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AUTOMATIC TELEPHONE SYSTEM.

The present invention relates to'automat.ic

telephone s
which calls

ystems, especially to. those 1n
ave set up over several exchanges

connected 1n series. o
In the known airangements of this . kind

the setting

up of connections over several

exchanges connected in_series is effected
either by means of so called through going

traffic, that

is, cach exchange calls the suc-

ceeding exchange and is then switched
through to the next exchange or the setting
up is effected by running a trunk-line through

all the exchanges and by providing a special .

jack in each of the exchanges located 1 se-
ries for each connection from one exchange

to the next.

Now the object of the present invention.is

to enable ¢

alls between the individual ex-

changes located in series to be set up in an
entively automatic manner 1n both direc-
- tions, and to render the plant as economi-
cal as possible by simultaneously using each
trunk line for different calls. According to
the invention, this is achieved by running
the trunk lines. which are subdivided into
groups, over all the exchanges located in

series, and

by rendering cach of the ex-

changes accessible from all the other ex-
changes only over a particular trunk line or
group of trunlk lines. At the individual ex-
changes, thege trunk lines are provided with
switching-over devices, which disconnect =
section of the trunk line when this section
is taken into use, and render the idle section
available for the traffic between other ex-

changes.
By way o
grammatica

f example, the figures show dia-
Iy a circuit arrangement for

five automatic exchanges located in series.

The Fig. 1

the whole arrangement, while the Figs. 2 -

and 3 show
which the

shows a fundamental circuit for

the circuit of a trunk line, over
two end exchanges can be

reached, and the Figs. 4 and 5 show the cir-
cuit of o trnnk line, over which a connection
can be set.up with a particular intermediate

exchange.

The rethod of operating the whole ar-

rangement

will now be described in detail

with veference to the diagrammatic circuit

(Tig. 1).
reached by

The exchanges I and V can be
all the exchanges over the line

-

51,616, and in Germany September 27, 1924.

L1. If, for example, a subscriber T1 wishes
to malke a call to any particular subscriber
of the exchiange V, a final selector LWL is
taken into use over his preselector VW1 and
the final selector ig raised to the fifth level,
from which there is a group of outgoing
trunk lines to the exchange V.. Only the
lines L1 and L5 of this group are shown.
As soon as the final selector LW1 has found
an idle trunk line, for example L1, the final
selector LW5 at the exchange V is taken
into use over the line LiI, the contacts 1

and 2 of the repeater Uel, and. the line Li1TI

of the exchange II, the contacts 3 and 4 of
the repeater Ue2, and the line LITIX of the

~exchange III, contacts 5 and 6 of the re-

peater Ue3, and the line L1IV of the ex-

-change IV, and over the preselector VW6

to the final selector LW5. In the manner
to be hereafter more fully described, the con-
acts of the final selectors LW2, LW3 and

"LW4, to which the trunk line Ll is accessi-

ble are marked engaged, so that the trunk
line L1 can no longer be taken into use,

It a subscriber of the exchange V be
wanted by the subscriber T2 of the exchange
TI, the preselector VW2 hunts for an idle
final gelector such as W2, which is set onto

‘the fifth level and takes into use an idle

trunk line to the exchange V, for example,
the line L1IL. From the-line LLIT, this con-
nection follows the same route as that de-
seribed for the subscriber T1. The open-
ing of the contact 2 prevents this trunk line

‘being taken into use from the exchange I,

while another connection can be set up from
the exchange 11, to the exchange I over the.
section LI of the trunk line L1 and over
the preselector VW7 over contact 1 in itg
working position. ~

Tt the line L1 be taken into use by a sub-
scriber T3 of the exchange LI over the pre-
selector VW3 and the final selector LW3, the
line L1 is disconnected at the contact 4, so
that a connection can be set up from the
exchange IT or IIT to the exchange I over
the line sections L1T or L1II and L1T over

contacts 1 or 3, in its working position, re-

spectively, in addition to the connection ex-
tending over the sections LAIIT, and L1IV
to the exchange V. In a gimilar manner it
is possible for calls to be made simultané-
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ously between the exchange IV and the ex-

changes V and' L ' v_
The same kind and number of calls-can

be set up over the line L5, which likewise

vserves to set up connections to the ‘end ex-

changes T and V. For example, a connection
can:extend from the subscriber T3 of the
exchange V over the preselector VW5, the
final selector W5 in the first level, the line
L5IV, contacts 7 and 8 of the repeater Ued,
line L5ITT, contacts 9-and 10 of the repeater
Ueb, line LTI, contacts 11-and 12 of the re-
peater Ue6, line L51, and over the prese-
lector VW8 to'the final selector LWI of the
exchange I.  The other connections from
the separate intermediate exchanges IT to
IV-to the two end exchanges T and V or
from the exchange T to the exchange V ex-
tend in the same manner as that previously
described above for the line L1, so there ig
no need to describe therm in detail, '

Only the exchange IT can Le reached over
the lime L2, while only connections to the
intermediate exchanges I1T or IV can be set
up over the lines L3 or L4, respectively, if,
for example, ‘the subseriber T1 of the ex-
change T wishes to make a call o a subscriber
of the exchange 11, a trunk line 1.2 is taken

into use over the preselector VWI and the.
0 final selector LWT in the second level, this

line 1.2 going over the contact 13 of the re-
peater UeT to the preselector VW9 of the ex-

change II. The contact 14 is operated when.

the repeater Ue7 is taken into use, hence a
call incoming from one of the succeeding
exchanges III to V over the line section LIl
is taken to the preselector VW10, A full
deseription ‘will be given hereafter of the
manner in which a call is switched from one
of the succeeding exchanges, and how the

“line L2 is prevented from being taken into

60

- trunk line 1311 is taken into use.

el

a5

use.

It a subscriber of an exchange I, 1T, IV,
or V wishes to set up a call to a subscriber
of the exchange IIT, for example, the sub:-
scriber T2 belonging to the exchange 11, the
line L3IT is taken into use over the Drese-

Tector VW2 and over the final selector W2

set on the third level. This line extends over
contact 16 of repeater Uell in itg working
position, over the contact 15 of the repeater
Uell and to the preselector VW11 at the
exchange ITI. The disconnection of the lino
L3 at the contact 16 prevents the line being
taken into use by a final selector of the ex.
change I, while the line section L3IIT is

switched over at contact 17 to the preselec-

tor VW12 of the exchange IIT when the
Hence a
connection set up from the exchange IV or 'V
to the exchange ITI extends over the line sec-

tions L3IIT or L3ITT and L3IV respectively,
through the repeater Uel2 to the preselector

Vwia. ‘
The exchange IV can only be reached over

This, however,

~of trunk lines.

‘off-normal contact

1,646,387

a-group of trunk lines represented by the
line 4. For example, if the subscriver T2
of the exchange IT wishes to set up a call to
the subscriber of the exchange IV, the con-
nection extends over the preselector VW2,
the final selector W2, the line LATT, which
is connected to the fonrth level, over contact
20 of repeater Uels in its working position,
over the contact 18 of the repeater Ueld, the
line L4AITI, contact 19 of the repeater Ueld,
and over the preselector VW13 to the final
selector W4, to which the wanted stibscriber
of the exchange IV is connected. At the
contact 20, the trunk line L4 is divided, so .
that it cannot be taken into use by the ex-
change I over the line TAT and the repeater
Uelb. The contact 21 ig operated when the
repeater Ueld is taken into use, hence the
exchange IV can still be reached by the ex-
change V over the line L4TIV, the contact 21,
and over-the preselector VW14.

It remains to be mentioned that the ex-
changes are shown provided only with final
selectors, o that for the local traffic each
exchange can have only 60 subscribers’ lines,
is only shown in the example
forthe sake of simplicity. It is obviotis that
the groups of trunk lines, of which the trunk
lines L1 to L5 are shown, could also Lo
cennected to the bank contacts of the group .
selectors in the different exchanges, so that
these could contain as many subscribers’ lines
as desired. _ :

The Tigs. 2 to 5 show in detail the circuits
of two trunk lines, each in a separate group
Thus the Figs. 2 and 8 show
the circuit of the trunk line L1, while the
Figs. 4 and 5 show the cireuit of the trunk
line L3. e ‘

The method of operating: the civeuit gr-
rangement for trunk lines to the end ex.
changes T and 'V will now be described in
detail with reference to the Figures 2 and 3.
For this purpose it will be asstmed that the
subscriber T1 wishes to set up a call to'a
subscriber of the exchange V. When the re-

Cceiver is lifted down af the instrument of

the subscriber T1, the presclector VW1 is
started in known manner over the leads o
and 0, and the preselector selects an idle final
selector such as LWI. As coon as this . ig
found, the relay T'is operated over it wind-
ings T and IT and over the fest wi per of the
preselector in series with the relay C of the
final selector LYW1. “This civeuit contains the
k1 . of the final selector, -
which is closed only when the final selector
s in its normal position. The relay T opens
the rotary magnet circuit of the preselecior
VW1 in the known manner; -at its contacts
£1 and #2, it connects the subscriber’s leads a
and b through to the leads @1 and 31 of the
final selector LW1; and at its contact £3, it
short circuits its high resistance winding T,
thereby putting the engaged condition on the
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final selector taken into use in known man-
ner. At the same time, the relay R is oper-

~ated.over its windings I and IT and the sub-

seriber’s loop @, b, At the contact 71 a cir-

5 cuit is closed for the slow acting relay V1,

—

o
Tt

60

which .at its contacl v11 prepares the circuit
for the lifting magaet H through the wind-
ing of the relay VR and the wiper s1 of the
side switch. The first train of impulses
transmitted by the subscriber T1 comprises
5 current impulses. The relay R falls back
a number of times corresponding to the num-
ber of impulses transmitted, and each time
closes, at its back contact 72, the circnit for

5 the lifting magnet H, which has been .pre-

saved at the contacts #11. The relay VR is
energized in this circuit and remains in- its
operated position throughout the train of
impulses; because it is a slow acting relay.
At its contact vrl relay VR energizes the mo-
tor magnet S of the side switch In series with
the wiper s2 of the side switch while at the
contact v72 the circnit of the relay UR is
opened, a normally open point in this eircuit
being closed over the ‘off-normal contact k2
at the first lifting movement. The lifting

‘magnet H raises the wipers of the final se-.
Tector TLW? to the fifth level, in response to.

the selected number 5, whereupon, at the end
of the train of impulses, the relay VR falls
back and opens at its contact vrl the circuit
of the side switch magnet S, so that the side
switch is moved on into position 2.

The calling subscriber now transmits one
current impulse for the purpose of initiating
the non-numerical selection of a-trunk line
connected to the fifth level. The relay R

again falls back and energizes the rotary:

magnet D over the contact 72 and over the
contacts 211 and pl, the winding of the reé-
lay VR and over the side switch arm 1 in
position 2. The wipers LW1 are set onto
the first contact on the fifth level. The mul-
tiple contacts mk close upon the first rotary

5 step on level 5 (and also on levels 2 to 4,

inclusive). The wipers continue in their ro-
tary motion if the line connected to this con-
tact be engaged, this being effected by the
further energization of the rotary magnet D

over the multiple contact mk and the inter--

rupter until a free trunk line, for example
T.11. has been found. Thereupon the relay

P1 ig energized in the following ciremit:

earth, winding of P1, contact ¢1, test wiper
of relay LW1, lead ¢2, home position contact
of the test wiper of VW7, windings IT and
T of T11, battery, earth. At its contact p1,
the relay P1, opens the rotary magnet cir-

cuit, whereupon the switch is stopped, and .

at its contacts »2 and p3 it switches through
the leads al and 21 over condensers to the
Jeads Li1Tle and T.1TI5 of the trunk line L1
taken into use. The relay-VR, having op-
erated again, falls back, the magnet S I3

a

deenergized and the switch wipers ave-al-
lowed to move into position 8. ‘The relay Uz
is aleo energized over the contact v72 and the
oft-normal contact k2. - The relay UR, at its
contact 471, connects the interrupter U to the
contaet 3 of the side switch, thereby momen-
tarily energizing the magnet S, which moves
the side switch into position 4. '

The velay T11 of the preselector VW7,
which was” energized when the trunk line
L1T was taken into use, at its contacts 1¢11
and 2¢11, disconnects the windings I and II
of the relay R2 from the leads a2 and 62 go-
ing to the preselector VW7, and at its con-
tact 3¢11, applies earth to the third lead
L1Ic of the trunk live L1I. The relay Ul of
the repeater Uel of the exchange IT is there-
by energized over the contacts £11 and w21,
The relay Ul, at-its contact w11, opens the
test circuit of line «7, b7 connected to the
contacts of the final selector LLW2, hence the
trunk line L1 cannot be taken into use by
the exchange IL. At the contacts »12 and.
#3 in the fnal selector LW1, a circuit is
clozed for the relay Al of the repeater Uel
over the following route: earth, contact ¢21,
winding IT of Al, contact 713, lead LdIb,
wiper of W1, contacts p3, 78, v12, p2, lead
L1la, contact #12, winding I of Al, contact

622, battery, earth. The relay Al, at its con-~
tact a1l closes a cireuit over the back con- 9

tact ¢23 for the winding of the relay Cl,

_which; at its contacts ¢11 and ¢12, discon-

nects the windings I and IT of the relay A2
from battery and earth, and connects’ these
windings in series with the contact ¢12 across
the outgoing leads Li1TIe and LAIIb. A cir-
cuit is thus prepared for the transmission of
current impulses to the repeater Ue2 at the

.exchange IT1. The relay Ul, at its contact

112 and over the contact 21, applies earth
to the lead L1IT¢ going to the exchange I11,
and energized the relay U3 at the repeater
Ue2 over the contacts #31 and #41. The re-
lay U3 then energizes the relay U5 at the
repeater Ue3 in the exchange IV over the
coritact 431 and the contact £42 and over the
lead L1TX1Ic and the contacts ¢51 and w61.
When the relay C1 operates at the repeater
Uel, the contact ¢13 opens the test circuit of
the branch of the trunk line L1, which goes
to the final selector LW2. The trunk line
is thus also marked engaged to other calls
in the direction of the end exchange T.
The relay A3 of the repeater Ue? is ener-
gized in series with the windings T and II

the leads LiIIe and L1II5 by means of the
contact ¢12. This circuit extends from earth
at the contact c41 at the repeater Ue2
through the winding IT of A3, contact 732,
lead T1II6, contact #23, winding II of the
relay A9, contacts ¢12, @12, ¢11, winding I
of A2, contact 122, lead Li1ILg, contact £33,
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winding I of A3, and over the contact ¢42
to. battery and earth. “At contact @31, the
slow acting relay C3 is energized over the
back contact ¢43 and the relay, at its contact
¢33, interrupts the test circuit of the branch
of the line L1, which is connected to the
firet level of the final selector LWS. When
the relay U3 operates, its contact u31 inter-
rupts the test circuit for the branch of the
line .1 going to the exchange V via the final
selector LW3. The relay (3, at its contacts ¢31
and ¢32, disconnects the windings I and IT of
the relay A4 from battery and earth and
connects them across the leads L1IIIe and
L1ITI0 in series with the contact ¢32; at its
contact ¢34, the relay prepares a circuit for
the relay V4; and at its contact ¢85, it dis-
connects the winding of the relay C4 from
the contact @41 in order to prevent the oper-
ation of the relay C4.

In a similar manner. the preparation of
the repeater Ue3 for the repetition of the
current impulses over the branch of the line
L1 as well as the marking engaged of this
trunk which is accéssible to the final selector
I/W4 is effected. For the sake of simplicity,

the cireuit of the repeater Ue is not shown.
in-full, because all its details correspond to.

The -

those of the repeater Uel and Ue?.
leads L1I Ve and 1211V, which are connect-
ed _to the leads of the preselector VW6, are
bridged at the repeater Ue3 by a relay cor-
responding. to the relay A4. Hence, the
relay R3 at the preselector VW6 in the ex-

3 change V.is energized and causes the prese-

lector to be set:in motion.and take into use
an idle final selector in the exchange V such
as LW5. When the test wiper of VW 6
leaves its mormal position, it opens the test
cireuit of ‘the outgoing line branch L1IV
marking this engaged to the outgoing traffic.
~ As soon as:the calling subscriber trans-

mits the next train of impulses, which, in

the present example, corresponds to the tens
digit of the wanted subscriber’s number, the
relay R at the final selector W1 falls back
a number of times, corresponding to the
number of impulses transmitted, and ateach
impulse opens, at its contact 73, the circuit
of the windings I and IT of the relay Al.
Relay Al releases at cach impulse and, at its
contact @11, closes a circuit for the relay
V2 over the contact ¢15, and opens its con-
tact @12. . The slow acting relay V2 operates
and remains’ attracted for the duration of
the train of impulses.. In order to improve
the repetition of the current impulses, the
windings of the relay A2 are short circuited
over the contacts #21 and 222 during the im-
pulse period. At each impulse, the relay A,
at_its contact ¢12, opens the circuit of the
relay A3, which energizes the relay A4 over
the ‘contact ¢31 and the contact ¢43. The
windings of the relay A4 are short circuited
over the contacts 41 and 42 during the im-

.means of the magnet M. the final

1,646,387

pulse period. . At its contact a82 the relay
A3 opens the circuit of a repeating relay,
corresponding: to the relay A3, and located
at- the repeater Ue3, ,
over the contacts 742 and #43, 53 and #52.
This relay repeats the current impulse over
a contact corresponding to the contact ¢32
of the repeater U2 and belonging to. the re-
peater Ue3; and transmits the impulses over.
the contacts #62 and ¢63 to a relay of LW5-
in the exchange V corresponding to the relay
R of the final selector LWL~ This relay.
transfers the current impulses to the lifting:
magnet of the final selector LW5.  The cir-

cuit arrangement of the final selector LWS5 &t

1s similar to that of the final selector LW1
and js therefore not shown in detail in the.
Figure 8. After the transmission of the
last: impulse in the tens train of impulses,

the relay Al remaing attracted fora longer

time, hence the current through the winding
of the relay V2 is interrupted long enough
for the relay V2 to release its armature. At
the contacts 21 and #22 the short circuit is

removed ‘from the windings' of the relay ¢

A2, so that the relay again operates.
While the calling subscriber is transmit-

ting the last train of impulses, the relay V9

is‘energized in the same manner as that de--

“seribed above for the tens train of impulses, . v3
and thus the windings of the relay A2 are

again short circuited. At the final selector

L.W35, a relay which corresponds to the relay

This circuit extends.

VR of the final selector L.W1 is energized

during the tens train of impulses and is re-
leased at the end of this train, so-that the
side switch is moved into position 2, thereby
preparing the rotary magnet circuit.  Dur-
mg the units train of impulses the rotary

.magnet is operated and positions the wipers

of Liw5 onto the contacts of the wanted sub-
scriber’s line. : : :
Thereupon the testing and calling of the
wanted subscriber is effected in known man-
ner. After the wanted subscriber has an-.
swered, a relay of the final selector LW5
corresponding to the relay Y. of the final
selector W1 is operated and feeds current
to the subscriber’s microphone.. .
At the end of the conversation, both sub-
scribers hang up their receivers, whereupon
the relay R of the final selector W1 falls

~back. . The e¢ircuit of the velay V1 is inter-

rupted at the contact 1. Relay V1 ve-
leases and at its contact v13 closes the . cir-
cuit of the release magnet M, which has been
brepared at the off-normal contact 73. By
selector
LW1 is returned to its normal position in
known manner. At a contact m. of the re-
lease  magnet M the marking engaged - cir-

~cuit of the final selector is opened, hence-the

relays T and C,fall back. The relay. T
returns  the ‘preselector VW1 to . its nor-
mal position in known manner, while the
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relay C, at its contact ¢l, interrupts the
cirenits of the test relay PL and the relay
T11 of the preselector VW7. The lead Lile
is disconnected from earth at the contact
311, and the relay Ul of the repeater Uel
falls back and opens the circuit of the relay
U3 of the repeater Ue2 at the contact w12
At its contact w11 it closes the test circuit
of the line L1 for the final selector LWZ2,
over which the line L1 can therefore now be
taken into use. When the relay R released,
the opening of the contact #3 caused the
relay Al to fall back. At its contact «li,
it opens the circuit of the relay Cl and at

the contact ¢12 it opens the circuit of the

windings of the relay A2. After a short in-
terval, the relay C1, at its contact ¢15, opens
the circuit of the relay V2; at the contact
¢13, it removes the engaged condition from
the test cireuit of the final selector LW2;
and it again connects the windings 1 and 11
of the relay A2 to battery and earth at the
contacts ¢11 and ¢12. The switching means
at the repeaters Ue2 and Ue3 and the final
selector LW5 are returned to normal in the
same manner as the repeater Uel and the
final selector LW1, so this need not be fur-
ther described. :
1f a subscriber of the. exchange V, for

. example the subscriber T5, wishes to be con-

nected to the exchange I, the call is set up
in the same manner as that described for a
call'in the opposite direction. After the pre-
selector VW5 (Fig. 8) has found an idle
final selector such as LW5, the relays T10
and (8 arve operated over the off-normal
contact %5 and over the test wiper of VW5,
The subseriber T5 in this case dials the digit
1 to raige the wiper of final selector LW5
to the proper level, and then dials an addi-

t'omal digit 1 to start the rotary trunk’

hunting movement. The final selector T.W5
is thereby positioned on an idle trunk line
for example L1, The test relay P2 is op-
erated over the test wiper of VW6 in its

normal pogition and over the windings of.

the veluy T12. The latter, at its contacts
1£12 and 2£12, disconnects the windings of
the relay R3 from the leads .43 and 03,
therchy preventing the starting of the pre-
selector VW6 and the taking into use of a
final selector. At the contact 8¢12- the re-

lay U6 is energized over the: lead L1IVe
and over the contacts 761 and ubl: the re-.

lay U4 of the repeater Ue2 is .then ener-
gized over the contact u6l of the relay UG
and over the contact 51, the relay U4 being
cenmected to the lead L1ITI¢ over the con-
tacts 1481 and #42. The relay U2 at the

repeater Uel is energized over the contacts.

wil, 231, the lead Li1ITe, and over the con-
tacts #21 and w12: At the contacts of the
relay U6 and of a relay at Ue3 correspond-
ing to the relay C4 of the repeater Uc2, the

Jead. 2.
- ple LW1, having been found, the relay T11

S

trunk line L1 is prevented from being taken

into use by the¢ exchange IV.  Similarly,

the line L1 is marked engaged to the ex-
changes IT and TIT at the contacts w42 and
c44 of the repeater Ue2 and at the contacts
w22 and ¢24 of the repeater Uel respectively.
When the leads L1III¢ and L1ITIb are
taken into.use, the relay A4 of the repeater
Ue2 is- encrgized over the repeater Ue3,
and causes the relay C4 to operate. Thus
the relays A3 and A2 are connected up
over the.contact @42 and the -contacts c41
and ¢42. The relay A2, at its contact @21,

closes a circuit for the relay C2, where-

upon the windings I and II of the relay
Al are bridged across the leads LlIe and

L11% over the contacts ¢21, @22, and ¢22.

The leads L1Ie and L1I) are connected to
the leads a2 and 52 of the preselector VWT.
The relay R2 is energized over its windings
I and I, and starts the preselector VWT

to hunt an idle final presélector in the known:

manner.  When the preselector leaves its

o5
e

normal position, its fest wiper interrupts.

the testing circuit of the line L1, which is
connected to a test contact of TiW1 over the
An idle final selector, for exam-

90 .

of the preselector is operated over the léad: |

¢5, and the winding. of the relay C is. con-

‘nected to earth. over the off-normal contact

7:1; while the leads ¢2 and b2 are connect:

ed over the -contacts 1711 and 2¢11. to the

leads b and 05 going to the final selector
Lwi1. ‘ ‘ S ’

The number impulses are repeated in the
same manner as that above described for a
call in the opposite direction, so onlv a short
description need be given here. o

Tach train of impulses, repeated by the
repeaters Ued and “Ue2, 1s transmitted by

100
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the contact 022 of the relay A2 over the cou- .

tacts 31 and 032 of the relay ©3 and over
the leads a2, 02, a5, and 05, to the relay R

T.W1 s set onto the wanted subscriber’s lime
in known manner by means of the tens and
units-trains oft impulses and then the testing
and calling s effected. - When the wanted
subseriber answers, the relay Y is operated

“over its windings T and II and.over the loop
of the wanted  subscriber,- thereupon' in-

known manner disconnécting the ringing
current: ~ At the end of ‘the conversation the
connection 1g released in. the manner above

described, so. it need not be further referred:

to here. -
It will now

er T2 wishes to set up a call to a subscriber of
the exchange I. Upon lifting down the re-
ceiver at the calling subscriber’s instrument,
the preselector ' VW2. is started in. known

manner and hunts for an idle final selector,

be assumed: that a subscriber
of the exchange IT, for example the subscrib--

-at the final selector I.W1.. The final selector: - '

11D

115

120
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- LW2 for example. The first train of im-

pulses, which in the present case comprises
one impulse, causes the final selector LW fo
be raised to the first level, while an additional
impuse starts the non-numerical trunk se-
lection: - As soon as an idle trunk line, <uch
as L1 has been found, the relay P8 is oper-
ated over the lead ¢6 the relay T1 and over
the contacts 422 and ¢13. In this circuit the
velay TT is'also energized and at its contacts

- £12 and ¢13 connects the leads a6 and b6 over

—:
Pt}

the: leads Lile and 1115 to the leads 2 52.
The. preselector VWT is then started and at

its test wiper opens the test lead of the line.

L1, g0 that thisis marked engaged to outgo-
ing' traffic from the exchange I, and an idle

- final selector is taken into use. ~In order to

Vs
00

N
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prevent the trunk line L1 being taken into-

1se for a call from the exchanges IIT, IV, or
V. to the exchange I, the relay Al is ener-
gized over 'the contact #14; (earth, (€21,
winding IT of A1, 714, winding 1 of A1, ¢22,
battery, earth).” At its contact ¢11 the re-
lay Al connects up the relay Cl. The lat-
ter at its contact ¢13 opens the test circuit
for the relays P38 and T1, but this cireuit has
been closed in the meantime over the contact
£15-and the resistance W1, thus locking the
relays. The relays A2 and A3 ave energized
in-seriés with one another over the contacts
¢11 and ¢12. . The relays C3 is operated over
the contact @31 of the relay A3, and opens at
its contact ¢33 the test circuit of the hranch
of the line L1 going to the exchange L.
Similarly, the line Ll is marked-engaged st
the test contact of the final selector 1.W4 at
the exchange IV, this being effected by
switching means at the repeater Ued. At
the-same time, a bridge is placed across the
leads IL1IVe and LIIV® at the- repeater
Ue3, corresponding to the bridge including

the contact 432 and the windings T and LT
of the relay A4 at the repeater Ue2.. The

relay R3 of the preselector VW6 is thus en-

ergized and the preselector VW6 is rotated

off its normal position. - When the test wiper
leaves ‘its normal position, it interrupts. the

‘test lead of the line L1, so that the line is-

marked engaged to outgoing traffic from the
exchange V. ~The positioning of the final ze-
lector W1 and the establishment of the con-
nection takes place in-known manner. -
- If the subscriber T2 wishes to set up a call
to a subscriber of ‘the exchange V, he re-
moves: his receiver and dials the number of

the substation with which connection is de-

sived; which consists of the digit 5, a digit 1
to start the hunting movement and the tens

and units +digits. . In response to “the re-

moval.of the receiver, the preelector VW9 se-

“lects an idle final selector. Assuming that
the final selector LW2 is selected, its wipers

are raised to the fifth level and an idle trunk

Jine such as L1 is found. The relay P3 is.

then operated in series with the relay T2

1,646,387

over the contacts w1l and ' ¢24, and connects
the line of the subscriber T2 with the Jeads
a7 and 07. The telay T2 over its contact
¢21, the line L1XTIc and over the contacts 51
and w41, energizes the relay U3 at the re-

peater Ue2.  As above described, at its con-

tact 131, the relay U3 takes into use the re- .

‘peater: Ue3, the preselector VW6 and a fin)

selector LW5 at the exchange V. At the

contacts 722 and £23, the leads @7 and 37 ave.

connected to-the trunk line leads LilIg and
L1T10, hence the relay A3 is energized at the
repeater Ue2 and it repeats:-the current im-
puises to-the repeater Ue3; which repeats the

impulses to the final selector LW5 at the ex- 2

change V. The final selector is thus posi-
tioned onto the wanted subscriber’s line
previously described. The separate Iine sec-
tions are marked engaged in the same man-
ner as for the above described connections.

A connection between a subscriber of the
exchange I or IV and'a subscriber of the
exchange I or V is set up in the same manner
as that described for the exchange IL. It is

YA
i

therefore not necesiary to give a description.

thereof, :
The method of operating calls over a

trunk line going to one of the intermediate -

exchanges will now be described with refer-

ence to the Figs. 4 and 5. For this purpose -9

it will be assumed that a-subseriber T1 of
the exchange I-wishes to set up a call to a
subscriber T3 of the-exchange ITT.  When

_the’ receiver is taken down at the instru-
ment * of subscriber T1, the wipers of

the preselector VW1 are rotated over its
bank: contacts in search for an idle. final
selector. . Assuming that the final selector
LW1 is the one selected, the relay T is op-
erated in geries with the relny C) when the

10

line to this switch is reached by the wipers

of the preselector. ' By mieans’of the first
two trains of ‘impulses; - consisting in this

case of the digit 3 and an additionil digit 1

to initiate the trunk hunting movement, the

final selector is positioned on an idle trunk

line in the third level, for example, trunk
line L3, The relay Pl ig energized over the
contact el and the lead LdIc in cories with
the relay UT of the repeater Uel0 at the ex-
change IT over the contact #71.  Tlhe relay

U7, over its contact %71, the contact 172, the
lead L8TTe and the contact 793, energizes the-

relay T8 of the repeater Uell at the ex-

change III." The relay T8 at its contacts

81 and ¢82 switches the line section T3III

~incoming from the opposite direction over
~tothe prezelector VW12, “At the same

time,
at the contact 83 the line L3ITTe is dis-
connected from: the relay T9 and is' con-
nected-to relay J2. The relay A5 is operated
whenthe repeater Uel0 is taken into use.
This relay, at its contact @51, connects up
the relay G5, which at its contacts ¢l pré-

pares the circuit of the relay V6. At the

12t
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contacts ¢52 and ¢53, the windings I and 1T
of the relay A9 are connected over the
contact b2 across the leads L8Ile and
T.3116. Thus, the relay A6 of the repeater
Uell operates in series with the relay A9.
The rvelay U7, at its contact w72, interrupts
the test circuit of the final selector L2,
hence the line L8 cannot be taken into use
by a subscriber of the exchange IT. When
the subscriber T1 transmits trains of 1m-
pulses, the relay A5 falls back at cach im-
pulse. ITence, at the first impulse a circuit
1s closed for the relay V6 over the contacts
a1 and ¢bl.- The relay #6 at its contacts
»61 and 262, short circuits the windings ot
the relay-A9; thereby increasing the current
flowing over the lines L3IIe and L3II) to
the relay A6 so as to improve the.irans-
mission. It remains to be mentioned that
when the-relay A6 operates, its contact a6l
bridges the leads 8 and 8 going over the
contacts £91 and #92 to the prezelector VW1L.

The preselector VW11 is thereby started in

known manner, and takes into use an idle
final selector such-as W3, At each impulse,
the opening of the contact a52-canses the
relay A6 to fall back, thereby opening the
loop, which has been closed over the leads
@8 and 48 and-over the contacts 91 and 792,
and thus current impulses are repeated for
positioning the final selector LW3. The
positioning of the final selector and the es-
tablishment of the connection are effected in
known manner, hence the subscriber T1 can
cominunicate with the subscriber T8.

1f, for example, the final selector LW4 of
the exchange IV be positioned onto the same
trunk line L3 by a subscriber T4, this call
can be set up independently of the connection
already set up over the other section of the
line L3. When the line L3 is taken into
use, the relay P5 of the final selector LW4
is energized 1n series with the velay TR over

“the contact %81. ‘The relay TR applies earth -

to the test contact of the final selector LW5
over the contact &1 and the lead L3IVe,
thereby the line L3 is marked engaged to the
exchange V. At the contact #r2, earth is ap-
plied to the lead L8IIIe, hence the relay J2
at the repeater Uell 1s operated over tie
contact £83. The relay J2, at its contact 72,
closes a locking circuit for the winding of

the relay T8 over the contact ¢85. The pur-.

pose for which this is done will be explamned
hereafter. 'The contacts #3 and Zr4d are
switched over upon the operation of the relay
TR of the repeater Uel2 in the exchange IV.

The leads ¢10 and 510 of the final selector

LW4 are thereby connected to the leads
13IIIe and L3I1XD of the trunk line. The
relay AT at the repeater: Uell then operates,
and at its contact @71 repeats the current
impulses over the leads ¢9 and 09 and the
preselector . VW12 to a final selector such as
LWs. . ' oo

>

- After the conversation between: the sub-
scriber T1 of the exchange I and the sub-
seriber T3 of the exchange 111 is ended, the
marking engaged circuit, extending over the
lead L3Ie. is interrupted, and the relay UT
falls back. The latter, at its contact w71,
opens the energizing circuit of the relay T8.
Relay T8 however, does not release, because
it is located in ‘the holding circuit over the
contacts 72 and ¢85.  Hence, the speaking or
positioning cireuit is maintained over the
leads @9 and 09 between the exchanges 1V
and IIT until the relay J2 releases over this
connection at the end of the conversation.
Thereupon the opening of the centact ;2
also causes the release of the relay T8.

The method will now be desciribed for set-
ting up-a connection between the subscriber-
T5, of the exchange V, and a subscriber of
the exchange II1. The pre-selector VW5
hunts for an idle final selector. . Assuming
final selector LW5 is the one selected, the
relay ‘T10 1is then operated over the test
wiper of VW5 in series with: the relay C8
over the off-normal contact %5.. The sub-
seriber’s leads are connected by way of the
contacts of the refay T10 (not shown) to the
speaking leads of the final selector, whest
upon the relay R1 is energized over its v
ings T-and IT. At its contact ril. relay Rl
closes a circuit for the rélay V8. The trains
of impulses transmitted by the subscriber T3
cause the final selector LW5 to be raiged to
the desired level, which in this cage is the
third level, and then hunt for an idle trunk
Jine.  Assuming that the trunk line selected

ig trunk line L3, the relay P2 is energized

over the contact ¢81, the lead L3IVe, the
contact #71 and through the winding of the
velay US. At the contacts p51 and pbh2, a
bridge comprising the: contacts 712 and 281,
ig connected across the leads I8IVe and

Th

=3

v

K3
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L3IVDh. The relay A8 is thereby operated

and energizes the relay C6 over its contact
a81.. The opening ef the contact wS1 pre-
vents the line L3 being taken into use by the
exchange IV, while at the contact u82 earth

“is applied to the lead L31LIc over the con-

tact #9.. Hence, at the repeater Uell. the
relay T9 is energized over the back contact
£83. . At its contacts 91 and 92, the relay
T9 switches the section of the line L3, incom-
ing from the opposite direction, to the leads
a9 and b9 of the preselector VWI12. At the
contact @82 the windings T and TI of the
velay B, by way of contacts ¢62 and ¢33,

10

are connected in bridge across the outgoing -

line LAIIL. . The relay AT at the repeater

Uell is then energized. -The closure of the

contact. 71 canses the preselector VW1 to

|

0o
i

—t

be started over the contacts #81 and #82 and

over the leads ¢8 and 58, and takes:into-use
an idle final selector as LW3. 'The relay A8
falls back at each impulse of-the last two
trains of impulses. Over the contact «81

o5
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and the contact ¢61, the relay V7T is encr-
gized at the first impulse of each train and
remaing energized for the duration of each
train of impulses. The closing of the con-
tacts 071 and 272 short circuits the windings
I and I of the relay B, increasing the cur-
rent -flowing over the leads L8IIIs and
L31I10, thereby improving the transmission
of the traing of impulses and ensuring the

» reliable operation of the relay ‘A7. The re-

lay A8 falls back at each impulse and at its
contact 82 it opens the circuit of the relay
AT, The latter, at its contact «71, opens the
which has been closed over the leads
af and b8, thereby repeating the current im-
pulses to the ‘motor magnets of the final
selector LW3, - - Co
If, in the meantime, the same trunk line
1.3 to the exchange III has been taken into
use by ‘a subscriber T2 of the exchange 11
over his preselector VW2 and the final selec-
tor LW2, the relays P38 and 17 are enci-
gized. The relay T7 applies earth to the
lead L8Ic over its contact T71, so that the
tronk line taken inte wuse -appenrs to he
marked engaged at the final selector LWI.
At the contacts 78 and #74, the leads ali
and 011 are switched through to the trink
leads L311e and L3IId, while the velay J1

¢ of the repeater Uell is energized over the

contact 72, the lead ‘Li3IIe and over the
front contact #93. - At the contact j1 a hold-
ing cireuit for the winding of the relay T9 is
closed over the contact £95, ;

After the conversation between the gsub-
seriber. T5 and  the subseriber T3 is eom-

pleted; the energizing circuit for therelay T9

1s opened at the contact u82 after the relay
U8 has fallen back. But the relay T9 does
not release, because its winding its included
in the holding circuit over the contacts 41
and 785, Not until the end of the conversa-

tion. between the subseriber ‘T2 and a sub-

seriber of the exchange 111, does the relay

19 Eall back owing to the release of the

relay J1 opening the contact ji.

1t should also be mentioned that in the-

third level of the finul selectors shown in
the Tigs. 4 and 5, no-call-outgoing from the
‘hange T31 can be set up. - Therefore the
1 of the présclector VW 8 shown

Fahe
OX

thivd lev

in the Fig. 4 only serves for local traffic -
_within the exchange TI1,

Lhe circuit arrangement of the trunk lines
1.2, 14, and L5 and of the repeating devices
3. ATy { G :
associated ' therewith correspond to those

shown in the Figs. 2 to 5, hence there is no.

need to show or desceribe thege cireuits.
-What is claimed is: S

L. In a telephone system, two exchanges,
an-intermediate exchange, a two-way trunk

line connecting the first and second ex-
changes via said intermediate exchange, auto-
matic switches in: the  first and second ex-

changes for completing through connections

1,646,387

over said trunk line in either direction, and
automatic switches in said intermediate ex-
change cooperating with certain switches in
the first or second exchange to complete
connections over said trunk line from the in-
termediate exchange to either the first or
second ‘exchange or to both the first and
second exchanges ‘at the same time.

2. In a telephone system, two exchanges,
an intermediate exchange, a two-way trunk
line” connecting the - first and second ex-
changes via - said -~ intermediate exchange,
automatic switches in the first and second
exchanges for completing through connec-

-1

tions over said trunk line in either direction,
automatic switchies in the intermediate ex.

change having access to said trunk line over
two different paths corresponding o said
first and second exchanges, respectively, and

“neans effective when the trunk line is'seized

by a switch'in the intermediate exchange for
extending the connection: to the first or sec-
ond exchange depending on-the ‘path: over
which the trunk’line ‘is taken for use.

3. In a telepliond systeny; two exclianges,
an intermediate exchange, a two-way trunk
line connecting  the - first and second . eéx-

changes via - said: intermediate’ exchange,

or

automatic: switches ‘in the first. and second

exchanges for: completing through ' connec-
tions over said trunk line in either direction,
automatic switches in the intermediate ex-
change having access to said trunk line over
two. different -paths corresponding to said
first  and " second exchanges, respectively,
means effective-when the trunk line is seized

o)

10

by a switch in the intermediate exchange for~

extending the connection to the first or sec-

ond-exchange depending on the path: over

which the trunk line is taken for use, and
means for making the particular path used
busy to other switches while the other path
is left free for use-in completing connections
over the trunk ' )
change:: -~ 7 e Sl

4. In" a telephone system, two exchanges,
envintermediate exchange, a twosway trunk
line connecting the  fizst and second. ex-
changes via - said intermediate exchange;
automatic switelies in the first and second
exchanges' for completing through connec-
tions over taid trunk line in either direction;
automatic switches in the intermediate ex-
change hiaving access to said trunk line over

two different paths corresponding to said

first - and sécond exchanges, “respectively,

means etfective when-the trink line is seized

by a switch in ‘the intermediate ‘exchange
for extending the connection to the first or
second exchange depending-on the path over
which the trunk line is taken for use, means
for'making the particular path used busy
to other switches while-the other path: 1s

left free for usein completing: connéctions

over the trunk line to the corresponding ex-

line to the corresponding ex-:

1;_;‘
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change, and means effective when the trunk
line is first seized at the intermediate ex-
change for separating the sections extending
to the first and second exchanges, respec-
tively, so that the section not used in the
first connection can be used for the second
connection without interference.

5. In a telephone system, two end ex-
changes and a plurality of intermediate ex-
changes, a trunk line connecting said end
exchanges and said intermediate exchanges
in series, means for automatically establish-
ing a talking connection from any inter-
mediate exchange to either end exchange
over said trunk line, and means for estab-
lishing a second talking connection from the
same intermediate exchange to the other of
said end exchanges over said trunk line
while the first connection is intact.

6. In a telephone system, two end ex-
changes and a plurality of intermediate ex-
changes, a trunk line connecting said end
exchanges and said intermediate exchanges
in series, means for automatically establish-
ing a talking connection from any inter-
mediate exchange to either end exchange
over said trunk line, and means for estab-
lishing a second talking connection from said
calling intermediate exchange or any other

‘intermediate exchange not included between

a calling intermediate exchange and a called
end -exchange to said other end exchange
over said trunk line while the first connec-

tion is intaet.

7.In a telephone system, two end ex-
changes and a plurality of intermediate ex-
changes, a trunk line connecting said end
exchanges and said intermediate exchanges
in series, means for automatically establish-
ing a talking connection from any inter-
mediate exchange to either end exchange
over said trunk line, and means controlled
over the two talking conductors of said trunk
line in series for guarding said trunk against
being taken into use by any other exchange
for extending a talking -connection to said
called end exchange.

8. In a telephone system, two end ex-
changes and a plurality of intermediate ex-
changes, a trunk line connecting said -end
exchanges and said intermediate exchanges
in series, means for automatically establish-
ing a talking connection from any inter-
mediate exchange to either end exchange
over said trunk line, means controlled over
the two talking conductors of said trunk line
in series for gunarding said trunk against
being taken into use by any other exchange
for extending a talking connection to said
called end exchange, and means for guard-
ing said trunk against being taken into use
by any exchange included between said call-
ing intermediate exchange and, said called
end exchange. : ,

9. In a telephone system, two end ex-

9

changes, a plurality of intermediate ex-
changes, a two-way trunk line connecting
said first and second end exchanges and said
intermediate exchanges in series, automatic
switches in said first and second end ex-
changes for completing through connections
over said trunk line in either direction, and
automatic switches in’ the intermediate’ex-
changes. cooperating with. certain switches
in the first or second-end exchanges for com-

pleting connections from any intermediate

exchange to either the. first or second end
exchange or to both said first and second ex-
changes simultaneously.

©10. In a telephone system, two end ex-
changes, a plurality of intermediate ex-
changes, a ‘two-way trunk line connecting
said first and second end exchanges and said
intermediate exchanges in series, automatic
switches in said first and second end ex-
changes for completing through connections

over said trunk line in either direction, auto--

matic switches in each of the intermediate
exchanges having access to said trunk. line
over two different paths corresponding to
said first and second end, exchanges, respec-
tively, and means effective when_the trunk
line 1s seized by. a -switch in a-calling inter-
mediate exchange for extending the connec-
tion to the first or second end exchange de-
pending on the path over which the trunk
line 1s taken for use. ; ~

11. In a telephone. system, two end ex-
changes, a plurality of intermediate ex-
changes, a two-way -trunk line connecting
said first and second end exchanges and said
intermediate exchanges in series, automatic
switches in said first and second end ex-
changes for completing through connections
over said trunk line in either direction, auto-
matic switches in each of the intermediate
exchanges having access to said trunk line
over two different paths corresponding to
said first and second end exchanges, respec-
tively, means effective when the trunk line
is seized by a switch in a calling intermedi-
ate exchange for extending the connection
to the first or second end exchange depending
on-the path over which the trunk line 'is
taken for use, and means for making. the
particular path used busy to the other
switches in said calling intermediate ex-
‘change while the other path is left free for
use in completing connections over the trunk
line to the corresponding end exchange. '

12. In a telephone system, two end ex-
changes, a plurality of intermediate - ex-
changes, a two-way trunk line connecting
said two end exchanges and said interme-
diate exchanges in series, automatic switches
in said end exchanges for completing
through connections over said trunk line in
either direction, automatic switches in each
intermediate exchange having access to said
trunk line over two separate paths individual
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to' each intermediate exchange, means ef-
fective ‘when the trunk line is seized by a

switch in any intermediate exchange for ex-

tending a talking connection to either one
of the two end exchanges depending on the
pathover which the trunk line is taken for
use, mean$ for preventing the seizure of said
trunk by the automatic switches of ‘the other
intermediate exchanges included ‘between a
calling intermediate exchange and a called

-end exchange ‘over either. path, means for

preventing the seizure of said trunk by the
automatic switches of the other intermediate
exchanges not included  betiveen said call:
ing intermediate exchange and said called
end exchange:over the path'corresponding
to said called ‘end exchange, while leaving
said trunk free'to be seized by the automatic
switches of the other intermediate exchanges
not included between ‘said intermediate ex-
change and said'called end exchange over the
path -corresponding to the mon-called ‘end
exchange. = : e

18: In a telephone ‘system, a trunk line

‘connecting  a’first and a second terminal ex-

change, ' a  plurality " of  intermediate ex-
changes adapted ‘to.extend connections over
said “trunk line ‘to either of said terminal
exchanges, means at said - intermediate - ex-
changes operative upon one of said inter-
mediate exchanges extending a call to either
terminal exchange for disabling all of the
remaining intermediate éxchanges from ‘ex-
tending calls in the same direction and also
disabling the intermediate exchanges located
between the calling intermediate exchange
and the called terminal exchange from ex-
tending calls to the other terminal exchange,
while permitting the other intermediate ex-
changes not included between 'the calling

intermediate exchange and the called ter-

minal exchange to extend connections to the
non-called terminal exchange. L
14. In a telephone system, a first and sec-
ond trunk line normally connected to'a first
automatic switech and. normally disconnect-
ed from. a’ second automatic switch, and
means for disconnecting ‘either of said trunk

lines from the first said automatic switch

and connecting it to the second automatic
switch “when the “first of .said . dautomatic
switches is taken for use over the.other of
said trurk lines. :
~15. In a telephone: system;
exchange, a trunk line extending through
said ‘exchange, dutomatic switches in ‘said
exchange having. decess to said trunk over
either of two paths depending on the digit
dialled, and means for. extendimg a call in
either. direction over said trunk line from
said exchange depending on which path said
trunk line is seized over. _

16. In a telephone system, an automatic
exchange, a trunk line extending through

an automatic -
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said-exchange, automatic switches in said ex-
change having access to -said trunk over
either of two paths depending on the digit
dialled, raeans for extending a call in either

direction over said trunk line from said-ex-
change depending on which path said trunk

line is seized over, and means for making the

-particular -path busy to other switches in

said exchange while the other path is left

-y

free for use in.completing calls over said -

trunk line in the other direction. i
17. In-a telephone system, an automatic
exchange, a trunk line extending :through
said - exchange, automatic: switches in said

exchange having access to said trunk over -

either of two paths depending on the digit
dialled; means' for extending a call in either
direction over said trunk line from said ex-
change depending on which path said trunk
line .is seized over, means: for making :the
particular: path busy' to other!switches in

said exchange ‘while the other path is left

free for use in completing calls ‘over said
trunk line in the other direction, and means

effective when the trunk line is first seized -

for separating the trunk into two sections
so that the section not used in-the first con-
nection-can-be used for completing calls in
the: other direction without interference. .

18. In a telephone system; a first and. a
second trunk line normally . connected :to a
first-automatic switch and ‘normally - discon-
nected from a second automatic switch, and
means for disconnecting the second  trunk
line from the first automatic switch and for
connecting it to the second automatic switch
when a- connection is éstablished over the

first trunk line to the first automatic switch.

19. 'In: atelephone system, a first and a
second trunk line normally. connected- to-a
first automatic switch and-normally- discon-
nected from a second automatic switch, and
means for disconnecting the second trunk
line from the first automatic switch and for

connecting it to the second automatic switch

when a - connection is established ‘over -the
first trunk line to the first; automatic switeh,
and means for maintaining the second trunk
line: connected to the second  automatic
switch -after the termination of the connec-
tion over the first trunk line when a connec-
tion is- established - over the second’trunk
line to the second automatic switch: :
20. In a telephone . system, two end ex-
changes, an intermediate exchange, a trunk
line comprising talking conductors and a-re-
lease conductor ' connecting said -end- ex-
changes and said intermediate exchange in
series, means for automatically establishing
a’ connection from: said intermediate: ex-
change to either ‘end - exchange: over said
trunk line, means for automatically estab-
lishing a connection from one of said erid-ex-

changes to the other over said trunk line,
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means operable when said second connection
is established and controlled over the two
talking conductors of said trunk line in se-
ries for preventing the taking into use of
5 said trunk line at said intermediate exchange
for establishing a connection to the calling
end exchange, and means controlled over the

release conductor of said trunk line for pre-
venting the taking into use of said trunk line
at said intermediate exchange for establish-
ing a connection to the called end exchange.
“In witness whereof, I hereunto subscribe
my name this 20th day of July, A. D. 1925.
ALEXANDER BRUNO PREUSS.
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