JUIY 9, 1940. '~ H. J. CUNNINGHAM ET AL 2,207,314
COMMUNICATION_SYSTEM - ‘
Filed Nov. 13, 1937 ' - O Sheets-Sheet 1

FlG./
0, | ___STATION A 1
, — 1 _.‘C/oz - >
| oo of — ~ “foo o
| KEYBOARD 00 00 00 8°
| PERFORATOR °000 | S
| 0 gﬂg Gogﬂg
| | S b t— 1= — =
| /2 ' /05 i EI-I})
| 104 | /
HHINL _ | 138 -/06
MBI INMIBINIG I IEIE o214 &gl 700 B
ELEREL IR l 107 A 103
W , 98 < .
9/ | 96 / 108 _B
- /109 4
l /6
. 15
: 53
| 94
95 o
96
+— 97 |
\ = - ) |
' +
_ _ _RCT.
710, /1,
| 00 O
KEYBOARD 28808 7
i PERFORATOR [0°%0 STAT/ON B
B | . _ /115" 16
2/0, 21
_ - OO0 O - . . . 1 .
KEYBOARD 853800 2L
PERFORATOR 63 03 STATION C
272 2/4
| | ]
c | | 2157 216
/‘7{2:5. -
T 44 g
FIG./] |FIG. 2 |FIG.3 |FIG. 4 WVENTORS FH. HANLEY
| | | o ] - KW RICHARDS
I R | \-{m.cqa“. /('75““,,“&

ATTORNE YV




July 9, 1940.

H. J. CUNNINGHAM ET AL 2,207,314
COMMUNICATION SYSTEM ' .

l | Filed Nov. 13, 1937 5 Sheets~Sheet 2
iR iR
—_——L2 {7 /6 FIG, 2
——— =
14 = ,
s 19, 20 /5
/6 =R A | 16
5 {7 /18
. Tt _
N4 = . | -
s | 129, /130 /19 120y 121 122
S L LT
(L 217 218
I U= .
214"-% 40, Ml
230. Pl 220 219, 220, 22/ 222y
2
276 ﬁ y r
+
=) :
T |[[F3s __ s
39 4/ 44? ¥
—{ifif—3
- e 42 o 45 66
T " [
"= 67 ss
/33 -
B 3 %: 69) .

i \/7
=

_. g“
iyilik ° - oo
(/ "' | E |
o ?’/' => 77
-~ 89 el =
/40 Ea__t-_-

70, 71, 72y 73

vrons, BF e
- INVENTORS: ¢ ¢ HANLEYV

, KW RICHARDS
gy . h ~
Nottbeions R Lt ar D

| AT TORNEYV




July 9, 1940. H. J. CUNNINGHAM ET AL . - 2,207,314

COMMUNICATION SYSTEM

Filed Nov. 13, 1937 5 Sheets—Sheet 3

FlG 3
58
48~/
| 1
=08 .Im

H.J. GUNNINGHAKM

. PE GROOME
- INVENTORS: & i BANLEY

By KW. RICHARDS

Tonsbleivens YTty

ATTORNEY




July 9, 1_940. H. J. CUNNINGHAM ET AL - 2,207,314

COMMUNICATION SYSTEM

Filed Nov. 13, 1937 5 Sheets-Sheet 4
FIG 4

-
‘mEA

! |||ﬂ— FAsr/ /é | _
149 -tﬂ::[nu’ \§ 552
N |

/4

H.J CUNNINGHAM

. RE GROOME
INVENTORS. FEH HANLEY

Y KW, RICHARDS

ATTORNEV




2,207,314

H. J. CUNNINGHAM ET AL

July 9, 1940.

COMMUNICATION SYSTEM

O Sheets~Sheet 5

Filed Nov. 13, 1937

I96/
- ) SAVY 738
YILIIMIIALTTIL| .
WIAITTY [T T
2 NorLvils |
,_,uziﬁumm | r6/ SAVITY
| NOWWO D
YOLNGIYLSIO
¥ 3TIAIG
NOISSIWSNYL
c6/
Y¥OLNGIYLSIC
gré/ NOIL2T TS
96/
TFLTIMIIAL T TTL 1. w‘umww\.“ €6/
ONIAIZITY ge6] 33\ _
& NOILVLS
INIAIFOFY YIFOIAIG TINNVHI
ININIFTITY
W
6/ 8/ 4
£E6/ 26/
LSS MOTS
. V961, ve6/
_ SAVIFY|
MILISMIIALTTITL .
u&.‘w\.u.umtm lwmw y qh%.wi
' NOILYLS )
ONINIFIFY

Ty

NGHAM

NN/

99/

JE m.\b D8/
LNGIMLSIG NV | §0od wtn.j
TLLIWSNYYL FdviL] - Y3d IV
SAVI3Y|| ) %
TV CIN trtagm = o YILISMIIALIITL e 0
-1GN/ ¢S/ _., /
. . 2 NO/LVLS
SAVTIIY 298/ ONILLIWSNVYY.L
NOWWOD . H
62/
L&/ |
¥0.LNgIYLSta)
¥3GINIG
OISSIWSNYYL
68/ _
. g¢ m..\u §28 )
YOLNGIYLSIO YOLNGIYZLSIO Q_etI Y01 wmo..\_
NOIL23735 | 598/ YILLIWSNVYL I3 3011
L — _ . _ _
oo/ SAV I3 S
TVNCIA H == HILIYMIIALIIFLG p ot
-1 GN/ 968/ __
| - § Nollvis
dIQINIG TINNVHI N INILLIKSNYE.L
INILLIWSNYY.L |
. g6/
=
68/ 28/
MO7S LSbS |
veen 281,
YOINagIgisic OGNV I SF0LIvY0S
| SAV77Y
NG IAM——- YILISMIIALTTIL
-1GN1 || Y58/ —— Foves
B V NO/LVLS
ONILLIWNSNY YL
Ty YWe

H.J CU

RE. GROOME
H. HANLEY
KW RICHARDS

A

INVENTORS:

oy

!

P htias

AT TORNE YV

"lotdliorinn



3]

10

15

20

30

Qo
<t

40

Patented July 9, 1940

UNITED

STATES

PATENT GFHCE

2,200, 314
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’7 Claims.

'This invention re'fates to communication SyS-
tems in which g plurality of stations may trans-
mit over the same communication path or chan-
nel at substantially the same time by automa-
tically dividing the channel time between the
number of stations which are transmitiing over
it substantially simulfaneously, and more par-
ticularly to improvements in the telegraph sys-
tem described in the applicavion of Borgenson
et al. Ser, No. 174,468, filed Nov. 13, 1937.

An object of this invention is tc} provme an
1mprc-ved communication svstem in which the
oreatest possible channel time is used for trans-
mitting message currents over it. |

A further object of this invention is to secure
a more even and more eguitable division of the
channel or line time between the various sta-

tions which wish to simultansously communicate

over it. | | =

In accordance with a ,.._;pecl ic embodiment of
this invention a high speed and a low speed start-
~stop distributor are connected to each end of
the main line or channel.
sion lines are operatively connected to the dis-
tributors connected to each end of the main line.
The high speed distributor is provided to trans-
mit directing impulses over the system for in-
dicating the stations which will transmit im-
pulses during the next rotation of the low speed
distributor. In addition, a circuit arrangement

is provided for reversing the connection between

the slow speed distributor and two of the exten-
sion lines for securing a betier time distribution
between the extension lines when only s porficn
of them are aciive, i. e., when they wish to trans-
mit impuises.

utors and idle exiensicn iines 10 active exten-
sion lines so that substantially the entire main

line time is utﬂ;.zed Ior transmitting message cur-

rents.

The forﬂgomg .and other objects of this i
vention may he more readily understood when the
following description of a preferred embodiment

is read with reference to the attached drawmﬂ's

in which

Figures 1 2, 3 zmd 4 show dezaﬂs of a telﬂgmph'
| syqtem embodt ing the invention:

Fig. 5 shows the msnner in which Figs. 1, 2, 3
and 4 are arranged for the complete system; and
Big, 6 shows in diagrammadtic form the ele-

'ments of the system.

The elements of the system and 1ts P"'EIIEI’&].
manner of operation will be best Understmd_wnh

reference to Fig. 6. The specific embodiment of

tions.

- or recording. telegraph device (184A,

A plurality of exten-

~of relays {8BA,

- The circuit is also arranged for
transferring the connection bhetween the distrib- -

£r aph apparatus.
are not limited to a smgle one-way commumca_

(Cl. 178--52)

tﬂe mventmn a5 shown is arranged for the 51mul- -

taneous transmission from three extension sta-

It is to be understood, however, that the
invention is not limited in any way to three sta-

tions which may transmit over a single con-

ductor but may be employed Lox any num;}er of
extension stations.

As shown in Fig. 6, three transmltsmg exten-
sion stations A, B and C are connected to a

~ transmitting main station 180. This main station
is in turn connected to a second main station 18t
- t0 which are connected three receiving exten-

sion statvions A’, B’ and C’. 1In accordance with
tion A’, station B always transmits to station B’

and station C always transmits to station C’.

Fach of the respective exXtension stations A

B and C is provided with a tape periorator 182A,

1328, and 182C, a tape controlled transmitting

distributor i83A, {838, and {183C, and a receiving
1848, and
186C. The respective extersion .

the main station §88.  In general, the con-
nections 1854, 188B, and {85C between the trans-
mitting stations and the main station 188 in-

stations are
connected over circuits [85A, (858, and §85C to

- this invention station A always transmits to sta~
15

20

25

cilude more than & single telegraph channel and

in a preferred embodiment of this invention they

include more than a single telegraph channel in
each direction between these stations.

- The main station §89 is provided with groups
18618, and {83C which are in-
dividual to the circuits exiending to each of the
extension stations.

tributor {88 and the low-spead distributor 88,
These distributors are driven by motor 198, as
shown in diagrammatic form at station [88.

The distributors i88 and 18% are in turn con-

nected to line 181 which extends to the receiving
main station 1éi. Receiving station (8! is pro-

. 80

A group oi common relays

(&1 is provided to control the high speed dis- 35

40

vided with a group of common relays which con-.

trol the slow receiving distributor §32 and the
high speed receiving distributor {83. These dis-
tributors are connected both to line i8f and to
the relay equipments 184A, 1548, and {94C in-

_ The relay circuits 134A,
{948, and §94C are connected over lines {95A,
{958,
tions A", B’, and C’.
{968, and {38C or other suitable receiving tele-

Lines 1925A, 1958, and

and 183C to the receiving extension sta-

45

dividual to the circuits associated with each of
- the extension stations.

50

These extension stations
are provided with receiving teletypewriters [88A,

195C

55




tion channel. However, in general this will be
sufficient since it is only necessary to transmit
the signal impulses to the receiving stations as
they are received from the main line. At the
receiving main station 181 the fast and slow dis-
tributors are driven by motor 197 at substan-

- tially constant speed and at substantially the

same speed as the distributors 188 and 188 at_ |
- right-hand positions by current flowing in an

- station 180.
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A one-way communication system is shown in

Fig. 6. It is to be understood, however, that a
similar system may be provided for transmission
in the opposite direction, in which case both sta-
fions A and A’, B and B’, and C and C’ will be
provided with the same tra,nsmlttmg and re-

celving apparatus.
Reference will now be made to the system

shown in Figs. 1, 2, 3 and 4 when arranged in

accordance with Fig. S. |
Fig. 1 shows three subscribers’ stations A, B

and C connected to a central station shown in

Figs. 2 and 3. The central station shown in ®igs.

2 and 3 is connected by line 58 to a central sta-

tion shown in Fig. 4, which in turn is ccnnected
to three subscribers’ stations A’, B’ and C’.

" Line 58 connecting the two central stations
may include any suitable telegraph channel in-
cluding a radio or a carrier current channel. 'This

channel may include suitable repeaters, includ-

ing regenerative telegraph repeaters, terminal
and intermediate composite sets, open-wire lines

and cablie lines as well as other equipment usiu-

ally assoclated with long telegraph or toll lines.
Station A, shown in Fig. 1, is connected to the

central station, shown in PFigs. 2 and 3, by lines

13, 14, 16 and 8. Station B is similarly connecled
over lines 1{3, {14, 115 and {18, while station C
is connected over lines 213, 214, 215 and 216.
Station A is provided with a telegraph keyboard
perforator {0 by means of which the subscriber

~or operator at station A perforates tape 12 in.

- accordance with the information to be transmit-

45
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type and employ any desired code.

96.

ted to station A’ connected to the second central
station, shown in Fig. 4. Station A (see Fig. 1)
is also provided with a tape transmitter {{ which
is employed to transmit the signals recorded in
tape 12 to the distant station. This tape per-
forator and transmitter may be of any suitable
Examples of
apparatus of this type are described in detail in
U. 8. Patents 1,965,572, Burky et al.,, July 10,
1934; 1,965,602, Lake, July 10, 1934; 1,969,891,
Lake et al., August 14, 1934; 2,019,505, Reiber,
November 5 1935 and 2,055, 567 E. B, Watson
September 29, 1936

When the operator at station A wishes to trans-

mit messages to station A’ she will operate keys

91 of the keyboard perforator f0, which in turn

cause tape |2 to be perforated in accordance with

the operation of keys 91, As soon as there is a
sufficient supply of perforated tape 2, contacts 92
of the tape transmitter 1§ will be closed This
completes a circuit for the operation of relay 93
from ground, through the winding of relay §3,
the inner break contacts of relay 94, tape control
contacts 92 to the positive terminal of rectifier

from source 97 and that the motor and other
equipment usually provided for perforators and

transmitters is also energized. This additional

equipment is noft shown or described in detail
because it is well known and understood in the
art and because it operates in ifs usual manner.
Relay 93 in operating completes a line circuit from
ground connected to line 14 at the central sta-

fast distributor 139, brush 84, segment {41,

It is assumed that rectifier 96 is energized

18,207,314

tion (see Fig. 2), over line 14, through the upper
contacts of relay 93, segment 139, brush (6f and
segment 133 of the transmitting distributor, linsz
3, to the central exchange, and through the up-
per windings of relays 1T and 18, toc battery.
Current flowing in this circuit causes relays i1
and (8 to move to their left-hand positions.
These relays are normally mainfained in their

obvious circuit through their lower windings.
However, the current flowing through their upper
windings in the above described line circuit over-

- powers the effect of the current flowing through
the lower windings of these relays and causes the
relays to move to their left-hand positions.
- lay 1T in operating to its left-hand position com-

Re-

pletes a circuit from negative battery through its

armature and left-hand contacts, winding of re-

lay 38, left-hand contacts of relay 38, segment

- 61 of the fast transmitting distributor 138, brush

89 and segment 140 to ground.

Relay 38 in operating completes an obvicus
circuit for the operation of the start magnet £%
of the fasv distributor 139. Start magnet 4§ in
operating releases the brush arm 82 for rotation.

- Brush arm 88 is driven through a friction

cluteh, not shown in detail, from shaft 76, which

is in turn driven through gears 15 by motor 74.

Motor 74 is connected to a source of power which
-causes it to operate continuously at a substan-

tially constant speed. Details of the motor con-
trol circuit, as well as the friction clutches have
not been shown or described in detail because they

- are well known and operate in the usual maniner.,

Brush arm 83 in rotating carries brushes 84
and 89. During the time brush 84 is passing over
segment (41, a circuit is completed for the opera-
tion of relays 39 and 48 from ground, through
the upper winding of relay 48, segment 53 of the

positive battery through the left-hand Wmdmg

‘of relay 39.

Relay 39 in operatmg inter rupts the operating
circuit of relay 38 through its left-hand contacts
and completes a locking circuit from positive bat-
tery, through its right-hand contacts and wind-
ing of relay 39, to ground, through the left hand
contacts of relay 45.

Relay 48 is normally held in its right- hal’ld posi-
tion by current flowing through its lower winding.
However, the current flowing through its upper
winding through the above-described circuit oves-
comes the effect of the current flowing through
the lower winding and causes its armature to
move to its left-hand position. Relay 48 in
operating to its left-hand position interrupts the
circuit of line 58 which causes relays 498 and 50
at the second cenfral exchange station, shown in
Fig. 4, to also move to their left-hand positions
due to current flowing through their upper wind-
ings. Relay 50 in operating to its left-hand posi-
tion completes a circuit for the operation of the
start magnet 52 of the fast receiving distr ibutor
142, from hattery, through the left-hand contact
and armature of relay 90, segment 123 of distrib-
utor 142, brush {44, segment 145, through the
winding of the start magnet 52 to battery through
the left~-hand contact of relay 53.

Start magnet 52 in operating releases brush

arm 146 which starts to rotate with shaft 8§

through a friction cluteh, not shown. Shaft §¢
1s rotated through gears 82 by motor 8. Motor
18 continuously operates and rotates shaft 81 at
substantially the same speed that motor 74 ro-

to «
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tates shaft 16. The governors or other speed con- 75
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trol apparatus of these motors are of the type

usually employed for start-stop telegraph sys-
tems. Shafts 76 and 81 need not be rotated in
exact synchronism, it being sufficient if they are
rotated at substantially the same speed. It is
usually desirable to cause shaft 81 fo rotate
slightly faster than shaft 76 so that the two
brush arms {46 and 83 will always start to rotate
substantially together. In addition, the start
relay &8 is made slow in operating to allow suffi-
cient time to insure that the receiving distributor

brush arm has time to complete its revolution
before the transmitting distributor starts on the

next revolution. These synchronizing arrange-
ments are well known and are employed in the
usual start-siop telegraph systems so they need
not be described in greater detail here. |
During the ftime brush (44 is passing over

segment {47 a circuit is completed for the opera- -

tion of relay 53 from positive battery, through
the left-hand contact and armature of relay 50,

segment {43 of fast distributor 142, brush (44,

segment 147, the left-hand winding of relay 33
{0 negative battely through the right-hand con-
tacts of relay 34. Relay 63 in operating inter-
rupts the operating circuit of the start magnet

52 and completes a locking circuit from ground,

through its right-hand contacts and right-hand

winding, to battery through the right-hand break |

contacts of relay 54, |

Brush arms 83 and 146 now contmue to rot&te
substantially in syhnchronism and compilete one
revolution. During the time brush 84 of the
fast transmitting distributor is passing over-the
center portion of segment 33, brush 144 of the
fast receiving distributor {42 passes over segment
37. During this time a circuit for the operation
of relays 23 and 48 in series may be traced from
positive battery, through the armature and left-
hand contacts of relay {8, winding of relay 23,
segment 322, brush 84 and segment 59 of the
fast transmitting distributor, to ground througn
the upper winding of relay 48.

Relay 23 in operating completes a czrcult for
the operation of relays 24 and 25 in series from
bhattery through the right-hand break contacts

of relay 45, the contacts of relay 23, to ground -

through the windings of relays 24 and 25.
Relay 24 in operating completes a locking cir-
cuit for holding relays 24 and 2% operated from
battery, through the right-hand break contacts
of relay 45, left-hand contacts of relay 2&, to
cround through the windings of relays 24 and
25, Relay 24 in operating also completes a trans-

mission circuit from fthe left-hand contacts of

relay 18, the right-hand armature and make con-
tacts of relay 24, to segment. 24 of the slow trans-—
mitting dlsmbutor

Relay 28 in operating complctes a tranamlssmn |
from the right-hand contacts of relay 17T,

pain
the innermost left-hand make contacts of relay

25. over line 6, lower contacts of relay 83 to-

ground through the winding of the recelving
relay 83 of the recording teletypewriter equip-
ment at station A. Relay 25 in operating aiso
completes a circuit from ground, through the
winding of relay 84 gt station A, line 15 and left-
hand outer make contacts cf relay 29, 1o segment
35 of the slow transmitting distributor. |

The above described circuit for operating relays
23 angd 48 in series causes relay 48 to remain in
its left-hand position during the timie brush 84

passes over segment 33 of the fast transmitiing -

distributor. Consequently, relay 50 will be main-
tained in it§._ left-hand position by current flow-

cuit from segment 36 of the slow receiving dis-
_tnbutor 148 to line 714, | '

left-hand contacts of receiving relay 585.

through gears 82, shaft 8{ and gears 18.

speed just as shafts 18 and 3/{ are.

ing through 1ts _upper .windihg in an -obvibus
circuit during the time brush {44 of the fast

receiving distributor 142 is passing over segment
During this time a circuit is completed for
the operation of relay 26 from ground, through
the winding of relay 26, segment 37, brush (44

31.

and segment {43 of the fast receiving distributor
to positive battery through the armature and

left-hand contacts of relay 530. Relay 26 in
operating completes a locking circuit from bat-

tery through the left-hand break contacts of
relay 54 and the right-hand make contacts of
reiay 28, to ground through the winding of relay
Relay 2§ in operating also completes a cir-

If the subscribers at stations B and C msh

"to transmit messages at substantially the same

time they will also operate their keyboard per-
forators {18 and 218, respectively, and cause the

operation of the corresponding relays associated

with the lines connected to these stations through

the remainder of the revolution of brush arms

it is assumed that each of
25

83 and 144. Tirst,
the stations A B a,nd C wish to transmit at the
same tirae, i. e., all the lines are active.

10

15

20

Just before brush arm 83 comes to rest, it

completes a circuit for the Gperatma of start
‘magnet 47 of the slow transmitting distributor -

from ground through segment 128, brusn 88 and

segmen’o 80 of the fast transmitting distributor,

to battery thmugh the winding of start magnet
a7.
fast receiving distributor completes a circuit for

the operation of the start magnet 3t of the slow

receiving distributor {48, from battery, through
(48,

the winding of start magnet %i, segment
brush {44 and segment 143 of the fast receiving
distributor, to battery through the armature and

the time brush arm {44 is passing over segment,

{49, receiving relay &0 is maintained in its leff-

hand position by relay 48, which in turn is main-

tained in its left-hand position in a circuit from

battery through segment (28 of the fast trans-
mitting distributor, brush 84 and segment &8,
to ground through the upper winding of relay 48.

It should be noted that the line time required
to transmit the directing imovulses as described
above is independent of any limitations of speed,
segment length, ete.,
Instead, it is limited only by the line and asso-

cigted high-speed distributors and thus it re-.

In a similar manner, dbrush arm €4 of the

During 4

oi the slow distributors.

30

35

quires a minimum of line time to transmit the

directing impulses so the maximum line time is -

available for the transmlssmn of message cur-
rents. |

The brush arms 8 of the slaw transmitting
distributor and 51 of the slow receiving dis-
tributor are rotated through friction clutches by

shafts 69 and 80, respectively, Shait 69 is ro-

tated by motor T4 through gears 75, shaft 15 and
gears 11, while shaft 88 is rotated by motor 78

88 and 80 are rotated at substantially the same
-When these
brush arms 86 and #31 are released they rotate
substantially together through 360 degiees.
ing the time brush 87 is passing over segment 34
of the slow transmitting distributor, brush (52
passes over segment 36 of the slow. I‘EuElVll‘lﬂ' dl"

~ tributor, and so on.

- Dur-

GO

Shafts

70

During the time brush 88 of the slow ftrans-

mlttmg distributor passes over segment 35, it

connects p051t1ve b%ttery th31 eto a.nd c&useb the 7,_; !
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operation of relay 94 at the subscriber’s station

A in the circuit over lead |9, pomted out above.
The operation of relay 94 completes a holding
circuit for holding relay 93 operated from ground,

through the winding of relay 93 and uppermost
make contact of relay 84 to the positive terminal
of rectifier 90. Relay 83 is slow in releasing so

that it will remain operated during any short
time interval between opening of the contacts
of relay 94 in its (relay 93) operating circuit
and the cliosing of the contacts of relay 94 in
the holding circuil of relay 85. Relay 394 in op-
erating also causes the operation of the start
magnet 98 in a circuit from the positive terminal

5 of rectifier 86, through the tape control contacts

82 and upper inner make contact of relay 94,

to ground through the winding of start magnet

88.
The operation of qtart magnet 98 Wlthdraws

stop lateh 88 and releases the brush arm {100,
When brush arm (80 is released it is driven
through a friction clutch, not shown, and causes
brush 10! to successively connect segments 138,
i04, 165, {086, (97, 188 and 189 to line {3. This
causes the transmitting distributor at the sub-
scriber’s station to transmit telegraph signal im-
pulses in accordance with the perforafions in
tape 2. 'The contacts (02 connected to these
segments are controlled by the perforations in
tape 2 so that these contacts are connected to
line {4 through the contact of relay 83 when
there is a perforation in tape (2 under or over
the respective contacts.

After brush arm 108 has made one revolutmn
apparatus not shown but well understood in the
art, causes tape 12 to be advanced one position
and the above operation repeated to transmit
the next signal impulse. At the central station
relays {7 and 18 are operated in accordance with

the telegraph signal impulses transmitted from

station A. The impulses are repeated by relay
IT through the inner left-hand make contacts
of relay 25 to the receiving relay 95 at the sub-
scriber’s station, which in furn repeats the im-
pulses to the printer magnet {33 at the sub-
scriber’s station to record the transmitted sig-
nals for a home copy. It should be noted that
relay 95 is normally maintained in its left-hand
nosition by current flowing in an obvious circuit
through its lower winding and is operated fto
its right-hand position by current flowing
through its upper winding over line 6. It should
also be noted that relay 17 reverses the signal
impulse, that is, the circuit from the right-hand
contact of relay 17 is completed or closed during
the time the circuit through ifs upper winding
and line {3 is open or interrupted and vice versa.

However, since relay 9% interrupts the circuit of

the printer magnet {53 when the circuit of line
16 is completed, relay 8% again reverses the sig-
nal impulses so that the circuit of magnet 153
is closed during the time line (3 is closed and is
opzsned during the time the line (2 is opened.
Thus magnet {53 receives substantially the same

5 signals as transmitted over line 13.

Relay 18 also follows the signals ftransmitted
over line 13 and repeats them fto relay 48 in a
circuit from the contacts of relay {8, the right-
hand make contacts of relay 24, segment 34,
brush 87 and segment ©2 of the slow {transmit-
ting distributor through the upper winding of
relay 48. Relay 48 in turn repeats the signal
impulses to relays 49 and 59 at the second cen-
tral station over line 38. - Relay 49 in following
these signal impulses repeats them to the line

Jution then in progress.
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relay 21 at the subscriber’s station A’ over a cir-
cuit from the contacts of relay 498, segment (54,
brush 152 and segment 36 of the slow receiving
distributor, left-hand almatu:te and make con-

tact of relay 26 over line 171 to the upper wind-
ing of receiving relay 27 at the subscriber’s sta-
tion A",

Here again relay 43 causes the mgn&l impulses

to bhe inverted, that is, current flows in line 58

during the time no current flows in line 13, while
no current flows in line 58 during the time cur-
rent flows in line (3.

- Relay 49 repeats the in-
verted signal impulses to relay 27 at the sub-
scriber’s station A’. However, relay 27 at the
subscriber’s station A’ again inverts the signal
impulses so that the current flowing through the
receiving orinter magnet 28 corresponds to the
transmitted current flowing in line §3 and thus
the receiving printer equipment at station A’
receives the same signals as transmitted from

Station A and correctly responds thereto.

When brush 88 passes off segment 35 it in-
terrupts the circuit of relay 94 and permits this
relay to release. Relay 84 in releasing permits
the stop magnet 88 of the transmitting appa-
ratus f1 to release, which in turn releases latch
89 and causes the brush arm [00 to come to rest
after the completion of the revolution then in
progress.. This inferrupts the transmission from
station A. It should be noted that the segment

34 should be somewhat longer than the segment

39 since the transmission from station A is not
interrupted at once when brush 88 passes off
segment 35 but continues until brush arm 20
comes to rest against the stop latech 99. During
this short interval of time it is necessary that
the transmission path from station A be com-
pleted through the slow transmitiing distributor
as well as the slow receiving distributor at the
second station to the subscriber’s station A’, It
is also desirable to have relay 93 slow In releas-
ing so as to insure maintaining line 14 closed

until brush arm comes to rest if both contacts

02 and relay 94 release at about the same time.
This insures the proper tra,nsmlssmn of the last

code combination.
If during the time inter val that the transmis-

'swn path is completed from station A to station

A’ the supply of perforated tape 12 becomes ex-
hausted, the tape stop contacts 82 will be opened.
This interrupts the circuit of the start magnet
98 which releases stop latch 99 and causes hrush
100 to come to rest at the completion of the revo-
Then when relay 94
releases at the end of the inferval of time during

which the transmission path is completed be-

tween stations A and A’, the circuit at station A
will return to its normal condition. |

During the succeeding intervals of time dur-
ing which brush 87 is passing over segments (34
and 234 similar transmission circuits are com-

~pleted from station B to station B’ and from
station C to station C’,

_ during which times the
apparatus at these stations transmits the signal
impulses to corresponding stations B’ and C’ in
the same manner as described above for sta-
tion A. |

At the end of the first revolution, just before
brush arm 86 comes to rest, a circuit is com-
pleted for the operation of relay 45 from nega-
tive battery through its winding, segment 255

- of the slow distributor, brush 87, segments 256

and 63 of the slow distributor to positive battery.
Relay 85 in operating interrupts the locking cir-
cuit of relay 39 and permits this relay to release.

10

15

20

25

30

35

40

OO

G5

70

75



10

- girenlds

15

- 20

25

30

39

40 .

45

o0

60

2 207 314:

Relay 39 in releasing connects the winding of
relay &8 to segment: 51 and permits relay 38 to
again be cperated if any of the subscribers at
stations A, B or C still have additional informa-
tion to be transmitted to the corresponding sta-
tions A’, B’ and C’,
seribed cyele will ke repeated. |

The opveration cf relay 45 also mtermpte the
locking circulis 10T relays 24, 25, 124, 125, ezﬂ
and 225 and permits these relays to 1e1ne.se

thet they may he again reopereted under control_

of the fast distributor during its next revolution.
also completes an cbvious

Relay 49 in operating
for the operation of relay 43. Relay &3
in operating completes a circult for the opera-
tion of relays 49, 41 and 42 from ground, through

the windings of relays 42, &1 and 48, the right-

hand contacts of relay 43, the righs t-hand bredk

contacts of relay 44 to battery. The operation of

relays 28, 4% and &2 reverses the transmission
anc control circuits between stations B and C,
as descrited below. The cperation of relay A9

completes a locking circuit for relays 28, &1 and
ground, through their windings, the
innermost lower meke contacts of relay &8, to.

ing from

hattery. -
When brush BS passes off segments 255 and
958 it interrupts the circuit of relay 4% and per-

x 7 W)

mits this relay to release. Relay 2§ in releasing .
prepares the locking circuits for relays 29, 24, 25,

124 1258, 2284 and 225 so that these releys may
again be locked opergted under control of the
various subscribers’ stations and distributors.

Relay 45 in releasing also interrupis the operat-

ing circuit of relay 43, which In turn releasss,

In releasing relay 43 completes an operating cir-
cuit for relay 844 from ground through the wind-
ing of relay 44, the left-hand break contacts of re-

lay 43, the lower make contacts of relay £€, Lo

oettery Near the end of the next revolution of
the slow transmitting distributor relay 49 is
again operated and again interrupts the locking
olrouite of relays 30, 24, 25, 124, 125, 224 and

288 as described above.
efF relev A8 again completes the operating circuit

" for relay 43. The cperation of relay &3 &t this
time, however, short-circuits the windings. of re-

lays 48 A1 and 42 by connecting ground from

the right-hand make contacts of relays 84 and
43 to the right-hand winding terminal of relay

£n

37 passes O

£3 tc the upper winding terminal of relay 44.
This causes relay 84 to release, at which time

the rzlays in the associated circuits at the first
central station are in. the same positions they
originally were at the begmnmg of the first

revolution of the slow distributor. During the

‘succesding revolutions of the slow distributo

the above cycle of operation of relays %%, 44, i%

82, 41 and 40 is repeated, which reverses the con-- -

tlol and transmission circuits béetween stations

B and C during alternate revolutions of the slow

transmitting distributor.

At the second central station the operatlon of
reiays B4, 55, 5% and 57 is similar to the opera- -
tion of relays 45, &4, 43, 42, 4] and 48 at the

first cenéral station, At the._epd of _the first

locking or holding circuits of relays 53, 26, |
“and 225 and permits these relays to return to
Relay B4 In operetmﬂ"

whereupon t‘le above-de-  also completes the operating circuit for relay BB,

The second operation
 and mterohenge the: treosmlseleo and control

This causes relays 80, 41 and &2 to release
and restors the control and transmission. circuits
from stations B and C to their original condi-
tion. When relay 45 again releases after brush
segments 255 and 256, it in turn
causes relay 43 to release.. Relay £3 in releasing -

short-circuits the winding of relay £4 by con-
necting ground fom the lower break contact of

relay A8, through the left hand contact of- relay

which - in turn mtermpts ‘the
§2%

28 is operated

their normal posﬂzlons

which in turn causes the operation of relay 81.

revolution of the slow reoelvmg dlstrlbuto:t relay

When relay 984 releases, just before bhrush 152 '

comes to resy, it releases relay 58, which in turn

operates relay §8.  The operation of relay 56

~ completes the operating circuit for relay 85. The I
~operation of relay 8Y reverses the fransmission
n orcmte to stations B’ and C.
of the second revolution of the slow receiving
distributor 148, relay 52 iIs again operated and

10

Near the end

15

uho“'i'-eﬁou:t ts - the *s;‘.?:uttdmer of relay 51 by con=

necting ground to its left-hand terminal. Relay

57 releases and restores the transmission circuits '

to stations B’ and C° to their orlgmel condi-

tlon.
releases relay 56.
time connects ground to the upper winding ter-

When relay 58 again releases it in turn.
‘Release of relay &6 at this

minal of relgy B5, causing relay 85 to release.

Th1 is at the end of the second. revolutlen these

relsys at the seoond central station are again

1eturned to the same condition they were. et_ :

the hogmmng of the first revolution.

During the first revolution of the 'slow dls-' B
tributors the transmission and control paths

from station B to station B’ may be tracsd
E!w 11?}.(.1’"

E'I'ﬁ

through relays (17, 118, leads 129,

30

11§, the normal or break contacts of relays 48,

126, 128 and {272, velavs

81 and 42 leads (19,

123,

segments 154 and {36, relay {26 and normal or
hreak contacts of relay B1 to station B’. Similar

{24 a,nd 125, slow trensxmttmt, distributor
seements {24 and 135, slow receiving dlstrlbutor.

35

transmission and control paths may be tveoo"l“.'_'

through the oorrespondmg relays 217, 218, 223,
294 and 225, slow distributing segments 234 anf
235 to station C’ through segment 2238 of the

slow receiving dlStI‘lbutOI' and relay 226. | ..
During the next revolution of the slow dis-

tributors relays 40, 41, 42 and 87 *'1?'111 be operated

40

45

paths between stations B and C so that during = |

the second revolubtion of these distributors ine
transmission and control paths from station B
- may be treoed as follows: From station 2'8 over
Jines {13,114, 1i5and 116, through relays {17,
- the opereted oontects of releye 49 21 and 42, over
leads 218, 228, 221 and 222, through relays 223

f18,

224 and 225 slow . transmitting distributor Seg -

50

ments 234 and 235 slow receiving distributor

segments 154 and 235 relay 225 and operated con-

tacts of relay 57 to station B’ Similar trensmle-

K5

sion and control eircuits may be iraced from sta- |
tion C through the slow distributor segments. 134, ,

(35, and operated contacts of relays 4G, 41 and

49 to station G’ through the slow receiving dis-
tributor segment 536 end ooereted oo:otects of

relays 128 and 21,
Thus during the

first ji'evomtlon ol the slow

tlon -C, while during the second revcluiion the

first transmission interval is again ess:f.g:aed to
station A, the second transmission interval is now.

assigned to station C and the third transmission

60

transmitting distributors the first transmission
interval is assigned to station A, the second in- :

terval to station B and the third interval to sta- -

00

interval to station B. During the third re volution
and each odd succeeding rewlutlon time inter-

the slow distributors.

yals are assigned as during the first revolution of °
During the even- -numbered

- revolutions tlme mtervals are assigned. to stations 7 5
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6

A, B and C as described during the second revolu-

tion of the slow distributors. =
It is essential that the position of relay 57 at

the second central station correspond to the posi-

tion of relays 40, 41 and 42 at the first central
station so that the transmission circuit from sta-
tion B will always be connected to the transmis-
sion circuit to station B’ and the transmission
circult from station C will always be connected to
the transmission circuit to station C’.

The object of alternately reversing the trans-
mission path from stations B and C to stations

B" and C’ during alfernate revolutions of the
slow distributors is to evenly divide the time as-
sighed to any two of the stations if only two of
the subscribers thereat wish to transmit messages
simultaneously, i. e., one of the extension lines to

the subscribers’ stations is idle and the other twt}.

are active. In the foregoing description it was as-
sumed that each of the subscribers at stations A,
B and C wished to simultaneously transmit to the
corresponding stations A’, B’ and C’. However,
1f the subscribers at only two of the stations wish
to simultaneously transmit to their associated
stations, two intervals of time will be assigned to

one of the stations and one interval of time to the

other station during the first revolution of the
slow distributors. During the second revolution
of the slow distributors only one interval of time
will be assigned to the first station and two in-
tervals of line time will be assigned to the second
ctation B _ |

Assume, for example, that the subscribers at
stations A and B wish to simultaneously trans-
mit messages to the corresponding stations A’
and B’ but that the subscriber at station C does

not wish to transmit information to station €.

During the first revolution the fast distributors

at both the first and second central stations, re-

lays 24, 25, 124 and 125 at the first station will be

operated and relays 26 and 126 at the second cen~

tral station will be operated. During the first
Interval of line time during which brushes 87 and

88 are passing over segments 34 and 35 of the

slow distributor the transmission and control cir- -
cuils are completed from station A through these

segments 34 and 35 to line 58. At the second cen-

tral station the transmission circuit is completed

from the receiving relay 49 connected to line 58
through segment 36 and relay 26 to station A’

over line 9,

During the second interval of line time the con-
trol and transmission circuits from station B are

completed through segments 134 and 135 to line

98 and thence through segment 136, relay 126 and

the break contacts of relay 57 to station B,

During the third interval of time during the
first revolution of the slow distributor when
brushes 87 and 88 are passing over sesments 234
and 239 the transmission and control circuits are
completed from station B through the make con-

tacts of relays 124 and (25 and the break con-

tacts of relays 224 and 225, to segments 234 and
235 of the slow transmitting distributor to line 58. |

At the second central station the transmission
path is extended from the contacts of relay 49 -

through the segment 236 of the slow receiving

distributor, the normal contacts of relay 226, the

operated contacts of relay 126, the normal con-

tacts of relay 57 to station B’ over line 172

and station A’.. During the second and third in-

' 2,207,314

‘tervals of time the transmission path is completed

between station B and staiion B’. |

During the first inferval of time during the
second revolution the transmission path from
station A will again be completed tc station A’
over the same circuits described during the first
interval of time during the first revelution of the
slow distributors. During the second interval of
time of the second revolution of the slow dis-
tributors, however, the transmission path from
station A to station A’ is completed. As pointed

~out above, during the second revolution of the

slow distributors relays 40, 4! and 42 at the first
central station and relay 5T at the second cen-
tral station are operated. This means that dur-
ing the second revolution cf the fast distributors
at these stations relays 24, 2%, 224 and 225 at the
first station and relay 28 and 228 at the second
central station are operated. Thus during the
second interval of time during the second revo-
Iution of the slow distributor the control and
transmission circuits may be traced from station
A through the operated contacts of relays 24 and
25 and the normal or break contacts of relays

24 and 125 through segments 134 and 135 of the

slow transmitling distributor to line 58. At the
second central station the transmission circuit
extends from the receiving relay 49, through
segment 136 of the slow distributor 148, the nor-
mal or break contacts of relay 126 and the op-
erated or make contacts of relay 26 to station A’
over line 171. o o

During the third interval of time of the second |

revolution of the slow distributors the transmis-
sion path from station B may be traced through
the make contacts of relays 224, 225 and segments
234 and 235 of the slow transmitting distributor
to line 58. At the second central station receiy-
Ing relay 49 repeats the received signal impulses
to station B’ over a circuit through segment 238
of the slow receiving distributor 148, the operated
contacts of relay 226 and the operated contacts of
relay 57 over line I72. _
Thus during two revolutions of the slow dis-
tributors the line time is equally assigcned be-

tween stations A and B. Similar circuits may be

traced for transmission between any of the other
two sets of stations whereby the line time is al-
ways equally divided or assigned to the two sta-
tions at which the subscribers wish to simultane-
ously transmit signal impulses to their associated

stations. =~ o _
If only one of the subscribers wishes to trans-

mit from his station to the associated station sub-

stantially the entire line time is assigned to the

station at which the subscriber wishes to trans-
- mit. Assume, for example, that the subsecriber at.

station A is the only subscriber wishing to trans-
mit messages to station A’ at a given time. Un-
der these conditions only relays 24 and 25 at the
iirst central station and relay 26 at the second
central station will be operated during the rota-
tion of the fast distributors. -
During the first interval of time of the first
revolution .of the slow distributors transmission
circult from station A to line 58 is the same as
described above when two or three subscribers all
wish to fransmit simultaneously. During the
second interval of time the control and transmis-

- sion circuits from station A may be traced from
_ | - station A, through the make contacts of relays

Thus during the first interval of time during
the first rotation of the slow distributors the
transmission path is completed between station A

24 and 25 through the break contacts of relays
124 and 125, the segments 134 and 135, to line 58.
At the second central station the transmission

- circuit extends from the receiving relay 49, to

S,
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seeond and third intervals of time of th

segment (36 and the breafc: conta.cts of 1'elay !2%

and make contacts of relay 28 to station A’ over
During the third interval of time: dur-j |
ing the first revolution of the slow distributors:
the transmission and control circuits extend from
station A to line 88 tbroug.:l the make contactsof .-
relays 28 and 25; break contacts of rﬂlaya {24 a&ld'__
(25 and the break contacts of relays 226 and 225,
At the seccmd_
centval :,tmmn the itran nsmission path extends
{through begment 235
of the slow receiving dISul‘ib&tGI’ {48, through the
the lef u-'"

line- {74

through segments 234 and’ 233.

rom the “wmr relay &8
left-hand break conmr*ts of relay 22@
hand break contacts of relay {26 and ‘rhe lef't-
hand make contacts of relay 28 to statmn Al gver
line f71{.

assigned to staticn A over the similar
scribed above durmg the 11*‘51} revolution execepns

that the connections bmtﬁ? en the last two sets of
185 and. ﬂau and.__ES b

distributor segments §34
o8 and 448 are reversed s
Similar circuiss areé .:zr’*wricd whereby substmz-
tially the entire line time may be assigned to sta-
tion B if the
subscriber W*"hlll._ to transmit at a given time.
Other similar circuits are also provided wherehy
the line time is substantially all assignea to sta-

tion C if the subscriber thereat is the only sub-.

scriber desiring to transmit at a given time.

As pointed cut above, when all three subsm*ﬂ&-
ers are transmitting certain time must be alicwec
between transmissions by the various SulRscribers
to insure that the transmission circuit has been
switched from c¢ne to the other. Inasmuch as

the distributors at both stations are not run at
exact synchronism this interval of time must also
include sufficient time to aliow for the difference.

in speed of the distributors at both ends of the
line. In order tc provide for this time interval
the segments &5, 188 and 285 are separated irom
each other by short segments 64, §3 and the con-
trol segment 291.

ments 684 and 58 are interrupted by relays 25, 129
and 225%. The time interval during which brush

arm 86 carrying brush 88 passes over these seg-

icient to insure proper switching ol

ments 1s su

the transmission path from each st-a-ti&n to the

succeeding station.
If, however, the tra,nsmlssmn during any two

succeeding time intervals isto be to the same sba-

tion this time interval is not required because it
is not necessary to switch the transmission patin

from one station to the next. Assume, for ex-
ample, as described above when subscribers at

only stations A end B wish to transmit to their

yiring the
fOrst rev-
clution of the slow distributor the live is assigned
to station B. Thus between these two intervals
of time it is not necsgsary to perform any switch-
ing functions. Consequently, under this condi-
tion the circuit of segment 65 is completed {0 seg-
meng

contacts of reiay 223.
and second intervals of time during the second

assceiated stations at a given time.

revolution the line time is assigned to station A.
form any

Conseguently, it is not necesgary to per _
switching between these time intervals., Under
these conditions, segment §4 is connecied O seg-

ment 35 throughn the mraer right-hand break con- |

tacts of relay (29.

Similarly, if the subscmber at only one station

is transmitting at a given time it is unnecessary

- Pass! I’lﬂ‘ BAYACH

During the second revolution of theﬁ_
slow distributor the time initervals are again all
ircuits de-

qm}sm iber. at. station B is the ocnly

If all the subscribers wish ©0
simultanecously transmit the circuits of short seg-

{35 through the outer right-hand break
Similarly, during the {Irst

to perform any smtcmng functions bet‘ween the
various time intervals so that segments 64 and 85

are connec+ed over circuits similar to those de-
Brushes

87 and Haﬁ shauld. be of g bridging type SO that

scrlbed above to seﬂ'ments 3% and 135,

théy will maﬂe contact with the next succeeding
seg_.._ent before they breal,._ contact with the seg-

ment over which they. are passing. Th1s wﬂl in-
- sure triat the transmission path betwsen the vari-

ous stations is not 1nterrupted Or mterf%.,d with

| wheﬂ brush 87 or i62 passes cn one segment. 4o

zﬁouher in case the transmission is from the

SaINe statmn during the time the brushes are
» both of the segments. ==

In this manner the line time usually employed.

f:};_'wrluchgﬂg may be employed for transmitting

the signal impulses between the fransmitting ang.

sasgiabed receiving bta,tmns
’iﬁ?hat is claimed is:

. A commumca,tmn system compnsmg a main

lnm,— extension lines, means for establishing an

operative connection between each of said ex-

tension lines and saild main line comnprising a

slow speed start-stop  distributor connected to.
said main line, means for extending all of said

operative connections to only active extension
lines, and additional distributor means for trans-

to indicate the active extension Iines. |
2. A telegraph system comprising & main line,

10
15
20

o5

- mitting directing impulses over said main line

30

o start-stop distributor connected thereto, a plu- -

rality of extension lines, means for estabhshmg

an operative connection between each of said
extension lines and said dlst:_lbutor, and means
for alternating the connections. between two of

said connections and said distributor.
3. A communication system comprising a main

line, a plurality of extension lines, a start-stop
distributor connected to said main line,

for establishing an operative connection be-
tween each of said extensio
tributor, switching means included in said oper-
ative connection for extending all of said con-
nections to only active extension lines, and
means for securing a more efficient distribution

of main line time between said operative con-

nections, comprising a second high speed start-
stop distributor also included in said operative
connection, and reversing relays connected in
said connection for alternately reversing the

nections.
4, A telegraph system comprlsmg a main lme

2 high speed start-stor distributor connected

to each end of said line, a low speed start-stop
distributor also connected to each end of said
line, an operative connection between said dis-

lines and said dis-

35 -

means

40

45

50

' connection between two of said opera,twe con- .

55

tributors for starting said slow distributor dur-

ing each revolution of said hig gh speed distribu-

tor, a plurality of extension lines, an operative
connection between said extension lines and said
distributors for completing a transmission path
from each active extension line to said main line

during each revelution of said siow distributor,
‘and apparatus connected between said high
spead distributor and said exiension lines for
transmitting during each revolution of said high

speed distributor directing impulses for indicat-

ing the extension lines over which signal im-
| 70

pulses will be transmitted.

H, In a telegraph system comprising a main
Ime a plurality of extension lines, means for
esmbhshmg an operative connection between
each of said extension lines and said main line

60

65

comprising a slow speed start-stop distributor 4
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8

connected to said main line and each of said

extension lines for providing a communication
path between each of said extension lines and

sald main line during a portion of each revolu-

tion thereof, apparatus connected to said distrib-
utor for extending all of said paths to only active

extension lines, a high speed start-stop distribu~ .
tor connected to said main line for transmit- .
ting impulses thereover indicating the active eX-

¢

tension lines. |
6. In a telegraph system, a main line, a plu-

rality of extension lines, operative connections
between each of said lines and said main line
comprising a start-stop distributor connected to

said main line and fto each of said extension

lines for completing a communication path be-
tween sald extension lines and said main line
during a portion of each revolution thereof, and
instrumentalities connected between two of said
extension lines and said distributor for reversing
the connections between said lines and said dis-
tributor during alternate revolutions of said dis-

tributor.
7. In a telegraph system, a main line, a num-

. .ber of extension lines cooperating with one end
~ of said main line, the same number of extension

lines cooperating with the other end of said
main line, means for estabhshlng an operative
connection between each of said extension lines

“and respective ends of the main line comprising

a slow speed start-stop distributor connected to

said main line and to each of said extension

lines, apparatus connected to two of said opera-
tive connections for interchanging the connec-

tion between said operative connections and said

main line during alternate revolutions of said
distributor, additional apparatus for extending
all of said operative connections to active exten-
sion lines, a high speed distributor connected to
each end of said line confrolled by said exten-

sion lines, a control circuit connected to said high -

speed distributors for transmitting over said
main line control impulses which indicate the
extension lines which will be active during suc-
ceeding revolution of the slow speed distributor,
and means for starting said slow speed distribu-
tor during each revolutmn of said high speed
distributor.
- HAROLD J. CtmNINGHAM.
PRESTON E. GROOME.
FRANK H. HANLEY.
EKENNETH W. RICHARDS.
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