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This invention relates to printing t'elegraph;

network switching systems of the inverse neutral
repeater type, and more partlcularly to an in-
verse repeater network in which printer stations
in out offices in different cities or locations readily

may connect themselves into or out of communi-

-temstlcs in the form of b1ased mgnals ThlS is be-

- cause the amount of spark protection for the

cation with any one, two or more of the other

printer stations in the network and without in-

terfering with any other connections currently
10
When inverse neutral repeaters are employed

set up between any two or more of the stations.

in a telegraph network, each telegraph station
and associated line is connectable into a group

through its own individual repeater, and a mul-.
tiple conductor extends from each of these re-
peaters: two or more such conductors are elec-
trically connected in multiple to provide a com-~

mon electrical point. This common point in each
repeater is: terminated in battery of the same
potential and magnitude for transmitting to and

receiving signals from the other repeaters of the
group. Any repeater when sending toward the

multiple connects ground to the multiple and

transmits sighals simultaneously to all other re-
peaters currently connected in the group. This

circuit differs from the conventional make-break
neutral circuit in which a closed electrical circuit
and attendant current flow represents a marking

‘transmitting contacts should vary with the num-

ber of inductive relay windings connected to-the
multiple circuit at any one time, but it: is: im-
practical to devise a variable spark: killer for
this purpose, and herzstofore substantial bias has
been intrc)duced’ as a result (jf Varying thé num- .

time.

Tt ig' often advantageous to emplcy the Morse
code for purposes of testing and regulating the
apparatus in a network switching system. of the

-~ character referred to above, and hence Moise op~-

15

20

erators who have been trained in testing and
regulating procedures are preferred. However,

most commercial telegraph business is now cons-
ducted by means of telegraph printers and the

use of the Morse code is steadily declining, so that
new operators are generally trained as teleprinter

operators, and there is a resulting dearth of
Morse operators. Due to this transition from
Morse to teleprinter methods, it is: desirable that

" the switching system be capable of operation,

20

- sighal, while an open circuit and no current flow

is interpreted as a spacing signal. Instead, the re-
lays.in each repeater which receive sighals from
the multiple circuit are arranged to interpret the

no-current interval in this circuit as a marking
2 spacing signal when

signal and conversely as a
current flows.  The four relays which repeat the

signals in each repeater are connected to the
multiple circuit so that the main line and send-

ing relays function as senders, while the trans-
mitting and receiving relays operate as recelvers.

30

39

In other words, the main line and sending relays

transmit signals to the multiple circuit, while the

40

transmitting and receiving relays are arranged to

receive signals from the multiple circuit.

The multiple conductor of each repeater ter-

minates in battery of the same polarity and mag-

nitude for the marking condition, and therefore

no. current. flows for this condition, and since

ground. is connected to the common electrical
point for any spacing condition, the current con-

ditions in any multinle connection when it is. re-
celving from the common poing, or multiple eir-
cuil, are una
tion of another repeater tc or from the concen-

tration group. When transmitting towards the

COMMOon pomt however, there is a change in mag-

nitude of the spacing current inh the multiple-

connection, from the gingle spacing contact to

‘ected. by the addition or subtrac-

45
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the common point; as the number of connected

repeaters is changed, and"this results in the in-

troduction: of undesirable transmission. charac-

particularly for testing and- regulating purposes, "
either by Morse signals or teleprinter signals.
One of the objects of the invention is to pro-

'mde g telegraph network switching system of the.

inverse neutral repeafer type in which printer
stations may be switched into or out of the net-
work either in response to selection code signals
of irregular length or in response to selectlon |
code signals of equal length..

Another object of the. invention is a telegraph
network switching system of the character de-
scribed, in which any printer station.in the net-

work may connect itself into or out of communi-
cation with a desired one, two or more of. the other

‘printer stations in the network without interfer-

ing with any other connections currently set up
between the stations and without waiting for f{er-
mination of such other connections. | |

An additional object is to provide switching

means which enable any printer station in the

network to select; with one operation any of a

plurahty of preselected groups or combinations
of two or more other printer stations in the net-

work, thereby to broadcast a message tr.:: the se-
lected combination of stations.

Further objects include the provision of means
to enable the number of repeaters connected-to-

gether into one inverse neutral multiple circuit

t0 be increased without unduly  increasing: the

current which the contacts of any sending relay

have to'make and break; to prevent transmitting

oY receiving relays in such a system from showing

a-marking bias when: receiving signals from the
multiple circuit; and tocause:the amount of spark
protection for each sender: to: vary appropriately
in accordance with: the number of transmitting
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and receiving relays connected to the multiple

circuit at any one time.
The foregoing and other objects and advan-

tages of the invention will be apparent from

the following detailed description of one liilus--

trative embodiment thereof, taken in connection
with the accompanying drawings in which:

Fig. 1 illustrates diagrammatically an inverse

neutral repeater and switching system arranged
for half-duplex teleprinter operation, and em-
bodying the principles of the instant invention;

Bigs. 2 and 38 show circuit details of a network.

repeater and associated network sub-sets as em-
ployed in the system of Fig. 1: and

Figs. 4 and 9 show elrcult details of smtch-
ing control apparatus associated with each net-
“work repeater leceted in the network switching
office. |

Referring to Flg 1, there are a number of out
offices or stations A, B, C, E and F which respec-
tively are cennected'by telegraph lines @, {f, (2,
I3 and {4 to a switching office D. The switching
office D may be located in one city, for example,
in Chicago, and the offices A, B and C may be
located in other cities in the network or they
may represent send-receive printer stations in
the same city. Out office F' may be located in
ahother terminal city, for example, New York,
and office E may be an intermediate station be-

tween New York and Chicago, such as Buiffalo.

Each of the out offices embodies a network re-
peater {5, described in detail hereinafter,

nected to the lines 10 to 14. In offices A, B, C,
D and E each of the repeaters {5 is connected
by sending and receiving legs (6 and 1§’ to a
sub-set 1T which comprises sending and receiving
telegraph apparatus such as a keyboard printer
that preferably is a split printer as indicated in
office A of Fig. 1, and which for testing and regu-
lating purposes may include a Morse key k& and
sounder s as indicated in office C. The term
“keyboard printer” as here employed refers to
‘a telegraph prinfing instrument in which the
outgoing signals, which are initiated by a key-
board on the instrument, are printed by the same
- mechanism that prints the incoming signals.
A ‘““split printer” has the mechanisms of the key-
board printer, but only the incoming signals are
printed thereby; such a printer is commonly used
in a system for half-duplex operation. In the
intermediate office E the network repeater {5
has a multiple connection 24" that extends to
a jack In an auxiliary switchboard 19 so that it
may be connected, through a patching cord 20
and a second multiple connection 24’, to a net-
work repeater 15’ and telegraph line 22 to the
office F'. At the latter office the repeater {5’ is
similarly connected through a connection 24’ to
an guxiliary switchboard {9’ so that it may be
extended, by means of a patching cord, to a local
branch office or printer station. Office ¥ thus
may he connected to the switching office I either

o
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directly over line 14 or through the intermediate

office K over lines 22 and {3.
Office selection equipment in switching office

In the switching office D each of the lines {0
to 14 terminates in an individual network re-
peater 18, and these repeaters #1{ to #5 respec-
tively have five 1ndividual rotary selecting
switches SI to S5 associated therewith. Each
repeater is connected by a multiple circuit 24
to the wiper 26 of a selection bank b of the switech
and also to one of the conductors 27 to 3¢ of
a group which are connected in multiple to the

6o

70

75

%

series of contact points of the banks b of the
switches. Each rofary switch has 25 points and
at least three banks or levels of contacts, of
which only one level b is shown in Fig. 1; the
three banks angd the stepping magnet of the
switch are shown in Fig. 5 described hereinafter.
Also located at the switching offce is a network
dispatcher turret 28 which provides central con-
trol of the complete system with facilities for
monitoring, connecting or disconnecting any
combination of repeaters. For these purposes
the legs 18 and (&’ of the #1 to #0? network
repeaters respectively are connected to send and
receive leg jacks 232 and 23 into which a twin
plug 34 of a monitor set 29 may be inserted.
From the jacks 32 and 33 the legs extend to other
send and receive jacks 37 and 32 which, for ex-
ample, may be located in the testing and regu-
lating department of a telegraph company which
operates and maintains the network. The multi-
ple group connected to the contact pecints of the
banks b of the various rotary switches includes
a conductor 28 that terminates in a dispatcher
call-in signal device 49 which is energized when
any of the rotary switches selects point | on its
bank b. The conductors 27 to 3f of the multi-
ple group extend fto multiplying jacks, indicated
at 44, to enable the dispatcher to manually inter-
connect, by means of pateh cords, any of the
repeaters whenever desirable or necessary.

The switching system is designed to provide a
half-duplex Morse or teleprinter network wherein

any one of the separate telegraph circuits or
branches may automatically connect to any of
the others within the network, and this is ac-
comnplished by connecting the multiple conductor
248 of two or more repeaters 15 together. To se-
lectively connect to any desired branch, selec-
tion code signals are transmitted from any inter-
mediate or terminal out office of any of the out-
lying branches into the switching office D. The
switching equipment at D responds to these sig-
nals and steps a particular rotary switch S1 to
Sh one step for each spacing signal received
until the wiper arm 286 of the switch has been
stepped to the proper contact point on the bank
b to connect the multiples 24 of the two repeaters
together. The selection or stepping signals may
be transmitted either from a Morse telegraph
key by producing spacing signals of regular or.
irregular length, or from the keyboard of a tele-
printer using any permutation code group in-

~cluding its start pulse in which there is but one

transition from spacing to marking, thereby to
advance a particular rotary switch S to S5 one
step for each such ccde group transmitted, as

from the “Blank,” M, O, T, V or “Letters” keys.

If desired, however, a teleprinter character which
includes two or more transitions from spacing
to marking may also be used, such as the char.
acters A, B, C and E, each of which with its start
pulse would cause two spacing or stepping sig-
nals to be transmitted, or characters such as D,
f'and J which would cause three spacing or step-
ping signalgs to be transmitted.

In the particular multiple wiring arrangsement
illustrated in Fig. 1, the wiper 26 of any switch
Si to S5 if stepped to contact 1 on the associated
bank b will select the dispatcher’s call-in device
40; when the wiper is stepped to contact 2, 3, 4,
2 or B, this effects selection of a network repeater
#1 to #35, respectively. Also, the multiple ar-
rangement readily enables any printer station in

-the network to select with one operation any of

& plurality of preselected groups or combinations



| 5 .
of -other -printers’:stations in the: network there-
by to broadcast-a message to the desired stations.

For example, and as shown:in Fig. 1, if the wiper
26 -of rotary switch S8 associgted with office A is

stepped to position 7, the wiper will engage two

contacts, one of which contacts is:connected to

‘multiple eonductor 31 -and hence network re-
and the other is:connected to: Inultlple-_

peater #3,
30 and ‘hence. network repeater #4, whereby of-
fice ‘A may broadcast to-offices B-and C. Thetwo
contacts at position 7 on the switch "bank b :of
- 'S3 -are shown:as engageable simultaneously by
the -switch :arm 26, -although ‘in .practice it ‘is

more feasible to.employ another bank-of contacts
15

-similar tobank:b-and two switch wipers-26:which
‘are electrically eonnected in-multiple-and. operate
in wunison in order to-effect .group :selection. If

2,630,483
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peater #3 through rotary switch §3 o conductor
31 and thence to the multiple conductor 24 -of

network repeater #5. When ‘this connection -is

- made, the:switching equipment transmits a timed

10

it were desired ‘to :group three or more stations

for broadcast purposes, additional barks of .con~

tacts similar to 'b-could be employed with -addi-

20

 -tiondl:switch wipers 26:for connecting the several

-eontacts in multiple to ‘broadcast -a message to
“The wiring be~

the several stations or- offices. |
tween .the switeh banks and the multiple is, In
practice, interconnected through terminal blocks

on g distributing frame whereby changes in the

fected.

multiple arrangement may. rea dil:;r- be ef

'Sequence of opemtwns in eﬁ‘ectmg seZectwn Of:

o/ deszred office -
In 01 der that one. ofﬁce may select a,nother of-

25

80

fice, the operator or attendant at the calling . of-

fice, for -example, at station. A, will'depress -and
release a'timed open:push: button corresponding
to button 95, Fig. 3, located either-onitsnetwork
repeater I% or an. assocmted network sub-set {1,
a8 -hereinafter deseribed in connectlon with the

associated network sub-sets.
emploved in‘each of the out offices A, B, C, F and
“F as well as in ‘the switching office D. ‘At the
*SWltChlIlg office, in ‘addition tothe foregoing ap-
paratus, there 1is also switching control equip-
‘ment associated with each network repeater, such
~equipment ‘being shown in Pigs. 4 and b.

open of -approximately 1100 milliseconds to sta-

tion A, which blinks the selection lamp and indi- K

cates that the connection has been completed.

Out station ‘A is now connected through to out

office 'C. 'In-order to disconnect, the operator or
attendant depresses the timed open push button
at out office A which transmits-a third 7-second
timed open to the switching office and this dis-
connects the multiples. of :network repeaters.#3

and  #b5 and causes rotary. switch .83 to return .

toits. home position on:point29.

_Detazled descrzptwn .of . netwm'k repeater and
| swztchmg office circuits

ces-or- statlons nperatﬁ- on the

The various of

‘half-duplex-principle; as hereinbefore stated, but

the lines 10-to 4 which interconnect the out-sta-

tions ‘with “the -switching office may operate
either on full ‘duplex principle, or by means of

carrier currents or by two-directional -.circuits in
known manner., Figs. 2 and -3 show the specific

circuit arrangements of -a network repeater and
“This apparatus is

- network repeater .comprises -essentially a:trans-

39

.circuit details of Figs. 9 to-5. This causes the

-rnetwmk repeater:.to. transmit a-timed. open “ini-
tiate” :signal over the main line (0 to-the. net-
work repeater #3 located at the switching -office
D.of Fig. 1. This open- mgnal preferably has .a

duration.of the order of 7.seconds, -although this

Ainterval may vary. within considerable limits de-

_e:'pendmg upon.the cﬂnsta,ntc: of the assocmted tim-

ing -circuit .employed. ‘While. the. timed.open.sig~

nal is being transmitted, a “selection  signal”

| ...la,mp corresponding to:neon tube 102, Fig. 3,-on

mitting relay TR and a sending relay SR, Tig.2,
and a main line relay MLR and a receiving relay

" RR, Fig. 3. Each of these relays may comprise
“a"type of polar relay commonly employed in ‘tele~

graph practice, and each of therelaysusually has

a0
cuit: arrangements as reqa_irt-‘-:d for the operation
-0of the system. The sending relay SR of Pig. 2
-also has four windings, although two of the wind-

ings .are not employed in‘the present system a,nd
“hence are not-shown on the drawing.

four -windings 1, 2,3, 4 connected in various cir-

~Fig, -2 discloses a line switch 50 Whlch COn -

| :DI‘ISBS nine rotary -switech elements designated

the network repeater.or.associated sub-set. at the

_calling .office :A will burn steadily. The switch~
ing equipment . asseclated with network repeater
ce will respond to the

#3 at the switching off]

“initiate” signal.-and w111 transmit back to.office

A, “go ahead selection” signal, consisting of .a

timed open signal which.extinguishes the “selec-

-tion signal” lamp '102.

C. “Rotary switch S3.of the switching ofiice will
‘bestepped one-point for each spacing-pulse, stop-

ping on’ ‘the point 6-of bank b. ‘As hereinbefore

-stated, ‘these selection pulses may ‘be transmitted
by ‘opening and closmg 2 Morse key or by oper-

‘ating the keys of a teleprinter keyboard so .as

‘to send the requxred number of spacmg selectwn'

-pulses.

‘the’ timed open push button-at the calling office

A-will again be depressed and. released by the op-

erator or-attendant, and ‘this causes the network

repeater to transmit-a “selection completed” sig- 7

‘ngl to “the switching office. "This-signal, -also &

transmit the proper selection code, for example,
six -spacing pulses for connection to out ¢ffice

60

When the selection code has been 'tI'&IlSﬂlltt&d

msecond ‘timed -open, again operates the selec-

+tion ~signal lamp 102 gt -ealling ~station ‘A. “The

switching- equipment responds-to ‘this -signal and’

=connects the- multiple conductor 24 of network: re- -

‘1 to § and all manually operable simultaneously
by a eommon shaft ‘to either ‘of three -positions
1dentified -as positions 1, 2 and 3 at switch ele-
‘ment A,
-ated contacts are :all electrically ‘insulated from
the 'common operatmg' shaft

The 'rotatable switch arms and associ-

When the arms of

:r;a,dapwd for ‘carrier - operatmn over the V&lmus'
-telegraph "lines 10-—14 ~of ‘Fig. "1:
»0f the line switch the telegraph lines are.adapted
for full duplex operation; -and in position -3 of
the switch the system is adapted ‘for 2-wire di-
-rectional operation. TFor-purposes of illustration,
the switch is shown in position 2 which enables
Ffull duplex opera,twn over the lines extending
‘between ‘the out: offices ‘and the switching office.

~in -position 2

A *Talk” switeh 51 :in Fig. 2is employed for

"'_;t_el'.minating the ‘main line relay MLR and the
Ctransmitting relay TR in .a ‘local ‘test .circuit

whereby when the switch 51 is manually oper-

-ated in ‘the direction indicated by the arrow, a
testing and regulating ‘set may be inserted in
dacks RT and ST, Fig. 3, for main line testing
-purposes, the print magnet of the teleprinter be-
ing -connected-to the receiving talk jack'RT and
~the keyboard of ‘the teleprinter being ‘connected
“to the sending -tdlk ‘jack ‘ST, Operation of the
5 talk switch ‘¥t to ‘the-talk position-also-separates
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the multiple connection 24, with its associated
sendmg and receiving relays SR and RR, from
the main line portion represented by relays MLE
and TR of the repeater in order to permit con-
tinued operation over the multiple connection
24 bo other repeaters while the main line portmn
TR and MLR is being regulated.

"In accordance with standard differential du-
- plex theory, negative battery for the idle condi-
tion on the line will be received from the distant
out office, such as office A shown in Fig, 1. All
four relays TR, SR, MLR and RR in each re-
peater will be held to their marking contacts
M during the idle circuit condition. The main
line and sending relays MLR and SR of each re-
peater will be held fo their marking contacts by
a closed line and sending leg circuit, respectively.
However, the transmitting and receiving relays
TR and RR in each repeater are held to their
marking contacts M by a local circuit, equivalent
to a Dbias, of approximately 55 milliamperes
through their respective windings & which have
ocne-fourth as many winding turns as the com-
bined operate windings { and 2, the latier being
used to operate these relays to their spacing
contacts S. With all relays in the connected re-
peaters held to their marking contacts, the po-
tential on any portion of the multiple circuit 24
with respect 1o ground 1s negative, preferably
120 volts negative. This voltage emanates in
a2 parallel manner from each transmitting and
receiving relay TR and RR, and can be traced
from negative battery B, Fig. 2 and Fig. 3,
through a 4000 ohm resistor 53, through the
windings | and 2 in series aiding of each relay,
and through contacts of the unoperated talk
switch 81 {0 the common multiple circuit 24,

- Assuming that the sending relay SR of a net-

work repeater, in response to a spacing signal
transmitted from a network sub-set connected
to its sending leg 16, operates its armature to the
spacing contact S, ground on this spacing con-
tact, as seen in Fig. 2, will be applied to the
multiple circuit 24 and this will cause a parallel
current flow of approximately 28 milliamperes
through windings f and 2 in series aiding from
each of the transmitting and receiving relays TR
and RR in the connected repeaters. This circuit
for each relay TR and RR may be traced from
necative battery B, PFigs. 2 and 2, resistor 353,
windings t and 2 of the relay, over the multiple
- circuit 24 to ground on the spacing contact S of
the sending relay SR in the sending network re-
peater. This current through the windings { and
2 of each TR and RR, while less than the current
of 55 milliamperes flowing through the winding
& of the relay acting to hold the relay to the
marking contact, exerts a force twice as great,
which operates each of these relays to its spac-
ing contact. Each transmitting relay, having
operated to the spacing contact, transmits a
spacing signal over its respective main line tele-
graph branch. Similarly, each receiving relay re-
sponds accordingly and causes g spacing signal
to be transmitted over its respective receiving
leg 168’ to the network sub-sets connected to the
drop circuit,

Upon closure of the sending leg 16, the send-
ing relay SR of the repeater returns to its mark-
ing contact, removing the ground from the mul-
tiple circuit which in turn opens the 28 milliam-
pere circuit through the windings { and 2 of all
transmitting and receiving relays. The 55 mil-
- Hampere current through the windings 4 of these
relays then operates the armatures to the mark-
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ing contacts which closes all main line and re-
ceiving leg circuits. In this manner, any main
line or sending relay MLR or SR located in a
network repeater having its multiple conductor
connected with that of other repeaters may trans-
mit signals which are received by the transmit-
ting and receiving relays in all other repeaters
currently connected in the network.

The receiving relay RR in each repeater 18 ar-
ranged to follow all signals transmitted to the
multiple circuit 24. However, to avoid breaking
back on signals received over its respective main
line branch and transmitted to the multiple cir-
cuit by the main line reley, the windings | and
2 0of the associated transmitting relay TR are
connected through the marking contact M of the
main line relay MLR to the multiple circuit.
‘Therefore, while a2 main line relay responds to
signals from its respective main line, the spac-
ing operate circuit for the associated transmit-
ting relay through its windings § and 2 is opened
and this relay will be held to the marking con-
tact by the lock circuit through its winding 4.

- As above stated, negative battery will ecause
main line relay MLR, Fig. 3, normally to remain
on its marking contact M, and when a reversal to
the positive polarity is made by the distant out
office the main line relay MLR will accordingly
respond and operate to its spacing contact S.
Signals transmitted over any of the telegraph
lines, either to or from an out office, will enter

any network repegter such as over lme [0 from
office A of Fig. 1, and are received throush an

associated “Line 11:1” jack 84 on the main switch-
board 82, Fig. 3. From jack 54, the line L extends
through break contacts of a jack 55 to the oper-
ate winding { of the main line relay MLR, and
thence over a circuit which includes conductor
98, windings | and 4 in parallel of a monitor
relay MR, Fig. 4, conductor 57, richt hand wind-
ing and apex 63 of a dl.Terentlal milliammeter
MA, Fig. 2, conductor 62, switch member T of the
line switch 50, conductor 08, anti-noise set 59,
variable resistance 60, switch element 9 of the
line switch %8, conductor 61, armature | and
break contact of an “initiate request” relay NIR,
Fig. 4, conductor 65, break contacts 2 of 2 manu-
ally operable “close-out” switech 87, conductor
68, armature or tongue of the transmitting relay

TR, Fig. 2, and its marking contact M, conductor
69 and switch element 3 of the line switch 50 to

negative marking battery Bi.

During the idle condition of the line L and
prior to the reversal of polarity by the out o ice,
the negative marking battery Bi of Fig. 2 was
applied to the artificial line winding 2 of the
main line relay MLR, over a circuit which in-
cludes the artificial line AL, Fig. 3. This circuit,
from the apex 83 of the differentis] milliammeter
MA, includes its left-hand winding, conductor
64, switch element 8 of line switch §8, conductor
72, windings 2 and 3 in parallel of the monitor
relay MR, Fig. 4, conductor 13, winding 2 of relay
MLR, Fig. 3, conductor 14, switch element & of
line switch 5@ Pig. 2, conductor 75, and artificial
line AL, Fig, 3 to ground -

The main Ime relay MLR will respond to sSpac-
ing (positive polarity) signals transmitted by the
distant out office A and will operate its armature
to the grounded spacing contact S for each such
spacing signal transmitted to the repeater and
applies a ground to the multiple conductor 28,
which will cause the receiving relay RR to like-
wise operate to its spacing contact S for each
spacing signal: This circuit includes the multiple
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conductor 24, armature 4 and break contact of
the talk switch 51, Fig. 2 2, and wmdmgs 2 and |,
in series, of relay RR, to negatwe batery B’. The
current thus flowing through these windings ex-
erts a force in a direction to move the armature

of the relay fto its spacing contact 3 and over-

rides the force exerted by a biasing winding 4 of

10

will transmlt a2 Spacing e1gnal back to the net-
work sub-set 17 for operatlon of the teleprlnter-
or sounder. In addition, the ground applied by

| sendme' relay SR to the multiple circuit 24 will

the relay RR, which is in a direction normally to '

hold the armature on the marking contact M. In
its marking position, the armature and marking
contact of relay RR apply a marking condition to
a local receiving network sub-set T over a circuit

10

Whlch may be traced as follows: Negative bat-

tery B2 in any of the sub-sets 11, Fig. 3, Morse
sounder s, tip and tip-normal contacts of a re-
ceiving leg jack 19, receiving leg 167, break con-
tacts 80 of a meter jack 81, and marking con-
tact M and armature of relay RR, to ground 82
through break contacts 83 of the meter jack.
By reason of the foregoing circuits, incoming
signals received by the main line relay MLR cause
the receiving relay RR to operate accordingly and
in turn causes operation of the Morse sounder s
in the associated sub-set 171 or causes operation of
the print magnet of a teleprinter of the sub-
set which is connected by plug and cord connec-

tions in jack 79 to the receiving leg {6’ of the cir-

cuit. It will be understood that either the
sounder or the teleprinter me,y be used 1o receive
the incoming signals. =
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It should be noted at this point that epera,te -

windings i and 2 of the transmitting: rele,y TR
of Fig. 2 are connected to the multiple circuit 24
only through the marking contact M and arma-
ture of main line relay ML:R. The transmitting
relay TR will, therefore, not be operated or af-
~ fected by the incoming signals received over main
line relay MLR and ‘which are transmitted to
the multiple circuit 24, because the series circuit
which otherwise would operate transmlttmg relay
TR in the same manner as that of receiving re-

lay RR, is opened when the armature of relay |

MLR leaves its marking contact.

Signals are transmitted to and from a, d1stant
out offi
keyboard inserted in the sending leg jack 85 of
any network sub-set {1, Fig. 3. These signals are
on a make-break basis, i. e., current and no-
current and cause the sendmg relay SR of Fig, 2
1o operate to its spacing contact S for an open
signal and to its marking contact M for a closed
‘signal. The relay normally is held in its marking
‘position by its biasing winding 2. “The sending
~circuit may be traced from negative battery B3

‘through winding | of the sending relay SR, leg

{6 'including the break contact 4 and armature of
signal relay SIG, tip contacts of a sending leg

jack 90, closed contacts 91 of a sending leg “cut”

-switch 92, tip contacts of a sending leg jack 32
_in the network despatcher turret 38, and tip con-
tacts of jack 95 in sub-set {1 to the key %, when
a Morse key is employed, or through the key-
-~ board contacts of a teleprinter when plugged into
-Jack ‘89, and through clesed contacts.of jack 8%’
of an additional sub=-set 17 and thence to ground
at 94, Opening and closing 'this sending leg .cir-
cuit causes the armature -0of sending relay SR.
to operate to its :spacing contact for an open

signal and to its marking contact for a closed

signal. This relay, when operated to its spacing
contact, will apply a ground from its spacing con-
tact S and armature to the multiple circuit 24.

As prevmusly explained, .2 ground on the mul—

'.htlple conductor 24 will .cause receiving relay RR
75

‘to operate to its spacing contact which in turn

ce by means of a key k or a teleprinter

also cause transmitting relay TR to operate to
- its spacing contact in the same manner as pre-

viously described for the receiving relay RR.
Operation of transmitting relay TR to the spac-
ing contact will, therefore, reverse the main line
battery applied to the distant office in the duplex

‘circuit and cause the distant office- main line
- relay to operate to its spacing. contact.

In this
manner, signals originating from a network sub-
set 17T are transmitted to the d1stmnt -ofﬁees AsS
hieretofore described, multiple cenductor 24 when
joined with that of a similar multiple conduc-
tor from a second, third or other repeater will

| new serve as g common multlplmg point, which |

transmit to or recelve signals erlgmeted by any

one repea;ter on g half- duplex network basis.

Demzled desemptwn of selectwn CITCUits

The selection procedure for the netwmk swltch-
ing sysfem requires an exchange of timed open

signals for controlling the switching functions be~
tween an intermediate or terminal out office and
the switching office.

received simultaneously over the main line facil-
ities of the repeater on a duplex basis.

the sending and receiving legs i6 and 18, respec-

‘These elgnals are sent and.

However,

tively, which are extended to each sub-set, op-

- erate in unison on a half-duplex arrangement to
o ;provlde home record copy, and when the sending
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leg is opened, the receiving leg also responds to
this. open signal.
vided at the sub-set to receive a timed open
Slgnal from the smtchme office while a similar

signal is being sent over the sending leg from.
the sub-set.

Therefore, means must be pro~

This is accomplished by the use of
the “selection signal” lamp hereinbefore reierl ed

to, located on each sub-set which is wired to the
;merkmg convact of the main line relay MLR,
and this lamp will recognize and indicate when

a controliing timed open signal 1s recewed from o '
| the switching office,

Also located .on each sub-set is a “timed open”

i_'push button, such as the button 93 seen in Fig. 3,

5.0.

for the purpose of transmitting timed open sig- '
nals te the sw1teh1ng office.

Onee thls push but-

. is actu&ted in the repeater and fumtrmns i o Open

o5

and later close the sending leg 16 and this causes

a uniform timed open signal to be transmltted'

-to the smtchmg office.

The sending leg i8 is wired threugh contacts

4 of the signal relay SIG, which contacts are
g _rclesed when the 31gna1 relay 18 released In order

60

1ce, the
operator or autendent a,t one of the network sub- |

- #-

sets 17T located, for example at oub office A, will
depress and release the timed open push button
- 88, Iig. 3.
_ground through a circuit including conductor
86 and right hand winding of signal relay SIG
‘to positive battery BS. Relay SIG operates and

Clogsing the push bution applies

~locks up to ground through its inner right hand

- make contact and armature 3, and this sterts 8
70

timing circuit which will later fire the gas tube

- .86, which preferably 1s an OA4G type.of tube, and

Telease the signal relay. Operation of the sig-
‘nal relay, at its contacts 4, opens the .sending

leg 16 which causes the. sendmg relay SR of Fig.
2 te move te its spacmg centact which grounds
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1

the mu1t1p1e circuit 24 and transmits a epacmg
signal to the switching office.
is being sent, all selection signal lamps 102 on
the sub-sets will operate from negative battery
B4 through a resistor {84, conductor (83, neon
lamps (02, and conductor 184 to the marking
contact and armature of the main line reiay
MLR, and over the multiple circuit 24, through
contacts 4 of Talk switch 51, to ground on the
spacing contact S of the sending relay SR. In
approximately five seconds the equipment at the
switching office responds to this timed open and
transmits back to the out office repeater a timed
open signal which will operate the main line relay
MIR to its spacing contact, extinguishing the
selection signal lamps (02. Two seconds later,

While this sighnal

10

15

or approximately seven seconds after the send-

ing leg 16 was opened by the operation of the
signal relay SIG, the OA4G tube 88 in the re-
peater fires and this releases the signal relay.
The release of the signal relay extinguishes the
tube 86 and terminates the timed open signal to
the switching office by closing the sending leg 16
at the contacts & of the signal relay.

The operation of the electronic timer is as fol-
lows: Associated with the trigger 89 of tube 86
is a potentiometer 97 the position of whose slider
- determines the timing of the circuit, and a 2 mid.
condenser 898, the latter being discharged when
the signal relay is released. When the timed
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open push button of any sub-set is depressed and

released, the signal relay is operated from posi-
tive battery B5 through its right hand winding,
conductor 96 and push button 85 to ground.
Once operated, this relay locks up to ground
through its right hand make contact and arma-
ture 3, and opens the sending leg I8 at armature
and back contact 4, as previously described. In
addition, contacts { and 2 of the signal relay
close two circuit paths which function to start
the timing of the tube 88. Positive battery Bb

39
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through its associated resistor 78 and contacts 1

of the signal relay is applied to the anode of
the eas tube, and through resistor 88, potentiom-
‘eter 97 and resistor 83 to the trlgger £9 of the
tube.

~ Associated with the trigger is the 2 mid. con-
denser 98 which, while charging, keeps the volt-
age on the trigger to a value which is insufficient
to fire the tube. Approximately seven seconds
later the charge on this condenser allows the po-
tential on the trigger to reach a value which 1S
adequate to fire the tube. The tube fires and a
current flows from positive battery B§ through
~the tube, contacts 2 of the signal relay, left hand
winding of the relay, and contacts 3 to ground.
This current passes through the left hand wind-
‘ing in g direction to oppose the current in the
right hand winding and because of the greater
number of turns in the left hand winding, passes
the flux through zero which releases the signal
relay. The release of the relay recloses the send-
ing leg at contacts 4, discharges the condenser
98, and extinguishes the tube by removing posi-
tive battery from the anode. Illustrative values

for the various resistors associated with the tim~

ing circuit, when B6 represents 120 volts, are ap-
 proximately: resistor 18, 1500 ohms; resistor 88,
1.8 megohms: potentiometer 87, 1 megohm, with
the slider adjusted for a seven-seccnd open; re-
sistor 99, 100,000 ohms; and resistor (09, 1000
ohms.

It will be understood that all ouf offices con-
‘nected to the switching office are able to trans-
‘mit g timed open signal of the foregoing char-
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seter from thelr respective repeaters OF network
sub-sets in the manner just described. During
the transmission of the timed signal, the lamps
102 on the network sub-sets associated with out
office A are caused to burn steadily over the cir-
cuit hereinbefore described, and which includes
the marking contact and the armature of the
main line relay MLR and the multiple conductor
24 to ground on the spacing contact of the send-
ing relay SR.

Switching control equipment.—At the switeh-
ing office, as previously desecribed, incoming sig-
nals from any oui office will operate main line
relay MLER and will also operate the associated
monitor relay MR, Fig. 4, the latter being used
specifically for recognizing selection signals from
any out office and which accordingly actuates the
switching control equipment shown in Pigs. 4
and 5, Monitor relay MR responds to the timed
open signal transmitted from the out office and
moves its armature or tongue to the spacing con-
tact. Prior to the actuation of the monitor re-
lay its grounded armature was in contact with
its marking contact M, thus maintaining a con-
denser 118 discharged over a circuit comprising
resistance 11, outer left hand armature 1 and
break contact of a relay NTO, conductor 114,
blade & and break contact of the close-out switch
61, and marking contact M and armature of
monitor relay MR to ground. Operation of
monitor relay MR to the spacing contact re-
moves ground from the condenser circuit and
partially prepares an operate path for the left
hand winding of relay NTO, to ground on the
armature of the monitor relay. Relay NTO does
not operate at this time, but instead is operated
when a gas tube 115 is fired as heremafter
described.

Removal of the ground from the circuit of
condenser 110 allows the condenser to begin
charging through a timing potentiometer {16
from a source of positive battery B6. In approx-
imately five seconds, as determined by the posi-
tion of the slider of the potentiometer, the po-
tential on the trigger of the gas tube (15 will
have risen to g sufficient value to ionize the tube
which when fired will establish 4 circuit through
the left hand winding of relay NTO traced as
follows: Positive battery BS§, resistance 118 to
the anode of the gas tube (15, thence from the
cathode through the left hand winding of rela,y
NTO, break contact and armature 6 of a relay
NSC, conductor 129, blade 4 and break contact
of close-out switch 6T and thence to the spac-
ing contact S and armature of monitor relay MR
to ground. Relay NTO cperates and causes the
operation of relay NIR from positive battery BI,
through resistor 123, the winding of relay NIR,

‘make contact and armature 6 of relay NTO,

break contact and armature § of relay NSP, and

break contact and armature | of relay NOH to
ground.

The operation of relay NIR at the switching of-

fice reverses the main line bhattery applied to the

out office from negative to positive by the actua-
tion of transfer contact | of relay NIR. This
reversal of polarity takes place during the op-
erate period of relay NIR and the released con-
dition of relay NSC and accordingly actuates
the main line relay MLR at the distant out of-
fice to its spacing contact. Operation of relay
MLR, at the out ofiice actuates the selection sig-
nal lamps 102 in the associated network sub-
sets signifying the go-ahead selection signal,
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The reversal of this duplex main line bettery ab

the switching office when relay NIR is operated
and relay NSC is released may be traced as fol-
lows: Positive battery B8 at position 2 of unit i
of line switch 50, Fig. 2, through contact 3 of unit

i, contacts 3 and 2 of unit 2, switch arm of

unit 2, conductor {25, break contact and blade
3 of close-out switch 61, Fig. 4, conductor 1§28,
- left hand armature | and break contact of relay
NSC, left hand inner make contact and arma-
ture | of operated relay NIR, conductor 61, arm
and contact 2 of unit 9 in switch 80, contact 3

of unit 8, resistor €0, anti-noise set 59, con-

ductor 58, contact 2 and arm of unit T of line
switch B8, to the apex 63 of the milliammeter
MA. which represents the apex of the duplex line

circuit between the switching office and the out

office. Tn accordance with the standard theory
a reversal of main line battery on the apex 63
of the differential duplex will accordingly cause
the main line relay MLR at the distant out of-
fice to move from the marking to the spacing
contact. As thus described, in approximately
five seconds after the beginning of the seven-
second timed open signal transmitted by the out
office, the sw1tch1ng equipment in turn reverses
the polarity of the duplex ¢ircuit and accordingly
transmits back to the distant out office a spacing
signal which actuates relay MLR to the spacing
contact and accordingly operates selection signal
lamps 1982 in network sub-set T to indicate to
the out office that the smtchmg equlpment is In
readinesg to select.

At the end of the 7- second timed open signal
transmitted by the out office, the line is now

closed by the application of negative battery from

the out office which accordingly operates the
main line relay MLR and monitor relay MR from
the spacing back to the marking contact. Op-
eration of monitor relay MR to the marking con-
tact releases relay NTO by removing ground from
the spacing contact of MR and the circuit pre-

viously traced for its operation. The release of

relay NTO now removes the ground applied by

contacts | of relay NOH and which initially en-

abled relay NIR to operate.
ever,
cludes its inner right hand make contact and
armature 2, winding of relay NSC, conductor
{9, contacts 2 of relay NOH, conductor 122 and
cont_ects 5 of relay NIR to greund This causes
the operation of relay NSC at the completion of
the timed open signal from the distant out office.
- Operation of relay NSC, at its inner leit hand
mske contact and armature 1 now reverses the

Relay NIR, how-

main line bhattery applied to the duplex line cir-

- cuit from positive back to negative, which in turn

causes the distant main line relay MLR to re-

turn to its marking contact and therefore ex-
tinguishes the selection signal lamps located in

network sub-sets {T. The negative polarity ap-

plied by this reversal to the avex 83, Fig. 2, of

the duplex circuit may be traced as follows: Neg-
ative battery B, unit 3 of line switch 58, con-
ductor 69, markmg contact and armature of re-
lay TR, conductor 88, blade 2 and break contact
of close~-cut switch 671, Fig. 4, conductor 65, left

remalns operated over a path which in-

into the switching office.
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_ ettendent at the out office now proceeds to trans.

mit selection signals consisting of spacing pulses
These spacing pulses

" may be transmitted by means of a Morse tele-

graph key &k or by depressing one or more kKeys
-on a teleprinter keyboard to send the desired

number of switching pulses for the purpose of

stepping the associated selection switch, such as

- 'S3 in Fig. 1, to the desired position for selecting

10

the desired office-or offices. For ¢
ing pulse, the associated rotary switch will now

For each such spac-

- advance one step. Such a rotary switch 'S is

shown in Fig. 5 and includes at least three levels

@, b and k& each of 25 points to which each of
three separate wipers simultaneously may: be ad-

vanced. This switeh is advanced one point.each

- time its associated stepping magnhet SM is en=-
- ergized and released. 'The a level of the switch

- is used for

20

a connection indicator circuit; the D
level is the means whereby the mulfiple con-

- nection is selectively established between two re-
- peaters; and the k& level is used for homing pur-

25

poSses.
levels may be employed for group selection of

As hereinbefore disclosed, two or mored

the repeaters.
- As previously stated, prior to the selection sig-

nals being received the associated rotary switch

 is on its twenty-fifth ‘point corresponding to its
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out o

home position. Upon receipt of the first spac-
ing pulse or selection signal transmitted by the
ice, relay MLR and monitor relay MR will
accordingly move their armatures to the spacing

contacts for the duration of the spacing sig-
~nals transmitted by the out office.
‘monitor relay MR o its spacing contact oper-

Operation of

ates relay NSP from positive battery BSY over s

- clireuit including the winding of relay NSP, make
contact and armature 6 of operated relay NSC,

conductor 120, blade 4 and break contact of

close-out sw1tch 67 to the spacing contact S and

grounded armature of monitor relay MR. Upon
closure of the line from the distant out office
following the spacing pulse, monitor relay MR

will move its armature from the spacing to the
‘marking contact; relay NSP remains operated,
however, over a circuit from its positive battery

B9 through the winding of the relay, contacts 1,
- armature 2 and make contact of operated rele,y

- NSC,  conductor
through the break contacts i of the step mag-

50 net SM of the rotary switch, armature 5 and '

132, winding of relay NSR,

break contact of relay NOH, conductor 133, -and

‘make contact and grounded armature 3 of relay

- NSC. This causes the operation of .relay NSR

b5

which at its grounded armature and make con-

tact closes a circuit which energizes step magnet -
SM of the rotary switch from positive battery

- B13. Energization of the step magnet SM breaks

60
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 of these relays to release.

~the circuit previously described which held re-
- lay NSP and relay NSR operated, causing both

The release of relay

NSR opens the contacts which had operated step

magnet SM of the rotary switch, and release of )

this step magnet now causes the spring on the
rotary switch to advance the wipers from the
twenty-fifth point to the first point: this causes

- the operation of relay NOH over a circuit com-

- prising positive battery Bil,

hand make contact and armature { of operated

relay NSC. inner left hand make contact and
armature | of operated relay NIR, conductor 61,

unit 9 of switeh BQ, resistor 60, anti-noise set 59,

conductor 858, unit T of switch 59, and conductor
62 to the apex 63 of the duplex circuit.
- In response to the operation of the selectmn

‘signal lamp 02 in the network sub-set 17, the

70

left hand winding
of the relay, conductor {37, sw1tch wiper of the .

k level of rotary switch S and to ground on point
[ of this level. 'The contact of each end of the
wiper of the k& level is of sufficient width to en-
gage each succeeding point to which it is srl;epped '-

- pefore it disengages the mmedlately preceding

- point, thereby to maintain the relay NOH en-

78 ergized during the steppmg Operation but the.'
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..:contaet does tiot brldge two adjacent points when
the wiper stops on any point to which it may be
actuated. Relay NOH also locks up from bai-
tery Bi2 over a circuit including its right hand
winding, contacts 4 of the relay, conductor £35,
and make contact and grounded armature 4 of
energized relay NIR. Subsequent spacing pulses
from the distant out office will cause relays NSP
and NSR to operate which in turn energizes step
magnet SM of the rotary switch and accordingly
causes the rofary switch to advance one step
upon the completion of each spacing signal re-
ceived from the distant out office.

- Upon the completion of the required number
-0f spacing pulses transmitted from the out office
comprising the selection code signals (six in this
.example) the attendant at the out office, by
means of the push button 95, transmits g second
7-second timed open signal representing the “se-
lection completed” signal. Depressing and re-
leasing this push button causes the gas tube 86
and signal relay SIG in the out office network
repeater to function in a manner previously de-
‘seribed to transmit the “‘selection completed”

timed open signal into the switching office. This

signal likewise causes the monitor relay MR at
the switching office o move its armature from
the marking to the spacing contact. This causes
the operation of relay NSP, the same as pre-
viously described for space selection signal, but
‘at this time relay NSP is prevented from actuat-
ing relay NSR or the rotary switch S due to the
.subsequent operation of relay NTO. In approxi-
mately five seconds the gas tube (15 and asso-
.ciated relay NTO will operate as previously de-
-s¢ribed.

Operation of relay NTO at its break contact
and armature 9, will now cause the release of re-
lays NIR and NSC. The release of relay NSC oc-
curs in approximately ten milliseconds while the
release of relay NIR due to its slug is delayed for
-approximately 125 milliseconds. This difference
in release times of these two relays, with relay
NIR operated and relay NSC released, causes &
spacing signal of approximately 100 milliseconds
duration to be transmitted to the out office in
‘the same manner previously deseribed for the
“go0 ahead” selection signal, This
completed” signal causes the selection lamps (62
-in the out office to be momentarily blinked for this
time duration, thereby serving as an indicator
"that the switching eguipment has completed the
-necessary functions in response to the selection
code signals which had been transmitted by the
attendant at the out office. The calling out office,
-such as office A, is now connected through to the
called office, such as office C, shown in Fig, 1.
- Upon completion of the 7-second timed open
.sienal transmitted by the out office into the
switching equipment, monitor relay MR accord-
ingly moves from the spacing contact back to the
‘marking contact. Removal of the ground from
the spacing contact will now cause the gas tube
15 to extinguish and the associated relay NTO
to release. The release of relay N'TO will, at its
break contact and armature 1, cause relay NSP

to release. It should be noted at this point that

" the operation of relay NSP on the “selection com-
pleted” timed open signal did not cause relay
'NSR and the associated rotary switch S to take
an additional step because of the previous release
of relay NSC. With the exception of relay NOH
which is now operated because the rotary switch
‘is away from its home position, all other relays

| and the gas tube are released

The release of relay NTO upon the cohtipletioti

:Of the second timed open signal which was frans-
mitted by the out office now closes a path for the

connection of the multiple conductor 24 from the
selecting network repeater to the selected net-

- work repeater, such as repeater #3 to repeater
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testing for busy line conditions.

of the selecting repester.

#3 shown in Fig. 1. This may be traced as fol-
lows: conductor 24 from the selecting network
repeater, through contacts 9 of the close-out key
67, contacts 2 of relay NTO, contacts 6 of relay
NIR, to the wiper of the b level of rotary switch
S and to the selected point 6 of this bank of the
switch which is ered 1o repeater #9, as shown
in Fig, 1,

The multlple connection of repeater #3 with
that of repeater #5 now joins the two respective
line circuits of these repeaters into a one-half
duplex telegraph repeater circuit. While this
connection was actually made by repeater #3, no
interruption fto an existing connection, which

‘may or may not have been previously established

from some other repeater to repeater #9, results
from this selection. Had an existing selection
and communication been taking place between
the selected repeater #5 and one or more other
such repeaters, the entrance of repeater #3 into
this combined network allowed this repeater to
immediately observe all signals being exchanged
between these respective repeater branches with-
out interruption. The selecting repeater is thus
enabled to determine the instant when the se-
lected repeater line becomes idle, and can then
start sending its message to the selecied repeater
without any delay and without the necessity of
Moreover, the
arrangement enables any of the out stations to

‘be connected to an existing network of repeaters,

whereby messages readily may be broadeast to
any desired group of out stations. Any of the
out stations may selectively set up a broacast net-
work comprising the desired stations info a
single network independently of any broadcast
connection which can manually be set up from

the network dispatcher turret 36 in 2 manner de-

scribed later. It will be noted at this point thaé
the ability of any station to select any other sta.-

tion does not involve the complication of provid-
- ing additiona]l guard relays and circuits to pre-

vent connecting to lines which may be busy.
The means of determining when g selection has
been made to a busy line is evident by the sig-
nals which are observed upon the completion of

a selection and avoids the loss in time which

would result from having to make repetitious se-

lections to busy lines.
Upon the completion of the conversation be-

tween the selecting repeater and that of the

selected repeater, the disconnect between these
two stations must originate from the main line
The disconnect is
accordingly made from the network subset T

located at the selecting out office when the
‘attendant depresses and releases the push button

895 which, as previously described, will cause the
oas tul_ae 86 and signal relay SIG located in the
out office repeater to function again for trans-

‘mitting g third 7-second timed open signal to

the switching office. At the switching office this
sighal will again operate the armature of the
monitor relay MR from the marking to the
spacing contact. In approximately five seconds

the gas tube (15 and relay NTO will operate.

Operation of relay NTO at its left hand con-
tacts 2 opens the multiple connection 24 which

‘had been established through the wiper of the
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b level of rotary switch 8. In addition, opera-

tion of relay NTO closes a self-mterruptmg_ cir-
cuit for the operation of the step magnet SM

18

. .nect to any othér repeater regardless of whether

of the rotary switch S, which will cause the

rotary switeh to step to its home position on
Positive -

point 25, which circuit is as follows:
battery Bi3, through the winding of the step

magnet of the rotary switch, contacts 4 of relay |

NSP, contacts 5 of operated relay NTO, con-
ductor 138, break contacts | of the step magnet
of the rotary switeh; through make contacts 5

it

- two telegraph branches,

10

of operated relay NOH; conductor {35 to the

wiper of the kX level and to ground on points
| to 25 of this rotary switch bank.
magnet of the rotary switch accordmgly func-~

The step

 busy condition is encountered, the selecting of

tions on & self-rmterruptmg basm by means of

its break contacts | which are in series with

this closed eircuit until the wiper enters upon
point 25 of the %k 1évél on the switch, thus re-
moving ground from the steppmg circuit. It
will be noted that relay NTO as Well as wlay
NOH will be held opérated in a parallel manner
- to the ground on points I to 24 of bank k of
the rotary switch which as above stated is
- equipped with & bridging type of wiper, pro-
viding makeé-before-break 0perat10n Whﬂe the

switch is stepping. In order td insure that the

switch will have ample timé to step to the home

that circuit is busy or not. If a connection is
made to a busy circuit, no interference or
break-up in transmission will result pmmdﬂd.

that the selectmg office, after connecting, does

not proceed to transmit signals. When a con-
nection is made to a circuit already involving
the three telegraph
branches are simply connected into one-half
duplex network and the busy conditicn will be
recognized by theé reception of signals beir o eX~
changed by the two. branches. When such a
ce
may either wait until the ecircuit is idle or a

~disconnect can be made. However, to disconnect
Transmit the 7-second “disconhect” timed open

from any circuit requires the selecting off

to the switching office and this signal will inter- '

- rupt transmission on the eirelit for apprmﬂ-
20 | | -

mately five seconds. |
- Successive false opens due o mam Zme
mzlwes —The equipment at the switching office

is arranged to ignore and recycle on certain

‘sequences of false opens which may be intre-
5 duced on the main

line circiit due to wire

failures. Successive false opens on the lineg for

- time periods of five seconds or more will be
~ighored provided that no spacing pulses (open

position on pomt 25 regardless of Whethel oY

not this action is completeéd before the termina-
tion of the 7-second open transmitted by the

out: office, a r1ght hand lockmg winding anj

locking contacts 3 are provided on relay NTO

which holds this reldy operated until the rotary
switeh reaches point 25. When point 25 is

sighals of less than five seconds) are inter-
mingled betweénh these false opens. The reac-

tion of the switching equipment to each succes-

sive false open will be the same as when the

~ “initiate” timed open: is received.. Also, if one
- such false open is introduced on the line fol-

réached and after the fermination of the 7T-sec-

ond timed open from the out office; relay NTO
will release and at its contacts 8 Wlll allow relay -

|||||

NOH to reléase:
now back to the normal or’ d1sconnected cond

desired. It will be noted’ that upon the trans-
mission: of the’ thlrd tmied open sional from
the out o fice, no’ returny’ mgnal was transmitted

by the switching équipmient, 45 in the ¢ase of
This

the' first- and: second timed" 0pen s1gnals
feature of nhot’ sendmg back a-signal for the dis-

connect is’' desirable in’ instarces where an out
~office’ neglects' to make g norma,l dlsconnect as

W111 be:described later. | o
Descrzptzon of certam guard fewtwes

Fazlwre to dzsconnecf ——Normally, upon the
termination of 4 seleetion: cut-through in' this
syStem, the eﬂiment use-of these facilities would .
necessitate a- prompt: discorinect by each select-
If for some‘ reason; however, the
disconnect: is' not transrmtted 4and ldter a new'
selection is' attempted: from' the same office or
‘perhaps at an intermediate office on the same

ing office..

branch- circuit. the: control S1gnals transmitted

from the switching office” will make this evident.

For example, if a disconnect has not been made,

transmitting the T-second “initiate” timed open

t0- the switching office" Wlll perform this d1scon--
neet but- no- “go ghead selection” mgnal will be

lowed by 25 or more spacing 31gnals the rovary

switeh: associated with this repeater at the

switching office will take one step for each

The" smtchmg equlpment 15__ -
- .40
tion and another selectmn may be initiated 1f_ |
~ peater circuits.

- spacing pulse until the home position on point

25 is reached. The switch will remain on this

‘point, recychng the switching equipment with-

out connecting to or mterfermg ‘with other re-
In general, a faise connection

- can only be caused by these line failures when
- two such wrong opens are received separated by

- one and not more than twenty-feur spaemg |

- pulses.

The method Whereby the smtchmg equlpment

- ignores successive false: openg havmg a time dura-

50

tion of seven seconds or moie is as follaws ‘When

‘the lme goes open.; the Mmonitor 1elay MR n*oves -

. 1ts arm ature from the marmng O the spacmg con-»

- In approxlmately ﬁ've seconds the gas tube ”J' '

will fire and relay NTO operate, which in turn
- causes relay NIR to' oper&te

Upon the c:lcsure
of the line, the monitor relay moves its' armature

- from the spacing contact to the markmg con=

60O

tact, which extmgmshes the tube and releases re-~
lay NT‘O as previously descrlbed - Relay NIR
remains operated over g mrcult mcmdmg the
winding of relay NSC, and: these two relays re-

- main operated until a second or successive timed

. open signal is received.

65

received at- the out office-which: normally would
- relay NSC, cenductm I28; cantacts & of the close-

extinguish the selection lamp- in- apprommatew
five seconds.. When this- signal is not received,
the out office will’ understand- that a previous
disconnect signal: was: om1tted and- shall begin
the gelection procedur& aga,m by depressmﬁ the

timed open push button 95 on network subset i7. - '

Connection to: a-busy: czrcmt ---any mtermedl- |

ate or termmal out oﬂice may selectlvely cen-

‘Updn the receipt of an-~
other false epen. the ma”utf:;r relay again oper-

. ates to the spacing contact, allowmg relay NSP ta
-ﬁpelate 1mmed1ately fmm posﬂ:we battery B§

.......

out key @? and the spacing contact S and"._'

v grounded ar Iﬂa‘ture of the monitor relay. .

If the main line is subjected to false opﬂn sig-
nals havmg 8 tlme duration of five seconds or

I{mger the momuor lelay wﬂl be actuated to the '

| spacmﬂ' contact: Whlle the lzne 18 open and bmk-
75* to-the mallclng contact when the 11119 1s rea:losed
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On the first such open of this duration, the gas
tube 113 will fire and relay NTO will operate,
which in turn will cause relay NIR to cperate as
previously described. Upon closure of the m?m
line ecircuit, the monitor relay will return to the
marking contact, extinguishing the gas tube and
releasing relay NTO. The release of relay NTG
allows relay NIR to remain operated through a
circuit which includes the winding of relay NSC
and operates this relay. | |

The second and subsequent false opens of five
seconds or longer cause the monitor relay MR to
move to the spacing contact. Relay NSP oper-
ates immediately through contacts 6 of relay NSC.
Relay NSP prepares a path for the gas tube {8
and relay NTO to operate in approximately five
‘seconds over g circuit from positive battery BS,
resistor {18, through the anode and cathode oI
the gas tube {8, left hand winding of relay NTO,
contacts 2 of relay NSP, and contacts 3 of rela_y
NIR to ground. When relay NTO operates, it
places a ground ahead of the Windmg of relay
NSC, through right hand contacts 4 of relay N iI‘O
to contacts § of relay NOH to ground, which
causes relay NSC to release. The release of relay
NSC closes a circuit through its contacts § to nold
relay NTO operated until the line is reclosed, at
which time the monitor relay MR returns to the
marking contact. The release of relay NSC also

release relay NSP which precludes the rotary ;

switch from stepping. Upon closure of the line,
the gas tube 115 and relay NTO relfease and alloiw
relay NSC to reoperate, placing it in readiness to
receive a spacing selection signal if and when
sent. | S | | .
If upon restoration of the main lmq circult to
" an operable condition, 25 or more spacing signals
(0f a time duraticn of five seconds or less) are
transmitted over the main line by 'tl':te out of-
~fice prior to transmitting a 7-second timed cpen
signal, the switching equipment will recycle and
cancel out the false open signals caused l?y tpe
wire failure without any interference to circuits
associated with the switching equipment. For
each of the 25 spacing signals (of a time dura-

tion less than five seconds) relay NSP will oper~

ate when the monitor relay MR goes to th_e_spz_ac-
ing contact. Upon completion of the spacing s_lgr-:
nal the monitor relay MR moves to the marking

contact and this allows relay NSP to remain oper- |

ated through the winding of relay NoSR. -This op-
erates relay NSR, which in turn energizes the
rotary switch step magnet. Operation of the
rotary step magnet on its contact | opens the
circuit that holds relays NSP and NSR op:erated,
~ which causes these relays to release and in turn
deenergize the rotary switch step magnet, allqw:
‘ing it to advance from the 25th to the first point.
~ When the rotary switch is stepped fo the first
point, relay NOH is operated through the wiper
of the k level to ground on point f. Thus the
rotary switch advances one step for each of the
following 25 spacing signals until the r-otz_:w
~ switch steps to the 25th point. Upon reaching
this point, relays NIR, NSC and NOH are releafed
by the absence of ground on the 25th pom‘i? of Phe
i level on the rotary switch. The switching
équipm‘ent has now been recycled angd is back to

the normal idle condition.
- Correction for signal bias and spark proteciion

'_If not corrected, an inverse neutral ml}ltiple
circuit of the kind disclosed hereim would intro-
duce signal bias by each repeater as well as cer-

Gt
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For example, when equal marking and spacing

make-preak signals, such as %2.8 millisecond

teleprinter impulses are sent into the sending leg
of any netwerk repeater, the travel time of the
sending relay SR, i. e., the time required for the
tongue of the relay to move from the marking to
vthe spacing contact and from the spacing back
to the marking contact, is added to the marking
signal by the arrangement of the multiple cir-
cuit. Unless corrected, this would produce a
marking bias in the output of the transmitting

- and receiving relays TR and RR. Also, the mag-

G
&t

nitude of the inductive current flow which must
be keyed by the contacts of 2 main line or send-
ing relay MLR or SR when transmitiing to the
muléiple circuit 24 will vary with the number of
repeaters which are interconnected. For exam-
pie, when a network repeater is cperating to its
respective line circuit and is not connected to a
second network repeater, the current load of the
multiple circuit which the sending relay SR must
key is that of only the windings { and 2 of its
associated transmitting and receiving relays, or
approximately 56 milliamperes. However, when
a piurality of network repeaters are intercon-
nected, the contacts of any sending relay SR must
key the combined current load of the transmit-

ting and receiving relays of all the intercon-
‘nected repeaters. For example, if three network ]

repeaters are interconnected, the current lozd

10 be keyed would be approximately 168 miili-~

amperes. ‘I'herefore, spark protection propor-
tionate to the variable current load should be
provided for the contacts of all main line and
sending relays and in a manner so as not to affect
the character of the signals as received from the
muitiple circuit, - .

~Ihe means of overcoming both the travel time

~ bias and for providing an adequate spark pro-

0
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‘the spark killer is individually

tection for the variable current load is sccom-
plished by the use of a condenser i0, Figs. 2 and
3, O suitable size such as 14 mfd., connected to
the winding 3 of each transmitting and receiving
relay TR and RR. A conducting strap 7§ be-
tween the windings 2 and 3 of each of these re-
lays causes each relay winding 3 and. condenser
18 to be ufilized as a combination wave shaper
and spark killer. When the tongue of any sender
SR leaves its spacing contact and removes ground
from the multiple circuit 24, the 4 mfg. con-
denser 79 associated with each receiver proceeds
to charge through the relay windings §, 2 and 3
connected in series aiding, the effect of which is
to tail out all spacing signals received from the
multiple circuif. In addition to the wave shap-
Ing effect, this charging circuit of the condenser
functions as a spark killer by absorbing the in- |
ductive energy stored in the windings { and 2

when the sender removes ground from the multi~

ple eircuit. |

By means of the strap 7i which is permanentiy
connected to the windings 2 and 2 on the relay,
r | associated with

each receiver and is, therefore, effective only
when the inductive current load of the asso-
cialed relay is connected to the multiple circuit.
This arrangement avoids a change in spark killer
constants when the receiving relay is not required
in certain repeaters and also causes no transmis-
sion change on the multiple circuit when addi-
tional repeaters are interconnected or removed

- Irom a working repeater circuit. In the embodi~-

tain undesirable transmission characteristics. 73

ment illustrated in Figs. 2 and 3, the winding 3
of the transmitting and receiving relays has ap-
proximately 700 vurns. - S |
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’I‘he blasmg Wmdmg 4 of each r&lay also has 760
turns, and the negative biasing battery Bi5, Figs.
2 and 3, is applied through a resistance 140 of
approximately 6000 ohms. The windings § and
2 together form an operate winding having 2860

turns which is four times the number of turns _

in the biasing winding 4.
The wave shaping effect of the condenser Cir-

cuit is such that when any sender transmits
10
ing and spacing contacts, to the multiple cir-

straight-up signals, i. e., equal dwell on the mark-

cuit, approximately 55 ma. bias will be required
in the transmitting and receiving relays in order
to obtain straight-up sighals from their contacts.
By keeping the spacing current low, for example,
28 ma., and using a greatm number of turns
(2800) 'in the operate windings of the transmit-
ting and receiving relays, the current exerts a
force twice as great as that of the biasing cur-
rent, and the number of repeaters which may bhe

15

20

interconnected a,t any one t1me is greatly in-

creased. |
Tal?c switeh cz‘rcuit

~ fach network repeater preferably is equipped
with the two-position lever type talk switch 51,

Fig., 2, for line-up and test purposes over the

main 1111& portion of the repeater circuit. Where
a local drop circuit is not required, the repeater
will not be equipped with sending and receiving

-~ relays for leg circuit operation. Therefore, the

windings of the transmitting relay TR and the
contacts of the main line relay MILR. must be re-
arranged for the insertion of testing and regulat-
ing equipment for talk purposes over the main
line. The talk switch performs this circuit
change and arranges the repeater so that the line
circuit can be regulated without interfering with

the operation of the associated network subsets

to other interconnected repeaters over the multi-
ple circuit 24. For. example at an intermediate
office, such ags office E of Fig. 1, the line circuit

to the switching office may be r'egulatiad without -
interfering with the use of the network sub-set__

over the line ¢ircuit to out office F.

The normal connections to the windings of the
transmitting relay are arranged for the inverse
neutral multiple circuit, and therefore to key this
relay with straight-up signals for testing pur-
poses requires that these connections be reversed
in order to have the opposite directional effect .on
this relay. The talk switch, when operated to
the talk position which is in the direction of the
arrow, makes this reversal and terminates the
operate windings { and 2 of the transmitting re-
lay and the contacts of the main line relay in
two local talk jacks designated RT and ST in
Fig. 3, in which the testing and regulating tele-
printer or Morse talk equipment may be inserted.
- In the talk position of switch 5t, the reversal
of the transmitting relay windings connections
provides a current of approximately 28 ma, from
negative battery B, through the 4000 ohm resis-
tor %3 and windings | and 2 of the relay in se-
ries aiding and to ground at the sending talk
jack ST, Fig. 3, in a direction to operate the re-
lay TR to its marking contact.
using four times as many relay winding turns,
overrides the lecal bias current of approximately
55 ma. which _
and the 6000 ohm adjustable resistor 140, and

This circuit,

flows from negative battery Bi5
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spond and transmit these mgna.ls over the mam
line circuit. |

Signals received from the mam line circuit: Wl].li

“operate the main line relay MLR in the normal
-manner and the talk switeh 81 arranges the con-
tacts of this relay so that these signals will be re-
ceived on either s teleprmter or Morse scsunder

inserted in the receiving talk jack RT. The cir-
cuit for receiving these signals includes negative
battery Bib, Fig. 3, a 1500 ohm resistor [41
through the jack RT, and contacts 9 of talk
switch 51t to the matkmg contact and ground on -
the tongue of the main line relay MLR, provid-

“ing a local 70 ma. circuit for operation of either

2 teleprinter magnet or a Morse sounder.

Network dzsyatche“r turret

A@sacla,ted with the netwmk repeater and the

control equipment at the switching office d is the

network dispateher turret 46, Figs. 1 and 3, which

provides the facilities for monitoring, as well as
- for manual control, of the complete switching
‘system. The sending and receiving legs 16 and
18’ of all network repeaters are wired through
Jacks 32 and 33 in this turret and may then be

extended to network sub-sets located throughout
the telegraph office for talk purposes. By means

of a monitor set 35 and twin plug 34, Fig. 1, the

dispatcher may plug 1111:0 the leg 01rcu1t of any
network repeater. | |

Also provided in the dlspatche-r furret are mul- '

tiple and group Jaclﬁs &1 which are the equwa,lent |

of the auxiliary switchboards used at certain out
offices, ,such a5 switchboard 19 or 19’ in out offices

B and ¥. 'These jacks enable the dispatcher to

manually group and interconnect the multiple
conductors of two or mrow 1&peatem bogethel

- with patch cords.

A1)

A connection indicator clrcult is also pr owded

' in the turret for each repeater and its associated
control eguipment. .

Such a circuit comprises g

- neon lamp 150, Pig. 3, and a thlee—po.31twn lever .

- Key 13l for each repeater at the switching o

Tice.

By operating the lever key downwardly to the in- |

_45
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dicate position “IND,” the dispatcher can deter-
mine by those neon lamps 150 which light, which

repeaters are interconnected by the wrotary
“switches. When the lever key {51 is operated up-

wardly to the disconnect position “DIS.,” g dis-

o connect is made between any two repeaters which

are interconnected by a rotary switeh. The ingi-

: cator circuit operates as follows: Indicator lamp -
{58 has a source of negative potential applied to

cne terminal of the lamp, the other terminal be- -

Ing connected through spring 152 and its asso-
ciated break contact to a second source of nega~

‘tive potential of the same value, so that when the
lever key 181 is in its normal position, as shown
in Fig. 3, the lamp (50 does not light since thersis

a source of equal potential on oppomte sides of

‘the lamp. When the lever key 15! is thrown
downwardly to the indicate position, this applies
ground through the make contact of the key and

~ spring member 152 to the lamp 150 and causes it

85

o light. Also, the ground is applied to a circuit
comprising 1n|dlcat1ng conductor 154, break con-

 tact and armature 5 of unoperated relay NSC,
Fig. 4, conductor I55 and arma,tulﬂe 6 of relay.

winding 4 of the relay to ground in a direction

tending to space the transmitting relay. By

means of make-break signals from a teleprinter

keybeard or Morse key when inserted in the send-

| 'mg talk Jack ST, the transmlttmg relay Wlll re-

75

NOH, Flﬂ' 0. -
If the repeater whose mdmatmg lever key 151

‘has been operated by the dispatcher 1s. the one

‘which made the connection with the other re-

| pewter its &SSOGIELtEd relay NOH will be operated,
and also its switeh wiper arms will have been
.‘StEpped around ta a conbaot representmg the se~
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lection ¢ode of the called repeater. Fach re-
peafer has the contact of the a level of its asso-
ciated selection switch strapped to its indicating
conductor 154, as by means of the strap (56 seen
in Fig. 5. Assume that the repeater shown, and
which is strapped to point 2 on level a¢ of the
switeh, had called the repeater whose selection
code is represented by point 24, This means that

the wiper arms at switech S will be resting on

point 24 on the two levels a and b of the switch.
The indicating circuit, therefore, will extend from
the armature 8 and make contact of the ener-
gized relay NOH of the calling repeater No. 2,
and thence through wiper arm of level a of
switeh S to point 24 of the switeh, thence through
the multiple 158 which, it will be understood, is
strapped by a connection like {86 to the indicat-
ing econductor of that repeater No. 24, There-
- fore, the ground applied to the conductor 194 of
repeaber No. 2 will be extended to conductor i5é
of the called repeater 24 and will cause its indi-
cating lamp {88 to light when the lever key asso-
ciated with repeater No. 2 has been operated to
the indicate position. The dispatcher, therefore,
knows that repeaters 2 and 24 are interconnected.
Similarly, if the dispatcher had operated the in-
dicating key 1594 associated with repeater 24, both
lichts 158 of repeaters 2 and 24 would have bheen
lit. In like manner, any number of repeaters
which may be interconnected at the time will be
made kKnown to the dispatcher by reason of the
fact that each of their associated lamps (28 will
licht whenever the dispatcher throws the indi-
cating key 191 associated with any of the re-
peaters. | | |
VWhen the lever key 1381 associated with any re-
peater which has made a selection is operated to
the disconnect position, that is, thrown upward-
1y as seen in Fig, 3, this will cause a disconnect to
be made between any two repeaters which are
interconnected by a rotary switch. The discon-
nect circuit is a follows: Ground on the make
contact and spring 193 of the lever key 151 is ap-
plied {0 the disconnect conductor 169, and
causes relay NTO, Fig. 4, to operate; the opera-
tion of this relay disconnects the repeater in the
same manner as when the third timed open sig-

nal was received as hereinbefore described, and

causes the refurn of the switehh S to its home po-
sitionn which also causes the relay NOH to re-
lease. If the lever key is again operated to the
indicate position, only the indicating lamp as-
scciated with that lever key will light because the
~connection as previously described for the indi-
cating circuit for the other repeater is now open
due to the release of the relay NCH and the res-
toration to the home position of the rotary switch
.
peaters 2 and 24 had been made by repeater No.
24, instead of by repeater No. 2, the operation
- .of the lever key of repeater No. 2 to the discon-

nect position would not have performed the dis-

connect between these two repeaters, and when
the lever key was again operated to the indicate
position the two indicating lamps of the repeaters
2 and 24 would agaln light, indicating that the
- selection had not been made by repeater No. 2 but
instead by repeater No. 24. This indicates to the
Gispatcher that repeater 248 made the gelection,
and he accordingly will actuate the lever key of
repeater No, 24 to the disconnect position which
in turn will cause a disconnect between these two
repeaters to be made by operating relay NTO
associated with repeater No. 24 as previously
described. | |

-

10

15

20

29

30

35

45

o0

55

If, however, the connection between re-
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This indicating " circuit operates in a similar
manner when more than two repeaters are inter-
connected by reason of two or more repeaters
having selected g third repeater. For example,
assume that repeaters 2 and 9 had successively
selected repeaver 24; then operating the lever
keys of either repeater 2, 5 or 24 fto its indicate

position would cause the three respective indi-
cating lamps to light.

1f the dispatcher desires
to disconnect this set-up, he may do so and at
the same time determine which two of the three
repeaters had made a selection to the third or
selected repeater as follows: Operating the lever
key of repeater 24 to the disconnect position and
then back to the indicate position would not cause
a. disconnect operation between any two of these
three repeaters, and the three indicating lamps
would again light. However, operating the lever
key of repeater No, 2 to the disconnect position
would cause the rotary switch associated with
repeater No. 2 to return to the home position and
consequently open ifs individual indicating cir-
cuit. Operating the lever Key of repeater No. 2
again to the indicate position will cause only its
individual lamp to light, thus indicating to the
dispatcher that repeater No. 2 is no longer asso-
ciated through the rotary switch with repeaters
5 and 24, Now, operating the lever Key of re-
peater No, B to the disconnect position will cause
the rotary switch of repeater No. b to return
to the home position and therefore open its re-
spective indicating circuit and when the dis-
patcher reoperates this lever key of repeater No.
5 to the indicate position, only the lamp asso-
ciated with repeater No. 5 will light, thus indi-
cating to the dispatcher that repeater No. b was
the second of two repeaters to have initiated a
connection to repeater No. 24.

Point | of each rotary switch, corresponding to

a selection code of one spacing pulse, is wired to

a common signal relay 162, Fig. 3, located in the
dispatcher turret. Pocint | of the rotary switch
is embhodied in the a level of the rotary switeh,
although it is shown in Fig. 1 along with points
2 to 28 which are embodied in level D of the switch
as seen in Fig, 5. Each out office, when the need
arises, may summon the dispatcher by using the
selection procedure and one spacing pulse, which
in turn operates an audible alarm 163 and a
lamp {64, both of which are common to all of
the repeaters, and also operates the neon lamp
158 associated with vhe calling repeater. The
circuit for operating the signal relay 162 may
ke traced from ground on the winding of the re-
lay through conductor 39, point i of the a level
of the switch S of the calling repeater, make con-
tact and armature § of operated relay NOH,
conductor 155, armature and break contact 5 of
unoperated relay NSC, conductor 154, and spring
i52 and break contact of the lever key 151, to
negative battery, thus operating relay (62, the -
relay remaining operated so long as the wiper
of the calling repeater is on point | of the a

- level of the switch. The circuit just described
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causes neon lamp (58 of the calling repeater
to light and thus indicates to the dispatcher
which repeater is calling. The operation of re-
lay (62 causes the audible alarm 183 to sound
the lamp (64 to burn. The dispatcher upon

answering this particular repeater circuit will

operate its associated lever key to the disconnect
position which in turn operates relay NTO and
causes the associated rotary switch S to refurn

to its home position. The return of the rotary
switch to the home position opens the circuit and
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releases signal relay .162 which in turn extin-

guishes the neon lamp 150 and disables the audi-
ble signal 163 and the lamp (64. It will be
noted that point { of level b of switch S has no
multiple connected thereto, since the dispatcher
is called in by the circuit which mvolves pomt
! of level a.

In Fig. 3 the sending leg (6 fmm the network
subsets {71 extends through the sending leg jack
32 of the dispatcher turret, and thence to the
cut switeh 92; it will be understood that at the

out stations, however, leg {6 extends from the

sutbsets directly {o the cut smtch 92 of the re-
peater. |

Two jacks 90 and (65 are provided on the re-
peater for the purpose of testing and regulating

the main line circuits from the repeater leg. By -

means of a portable teleprinter keyboard plugged
into the sending jack 86 and a teleprinter mag-
net plugged into the receiving jack 185, the test-
ing and regulating attendant may send and re-
ceive signals over the main line circuit of the
repeater for testing purposes. Associated with
these two jacks is the cut switch 82 which is
used to terminate the sending leg in ground at
the repeater independently of any associated net-

work sub-sets which may be wired to the re-

peater. Operating this switch to the downward
position allows the sending leg to be terminated
for test purposes without local interference by
any sub-set, and also causes signal lamps {758 on

the repeater and in the dispatcher turret to light
which serve as a warning to the attendant as well -
as the dispastcher that the repeater is being reg-

ulated and that this switch is in its downward
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System adapted for cartrier, duplex or two-—wzre'-
directional operdtion

Carrier —In position | of the line switch 50,
ig. 2, the system is arranged for carrier opera-
tion. Preferably, although not necessarily, the
carrier system is of the type shown in the Bought-
wood and Michon Patent No. 2,573,392, issued
October 30, 1951. Negative battery is furnished
by the carrier over its receiving and sending legs,
terminating in ground at the network repeater.
Make-break signals from the carrier receiving leg

- enter the repeater through the Line In jack 954 of
-Fig. 3 and pass over conductor L, through jack 55,

winding I of the main line relay MLR, conductor
©0, windings | and 4 in parallel of monitor relay

| NR Fig. 4, conductor 51, right hand winding of
- the line meter MA, Fig. 2, conductor 62 and arm

cf unit 1 of line switch 50 to ground. Prefer=
ably, this is a 70 millia-mpere circuit and when -
closed at the carrier operates the main line and
monitor relays of the repeater to their making

contacts, overriding a. local bias current of ap-

- proximately one-half this value connected to the
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position. In addition to the cut switch, the oper-

ation of the talk switch 51 of Fig. 2 to the talk
position will also cause the lamps (715 to light to

indicate a similar test condition existing on the -

repeater.
Associated with the sw:ttchlng equzpment for

~each repeater at the switching office is the close-

out key &7 of Fig. 4 which is provided for the pur-

pose of disassociating the switching equipment
from its associated repeater in case of faulty op-

- eration of the switching eguipment. When this
close~cus key is operated to the close-out position,

40

45

that is, In the direction of the arrow, the main -

line repeater circuit is shunted around the as-

sociated switching equipment and the monitor
‘relay MR, and any portion of the switech equip-

‘ment may now be removed or tested without
causing interference to the main line repeater
circuit. Also
the switching equipment is a test key 177 which

may be used to simulate incoming signals the

same as would normally be received and indicated
by the monitor relay contacts M and 8. When

the close-out key 67 is operated fo the close-

out position, the operate circuit for the tube 115
and associated relay NTO is transferred from the

provided for festing purposes on

~ the distant duplex set.

60

marking and spacing contact of the monitor relay

MR to a break and a make contact on the test but-

ton {71. Ground on the tongue of this test button

when in the position shown represents an incom-
ing marking signal, and when this key is de-

65

pressed to the lower contacet a spacing signal is -

supplied to the switching equipment. Therefore,
hy meanually operating the test key 171, tlmed
open signals and also selection code pulses simi-

lar to those normaliy received from the main line |
repeater circuil, may be supplied to the repeater
smtchlng cwctuts for festing a,nd regulating Durw -

| 75_
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- of unit 9 of line sw1tch 50, conductor 6Gf,

winding 2 of MLR and windings 2 and 3 of MR

» in a direction to space the relays. The main line

and monitor relays will, therefore, respond to
make-break mgnals received from the output tube
of the carrier.

For transmission of signals from the repeater )
into the carrier, negative battery on the carrier
sending leg, adjusted to- 70 milliamperes, enters
the repeater through the Line Out jack (44 of
Fig. 3 and over a circuit comprising jack 145,
conductors 179 and 171, Figs. 3 and 2, switch arm
arma-
ture | and break contact of relay NIR, Fig. 4, conn-
ductor 69, break contacts 2 of close-out key 67,

'conductor 58, tongue and marking contact of

transmitting relay TR, Fig. 2, conductor 89, and
grounded switeh arm of unit 3 of line switch 50.
The transmitting relay of the repeater will re-

spond to signals received over the multiple con-

ductol 24 and will be operated to the marking
contact for an open signal. The operation of this
relay opens and closes the sending leg of the car-
rier, which causes a voltage change of approxi-

mately 40 volts on the cathode of the keying rec~
tifier tube of the carrier transceiver, This is

sufficient to key the carrier and transmit fre-

guency modulated signals.

Duplex.—The duplex Operatmn of the system
with the line switch 50 in position 2, has herein-
before heen described in detail. . Brieﬂy, the
transmitting relay TR responds to signals from

the multiple conductor 24 and transmits polar

signals over the main line on a duplex basis, to
Similarly, polar signals
transmitted by the sending relay of the distant.
set, over the main line on a duplex basis, will op-

erate the main line relay MLR and monitor relay

MR of the network repeater. A 1000 ohm adjust-
able apex resistor 60, Fig, 2, is provided in the
repeater for the purpose of limiting the line cur~
rent and at the same time keeping the effective
differential current in the main line relay wind-
ings as high as possible under this condition.
Under adverse conditions, the repeater may bhe
operated duplex with earth current neutraliza-
tion. This arrangement permits the use of a sec-
ond line conductor, adjacent to and with similar
electrical characteristics as the conductor used

- Ior duplex operation, to be connected to the re-

- peater and distant duplex set in a manner which

will neutralize and cancel out in the windings of
the main line relays, the harmful effects of power
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induction or a difference in earth potential be-
tween two main line sections. Such a neutraliz-
 ing conductor will enter the repeater through the
ILine Out jack 144 of Fig. 3 and follows a seriles
path, through jack 145, conductor 11§, switch
unit 5 of line switch 59, conductor {12 and wind-
ings 3 and 4 of main line relay MLR, Fig. 3, 10
ground. 'These two windings, which together are
equal in turns to that of the winding 1 used for

the duplex line circuit, are connected to the neu-

tralizing conductor in a manner to oppose the
line winding {. Therefore, extraneous interfer-
ences equally a
to magnetically cancel out, allowing the main line
relay to respond only to sighals transmitied by
the distant set. |

As hereinbefore set forth, for duplex operation
the line meter MA is inserted in the apex of the
duplex circuit and functions in the usual diiier-
ential manner for observing the duplex balance.
Also provided for bhalancing and test purposes
are the jacks 55 and [£5, and jacks designafed
BR and LK, Fig. 3. The line-in jack 33 permits
a milliammeter to be inserted in series withh the
line conductor for regulating the duplex line
current. The line-out jack
means of observing earth currents with a mil-
liammeter in the line conductor used for earth
current neutralization. The bridge jack BR 18
for the purpose of inserting a capacity balance
indicator across the bridge of the duplex circuit.
The leak jack LK is for observing with a mil-
liammeter the signals which are sent to the
duplex line by the transmitting relay TR.

Two-wire directional—"Two-wire directional
operation requires two main line conductors cver
which polar signals are transmitted and received.
When the line switch §8 is in positicn 3, the re-
ceiving line, or the distant terminal’s sending
conductor, is connected to the line-jack 54 or
65 of the network repeater, through winding
of the main line relay MLR, and over a circuit
comprising conductor $%, windings § and £ of
monitor relay MR, Fig. 4, conductor 57, right
hand winding of the line meter MA, Fig. 2, con-
ductor 62, and switch arm of unit 7 of line switch
980 to ground. Negative battery from the dis-
tant terminal operates the tongue of the main
line relay to the marking contact and positive
battery moves the tongue to the spacing con-
tact. For transmission of signals from the re-
peater to the distant set, the transmitting relay
TR responds to signals from the multiple con-
ductor 24 and sends polar signals through the
line-outb jack {49 and {44 to the distant set, which
signals operate the polar receiving relay at the
distant set. | |

Various modificatons of the apparatus and cir-
ciit arrangements shown, and various equivalents
or substitutes for the devices depicted, readily
will occeur to those versed in the art without de-
parting from the spirit or scope of the present
invention. The disclosure, therefore, is for the
purpose of illustrating the principles of the in-
vention which is not to be regarded as limited
except as indicated by the scope of the appended
clgims. | |

What is claimed is:

1. A telegraph repeater switching system com-
prising a plurality of stations each of which in-
cludes a send-receive telegraph instrument and
2, repeater, a switching office having a plurality
Of repeaters respectively connected to the re-
peaters at said stations, a plurality of sStepping
switches respectively connected to the repeaters
at the switching office and each having a wiper

pan

Tecting both line wires will tend

(45 provides the
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arm and a bank of contacts respectively indi-
vidual to said stations and each responsive to
selection stepping pulses transmitited by a call-
ing station for selectively stepping the swiich
wiper to a contact which represents a called
station, the corresponding contacts of said banks
of the switches being connected in multiple, and
each of said repeaters at the switching office
having a multiple connection extending there-
from to the wiper arm of its associated stepping
switch and also to that conductor of said multiple
which extends to the bank contacts that are
individual to that particular repeater and its as-
sociated station, whereby two or more repeaters
in the switching station may be connected to-
cether in multiple to provide a network of the
calling and called stations in response io the
selection stepping pulses transmitted by the call-
ing station.

2. A system according to claim 1, in which each
of said stations has means for generating an
“initiate” signal preparatory to the transmission
of said selection stepping pulses for  effecting

selection of a called station and for generating

a ‘“selection completed” signal following the

transmission of the selection pulses, means at the

switching office responsive to said “initiate” sig-
nal for conditioning. the switching apparatus to
recognize the succeeding stepping pulses as selec-
tion pulses and for transmitting a signal to the
calling station to indicate there that the selec-
tion pulses may be transmitted, means at the
switching office responsive to the “selection
completed” signal for connecting through the
multiple of the repeater of the calling station fo
the multiple of the repeater of the called sta-

tion, and means operative upon the completion

of said connection for transmitting a signal back
to the calling station to indicate that the con-
nection has been made. ) L

3. A system according to claim 1, in which
each of said stations has means for generating
an ‘‘initiate’” signal preparatory to the trans-
mission of said selection stepping pulses for ei-
fecting selection of a called station, a ‘“selection
completed” signal following the transmission of
the selection pulses and a ‘“disconnect’ signal,
means at the switching office responsive to said
“initiate” signal for conditioning the switching
apparatus 1o recognize the succeeding stepping
pulses as selection pulses and for transmitting
2 signal to the calling station fo indicate there
that the selection pulses may he transmitted,
means at the switching office responsive to the
“selection completed” signal for connecting
through the multiple of the repeater of the call-

ing station to the multiple of the repeater of

the called station, means operative upon ihe
compiletion of said connection for transmitting
o slgnal back to the ecalling station to indicate
that the connection has been made, and means

at the switching office responsive to said “dis-
connect” signal for disconnecting the multiples
of the connected repeaters and for causing the
stepping switch of the calling station to return
to its home position. | -

4. An inverse neutral telegraph repeater
switching system comprising a plurality of sta-
tions each of which includes a send-receive tele-
graph Instrument and an inverse repeater, a
switching office having a plurality of inverse re-
peaters respectively connected to the repeat-
ers at said stations, a plurality of stepping
switches respectively connected to the repeaters
at the switching office and each having a wiper
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arm and a bank of contacts respectively indiwd-_- '

ual to said stations and each responsive 1o &
series of signal spacing pulses either of uniform
or non-uniform length transmitted by the iele-

graph instrument of a calling station for selec-

tively stepping the switch wiper to a contact

which represents a called station, the correspond- .

ing contacts of said banks of the swiiches being

connected in multiple, and each of said repeaters
at the switching office having a multiple connec-

tion extending therefrom to the wiper arm of ifs.

associated stepping switch and also to that con-

10

- 30 _ .
determined duration preparatory to the transmis-

sion of sald series of signal spacing pulses for
effecting selection of a called station and for gen-

erating a ‘“selection completed” signal of prede-
termined duration following the. transmission of

the selection spacing pulses, means at the switeh-~
ing office responsive to said “initiate” signal for
conditioning the switeching apparatus to recog-
nize the succeeding series of spacing pulses as se~-
lection pulses and means including a timing cir-

~ cuit for generating and transmitting a signal of

ductor of said multiple which extends to the .

- bank contacts that are individual to that particu~

lar repeater and its associated station, whereby
- two or more repeaters in the switching siation
may be connected together in muitiple to provide
an inverse neutral network of the calling and

15

called stations in response to the selection spac-

ing pulses transmitted by the calling station.

5. A system according to claim 4, in which each
of said stations has means for generating a timed
open “initiate” signal of predetermined duration
preparatory to the transmission of said series
of signal spacing pulses for effecting selection

20
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of a called station and for generating a fimed -

open “selection completed” signal of predeter-
mined duration following the transmission of
the selection spacing pulses, means at the switch-

ing office responsive to said timed open “initiate™

sienal for conditioning the switching apparatus

510,

{0 recognize the suceeding series of signal spacing -

pulses as selection pulses and for transmitiing &

signal to the calling station to indicate there that -
35

the selection pulses may be transmitted, means at

the switching office responsive to the timed open -

“selection completed”

station to the multiple of the repeater of the
called station, and means operative upon the

completion of said connection for transmitting

a signal back to the calling station to indicate
that the connection has been made.

signal for connecting
through the multiple of the repeater of the cailing

40

6. A system according to claim 4, in which each

of said stations has means for generating a timed

open “initiate” signal of predetermined duration

preparatory to the transmission of said series of

signal spacing pulses for efiecting selection of a

called station and for generating a timed cpen

‘“selection completed’” signal of predetermined
duration following the transmission of the selec-
tion spacing pulses and a timed open “disconnect”
signal of predetermined duration, means at the
switching office responsive to said timed open
“initiate” signal for conditioning the switching
“apparatus to recoghnize the succeeding series of
signal spacing pulses as selection pulses and for
transmitting a signal to the calling station fto
indicate there that the selection pulses may be
transmitted, means at the switching oflice respon-
sive to the timed open ‘“selection completed”
signal for connecting through the multiple of the
repeater of the calling station to the multiple of
the repeater of the called station, means opera-
tive upon the completion of said connection for
transmitting a signal back to the calling station

to indicate that the connection has been made,

and means at the switching office responsive to
said timed open ‘disconnect”’ signal for discon-
necting the multiple of the connected repeaters
and for causing the steppmg switch of the call-
ing station to return to its home position.

7. A system according o claim 4, in which each
of said stations has means including a timing
circuit for generating an “initiate” signal of pre-

09
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predetermined duration to the calling station to

indicate there that the selection pulses may be

transmitted, means at the switching office re-
sponsive to the “selection completed” signal for
connecting through the multiple of the repeater
of the calling station to the multiple of the re-
peater of the called station, means operative upon.

the completion of said connection for transmitting

a signal back. to the calling station to indicate
that the connection has been made, said timing
circuits each including a gaseous discharge tube
having a starting electrode and a storage con-

denser and resistance in circuit therewith for con-

trolling the potential rise on said starting elec-

trode and hence the timing of the circuit, angd . '

means including a relay for mltmtmcr the opera-—
tion of each timing circuit. |

8. A system according to claim 6, w1th mesns
for generating said timed open signals each of a
duration at least several times longer than that
of any of said signal spacing pulses transmitied.

9. A telegraph repeater switching system

comprising a pluralify of out stations each of

which includes a send-receive telegraph instru-
ment and a repeater, & switching office having

~a plurality of repeaters respectively connected

by transmission circuits to the repeaters at said

- out stations, a plurality of stepping switches re-

spectively connecied to the repeafers at the
switching office and each having a wiper arm and
a bank of contacts respectively individual to said
stations and each responsive to selection stepping
pulses transmitted by a calling station for selec-
tively stepping the switch wiper to a contact
which represents a called station, the correspond-
ing-contacts of said banks of the switches being
connected in muitiple, and each of said repeaters
at the switching office having a multiple connec-

tion extending therefrom to the wiper arm of its

associated stepping switeh and also to that con-
ductor of said multiple which extends to the bank

contacts that are individual to that particular

repeater and its associated station, whereby two
or more repeaters in the switching station may
he connected together in multiple to provide a
network of the calling and called. stations in
response to the selection stepping pulses trans-
mitted by the caliing station, an attendant’s
equipment at the switching office including man-
ually operable switch members and signal devices
individual to said repeaters in such office, and
circuits controlled by said stepping switches and.
said switch members for energizing certain of
said signal devices to indicate which of said re-
peaters currently are connected together. '
10. A system according to claim 9, including

"circuitsj.c-ontrolled by said manuaily operable
- switchh members

70

for selectively disconnecting
the repeater of any of said calling stations fmm |
the multiple. | |
- 11. A system acmldmﬂ to clalm S, in which

N the attendant’s equipment includes a send-re-

75

ceive telegraph instrument and a signal device

common to the repeaters, means controlled by
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said stepping switches for energizing said com~
mon signal device to enable any calling stavion
to signal the attendant, means for energizing the
signal device individual to the repester of the
calling station to indicate to the attendant which
station is calling, and means for operatively con-
necting the telegraph instrument in the aviend-
anv’s equipment w1’sh the repeater ¢f the caliing
station.

12. A system accerding to claim 9, in which
cach of said stepping switches has associated
therewith a monitor relay responsive to signals
received from g calling station, an auxiliary cir-
cuit responsive to said relay for controlling the
operation of its associated stepping switeh, and
switch means operable at will for disconnecting
the auxiliary circuif from its associated stepping
switch for testing or other purpgse without dis-
turbing an existing connection between two ov
more stations involving its said assogiated step-
ping switeh.,

13. A system accor dmg to claim 9, in which
the equipment at the switching office includes a
line switch manually operable to at least three
bositions and circuits respectively controlled
thereby for changing the repeater connections
to arrange the transmission circuit between an
out station and the switching office either for
carrier, duplex or. two-wire directional opera-
tion according to the position of said line switeh.

14, An inverse neutral telegraph switching sys-
tem comprising a plurality of stations each of
which includes a send-receive telegraph instru-
ment and an inverse repeater, 2 switching office
having a plurality of inverse repeaters rezpzc-
tively connected to the repeaters at said stations,
switching equipment for selectively connecting
two or more repeaters together in g muitirle cir-
cult at the switching office thereby to rfowdb

ah inverse neutral network of a plurality of said

stafions, each of said repeaters including main
line and sending relays having contacts for
sending marking and spacing signals to the mui-
- tiple circuit and having transmitting and re-
ceiving relays for receiving said signals from
the multiple circuit, each of said transmitiing
and receiving reiays having a biasing winding for
normally biasing the relay armature to its mark-
ing contact and having an operate winding for
actuating the relay armature to its spacing con-
tact in response to said spacing signals, said
operate winding having more than twice ihe
number of turns of said biasing winding to re-
duce substantially the signal current which th
contacts of the main line and sending relays
have 10 make and break for each repeater at the
time connected to the multiple circuit and thus
increase the possible number of repeaters which
may be connecited In muitiple at any one time.
15. An inverse neutral telegraph switching
system comprising a plurality of stations each
of which includes a send-receive telegraph in-
strument and an inverse repeater, a switching
office having a plurality of inverse repeaters re~
spectively connected to the repeaters 2ot said
stations, switching equipment for selectivaly con-
necting two or more repeaters together in a mul-
tiple circuit at the switching office thereby to
provide an inverse neutral network of a plural-
ity of said stations, each of said repeaters in-
cluding main line and sending relays having
contacts for sending marking and spacing sig-~
nals to the multiple circuit and having transmit-
ting and receiving relays for receiving said sig-
nals from the multiple circuit, each of said
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-multiple circuit at the switching of
- 10 provide an inverse neutral network of a plu-
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transmitting and receiving relays having a bias~
ing winding for normally biasing the relay arma-
ture to its marking contact and having an op-
erate winding for actuating the relay armature
{0 its spacing contact in response to said spac-
ing signals, said operate winding having ap-
proximately four times as many turns as said
biasing winding to reduce the signal current
which the contacts of the main line and send-
ing relays have to make and break for each re-
peater at the time connected to the maultiple
ircult and thus increase the possible number

of repeaters which may be connected in multipie

at any one time.

16. An inverse neutral telegraph switching
system comprising a plurality of stations each
of which includes a send-receive telegrarh in-
strument and an inverse repeater, s switching
office having a plurality of inverse repeaters re-
spectively connecited o the repeaters at said
stations, switching equipment for selectively
connecting two or more repeaters together in a
ice thereby

rality of sald stations, each of said repeaters
including main line and sending relays having
contacts for sending marking and spacing sig-
nals to the multiple circuit and having trans-
mitting and receiving relays for receiving said
signals from the multiple circuit, each of said
transmitting and receiving relays having a bias-
ing winding for normally biasing the relay arma-
ture o its marking contact and having an op-
erate winding for actuating the relay armature
to its spacing contact in response to said spacing
signals, and & signal shaping circuit for over-
coming marking bias present in the signals re-
ceived by said transmitting and receiving relavs
comprising an auXxiliary winding on each of said
last named relays and connected at one end in
series alding with the operate winding, and a
grounded condenser connected to the other end
of said auxiliary winding, said auxiliary wind-
ing and said condenser operating to tail out the
spacing signals received from the multiple cir-
cuit to an extent suﬁ’icwnt to overcome said
marking bias. |

17. A system according to claim 16, m which
sald condenser has a value sufficient to absorb
the inductive energy stored in the operate wind-
ing of each transmitting relay and receiving re-
lay and operative as a spark killer circuit when
the armature of the sending fela,y legves its
spacing contact.

18. A system according to claim 17, in whmh
each spark killer circuit is individually wired
to the transmifting relay and receiving relay of
each repeater, whereby the amount of spark
protection automatically will vary with the
number of inductive transmitting and receiving
relays connected at any one time of the multinle
circuit. |
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