group of neon lamps is employed as indicators, 
and the conductors are subjected to test. poten- 
tials under the control of one of the wipers.of 
the switch 483. 

. .One of the neon lamps 747 is. connected. be- 
tween.conductor 5$3.and a resistance 748. -An- 
other lamp 74§ is connected between conductor 
562 and a resistance 75f. -Another. lamp -752 is 
connected between: conductor 5${- and resistance 
153. ..Another lamp 1754 is connected . between 
conductor 559 and-a resistance 155. The.cther 
terminals of resistances 148, 751,-753 and-755-are 

is below the striking potential ofthe lamp. .The 75 connected by means of conductors $58 -and 586 
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‘and ‘the right hand winding of relay 584 to 
ercund through. resistance $73 and the source 

of negative potential connected thereto. The 

junction points of the lamps and the resistances 

are connected to terminals of four secondary 
windings such as 753 and 7587 of a transformer 

158. The other terminals of these secondary 

windings are connected to any convenient odd- 
numbered bank contacts associated with wiper 

548 of switch 483. Since this wiper is connected 

to ground at the right hand break contact of 
relay 546, while it is being operated over its bank 

contacts, it is possible to impress the potential 
induced in one of the secondary windings of 

the transformer across one of the resistances re- 

ferred to at times when pattern signals are being 

received, at which times the confirmation test 

conductors are not employed for the purpose de- 
scribed. The primary winding 789 of the trans- 

former is connected to any convenient source of 

alternating current. This source and the design 

of the transformer are such that the voltage ap- 
pearing across the terminals of any of the sec- 
ondary windings is substantially twice the value 

necessary to cause a glow discharge in any one 
of the neon lamps. 

When the wiper 548 of switch 483 is engaged 
with its third bank contact, the voltage of the 
secondary winding 756 is impressed across the 
resistance 748. If conductor 583 is electrically 

free from all of the other conductors and is not 
connected to a low resistance ground or to any 

other extraneous source of potential, there is 

no response by the lamp 747. If it is assumed, 
however, that this. conductor is connected to a 

relatively low resistance ground, then there ‘is 
a complete circuit energized by the voltage drop 

across the resistance 748 which may be traced 

from the right hand terminal of the resistance, 
over conductor 558 which has a connection to 
ground through the negative battery. connected 
to resistance 573, through the assumed low re- 
sistance ground connected to conductor 563, re- 

sistance 761 to the left. hand terminal of re- 
sistance 148. The voltage drop across resistance 
164 is applied to the terminals of the neon lamp 
T41 and is of a value sufficient to initiate a glow 
discharge in the lamp if the resistance of the 
assumed ground is sufficiently low. 

The operation of this lamp is an indication 
to an attendant that there is a fault involving 
conductor 583. The exact nature of this fault 
may not be determined readily at this time, but 
by further observation the attendant may be 
able to characterize and localize the fault so 
that it may be corrected. if, during the re- 
mainder of the cycle of operation of the switch 
483, there is no other indication observable, the 
attendant is able to eliminate conductors 559, 
561 and 562 from any possible involvement with 
conductor 568.. It is obvious that, if conductor 
583 is connected to some extraneous source? of 
potential regardless of polarity, the indication 
will be the same. Also, it may be crossed with 
conductor 558, in which case the lamp 147 is 
operated by means of the connection of con- 
ductor 563 to ground through resistance 573 
and negative battery. : : 

If it is assumed that conductors §63 and 562 
are crossed, when potential is impressed across 
the resistance 748, there is a complete circuit 
which may be traced from the right hand ter- 
minal of resistance 748, through resistance 751, 
resistance 762, through the short circuit existing 
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between conductors 562 and 563, resistance 16! 
to the left hand terminal of resistance 148. The 
potential impressed across this resistance by the 
secondary winding 156 is sufficient to produce 
voltage drops across resistances 1€! and 762 of | 
magnitudes sufficient. to operate lamps 747 and 
749. This, then, is an indication to an attend- 
ant that a cross or short circuit between con- 
ductors 362 and 563 exists. It should be noted 
that, when wiper 548 of switch 483 engages its 
seventh bank contact, secondary winding 157 of 
the transformer is effective to impress a voltage 
across resistance 7151. In this case this poten- 

tial is applied to the described series circuit and 
results in the reoperation of lamps 747 and 749. 

If more than two conductors become short- 
circuited together, a somewhat similar indication 
is given. Assume that conductors 561, 562 and 
563 are short-circuited when wiper 548 of switch 
483 is.engaged with its third bank contact. The 
voltage which is then impressed across resistance 
748 energizes a circuit comprising the lamp 147 
in series with a parallel connection of lamps 
749 and 752. . Consequently, lamp 147 is illumi- 
nated brightly, and the other two lamps are 
lighted less brightly. Obviously, a cross between 
other conductors will operate.the lamps in a 
similar manner with varying brilliancy, denend-.- 
ing upon the character of the short circuit and 
upon the position of switch wiper 548. 

Faults occurring to conductor 558 alone are 
not indicated by the neon lamps. Most of these 
faults are indicated in other manners. It should 
be obvious from the foregoing description that, 
even when the operating circuit of the necn 
lamps includes the right hand winding of relay 
564, the current which circulates in the circuit 
is very.small, much iess than that required to 
operate the relay. Consequently, even though 
there is.some slight energization of this winding 
at a time when the left hand winding is not 
energized, there is no interruption of the circuit 
such as that occurring when this relay is oper- 
ated, resulting from a pattern failure or from 
any of the other described failures. If conductor 
‘558 becomes grounded or connected to positive 
battery through a sufficiently low resistance, 
however, the right hand winding of relay 564 
is energized to the extent necessary to operate 
the relay to stop the system in the manner 
-described. ; 

The nature of the invention may be deter- 
mined from the foregoing description of an illus- 
trative embodiment thereof, it being understood 
that numerous changes may be made therein 
with the scope of the appended claims without 
departing from the spirit of the invention. 

‘What is claimed is: 
1, Ina multichannel telegraph system wherein 

a plurality of subchannels when busy share the 
transmission time of a lane of traffic, a plurality 
of subscribers’ stations associated in pairs with 
opposite ends of said lane of traffic, and means 
to place any one of said pairs of subscribers’ 
stations in communication over any one of said 
subchannels, . 

2. In a multichannel telegraph system, a lane 
of traffic, a plurality of subscribers’ stations in- 
‘cluding transmitting apparatus, a plurality of 
subchannels including signal receiving and re- 
transmitting apparatus, switching means for con~ 
necting the transmitting apparatus of any of 
said subscribers’ stations to the receiving appa~ 
ratus of: any of said: subchannels, and means 
for. connecting successively-to said lane of traffic
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the retransmitting apparatus of only those of 
said subchannels havirig operating receiving -ap- 
paratus. 

3. In a telegraph system, a lane of traffic, a 

plurality of subchannels, means for operatively 

or inoperatively conditioning ‘said subchannels, 

means dependent upon the operative conditioning 
of said’ subchannels for. associating the subchan- 

nels ‘with said lane of traffic, means fer dividing 

the transmission time of said lane: among said 

associated subchannels, a plurality of subscrib- 

ets’ stations.each having signaling apparatus, and 

means responsive to the signaling apparatus of 

any of said.subscribers’ stations to connect that 

station to an inoperatively conditioned sub- 

channel. 
4, Ina telegraph system wherein a plurality of 

communication subchannels are arranged to op~ 

erate over a lane of traffic in variable numbers 

ahd at all times to share the transmission time 

of said lane, a plurality of: pairs of transmitting 

and receiving devices, and. means controlled by 

any of said transmitting devices for connecting 

the transmitting device and the associated receiv- 

ing device to opposite ends of any of said sub- 
channels, 

5. In a telegraph system wherein a plurality 

of communication subchannels are: arranged to 
share the transmission time of:a lane of. traffic 

among variable numbers of operative subchan- 
nels,.2. plurality of pairs.of transmitting and re- 

ceiving devices, means :controlled.by.any one of 

said transmitting devices for connecting the 
transmitting device to one end of any of said 

subchannels, and means responsive to ‘signaling 

over said lane of traffic-to connect:the associated 
receiving device to the other end of the sub- 
channel. 

6. Ina -telegraph system wherein a plurality 
of communication .subchannels are arranged ‘to 
share the transmission time of a lane of. traffic 
among variable numbers of operative subchan- 
nels, a plurality of pairs of transmitters and re- 
ceivers, means controlled by any one of said 
transmitters for rendering any one.of ‘said sub- 
channels operative, and switching means for con- 
ditioning the paired receiver for-reception from 
said operative subchannel. 

7. In a telegraph system wherein a plurality 
of communication subchannels are arranged to 
share the transmission time of.a lane of traffic 
among variable numbers of operative subchan- 
nels, a plurality of pairs of transmitters: and re- 
ceivers, means controlled by any .one of said 
transmitters for connecting the transmitter to 
one end of any inoperative subchannel, means 
responsive to said transmitter connection for con- 
necting the associated receiver to the other end 
of said inoperative subchannel, and: means con- 

trolled by said connected transmitter for render- 
ing said subchannel operative. , 

8. In a telegraph system wherein a plurality cf 

communication subchannels are arranged: to 
share the transmission time of a lane of traffic 

among variable numbers of operative subchan- 
nels,:a plurality of pairs of transmitters and re- 

ceivers, means. controlled by any one of said 
transmitters for connecting the transmitter tc 

one end of any inopérative subchannel, means 

responsive to said transmitter connection fo send 
switching signals over said lane of traffic, means 

controlled by said switching signals for connect- 
ing the associated receiver-te the other end of said 

inoperative subchannel, méans controlled by said 

connected transmitter to-send other switching 
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signals over said lane of traffic, and means in- 
cluding apparatus responsive to said other 

switching signals for rendering said subchannel 

operative. 
9. In a telegraph system, a lane of traffic, a 

relatively large number of subscribers’ ‘stations, 

a relatively small number of subchannels, means 

responsive to-a calling signal from any. of. said 

subscribers’ stations to connect the calling sta- 

tion with an idle one of said subchannels, and 
means controlled by the busy or idle condition of 

said subchannel to switch said subchannel into 
or out of engagement with said lane of traffic. 

10. In a telegraph system wherein a plurality 

of subchannels are arranged to’share the trans- 
mission time of a lane of traffic among variable 

numbers of operative subchannels, .a plurality of 

subscribers’ stations, means responsive to-a call- 
ing signal from one of said subscribers’ stations 
to find an idle subchannel, means. responsive to 
the finding of said subchannel for locating the 
calling subscriber, and means responsive to’ the 

location of the calling subscriber to connect the 
calling subscriber and the idle subchannel, 

11. In a telegraph system, a lane of traffic, ‘a 
plurality of subscribers’ stations including trans- 
mitters, a plurality of subchannels: including ‘sig- 
nal repeating apparatus, means for connecting 
the transmitter of any Of said subscribers’ ‘sta- 
tions to the repeating apparatus of any.cf said 
subchannels, and means for connecting intermit- 
tently to said lane of traffic the repeating appa- 

ratus of busy ones.of said subchannels. 
12. In a telegraph system, a lane of. traffic, 

a plurality of subscribers’ stations including tele- 
graphic communication apparatus, a plurality: of 
subchannels including signal repeating appa- 

ratus, Means for connecting the communication 
apparatus of any of said subscribers’ stations to 
the repeating apparatus of any of said subchan- 
nels, and means for connecting busy subchannels 
to said lane of traffic in a.-manner to apportion 
the transmission time among said busy subchan- 
nels. 

13. In a telegraph system wherein: a plurality 
of subchannels having signal repeating apparatus 
are arranged to share the transmission. time. of a 
lane of traffic among variable numbers of opera- 

tive subchannels, a plurality. of subscribers’ sta- 
tions, means for connecting any one of. said. sub- 
scribers’ stations to any one of said subchannels, 

means responsive to a calling signal from one of 
said subscribers’ stations to select for corinection 
an unconnected one of said subchannels, means 

responsive to the failure of said first selecting 
means to find an unconnected subchannel ‘for 

selecting a connected but idle subchannel, and 
means for discontinuing the previous connection 

of said selected subchannel. and for connecting 

the subchannel to the calling subscriber’s station. 
14. In a telegraph system wherein:a plurality 

of subchannels are arranged to share the trans- 
mission. time of a lane of traffic:‘among: variable | 

numbers of operative subchannels,.a plurality 

of subscribers’ stations, switching means: respon- 
sive to a calling signal from any oneof said sub- 

scribers’ stations for connecting the calling’ sta- 
tion to any one of said subchannels, and.means 
operable for establishing a semi-permanent. con- 
nection between one of said subscribers’ stations 
and the selected one of said subchannels. 

15. In an expanding channel telegraph system 
wherein a plurality of subchannels are arranged 
‘when busy to share the transmission time of a 
lane of traffic,'a plurality of subscribers’ stations, 
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switching means for connecting one of said sub- 
scribers’ stations to any one of said subchan- 
nels, means for maintaining said connection after 

said subchannel becomes idle, and means for in- 
terrupting said connection while the subchannel 
is idle and for connecting said subchannel to an- 
other one of said subscribers’ stations. 

16. In an expanding channel telegraph system 

wherein a plurality of subchannels when busy 
share the transmission time of a lane of traffic, 

a plurality of subscribers’ stations, switching 
means for connecting any one of said stations to 

any. one of said-subchannels, means to determine 
the particular subchannel connected to a particu- 

lar station comprising, indicator means associ- 
ated with each of said subchannels, and means 

associated with each of said subscribers’ stations 
and operable after the connection of a subchan- 
nel to a subscribers’ station for operating the in- 
dicator means associated with the connected sub- 
channel. 

17..In an expanding channel telegraph system 

wherein a plurality of subchannels are switched 

into and out of engagement with a lane of traf- 
fic depending upon the busy or idle condition of 
the subchannels, means for transmitting pattern 
and confirmation signals over said lane of traf- 
fic whenever a change in status of one or more cf 

said subchannels is to be effected, said pattern 
and confirmation signals normally bearing a, pre- 

determined invariable relationship to one an- 
other, switching apparatus at the receiving end 
of said lane of traffic, means responsive to said 
pattern signals for conditioning said switching 

apparatus according to the character of the pat- 

tern signals, system control means crerable to 
stop transmission over the lane of traffic, means 
to intermittently condition. said system control 
means for operation, and means responsive to 
said confirmation signals for checking said rela- 

tionship and the conditioning of said switching 
apparatus to nullify said relay conditioning 
means. 

. 18. In an expanding channel telegraph system 

wherein a plurality of subchannels are switched 
into and out of engagement with a lane of traf- 
fic depending upon the busy or idle condition 
of the subchannels, means for transmitting pat- 

tern and confirmation signals over said lane of 

traffic whenever a change in status of one or 
more of said subchannels is to be effected, said 
pattern and confirmation signals normally bear- 

ing a predetermined invariable relationship to 

one another, a group of receiving relays having 

contacts, a plurality of groups of switching relays 

having contacts, means including said receiving 
relays responsive to pattern signals for operating 

. said groups of switching relays according to the 

character of the pattern signals, means includ- 

ing said receiving relays responsive to confirma- 

tion signals to form a series circuit through the 
contacts of said receiving relays and the contacts 

of one of said groups of switching relays, and 
means responsive to a discontinuity of said series 
circuit to stop transmission over the lane of 
trafic. : 

19. In an expanding channel telegraph system 
wherein pattern and confirmation signals are 
transmitted in pairs to control groups of receiv- 
ing switching apparatus including apparatus for 
connecting and disconnecting a-plurality of sub~ 
channels to and from a lane of traffic, said pat- 
tern and confirmation signals normally bear- 
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ing a predetermined invariable. relationship to 
one another, the combination of means at the re- 
ceiving end of said lane of traffic to detect. dis- 
crepancies in said relationship, and means re- 
-sponsive to said detecting means to indicate the 
apparatus group affected by said discrepancies. 

20. In an expanding channel telegraph system 
wherein switching signals are transmitted over a 
lane of traffic to control receiving switching ap- 
paratus, a plurality of conductors each normally 
isolated electrically, means for intermittently es- 
tablishing a circuit linking said conductors to 
check the accuracy of the received switching sig- 
nals and the operation of said apparatus, and 
means for testing periodically said conductors 
for electrical isolation. : 

21. In an expanding channel telegraph system 
wherein a plurality of subchannels when busy 
share the transmission time of a lane of traffic, a 
plurality of subscribers’ stations having tele- 
graph signal transmitters normally disconnected 
from said subchannels and incapable of trans- 
mitting signals, means responsive to a calling 
signal from one of said stations for connecting 
the -associated transmitter to one of said sub- 
channels, and means controlled by said connect- 
ing means to render the connected subscriber’s 
transmitter operative. 

22, In an expanding channel telegraph system 
wherein switching signals are transmitted over a 
lane of traffic to control switching apparatus for 
the connection of a subscriber’s receiving appa- 
ratus to one of a plurality of operative subchan- 
neis, means to automatically stop transmission 
over the lane of traffic, and means responsive to a 
condition wherein an operative subchannel is not 
connected to a subscriber’s receiving apparatus 
for operating said transmission stopping means. 

23. In an expanding channel telegraph system 
wherein a lane of traffic is employed as the trans- 
mission medium for both intelligence and switch- 
ing signals, the latter for the control of appa- 
ratus to connect a subscriber’s receiving appa- 
ratus to any one of a plurality of subchannels, 
Means to automatically stop transmission over 
the-lane of traffic, and means controlled by in- 
telligence signals received by an operative one 
of said subchannels and responsive to the non- 
connection of a subscriber’s receiving apparatus 
to the operative subchannel for operating said 
transmission stopping means. 

24. In a multichannel telegraph system where- 
in. a plurality of communication subchannels 
share the transmission time of a lane of traffic, a 
plurality of subscribers’ stations, switching means 
operable to connect any one of said subscribers’ 
stations to any one of said subchannels, means 
individual to each of said subscribers’ stations to 
count. message characters, and means controlled 
from any one of said subchannels to operate any 
one of said counters. 

25. In a multichannel telegraph system where- 
in any one of a plurality of subscribers’ stations 
may be connected to any one of a plurality of 
subchannels and wherein switching signals are 
transmitted over a lane of traffic representative 
of any of said connections to control receiving 
connecting apparatus, a plurality of groups of 
coding devices operable in various combinations 
to generate said switching signals, a plurality of 
circuits one for each of said connections, means 
for splitting each of said circuits into a plurality 
of other circuits, similar ones of said other circuits 
associated with different ones of said first men- 
tioned circuits being connected in multiple to said
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groups of coding devices, and means in said other 
circuits to prevent the multiple connections from 
operating said coding devices in different com- 
binations for each of said first mentioned circuits 
energized. 

26. In a multichannel telegraph system where-. 
in any one of a plurality of subscribers’ stations 
may be connected to any one of 2 plurality of 
subchannels and wherein switching signals are 
transmitted over a lane of traffic representative 
of any of said connections to control receiving 
connecting apparatus, selector means at the re- 
ceiving station to establish a connection to the re~- 
ceiving apparatus of any of said subscribers’ sta- 
tions, a decoding device having a plurality of 
units one for each of said subscribers’ stations, 
means including an operatively conditioned one 
of said units to control said selector means, the 
operative conditioning of said units requiring two 
operations, means responsive to said switching 
signals to effect the first of said operations for 
a first. group of said units, means responsive. to 
said switching signals to effect. the second. of 
said operations for a second group of said units, 
and means for arranging the grouping of. said 
units in such a manner that only one at a time ~ 
of said units is. common to: both of said groups. 

a7. In a telegraph system wherein a plurality 
of subchannels. share the transmission time of.a 
Jane of traffic among variable numbers of opera- 
tive subchannels, a plurality of subscribers’ sta- 
tions, automatic switching’ means normally op- 
erable in response to a. calling signal from one 
of said subscribers’ stations to connect the call- 
ing station with any one of said subchannels, and 
means associated with one of said subchannels. to 
condition the subchannel for semi-permanent 
connection to the first one of said subscribers’ 
stations to be connected thereto. 

28. In a telegraph: system wherein a plurality 
of subchannels share the transmission time of 
@ lane of traffic among variable numbers of op- 
erative subchannels, a plurality. of subscribers’ 
stations, switching means responsive: to- a calling 
signal from one of said subscribers’ stations for 
connecting semi-permanently the calling sta- 
tion to any one of said subchannels, and' means 
associated with one of said subchannels operable 
after the establishment of a connection between 
the subchannel and a subscriber’s station for 
making said connection permanent. 

29. In an expanding channel telegraph system 
wherein a plurality of subchannels when busy 
share the transmission time of a lane of traffic, 
a plurality of subscribers’ stations, means for 
connecting any one of said subscribers’ stations 
to any one of said subchannels, means for main- 
taining said connection after the subchannel be- 
comes idle, and means operable when all of said’ gg 
subchanneis are connected to subscriber’s stations 
to interrupt a connection to. an. idle subchannel 
and to connect that subchannel to another one 
of said subscribers’ stations. 

30. In an expanding channel telegraph system. 
wherein a plurality of subchannels when. busy 
share the transmission time cf a lane of traffic, 
a plurality of subscribers’ stations, means to 
establish individual connections between. each. of. 
said subchannels. and. said subscribers’ stations 
up to the limit of the. number of subchannels, 
means for maintaining said connections. after 
the associated subchannels. become idle;. and 
means. responsive to. a call from. an. additional 
one of.said subscribers’ stations..to. interrupt the 
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connection to.an idle one of said subchannels and 
to connect that subchannel with the calling sub- 
scriber’s station. 

31. In an expanding channel telegraph system 
5 wherein a plurality of subchannels when busy 

share the transmission time of a lane of traffic, a 
plurality of subscribers’ stations, switching 
means for connecting any one of said. stations to 
any one of said subchannels, means to determine 

10 the particular subchannel connected to one of 
said stations comprising, a visual indicator as- 
sociated with each of said subchannels, a device 
associated with each station to modify the po- 
tential applied to a circuit associated with an in- 

15 dividual station, and means including said switch- 
ing means and controlled by said device to op- 
erate said indicator. 

32. In an expanding channel telegraph system 
wherein a plurality of subchannels when busy 

20 share the transmission time of a lane of traffic, a 
plurality of subscribers’ stations, switching means 
for connecting said stations to any one of said 
subchannels, means to determine the subchannel 
to which the station is connected. comprising, a 

25 lamp associated with each of said subchannels, a 
switch key associated with said station, and means 
including said key and said switching means to 
operate a lamp associated with the connected sub- 
channel. 

33. In an expanding channel telegraph system 
wherein a plurality of subchannels when busy 
share the transmission time of a lane of traffic, a 
plurality of subscribers’ stations, switching means 
for connecting any one of said stations with any 
one of said subchannels, means to determine the 
identity of the particular subchannel connected to 
a particular one of said stations comprising, a 
glow discharge tube associated with each sub- 
channel, a relay associated with each station, 
means including said switching means to close a 
holding circuit through one of said relays and to 
apply a potential to one of said tubes insufficient 
to cause a discharge therein, a switch key asso- 
ciated with each of said stations, and means in- 
cluding one of said keys to increase the potential 
in the holding circuit of the relay associated with 
that key to operate the tube associated with the 
connected subchannel. 

34. In. an expanding channel telegraph system 
wherein a plurality of subchannels are switched 
into and out of engagement with a lane of traffic 
depending upon the busy or idle condition of the 
subchannels, means for transmitting patter and 

} confirmation signals over said lane of traffic 
whenever a. change in status of one or more of 
said subchannels is to. be effected, said pattern 
and confirmation signals normally bearing a pre- 
determined invariable relationship to one another, 
switching apparatus at the receiving end of said 
lane. of. traffic, means. responsive to said pattern 
signals. for conditioning.said switching apparatus 
according. to.the character of the pattern signals, 
a relay operable to stop transmission over the 
lane of traffic, means to intermittentiy condition 
said. relay for operation, and: means responsive 
to. said. confirmation signals for checking said 
relationship and the conditioning of said switeh- 
ing apparatus to counteract said relay condition: 
ing. means whereby said relay is not operated, 

35, In an expanding channel telegraph system 
wherein a plurality of subchannels are switched 
into and out of engagement. with a-lane of traffic 
depending upon the busy or idle-condition of the 
subchannels, means for transmitting pattern and 
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confirmation signals over said lane of traffic when- 

_ ever a change in status of one or more of said 

subchannels is to be effected, said pattern and 

confirmation signals normally bearing a prede- 

termined invariable relationship to.one another, 
switching apparatus at the receiving end of said 

jane of traffic, means responsive to said pattern 

signals for conditioning said switching apparatus 

according to the character of the pattern signals, 

a differential relay operable to stop transmission 

over the lane of traffic, means responsive to said 
confirmation signals to check said relationship 
and the conditioning of said switching apparatus, 

and means responsive to the successful comple- 
tion of said checking operation to differentially 

energize said relay whereby the relay is rendered 
inoperative. 

36. In an expanding channel telegraph system 
wherein a plurality of subchannels are switched 
into and out ef engagement with a lane of traffic 
depending upon the busy or idle condition of the 
subchannels, means for transmitting pattern and 

confirmation signals over said lane of . traffic 
whenever a change in status of one or more of 
said subchannels is to be effected, said pattern 9 
and confirmation signals normally bearing @ pre- 

determined invariable relationship to one another, 
switching apparatus at the receiving end of said 
lane of traffic, means responsive to said pattern 
signals for conditioning said switching apparatus 
according to the character of the pattern signals, 

a multiwinding relay operable by the energiza- 
tion of odd numbers of said windings to stop 
transmission over the lane of traffic, means to in- 
termittently energize an odd: number of said wind- 
ings, means responsive to said confirmation sig- 
nals to check said relationship and the condi- 
tioning of said switching apparatus, and means 
responsive only to the successful completion of 
said checking operation to effect the energization 
of another equal odd number of said windings. 

37. In an, expanding channel telegraph system 
wherein a plurality of subchannels are switched 
into and out of engagement with a lane of traffic 
depending upon the busy or idle condition of the 
subchannels, means for transmitting pattern and 
confirmation signals over said lane of traffic 

whenever a change in status of one or more of 
said subchannels is to be effected, said pattern 
and confirmation signals normally bearing a pre- 
determined invariable relationship to one another, 
a group of receiving relays having contacts, a 
plurality of groups of switching relays having 
contacts, means including said receiving relays 
responsive to pattern signals for operating said 
groups of switching relays according to the char- 
acter of the pattern signals, a plurality of con- 
ductors normally isolated electrically from one 
another and to which the contacts of said groups 
of switching relays are connected, means includ- 
ing the contacts of said receiving relays respon- 
sive to confirmation signals to form @ series cir- 
cuit linking said conductors, and means respon- 
sive to a. discontinuity of said series circuit to stop 
transmission over the lane of traffic. 

38. In an expanding channel telegraph system 
wherein a plurality of subchannels are switched 
into and out of engagement with a lane of traffic 
depending upon the busy or idle condition of the 
subchannels, means for transmitting pattern and 
confirmation signals over said lane of traffic 
whenever a change in status of one or more of 
said subchannels is to be effected, said pattern 
and confirmation signals normally bearing a pre- 
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@ group of receiving relays having contacts, a 
plurality of groups of switching relays having 

contacts, means including said receiving relays 
responsive to pattern signals for operating said 

groups of switching relays according to the char- 
acter of the pattern signals, a plurality of con- 
ductors normally isolated electrically from cone 
another and to which the contacts of said groups 
of switching relays are connected, a relay having 

its operating circuit connected to one of said 

conductors, means including the contacts of said 
receiving relays responsive to confirmation sig- 
nals to form a series circuit linking said con- 

ductors and said relay, and means including said 

relay responsive to a discontinuity of said series 
circuit to stop transmission over the lane of 
traffic. 

39, In an expanding channel telegraph system 
wherein a plurality of subchannels are switched 
into and out of engagement with a lane of traffic 
depending upon the busy or idle condition of 
the subchannels, means for transmitting pattern 
and confirmation signals over said lane of traffic 
whenever a change in status of one or more of 
said subchannels is to be effected, said pattern 
and confirmation signals normally bearing a pre- 
determined invariable relationship to one an- 
other, a group of receiving relays having con- 
tacts, a plurality of groups of switching relays 
having contacts, means including said receiving 
relays responsive to pattern signals for operating 
said groups of switching relays according to the 
character of the pattern signals, a plurality of 
conductors normally isolated electrically from 
one another and to which the contacts of said 
groups of switching relays are connected, means 
responsive to confirmation signals to connect the 
contacts of said receiving relays to said con- 
ductors to form a series circuit including the 
contacts of said receiving relays and the con- 
tacts of a group of switching relays, a relay hav- 
ing two opposing windings and operable to stop 
transmission over the lane of traffic, means op- 
erable concurrently with said confirmation sig- 
nal responsive means to energize one winding 
of said relay, and means including said series 
circuit to energize the other winding of said relay 
whereby operation of the relay is prevented. 

40. In an expanding channel telegraph system 
wherein pattern and confirmation signals are 
transmitted in pairs to control groups of receiv- 
ing switching apparatus including apparatus for 
connecting and disconnecting a plurality of sub- 
channels to and from a lane of traffic, said pat- 
tern and confirmation signals normally bearing 
a@ predetermined invariable relationship to one 
another, the combination of means at the re- 
ceiving end of said lane of traffice to detect dis- 
crepancies in said relationship, a signal device 
associated with each of said apparatus groups, 
and means including said detecting means for 
operating one of said signal devices to indicate 
the apparatus group affected by said discrepancy. 

41, In an expanding channel telegraph system 
wherein pattern and confirmation signals are 
transmitted in pairs to control groups of re- 
ceiving switching apparatus including apparatus 
for connecting amd disconnecting a plurality of 
subchannels to and from a lane of traffic, said 
pattern and confirmation signals normally bear- 
ing a predetermined invariable relationship to 
one another, the combination of means at the 
receiving end of said Jane of traffic to detect 
discrepancies in said relationship, a relay oper- 

determined invariable relationship to one another, 75 able by said detecting means, a signal Jamp asso-
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ciated with each of. said’ apparatus: groups; and 
means including said relay. for operating one of 
said lamps-to indicate the apparatus group affect~ 
ed by said discrepancy. . 

42. In an expanding channel telegraph system 

wherein switching signals are transmitted over a 

lane: of traffic -to control receiving switching: ap- 
paratus, a plurality of conductors: each.normaily 
isolated electrically, means for intermittently. es- 
tablishing a.circuit linking said conductors. to 
check the accuracy of the received switching sig- 
nals and the operation of said apparatus, a-plu- 

rality- of: sources. of alternating current, and 
means for impressing successively. said sources: of 
alternating. current upon different: pairs of said 

conductors to test: the conductors for electrical 
isolation. ; 

43. In an expanding. channel telegraph system 

wherein. switching signals are transmitted over 

a lane. of. traffic to control. receiving switching . 

apparatus, a plurality of conductors: each nor- 

mally isolated electrically, means. for intermit- 

tently establishing. a circuit. linking said’ con- 

ductors to check the accuracy of the received 
switching. signals. and the operation of said.ap- . 

paratus, indicating. devices associated with cer- 

tain. of said conductors, a plurality of sources: of 

alternating current, and means responsive to the 

non-isolation of any of said: conductors:and in- 

cluding one of said sources:of alternating current 

to operate one of said indicating: devices: 

44. In an expanding channel telegraph systern 

wherein switching signals.are transmitted: over 

a lane of’ traffic to control receiving switching 

apparatus, a plurality of conductors: each. nor- 

mally isolated electrically, means for. intermit- 

tently establishing a circuit linking said. con- 

ductors. to. check the accuracy. of: the received 

switching signals and the operation of said: ap- 

paratus, a plurality of circuits each including. a 

lamp and extending from.one of said conductors 

to the. other respective conductors, means for 

energizing said circuits successively, and means 

including the lamp in an energized circuit to 

indicate the non-isolation of the associated - 

conductor. 

45. In an expanding channel telegraph system 

wherein a plurality of subchannels when busy 

share the transmission time of a lane of traffic, 

a plurality of subscribers’ stations having tele- 

graph signal transmitters normally disconnected 

from said subchannels, means responsive to a 
calling signal from one of said stations for con- 

necting the associated transmitter to one of said 

subchannels, means at said subscribers’ stations 

to prevent transmission from a disconnected 

transmitter, and means responsive to the com- 

pletion of said connection for rendering ineffec- 

tive said transmission preventing means at the 

connected station. 

46. In an expanding channel telegraph system 

wherein a plurality of subchannels when busy 

share the transmission time of a lane of traffic, 

a plurality of subscribers’ stations having tele- 

eraph signal transmitters normally disconnected 

from said subchannels, means. responsive to a 

calling signal from one of said stations for con- 

necting the associated transmitter to one of said 

subchannels, means at said subscribers’ stations 

to shunt the disconnected transmitters, and 

means controlled frem a subchannel and effec- 

tive upon the connection of the subchannel to 

the calling subscriber’s station to remove said 

shunt at said station. 

47, In an expanding channel telegraph system 
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wherein: a: plurality. of. subchannels: when: busy. 
share the transmission time of a Jane of traffic; 
a plurality. of subscribers’: stations. having tele- 
graph: signal. transmitters: normally. disconnected 
from said: subchannels, means. responsive to: a- 
calling signal’from one of. said: stations. for: con- 
necting. the associated transmitter to-one of said 
subchannels, a unilaterally. conducting: circuit at 
each of said: subscribers’ stations, means: con-. 

trolled. by- said: circuit. when energized. to: render 
said: transmitter ineffective; and: means respon- 
Sive to said connecting: means to deenergize: the 
unilaterally conducting: circuit. at: the calling sub- 

seriber’s station: —~ 

48: In an expanding channel telegraph system 
wherein. a. plurality: of subchannels: when. busy 
share the transmission time of*a. lane of: traffic; 
a plurality of subscribers’ stations having: tele- 
graph signal transmitters.normally. disconnected 
from said’ subchannels, means responsive to a 
calling signal’ from :one:of said stations for: con- 

necting-the associated’ transmitter to one-of said 
subchannels, two parallel circuits:-at each: of ‘said 
subscribers’ stations; a: rectifier’ in: each: circuit 
poled. to make said’ circuits alternately: conduc- 

tive. depending upon’ the: connection or discon- 
nection to.a.subchannel of" the associated: sub- 
scriber’s. station, a relay in the circuit conductive 
when the: subscriber’s station: is: disconnected 
from a subchannel: and’ operable to:render said 
transmitter ineffective, and means: responsive -te 
said: connecting. means: to reverse the: polarity 
of potential applied’ to said’ circuits:whereby: said 
relay. is:rendered inoperative: 

49: In an expanding channel telegraph system 
wherein switching: signals: are: transmitted: over 
a: lane: of: traffic: to. control. switching: apparatus 
for’ the connection: of a. subscriber’s; receiving 
apparatus.to.one ofa plurality of operative sub- 
channels, means to automatically stop transmis- 

sion: aver. the: lane of traffic, a: relay associated 
with-.each of said:subchannels:and normally oper- 
ated during the time of the operative condition 

of the associated subchannel, and means includ- 
ing an unoperated one of said relays associated 
with an operative subchannel for operating said 
transmission stopping means. 

50. In an expanding channel telegraph system 
wherein switching signals are transmitted over 
a lane of traffic to control switching apparatus 
for the connection of a subscriber’s receiving 
apparatus to one of a plurality of operative sub- 
channels, means to automatically stop transmis- 

sion over the lane of traffic, a relay associated 
with each of said subchannels and normally oper- 
able to connect the associated subchannel when 
operative to a subscriber’s receiving apparatus, 

and means controlled by an unoperated one of 
said relays associated with an operative sub- 

channel for operating said transmission stop- 
ping means. 

51. In an expanding channel telegraph system 
wherein a lane of traffic is employed as the trans- 
mission medium for both intelligence and switch- 
ing signals, the latter for the control of appara- 

tus to connect a subscriber’s receiving apparatus 
to any one of. a plurality of subchannels, means 

to automatically stop transmission over the lane 

of traffic, a relay included in said connecting ap- 

paratus and normally operated to complete a cir- 
cuit for intelligence signals from an operative 

one of said subchannels to the receiving appa- 

ratus of a subscriber, and means including an un- 
operated relay and controlled by said intelligence 
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signals.-to operate said transmission stopping 
means. 

52. In an expanding channel telegraph system 
wherein a lane of traffic is employed as the trans- 
mission medium for both intelligence and switch- 

ing signals, the latter for the control of appara- 
tus to connect a subscriber’s receiving apparatus 
to any one of a plurality of subchannels, means 
to automatically stop transmission over the lane 

of traffic; a relay included in said connecting ap- 
paratus and having contacts when operated for 
transferring intelligence signals from an opera- 
tive one of said subchannels to a subscriber’s re- 
ceiving apparatus, and means including the un-~ 
operated contacts: of said relay for transfer- 
ring intelligence signals from an operative sub- 
channel to operate said transmission stopping 
means. 

53. In a multichannel telegraph system where- 
in a plurality of communication subchannels 
share the transmission time of a lane of traffic, 
a plurality of subscribers’ stations, switching 
means operable to connect any one of said sub- 
scribers’ stations.to any of said subchannels, an 
electrically operated character counter individual 
to each of said subscribers’ stations, means asso- 
ciated with each of said subchannels for generat- 
ing impulses corresponding in number to the re- 
ceived message characters, and means including 
said generating means to operate any of said 
character counters, 

54. In a multichannel telegraph system where- 
in a plurality of communication subchannels 
share the transmission time of a lane of traffic, 
a plurality of subscribers’ stations, switching 
Means operable to connect any one of said sub- 
scribers’ stations to any one of said subchannels, 
a character counter individual to each of said 
subscribers’ stations and operable in a step-by- 
step manner in response to electrical impulses, 
Means associated with each of said subchannels 
and operable cyclically in response to each re- 
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ceived message character to generate a series 
of electrical impulses, and means including said 
switching means to impress a series of said im- 
pulses generated by any of said subchannel ap- 
paratus upon the counter of any of said sub- 
scribers’ stations. 

55. In a multichannel telegraph system where- 
in any one of a plurality of subscribers’ stations 
may be connected to any one of a plurality of 
subchannels and wherein switching signals are 
transmitted over a lane of traffic representative 
of any of said connections to control receiving 
connecting apparatus, a plurality of groups of 
coding relays, a plurality of circuits one for each 
of said connections and energizable one at a 
time, means for separating each of said circuits 
into a plurality of branch circuits, similar ones 
of said branch circuits associated with different 
ones of said first mentioned circuits. being con- 
nected in multiple to said groups of coding re- 
lays, a rectifier in each of said branch circuits, 
and means including said rectifiers to prevent a 
current feed-back from an energized to unener- 
gized multipled branch circuit. 

56. In a multichannel telegraph system 
wherein any one of a plurality of subscribers’ 
stations may be connected to any one of a plu- 
rality of subchannels and wherein switching sig- — 
nals are transmitted over a lane of traffic rep- 
resentative of any of said connections to control 
receiving connecting apparatus, two groups of 
coding relays, a plurality of primary circuits 
one for each of said connections, two groups of 
secondary circuits each group being connected to 
operate one of said groups of coding relays in 

various combinations to generate said switching 
signals, connections from each of said primary 
circuits to one of said secondary circuits in each 
group, and a rectifier in each of said connections 
poled to prevent the energization of more than 
one secondary circuit in each of said groups. 

OSCAR E. PIERSON.
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