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- 12 Claims:

The invention relates-to a c1rcu1t arrangement

for selector operated - telephone . installations

- working  in conjunction. with a number - of ex-

changes connected to each other by inductively

' coupled. two=wire - trunks. In. circuit arrange-

ments of this kind, repeaters are arranged-at the

ends of the trunk-line by means of which the line

is inductively: connected to the-circuit in the ex-

change. These repeaters comprise switch ‘means

10 which transfer the outgoing and-incoming-im-

pulses respectively to the line and $0°the c1rcu1t in
the exchange..

It is already known'to connect the sw1tch means

belonging to the repeaters-at;the outgoing end of

15 the line and serving to transfer the current im-

pulses to the line permanently to-one wire:-of -the -
speech circuit in the: exchange and to construct .

the switch ineans which receive backward :signals

over the-line in such a manner that these are’ -

20 transmitted over another wire of the speech cir-
cuit. In this known-arrangement; however, the
repeaters are not correspondingly constructed at
the incoming end of the line. - At that end, the
switch means of the repeater are- actuated by the

95 hext selector.

In atcordance with the invention, the repeater
-at the incoming end of: the trunk line is provided
with-switch means for the retransmission. 6f in-
coriing signals received from the trunk line and

30- With switch mesns for receiving backward signals
and-transmitting them over the trunk line. The

first of these switch means.are connected 'so'as to-
transmit the sigrals: solely over one of the wires.

of the speech line of the exchange at the incom-

a5 Ing end and the second are connected to the other
wire so that incoming signals.are transmitted ex-
clusively. over one wire and backward signals ex-
clusively over the other. ‘Furthermore, the switch
means provided for the transmission of the back-

a0 Wardsignalsarearranged so as to co-operate with
an auxiliary relay in-such a manner that at the
beginning and at the end of each backward: signal
received over a wire they transmit an alternating

current. impulse over the trunk. With this con-

a5 struction of the repeater at the incoming end of
the line, it is possible for signals in one direction

_in the exchanges to run always over-the one and..

same ‘speech wire, and signals in the other direc-
tion to run always over the other speech wire, so
50 that-even inthecase of connections made through
a series of exchanges, the repeater at the incom-

ing end of the first line -can readily co-operate;
with the repeater at the out-going end of the next. -

line.. The transmission of a short alternating
55 current impylse at the beginning and at the end

. and
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of each backward: signal makes it possible to re-
peat over the.line by means of short alternating
~current impulses all important information.from
the called: subscnber’s exchange,. such, for ex-
ample as:the . length. of time- during- which the 5
called subscriber’s receiver remained removed, the
time .during which the selectors in the exchange
“at the- incoming end are. inaccessible and during
" which.the. repeater. at the outgoing end must be
prevented. from being seized, - . 10
In order that the invention may. be. thoroughly
understood. and be more readily -carried into ef-
fect, an example of; construction .in accordance
- therewith’ will now be-described with reference to
the accompanying: drawing, in which:—
“Figure ‘1 illustrates a- circuit diagram. for -an
arrangement in: accordance with the inventxon
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Figure 2.a modlﬁcatmn of the arrangement of
Figure 1. - 20 -
When the. repeater Ul at the outgomg end of -
the trunk: VL is seized, ‘the relay-{C is energized
by means of. the auxiliary.c-wire.. 'The contact
fel closes the circuit for a slow-to-respond relay
1U; and the contact le2 the circuit for the trans-
mitting. relay {8 while the contact. 1¢3 ensures.the
_energization of the relay IC. - The relay IS re-
sponds.and, by means of:its contacts . Isi. and 152,
connects the source of: alternating current 1Q to
the-line.for the duration. of the:delay .in the re-
sponse of the relay IU. "As soon as this relay {TU
pulls up, the circuit of the relay 18 is.interrupted
at the contact ful. ‘The alternating current im-
pulse thus. sent out through -the-line influences
the relay 2E in the repeater U2 at the incoming
end of the trunk and the.relay 2E energizes an
auxiliary relay 2A by means.of its contact 2e.
The relay 2A, by means of its contact 2a3, ener-
gizes a. slow-to-release relay 2V and, by means.of
its contact 2a2, closes:the circuit for the seizing
relay ZC‘Which,,by means of the. contact 2cl,
closes a holding circuit for itself. =The short cir-
cuit for a- relay H is removed by means. of ‘the
contact 2c¢2. and the relay H responds and, by
‘means of its. contact . i, prepares a short circuit
for the relay-2C. By means-of the contact 2c3 of
the relay-2C, the seizing relay 3C for the next
selector -(in the present-case, the- final selector)
‘is’ energized:: By -means of the contact 2c4, the
energizing: circuit for a relay- 2U- is also- closed,
which relay prepares, at its contact 2ul, the re-

transmissien of the current impulses.

The ‘current 1mpulses sent out by the. calling
station are recetved through the a-wire by the
relay: 1A, The transmitiing relay IS is energized 55
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" contact 2ai.
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for - the -duration of each -current impulse by
means of the contact lal and connects the trunk
line to the source of alternating current 1Q. At
the incoming end of the trunk, these alternating
current impulses are received by the relay 2E
and are retransmitted over the a-wire by the
auxiliary relay 2A through the agency of. the
The relay 3A of the final selector
receives these current impulses and sets the. ﬁnal
selector in the usual manner. -

When the called- subscriber removes his re-
ceiver, the relay 3Y responds and closes its con-
tact 3y. In this way, the b-wire of the speech
line remains connected to the source of current

for the length of time during which the receiver

is removed and the relay K in the repeater U2 is
energized by its winding I. By means of its

contact kl, the-relay X closes a circuit through
its -own holding winding II. This circuit runs:

through a slow-to-atfract: and slow-to-release
relay L. ‘The circuit for the transmitting relay
2S5 which, by means of its contacts 2sl and 2s2,
connects the source of alternating current 2Q to
the line, 'is closed by -the contact k2- for the
duration of the delay in the response of the relay
L.  When the relay I responds, the circuit for

- the relay 28 is interrupted by:means of the con-
" tact Il and thus stops the transmission of alter-
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.1y so that it depends upon the normai position -
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nating current.
the holding winding KIT of the relay K. The

_energization of the relay K ‘is, however,  main-

tained by its winding KT which, when-the con-
tact I3 is opened, is connected through its con-
tact %3 to the b-line and thus remalns under
the 1nﬂuence of the contact 3y. :

In the repeater Ul, the relay IH is energlzed
by the . received alternatmg current impulse
which, by means of its contact le, closes the fol-
lowing circuit for a relay 1Y¥: ’ .

—, resistance, contacts le, {xl, relay 1Y, con-
tact 1s3, -

The .relay 1Y is energ1zed in thls circuit and
by means of its contact-1y2, prepares the ener-

gization of the relay IX. When the relay IE .

drops at.the end of the alternating current im-
pulse sent. through the lme the following c1rcu1t
is closed:

— res1stance, contacts ‘le (normal position),

: iz2, 132, relay IX, contact 1s3, -

The relay IX is energized in this circuit., The
make-before-break contact (23 switches the
holding circuit for the relay {Y over appropriate-

of the contact le. The contact { x2-closes a hold-
ing circuit for the relay 1X. The relay IY thus
remains energized and. by means of its contact
133, connects the b-w1re leadlng to the preceding
selector to the source of current. The current
flowing through the b-wire may influence a
metering “device  or any.devices which ' indicate
that_the called subscrlber has removed h1s
receiver.

“When the called subscrlber restores his’ hand_'

set, the relay. 3Y releases and the b-wire of the

final selector -becomes devoid- of current. - Also, -

“the relay K in the repeater U2 releases and by

means of the contact %2, closes the circuit for -

the transmitting relay 2S. At the same time, the

',contact k1 interrupts-the circuit’ for ‘the relay L

70

s0 that, after a- Japse of time; the latter releases
and by means.of its contact I, re-opens the cir-

- cuit for the relay-2S.  An-alternating current im-

15

pulse will again be:sent to the line as long as
the relay 28- remains energlzed and. will ener-

gize the relay IE. When the contact le is re-

The ‘contact 12 short circuits’

- to the-repeater T2.

2,183,055

versed, the holding. circuit for the relay 1Y is
interrupted and the following holding circuit is
closed for the relay 1X:
—, resistance, contacts le (thrown position)
1zl (thrown position), relay 1X, contact 1s8, 4
At the end of the alternating current impulse,

_the relay {E drops as does the relay IX. By the

release of the relay (Y, the b-wire running to

" the preceding selector is again devoid of current.
‘On release of the relay IX, the switch device

formed by the relays {X and 1Y is agam returned
into the normal position.

When the calling subscriber replaces his re-
ceiver, the relay {C becomes devoid of current.
The circuit for the relay 1U is interrupted at the

‘contact el and the circuit for the transmitting

relay IS is closed at the contact Ic2 for the time
during which the relay 1U is released. The relay
{S sends a longer alternating current impulse
through the line which is received in the repeater
U2 by the relay 2E. The auxiliary relay 2A which

is dependent upon the relay 2E- short circuits

the relay 2C by means of its contact 262 so that
the latter: releases. The relay H, during. this
time, remains attracted and prevents an imme-
diate re-energization of the relay 2C.

When the relay 2C: has released, the -contact
2¢3 interrupts the circuit -for the relay 3C so
that- the final selector is released.  On release
of the relay 3C, the contact 3¢ connects the b-
wire of the final selector to the source of cur-
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rent through an off-normal contact ko of the ~

final selector.. The reldy K in the repeater ‘U2
again responds and-switches in the relay L so
that the  transmitting relay. 2S5 sends out an
alternatmg current impulse. The relay 1Y in the
repeater Ul is ‘acted upon by this alternating

" current impulse in the manner already described

and by means of its contact {y4, interrupts the

seizing circuit for the relay {C and thus prevents,

the repeater Ul from being seized.

_ When the final selector reaches its hormal posi-
tion, the off-normal contact ko opens and makes
the b-wire devoid of current. In ‘the repeater
U2, the relays K and L release in succession as
described so that the transmitting relay 28 sends
out an alternating current impulse. -The relays
IX and 1Y in the repeater U! release on recep-

" tion of this alternating current 1mpulse §0 that

this repeater cah again be seized. i

If the calling subscriber replaces his receiver
before the called subscriber does so, the release
impulse is immediately sent by the repeater Ul
This takes place while' the
relay 3Y of the final selector and, therefore, the
relays K and L of the repeater U2 and. the relays
Y and IX of the repeater Ui are still energized
to indicate .that the called subscriber’s receiver
is removed.  In order-to ensure the transmission
of -the indication that backward signals cannot
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be transmitted which requires the switching de-

vices K; L and (X, {Y to co-operate with cer-
tainty in phase with each other; both switching
devices -are positively: returned into-the normal
position. - The contact 1s3 interrupts the circuits
of the relays IX and IY in the repeater Gl. In
the repeater U2, the b-wire is interrupted by the
contact 2v of the relay 2V, the energization of

which is dependent upon the .condition of the
‘auxiliary: relay-A and thus the relays K and L

are disconnected.

This - positive s1multaneous setting of the de-
vices K, L and IX, (Y on repetition of an alter-
nating current impulse from the repeater at the
outgoing end to that at the incoming end is' of

70
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paztlcular importance when alternating current
-:1mpulses :are -accidentally simultaneously trans-
‘mitted in both directions over the trunk line.
‘ensures ‘that after transmission of the alternat-
‘ing current impulse in the direction in which the

It

‘cennection is ‘being made, the backward s1gnal
‘takes placein the right form.
“When ‘the line is seized by a particular service

‘station such as-a toll exchange, the transmission

of the various switching imptlses -can be effected

‘@5:has heen-described. The change-over for the
‘different ‘working of the line selector can be ef-

Tected in -a known but not illustrated manner by
transmission -of a seizing impulse differing from
the usual seizing impulse. The switchihg meas-

ures carried out by the toll operator during a

connection are then transmitted; as is the nu-

‘merical current impulse emission, through the-a-
‘wire and’ are retransmitted in the repeater U2
‘through the" a-wire.

For repetition of the ring-
ing or for switching through to-a seized line and
like ‘measures, it is thus only necessary to trans-
mit an alternating current impulse through the
truttk line. Likewise, the backward signals ef-

‘Tected through the final selector are all repeated
through the ‘b-wire to the repeater U2 and are

converted by the switching device K, L. The

switching device IX, 1Y of ‘the repeater Ul then
retransmits this switching criterion according to
its signification through the ‘b-wire to the par- -

ticular service ‘station.
Tt is-clear that the switching device K; L is so

-constructed that on its actuation it 'always:causes

an-alternating current impulse of a particular
length tobe sent out. In this way, the correct
respohse of the switching device is ensured even
if it is influenced only for-a short period. Ener-

‘gization of the relay L is also.ensured, even when

the: periods during which current flows in the b-
‘wire are short, by switching in the winding KII.
The- conhectionh of .the winding KI of the relay
K t0 a normal contact of the relay L and to. one
of 'its own working contacts prevents a further
energization of ‘the relessed relay K before the

release of the relay L so that the time sequence

of the two relays is always guaranteed. -
Pigure 2 shows a modified form of the switch=

- Ingdevice I1X, {Y which differs from that shown

50

55

60

70

75

in Figure 1 only by the introduction of an addi-
tional slow-’bo-lespond relay VW which, on its
response, positively interrupts the circuits for the
relays IX and Y. When using such an arrange-

ment, the relay L of the repeater U2 is so de-

signed that its delay in-releasing is greater than -

its delay in responding. -On release of the relays
K and L, that is to say, at the end of a switching
step transnntted through the b-wire, a longer
alternating current impulse is thus always sent
through the line which; by the energization of
the relay I'W, resets the relays {X and Y posi-
tively and accurately inte the normal position.

Also with the use of the switching device for sup- .

pressing backward calls, a longer .and a shorter
impulse are transmitted by the relays K and L,
the longer impulse for initiating the suppression
and the shorter one for removing it so. that the
impulse which initiates the suppression ‘can be
differentiated by its time constant from a: seizing
1mpu1se in the opposn:e direction when the ar-

rangement is arranged to cope with traﬂic in both-

dlrectlons

- It'is clear from the described examp]e that the
switching steps transmitted separately according

to. their direction: through ‘the various ‘speech
ans in the. local: cir¢uits. of -the  various ex=

3

‘changes, ‘can be effected by currents in‘the same

direction:. No‘switch means are, therefore, nec-

‘essary to make it :;possible for the speech lines
‘to ‘be connected ‘to different sources of current

T claim:
1A telephone system .comprising two ex-

“changes ‘with speech lines, a trunk-line between
“said exchanges, repeaters at the two ends of

:said trunk line’ connectmg said trunk line in-
ductively to- sdid exchanges, means ‘associated
with 'said repeater -at the incoming end of said

-trunk line for receiving a backward impulse over

a speech wire and retransmitting said impulse
in"the form: of two impulses through said trunk
line, means- associated with said repeater at the

~outgoing end of said trunk line for converting

two impulses received over said trunk line fo
one impulse and for retransmitting said impulse

.--over ‘g speech wire, means associated with said

repeater: at the outgoing ‘end of said trunk line
for transmitting impulses through said trunk
line, and means- associated with both repeaters
for positively -actuating in phase said-impulse
doubling ‘and halving means on transmission -of
impulses from the outgoing to the incoming re-
peater.

2. A telephone ‘system comprlslng two ex-

said. exchanges, repeaters at the two ends of
said ‘trunk line connecting said trunk line in-
ductively to said -exchanges, means associated
with 'said repeater at the incoming -end of said
trunk line-for receiving a backward impulse over
a speech wire -and retransmitting said impulse
in the form of two impulses through said trunk
line, means associated-with said repeater at the
outgoing -end of -said trunk line for: converting
two impulses received over said trunk line to
one impulse and for ‘retransmitting said im-
pulse over &-speech wire, means associated with

‘said repeater at the outgoing end of said trunk

line for transmitting impulses through said trunk
line ‘and ‘means associated with both.repeaters
for positively - setting: lnto the normal position

said- impulse doubling and halving means on

transmission - of impulses from the outgoing to
the incoming repeater.

3. A . telephone -system * comprising two ex-
changes with speech lines, a trunk line between
said exchanges, répeaters at the two ends: of
sald trunk line connecting said trunk line in-
ductively- to " said exchanges, means associated
with said repeater at the incoming end of said
trunk line for receiving a backward impulse over
‘2’ speech wire and retransmitting said impulse
in the form of two impulses through said trunk
line, means associated: with said repeater at.the
outgoing ‘end- of said trunk -line for converting

" two impulses received over said .trunk line to

one impulse ‘and for retransmittmg said impulse
over a speech: wire, means associated' with said
repeater at:the outgoing end of said trunk line

_ for transmitting impulses through said trunk line

and means -associated. with both: repeaters for
positively setting in phase with each other said
1mpulse -doubling ‘and halving means on each
t;ra,nsmissmn of :a- switching step through "said
trunk. line from the incoming repeater to the

. outgoing Tepeater.
.~ 4. A telephone installation comprising two

exchanges with speech lines, a4 trunk line -be-
tween said exchanges, repeaters at the two ends

:'of .said trunk line connecting said trunk line in-

ductively to-the speech- lines of ‘said. exchanges,
sald incoming repeater being provided: with-a
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relay connected to one Wi're of said speech line of

said exchange, a marginal relay controlled by said.

first named relay, a device for transmitting al-
ternating current impulses through said trunk
line at each actuation, said device being con-
trolled by contacts of said relay and said mar-
ginal relay in such a manner that an alternating
current impulse is transmisted with current flows

~over said speech wire and a further alternating
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current impulse is transmitted when current
ceases to flow over sald speech wire, said out-

‘going repeater comprising means’ for receiving

alternating current impulses transmitted through
said trunk line, a relay controlled by said means

-and actuated at the beginning of the: first re-

ceived -impulse, an auxiliary relay controlled by
sald means and "actuated at the end of the first
received impulse; said auxiliary relay being
adapted to guard the energization of said first
named relay, both relays being de-energized on
the reception of a second alternating current im-
pulse, said first named relay being adapted on
its actuation to transmit current through a wire

-of the speech line of said exchange at the out-
.going end of said trunk line corresponding to said

wire of the speech line of the exchange -at the
incoming end over which the current actuating

said means at the incoming end flows. )
5.A telephone -system comprising two ex-

changes with: two-wire speech lines, a-trunk- line
between said exchanges, a repeater at each end
of said trunk line- connecting said trunk line
to one of said exchanges, means associaied with
said repeater at the outgoing end of said trunk
line, connected t0 only one of the two wires of

.a speech line and -adapted .to receive. impulses

over said wire and to retransmit said impulses
over said trunk line, means associated with said
repeater. at the incoming end of said trunk line
adapted to receive -impulses over said trunk
line and to retransmit said impulses over thas
of the-two wires of a speech line corresponding
to the wire to which said impulse receiving means
at the outgoing end of said trunk line is con-
nected, means associated witl: the repeater at
the incoming end of said trunk line and con-
nected to.the-other wire of said speech line for
receiving backward signals over said wire ‘and
transmitting said “signals over said trunk line
and means associated with said repeater at the
outgoing end of said trunk line for receiving said
backward signals over said trunk line and trans-
mitting said. signals over that of the two wires
of “a, speech ‘line corresponding to the wire to
which: said backward signal repeating means at
the incoming end of the trunk line is connected.

6. A telephone systéem as claimed in -claim 5,

-in"which the repeater at the incoming end of

the t¥unk line comprises an auxiliary relay co-
operaiing with sdid backward signal repeating
means “for -transmitting . an impulse. over. said
frunk line both at the beginning and at the end

-of a backward signal recelved over the wire of

said speech line.

7. A telephone -system comprlsmg “two ex-
changes with two-wire speech lines, a trunk line
between said exchanges, a repeater at each end of

said frunk line connecting said trunk line to said-

exchanges, means associated with said repeater
at the incoming end of said trunk line and.con-
nected to one of the two wires of a speech line
at that end for receiving a backward signal over
said wire and for retransmitiing said signal over

said trunk line in the form of two impulses, and

means associated with. said repeater at the out-

geing end of said trunk line for receiving said
impulses and for starting the transmission of a
backward signal on the-recepticn of the first of
said impulses and stopping the transmission of
said signal on the reception of the second of said
impulses, said last mentioned signal being trans-
mitted over thai of the two wires of a speech line
corresponding to the wire to which said backward
signal receiving means at the incoming end of
the trunk line is connected. -

8. A telephone system as claimed in claim 7, in

~which said repeaters connect the two ends of said

trunk line inductively to the speech lines of said
exchanges and in which said impulse transmit-
ting means are adapted to transmit alternating
current impulses.

9. A telephone system as claimed in claim 7
comprising alsc a slow acting relay at the incom-
ing end of said trunk line and in which said back-
ward signal transmitting means at the incoming
end of said trunk line are provided with two
windings, one connected to one of said speech line
wires and the other connected in series with said
slow acting relay and adapted to be energized
upon actuation of said transmitting means by a
backward signal over said last mentioned wire.

10. A telephone system comprising: a pair of
exchanges, a speech line in ‘each of said ex-

“changes, a trunk line connecting said exchanges

to each other, a repeater at the end of said trunk
line inn-each of said exchanges, a'backward signal
receiving relay in the repeater at the incoming
end of said trunk line having two windings and
a working contact through which one of said
windings is connected:to -one wire of the speech
line.in the exchange at the incoming end of said

“trunk- line, a slow acting relay in the repeater

at the incoming end connected in series with the
other winding of said backward signal receiving
relay, actuated through a further working con-
tact of said backward sighal receiving relay, hav-
ing a -normal contact connecied in parallel with
said first mentioned working contact and having
a contact adapted-to short circuit said last men-
tioned winding, a transmitting relay in the re-
peater at the incoming end adapted to be actu-~
ated by said backward signal receiving relay for
the transmission of an impulse at the beginning
and an impulse at the end of a backward signal
received over the trunk line and means asso-
ciated with the repeater at the cutgoing end
adapted to receive said impulses-and to start the
transmission of a backward signal on reception
of the first of said impulses and to stop the trans-
mission thereof on reception of the second, said
transmission being effected over that wire of a
spesch line corresponding to the wire to which
said backward signal receiving relay at the in-
coming end is connected.

"11. ‘A telephone system. comprising a palr of
exchanges, a speech line in each of said ex-
changes; a trunk line connecting said exchanges

" to each other, 2 repeater at the end of said trunk
* line in each of said exchanges, & backward sig-

nal receiving relay in the repeater at the incom-
ing end of said trunk line having two windings
and a working contact through which one ¢f said

" windings is connected to only one wire of the

speech line in the exchange at the incoming end
of-said trunk line, & slow acting relay in the re-

peater at the incoming end-connected in series
with .the other winding of said backward signal
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receiving relay, actuated through a further work- -

ing ¢ontact of said backward signal receiving re-
lay, hav1rg a-.normal contact connected in par-
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allel with said first mentioned working contact

and a contact adapted to short circuit said last

mentioned winding, a transmitting relay in the
repeater at the incoming end adapted to transmit
an alternating - current - impulse through  said
trunk line at each actuation, an energizing cir-

- cuit for said transmitting relay comprising a

v

13

make and break contact of said backward signal
receiving relay and a make and break contact of
said slow acting relay adapted to close said cir-
cuit at each actuation of said backward signal

receiving relay until the following actuation of -

the said slow acting relay, and means associated
with the repeater at the outgoing end adapted

to receive said impulses and to start the transmis- -

sion of a backward signal on reception of the first
of said impulses and to stop the transmission
thereof on reception of the second, said trans-
mission being effected over that wire of a speech
line corresponding to the wire to which said

5

backward signal receiving relay at the incoming
end is connected. » .

12. A telephone system comprising two ex-
changes with speech lines, a trunk line, a re-
peater at each end of said trunk line connecting

_ said line inductively to said exchanges, switch.
-means in the exchange at the incoming end of

said trunk line, means controlled by said switch
means for transmitting a .calling back signal
through a wire of the speech line at the incoming
end, means associated with the repeater at the in-

“coming end connected to said wire adapted to

cause said repeater on reception of said calling
back signal to transmit two impulses through said
trunk line and means associated with the repeater

at the outgoing end adapted on reception of the.

first of said impulses to preclude seizure of said
repeater from the outgoing exchange and to re-
allow such seiztire on reception of the second of
said impulses.

) MARTIN HEBEL.
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