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6 ‘Cl‘alms.

This invention relates to automatic telephone
systems of the type comprising one or more sub-
exchanges to each of which a number of sub-
scribers are connected, and a main exchange to
which each of the sub-exchanges is connected by
a number of connecting lines fewer in number
than the number of subscribers’ lineg connected
to the sub- exchanges and the object is to .im-
prove and cheapen this type of automatic tele-
rhone system.

I have, by way of example, illustrated my in-
vention in the accompanying dra.wmcs which
are mainly diagrams of connections.

In the drawings—

Figure 1 is a diagrammatic view of the general
arrangement. In Figure 1 the area to be served
is divided into four districts, north south, east,
-west, and four different ways in which the out-
goers may, according to the invention, be ar-

ranged are shcwn in these four sections respec- .2

tively,

Figure 2 shows the connections which -are
made when calling and called subscribers are
connected to different sub-exchanges,

Figure 3 is a similar view of the connections
when the calling and called subscribers are con-
nected to the same sub-exchange,

Iigure 4 shows, to an enlarged scale, the mode
of connection 111u.,urated in the north section
of Figure 1,

Figure 5 shows, to an enlarged scale, the mode
of connection llustrated in the ‘edst section of
Figure 1, o o

Figure 6> and Figure 6 together show a more
detailed view or the connectlons shown ln Flg-
ure 5,

Figure 7 shows with more detail than can con-
veniently be shown in I"lgure 6 How the com-
moning between the respectwe three conductors
of two commoned outgoers is effected,

Figure 8 is a similar view but dealing with
three commoned outgoers,

Flfrure 9 shows how the connection of out-

cer trunks to subscrlbers uniselectors are made

Flgure 10 shows the preferred arrangement of
the connections between th° sub- exchanges and
the main exchange,

Figure 11P 2nd Figure 112 shows with more de-
taii the arrangement of Figure 6,

Figure 12 shows g modification of the arrange-

ment of the usual construction of a uniselector,
when this type of line-finder is used to connect
a calling subscriber to a disengaged outgoer
trunk of 2 group cf outgoer trunks,

30
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‘sist§ of threée insulated conductors di:

Figure 13 shows a further modification in the
construction.of uniselector,

Figure 14 shows a modification made in the
usual construction of line-finder and outgoer
trunk hunter when this type is used to hunt.for
the line of the calling subscriber and fo find a
disengaged outcroer trunk of & ﬁroup of outgoer
trunks.

Flgure 15 shows the application.of the inven~
tion to a non-director mu1t1 exchan're system

with satellite exchanges,

Figure 16 shows the application of the inven-
tionn to a d1rector system ‘of automatic ex-
changes. ’

Referring first to Figures 1, 2 and 3, the area
to be served has a main exchange M, and in
the example selected is divided into four sec-
tions, north, south, east and west; three of the
sections, north, east and west are each divided
into six sub-distriets, the south section -being
divided -into seven -sub-districts; .each sub-dis-
trict has about one hundred potential sub-

scribers and a sub-exchange .is located in -each

sub-district; .there are, therefore, twenty-five

Sub-exchanges divided .into four groups, three

cf six and one of seven sub-exchanges. Each
sub- exchange is connected by the requite num-
ber of separate lines .C (one only of which is

yshown in Figure 1) to the respective subscribers

in its suwb-district, and is also connected to the

main exchange by a suitable number of sub-ex-

cbange incomer trunks Is, Each outgoer trunk
and incomer trunk has multiple conductors the
outgser trunk usually three, and the incomer
either two or three. In the drawmgs unless the
contrary is stated D, followed by a dlStlIlgUlSh—

llng letter or numeral represents a group of the

separate outgoer trumks to its associated sub-
exchange, each of which outgoer trunks con-
a2, d3
(see ‘Figure™7 and Figuré 9). Is represents a
group of incomers to its associated sub-exchange:
the ends only of incomers Is, at the mszin and
sub-exchanges respectively, are shown, the in-
termediate parts being, to simplify the diagram,
omitted.

The sub-exchanges are of the completely un-
aftended type of automatic exchange. The
equipment of a sub-exchange to carry cut the
present invention consists (see Figures 2 and 3)
of disengaged outgoer trunk connectors DC and
final selectors F'S. The disengaged outgoer
trunk connectors may be of any of the well known,
organization adapted to be associated with a
number of subscribers’ lines connected to the
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sub-exchanges, and a number of outgoer trunks
from the sub-exchange to the main exchange,
which, when a subscriber lifts his receiver from
its rest, connects the subscriber’s line to an un-
engaged outgoer trunk; these may be uniselec-
tors of known construction modified as described
in connection with Figure 12 or Figure 13, in
which case there would be one for each sub-
scriber, or there may be a group of line finders
with associated outgoer trunk hunters, the num-
ber required depending upon the traffic require-
ments of the sub-exchange. The final selectors
F'S may be of any of the well known designs op-
erated by the dialling of the final two digits of
the called subscriber’s number and-giving ‘the
usual facilities. There would be.one final selec-
tor for each incomer trunk to the sub-exchange,
and each when operated would connect its asso-
ciateq incomer trunk to the line of the called
subscriber. The whole of the equipment would
be housed in one or more air-tight cabinets.
Normally the sub-exchanges would be identical
in"eonstruction and would not be designed indi-
vidually.  Preferably they would be equipped for
100 subscribers’ lines with facilities for expansion
t£0 200 lines.

A main exchange M for the area served is pro-
vided; and to carry out the present invention has

a group»selector for each outgoer trunk from the .

sub-exchanges which enters the main exchange.
and each egroup selector is associated with one of
said ovteser trunks: in a four-digit numbering
system each group selector comprises a 1st (GS!)
and a 2nd (GS2) associated numerical selectors
(see Figures 2 and 3), in which one 1st and 2nd
grouo selector only is shown. .Any of the well
known - construction of group selectors may bhe
emplovad: when the sub-exchanee outgoer trunk
. connected to the group seléctor GSt is connected
at a8 sub-exchanee tn a calling subscriber’s Iine,
and the first digit of the called numher is dialled,
the 1st selector GSI moves vertically to the ap-

propriate level and then, by angular movement,

selects a disengaged connector, at that level, tn
the 2nA4 selector, and the latter. when the second
digit, 15 "dialled. moves vertically to the ‘appro-
nriate level and. hy angular movement, selects »
diseneaged incomer frumk tn the sub-exchanga
tn which .the called  subscriher = connected.
When. the two last digits are dialled. the final
salector . TS associated with . the conrected in-
comeér trunk connects the-latter to the called
suhseriber’s line. TR L

The main -exchanse is eowpped to »ct ori-
marily  es o switchinrg eentre for the sub-
_exchanges. it is; howsvar, fitted with the usual
well known annaratus for connection to a man-
yal board: for producing and testing of tones
and the like: and, where desired. for obtaining
access to other. automatic exchanges,

Such a combination of & main and twenty-five
sub-exchanges would be capable of dealing with
two-thousand-five-hundred -subscribers in the
area, ga four-digit system of numbering being
adopted. ’ )

All sub-exchanges are similarly equipped, and
suitably connected to subscribers and to the main
exchange; and in what follows each of the several
modifications will be described with reference to
‘a single group; the connections in each modifica-
‘tion would, in practice, be followed in respect to
each sub-exchange.

The sub-exchanges in the north section group
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are indicated by Na, Nb, N¢, Nd, Ne, Nf. The
other groups are correspondingly designated.

S is g satellite exchange with sub-exchanges sl,
52, §3; and X—XS5 are exchanges of & director
system, associated with the main exchange M.

The connections made when a calling sub-
seribed associated with one sub-exchange N calls
5 subscriber in another sub-exchange W are
shown in Figure 2. When the calling subscriber
1ifts his receiver from the rest his line C is con-
nected by the disengaged-out-goer-connector
DC to the free outgoer trunk Dzn from the sub-
exchange N to the 1st group selector GSl in the
main exchange; and when the 1st and 2nd group
selectors have been actuated, by dialling the first
two digits of the called subscriber’s number, the
outgoer trunk Dn will be connected to the-in-
comer trunk Iw and by the latter to the final
selector FSw in the sub-exchange W, which final
selector will connect the incomer trunk Iw to the
called subscriber’s line C2. In Figure 3 the call-
ing and called subscribers are both connected to
the same sub-exchange N. o

Of the three conductors (see Figures 7 and 9)
dl, d2 and d3 of each outgoer trunk, two, dl and
d2, are the speaking lines, and d3 is a line which
is automatically “earthed”. when the outgoer
trunk with which it is associated is in use. A
calling subscriber has, of course, to be connected
to a disengaged outgoer, and accordingly when
he 1lifts his receiver he operates switches which
make battery and relay circuits which, in well
known manner, cause -the actuating magnet of
the subscriber’s disengaged-outgoer-trunk-con-
nector to move wipers (including ‘its “private”
wiper) -in succession over the respective sets of
contacts  connected - to the respective outgoer
trunks until it finds a set with an associated wire
‘d3 which ‘is not “earthed,” and therefore is a
disengaged outgoer trunk. .

In order to reduce the length of cable required
for, and therefore the cost of, outgoer trunks
which are usually laid in the streets en route be-
tween the sub-exchanges and the main exchange
the sets of outgoer trunks are commoned at
junction points located -in the line of route be-
tween a group of.sub-exchanges and the main
exchange, said junction points are:usually. en-
closed in . weather-tight underground chambers,
the positions of which coincide with the points
where the routes from the several sub-exchanges
of the group approach close together or. inter-
sect: for example, where the routes from two
remote sub-exchanges of a group to the main

? ‘exchange approach near together or intersect a

junction point is formed at which the correspond-
ing conductors-of the two sets of outgoer trunks
from the said two sub-exchanges are connected
together as hereinafter described. There would
be a set of outgoer trunks leaving each sub-ex-
change, the number of outgoer trunks in a set
depending upon traffic requirements; usually a
set would,- for average traffic, comprise twenty
to thirty outgoers, each outgoer trunk having
conductors for speech transmission and a testing
conductor;. the number of sets.of outgoers leav-
ing a junction is always less than the number of
sets of outgoer trunks entering it. For example,
the number of sets of outgoer trunks leaving each
junction point may be (see the east section of
Figure 1 and Figures 5 and 6) reduced to one-
half the number entering the junction, or where

‘three sets of outgoer trunks meet at'a junction

point, is reduced to one-third of those entering;
in Figure 6 it will be seen that though 24 outgoer
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trunks leave each of six sub-exchanges of the
east section, that is 144 outgoer trunks, only 48
outgoer trunks enter the main exchange. It must
‘be understood that the number of sub-exchanges
in a group, which share a particular set of out-
goer trunks to the main exchange, is determined
by the traffic requirements of the sub-exchanges:
in Figures 5 and 6 there are three sub-exchanges
per group. In this example normal average traf-
fic has been assumed. The comparisons given
above apply when all the outgoer trunks in a
group are commoned at each junction point; in
some cases, however, certain of the outgoer trunks
from each sub-exchange pass directly to the
main exchange, and some are commoned at some
of the junction points only (as shown in the west
section of Figure 1 and in more detail in Fig-
ures 10 and 11); in the latter arrangement the
number of outgoer trunks leaving a two-to-one,

or a three-to-one junction point are respectively

more than one-half or cne-third of those en-
tering as the case may be. Examples of these
respective modes of commoning are described with
more detail later herein.

In the modification illustrated as applied to the o5

grouped sub-exchanges in the east section, Figure
1 and in Figures 5 and 8, each suh- exchenge is
connected to the main exchange by a group of
incomer trunks Is, the ends only of which at

the sub-exchange and main exchange are shown. :

There would usually be 12 such incomer trunks

for an exchange of 100 subscribers. The ar-

rangement of the outgoer trunks is as follows:
For an exchange of 100 subscribers there would

usually be 24 outgoer trunks; the outgoers Da and

Db (see Figures 5 and 6) from sub-exchanges Eg
and Eb are commoned at the two-to-one junc-
tion point JI, the junction peoint Ji is connected
to the line Dab of 24 outgoer trunks to the junc-
tion point J2 where the outgoer trunks from sub-
exchange Ec would be commoned, the line Dabe
of 24 outgoer trunks enter the main exchange
M, each connected (with great saving in length
of cable required) to each of the three sub-ex-
changes Ea, Eb and Ec.

In like manner the outgoer trunks Dd and De
from sub-exchanges Ed and Ee are commoned
at junction point J3 which is connected by the
24 outgoer line Dde to junction point J4 where

the outgoer trunks Df from sub-exchange Ef are -

sommoned; the line Ddef of 24 cutgoers enters
the main exchange.

By “commoning” is meant that the correspond-
ing conductors of each outgoer in a set of out-

@

10

40

dee
it

goer trunks are connected to the corresponding ...

conductors of the outgoer trunks in the other set;
for example, at each of the commoning points
indicated by a dot in Figure 6, the three con-
ductors (see Figures 7 and 9) 41, d2 and a3 of

each one of the commoned outgoer trunks would re-

spectively be electrically connected to the con-
ductors df, d2 and d3 of each one of the other
set of outgoer trunks, and the joints insulated.

An example of the mode of construction is that
shown in Figure 7 where the conductors d4f,
and d3 of the respective outgoer trunks Dg and
Db are commoned at df, d2 and d3 of the out-
goer irunk line Dab. Figure 8 shows the mode
of commoning where three sets of outgoer trunks
are commoned at a junction point; the conduc-
tors dl, d2 and d3 of the outgoer trunks Dz, Dy
and Dz are connected to the conductors df, d2
and d3 or the outgoer line Dzyz.

The junction points Ji, J2, J3 and J4 would

be lccated at points where the routes from the

d2 oo

<

T
.

-
(K]

3

corresponding respective sub-exchanges to the
main exchange approach close together or in-
tersect.

The respective incomer trunks of the six sets
of incomers Is to the respective sub-exchanges
are, at the sub-exchange, each connected to a
final selector, and at the main exchange end are
connected either directly or indirectly to the
hanks of the 2nd group selectors GC2 (see Fig-
ures 2 and 3).

In Figure 5 each of the lines in the diagram

‘represents a group of outgoer trunks; in Figure 6

the mode in which the individual outgoer ftrunks
are commoned at the junctions is shown to a

i larger scale; the connections will readily be fol-

lowed as the same letters of reference are em-
ployed in both Figures 5 and 6.

It will be seen, in the arrangement of outgoer
trunks last described, that for each group of
three sub-exchanges twenty-four outgoer trunks,
each with its 3 conductors, enter the main ex-
change M. These would each be connected to a
greup selector GSI. A group selector connected
to, say outgoer trunk numbered I, would, there-
fore, be connected to each of the three sub-ex-
changes, thus the line | would be made an en-
gaged line if selected by a subscriber at any one
of the three sub-exchanges; the remainder of
the outgoer trunks would be similar in this re-
spect. Thus there would be no grading and the
early choices will be in almost continuous use,
the later choices heing only used when the traffic
offered from the three sub-exchanges reaches a
peak value.

To equalize the traffic on all choices and thus
reduce the total number of cutgoer trunks re-
quired, in the preferred arrangement accord-
ing to the present invention, the outgoer trunks
are graded by directly connecting some and by
commoning others, so that an early choice out-
goer trunk ‘is shared by subscribers to one sub-
exchange only, the later choices being shared
hy the subscribers to two, three or more sub-
exchanges. This arrangement is described in
greater detail later.

Figure 9 shows the mode in which the three
conductors of each of the respective outgoer
trunks are connected to the bank of disengaged
outgeer trunk connectors in the respective sub-
exchanges. It will be assumed that the disen-
gaged-outgoer-connectors are uniselectors USH,
US2—US24, one for -each of say 100 subscribers
connected to each sub-exchange. Each uniselec-
tor has three sets ©sa, usb and usc of twenty-four
cencentrically arranged contacts corresponding
with twenty-four outgoer trunks {D, 2D, $D—24D
connected to the sub-exchange. wsq and usr are
‘the respective wipers for connecting the calling
subseriber’s line to the speaking lines di and d2
of an outgoer trunk, and usp is the private wiper
which is used in testing for a disengaged line.
There would be as many uniselectors as there
are subscribers but three only, USI, US2, US3,
aie shown and there weuld be 24 outgoer trunks,
three only, {D, 2D, 3D, are shown in the diagram.

2108

In Figure 9 usa, usb and usc are the three sets

" of 24 contacts fitted to each uniselector and usg,

#sr and usp are respective wipers therefor. The
conductors di and d? are for speech transfer,
and d? for testing of outgoer trunk ID; these
conductors are connected to contact { of the re-
spective usa, ust and usc of uniselector ‘US| and
all contacts 1 of the sets usa of each of ‘the uni-
selectors are.connected together by the conductor
59, similarly all contacts | of sets usb of each of

the uniselectors are .connected by the conductor
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51, and contacts 1 of the sets usc-are connected
by the conductor 52, and so on; conductors 53,
54 and 55, 56, 57 and §8 connecting the’corre-
‘sponding contacts of all the uniselectors. The
three conductors df, d2 and d3 of outgoer trunk
2D are respectively connected to contacts 2 of
sets usa, usb and usc of all the uniselectors; simi-
larly the conductors di, d2 and d3 of outgoer 3D
are connected to-contacts 3 of sets usa, usb and
usce of all the uniselectors, and so on in well
known manner,

Assuming $hat a subscriber associated with the
uniselector USI is making an outward call, the
three wipers usqg. usr and usp move over the re-
spective sets of contacts. If outgoer trunk iDis
engaged its conductor d3 and therefore wiper
usp would be automatically earthed, and the
wipers would, by their driving magnet, pass on to
contacts 2; if outgoer trunk 2D were disengaged
the wipers weuld remain on contact 2 until the
subscriber released the connection. This is the
usual daction of the uniselector.

In order to reduce the total number of out-
goer trunks required by equalising the traffic car-
ried by early- and late-cheice outgoer trunks, it
is preferred to connect the outgoers from the
sub-exchanges to the main exchange so as to pro-
vide a graded system of cutgoer trunks as shown
in the western section of Figure 1 and in Figures
10 and 11.

In Figure 10 the connecting lines D2, D3, DA
represent groups of outgoer trunks; in Figure 11
the lines represent single outgoer trunks to show
the mode of commoning at the respective junc-
tion points; the same reference letters are em-
ployed to designate similar parts in both Fig-
ures 10 and 11.  In this case there are four kinds
of outgoer trunks per set; Df (shown in fine full
line) are outgoer trunks which connect the sub-
exchange with which it is associated directly to
the main exchange: D2 are outgoer trunks (shown
in heavier lines) which are connected to two
stuib-exchanges by being commoned at a junc-
tion point tI; D3 are outgoer trunks (indicated
by still heavier lines) which are connected to
three sub-exchanges by being commoned at junc-
tion points Jii and JI3; and D6 are outgoer
trunks ¢indicated by heavy lines) which are con-
nected to all sub-exchanges by being commoned
at junction points J{I, J12, JI3, JI4 and JI15.
The mode in which the several outgoer trunks
are commoned at the junctions is illustrated in
Figure 11 from which it will ke seen that of out-
goers entering the main exchange M some
are connected to one sub-exchange only, some
to 2 sub-exchanges, some to 3 sub-exchanges and
some 1o 6 sub-exchanges. The wipers of the uni-
selector of a calling subscriber contacting with
contacts | of the uniselector to which the directly
connected outgoer DI is connected, would find a
disengaged line unless another subscriber in the
same sub-exchange had already appropriated it.
On the wiper moving over contacts 2, 3, 4 a dis-
engaged line would be obtained unless these
numbeis were appropriated by a subscriber in
the calling sub-exchange or in the other associ-
ated sub-exchange. On passing the contacts 5
to 8 the outgoer trunk would be engaged if it had
been calied up by a subscriber in the calling sub-
exchange or either of the other two sub-
exchanges; whilst ¢n moving from contacts 9
to 24 an outgoer would be engaged if in use

' by any one of the 6 sub-exchanges. These con-
ditions are typical of grading and by distributing
‘the calls evenly over the various outgoer trunks
each one has maximum efficiency and so renders
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it possibleto reduce the number of them to a
minimum for given traffic requirements. ;

The conductor d3 of an outgoer trunk: is
earthed. at. the sub-exchange by which it is en-
gaged; and it will be seen that if the conductor
d3 of an outgoer trunk be earthed at a sub-ex-
change near to the main exchange by a call
originating in that sub-exchange, and be tested
for earth by a uniselector at a remote sub-ex-
change, a long length of conductor will inter-
vene between the private wiper usp .at the re-
mote exchange and the “earth” at the near ex-
change; and that this resistance would be var-
ied according to the distance of the two said
sub-exchanges. - As this resistance may have a
maximum of several hundreds of ohms the usual
arrangement of a -uniselector would prove -un-
satisfactory if employed with-the usual stand-
ard battery voltage, relays and the like. "It is,
thereore, preferred to modify the usual form of
uniselector ‘in the manner illustrated in Fig-
ure 12. ) ]

In Figure 12, L is the line relay having: three
contact units L1, L2 and L3 and K is the switch-
ing relay having four contacts Kf, K2, K3 and
K4. In addition to the relays L and K there
is provided a ‘testing relay N having two con-
tacts NI, N2. Of the relay contacts Ll and L2,
the former is arranged to make contact before
1.2, these two contacts are of the “make” type;
1.3 is a “break” contact unit; the respective func-
tions of L2 and L3 are to “earth” the private
wire 45’ and to control the homing circuit. The
line relay has a slow-to-release feature. LI
provides an operating circuit for the testing re=
lay N by earthing the home contact ush. The re-
lay N is of the type which releases quickly, and
when operated will hold inseries with several
hundreds of ohms resistance; and NI and N2 are
“make” and “break” contact units respectively;
the energising of the switching relay K dis-
connects the N relay. The testing relay N com-
pletes and controls the. driving magnet.circuit,
controls the switching relay K and tests the
contacts in the uniselector bank. The uniselec~
tor mechanism may be of normal design and
consists of four wipers usq, usr, usp and usk
which are angularly moved, as one unit over a
corresponding number of semi-circuiar arcs of
contacts usa, usb, usc and concentric segments
usd known as the uniselector bank, by a pawl
and ratchet arrangement actuated by an arma-
ture. The motive power is supplied by the driv~
ing electro-magnet - DM.. . The interrupter
springs dms are arranged as usual so that they
disconnect the operating circuit of DM when the
armature is operated..

The two conductors Ca and Cb. connect the
subscriber’s line to the. moving springs of con-
tact units K2 and K3 of the line relay K. K2
connects conductor Ca to one end-of the L relay
coil. - K3 connects conductor Cb to earth.. The
other end of L relay coil is connected to nega-. -
tive of earthed battery. -The cperating -circuit
for L is completed when the subscriber takes his
receiver off the rest. Contacts L2 and L3 -re-
spectively “earth” conductor 45’, and discon-
nect the homing circuit through usd and usk
respectively. Ll connects the home contact usa
of arc usc to earth, wiper usp normally resting
on this contact and being connected to negative
of earthed battery. Hence when precedent act-
ing contact L1 is closed, relay N is operated. N2
then connects K relay coil to conductor 45’ -and
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provides an operating circuit for this relay when
N relay releases, Nt closes and the ¢ircuit of the
driving magnet DM and interrupter contacts
dms is completed; the driving magnet DM will
be energised over this circuit and the wipers
will be rotated until they rest om 4 free outlet,
whereupon the relay N will release as there will
be no “earth” on the private wiper to complete
its circuit. N{ contact in reléasing disconnects
the circuit of DM and thus prevents further ro-
tation; N2 contact in releasing connécts K relay
coil to conductor 45’ and thence through relay
contacts L2 to “earth”; K relay then operates;
Kl disconnects the homing circuit; K2 discon-
nects conductor Ca from relay coil I, and con-
nects it through conductor Ca’ to wiper usq
and so to the subsequent selector; K3 discon-
nects conductor Cb from “earth” and conneects
it through Cb’ to wiper usr and so to the siub-
sequent selector. K4 disconnects conductor 45’
from the relay N and connects it to conductor
45’; thus extending coniductor 45 through wiper
usk to the subgequent selector. The operating
cireuit for rélay L i§ now broken and it starts to
release; the “earth” providing theé holding cir-
cuit for relay K is maintainéd on conductor 45’
at L2 during the slow-to-release period of relay L
until a holding “earth” has been returned on
wire 45 from the subseguent selector. K relay
remains operated until the holding “earth” is
removed from conductor 45 due to the calling
subscriber hanging up his receiver. The re-
lease of K restores everything to normal, in
preparation for another call; by completing tiie
homing circuit at Kl and re-connecting wires
Ca and Cb to the line relay L and “earth” re-
spectively, an “earth” being connected to the
driving magnet circuit by means of wiper usk
through the homing arc usd, contact 13 and
contact Ki.

When this invention is apphed to systems of
telephony in which the engaged” 1nd1cat1ng
conductor d3 is connected to negatlve battery,
the free condition of an outgoer trunk being in-
dicated by such connection, and the “engaged”
condition being indicated as usual by connect-
ing the said conductor to “earth i further modi-
fications are required to the subscrlbers unise-
lector to make the testing relay operate instéad
of releasing when a free outgoer trunk is
reached.

One arrangement of the said modification is
shown in Figure 13; as the diagram PFigure 13 is
similar in many respects to Figure 12, the same
nomenclature has been used where possible. The
modification consists in combining the testing
relay N and switching relay K of Figure 12 into
one relay NXK (see Figure 13) which combines
the functions of both relays N and K, this com-
bination being rendered possible inasmiuch as the
testing wire, in the case of a frée outgoer trunk,
is energised by connection to negative battery

NK relay is a double coiled relay with one hlgl’l
resistance winding #kh and one iow resistance
winding nkl; it has 5 contact umts NKI{, NK2,
NK3, NX4 and NK5§; NKI opera.tes when w1nd-
ing nkl is energised and before the other NK
relay contact units. The line relay L is of the
usual construction and has the usual functions.
Its operamon causes the uniselector wipers usq,
usr, usp, usk to rotate over the arcs usa, usb,
use, usd until a negative battery on d3 of a free
outgoer trunk completes a circuit for the low
resistance coil nkl of relay NK via wiper usp,
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to “earth.” The energising of this coil causes
the operation of NEKI contact. NKIi contact
thus operated disconnects the - circuit of the
driving magnet DM and contacts dms and com-
pletes the operating circuit for the high resist-
ance coil nkh of NK relay, which completely
operates the relay, and through contacts NKZ,
NK3; NK4 switches the subscriber’s line connec-
tions Cd¢ and Cb through to the uniselector
banks: NK relay holds on as in a normal
switching relay, reléasing upon the termination
of the call.

If, instead of usmg subscribers’ uniselectors as
disengaged outgoer trunk connectors, subscribers’
two-motion line-finders with directly gssociated
outgoer trunk hunters are used, the difficulty of
testing for a freé outgoer trunk, referred to ahove,
does not exist with a testing reldy used for this
purpose; in which the wipers are not returned to
the home position upon release; but there re-
mains & difficulty when used in the arfangement
shown iti the W section of Figure 1 and Figures
10 and 11, wheré in order to obtain the advan-
tages of grading it is necessary, that the outgoer
trinks should be tested in the same order (1 to
24) each time. To do this it is necessary, in
order to &pply siich outgoer hunters to the pres-
ent invention, for the wipers of the outgoer trunk
hunter to return to a normal or home position
when hot in use, @nd alsoé that the associated
line-finder shall be prevented froni being taken
into usé& while this homing action is occurring,.

Oneé method of dccomplishing the object is
shown in thé arrangement of Figure 14 in which,
instéad of reproducmg all the connections of the
line-firider; line-finder allottér, control relay sets
and other equipment in whick no change is made,
orily those parts are shown which &re directly
coricerned Wwith the modificaticni, which parts are
a uniselector mechatism US3 of normal design,
a rélay operdted contact unit R¢; d mechanically
operated contdet tinit Mc and two of the uni-
seléctor ling allotter arcs Ifa ahd 1fb, and wipers
lwl and lw?, associsted with & line-finder allotter.

‘When the outgoer trunk hunter is taken into
usé an “éarth” i transmitted from the line-finder
allotter circuit via wiper lwl to complete a.self-
intérrutpted drive cifeuit for the driving magiet
DM; thus the wipers usq; uésr and usp padss over
their associated arcs and connect to the three
conductors df; d2 and d8$ of each outgoer trunk
in turn; this eireuit is bfoken in 4 khown manner
by the operation of 4 testing relay (not shown)
in the line~finder allottér circuit when & iree out-
goer trunk is connected to wiper usp. At the
same time; as the outgoer trunk hunter is taken
into use; its associated line-finder is taken into
use also; as soon as this occurs the relay- -operated
contact unit Re breaks the homing circuit of the
driving magnet DM; &as the wipers of the line-
finder step off normal in a vertical direction the
mechanically operated contact unit Me operates,
further breaking the homing circuit in prepara-
tion for relay contact unit Re makmg contact
again when the line-finder is stepping in a rotary
direction. When the line-finder wipers finally
rest on the calling subscriber’s line, contaet unit
Re breaks again and does not “make” until the

:cornection is released by the calling subscriber

replacing his receiver on the rest. - The line-
finder wipers are restored to their normal p051t10n
at this time, and the mechanically operated con-
tact unit Mc makes contact again, thus com-
pleting the following self- -interrupted drive hom-
ing circuit for the driving magnet DM; the wiper
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usk connects the arc.usd to “earth,” which arc

is connected via. contact units Rc and Mc to the
driving magnet DM and its associated interrupted
springs dms, the circuit being completed by its
associated negative battery. The wipers usq, usr, s
usp and usk will be stepped over their associated
arcs, therefore; until the homing cireuit is broken

by wiper usk leaving arc usd and disconnecting
the earth 94, all the wipers being now in the home
position. While the outgoer hunter is being.re- 10
stored to the home position the earth 94 is con-
nected via wiper usk to the appropriate contact
on arc Ifb of the line-finder allotter, to prevent
the outgoer trunk hunter and its associated line-
finder from being taken into use while the out- 15
goer trunk hunter is at normal.

Figure 15 shows one way of applying the inven-
tion to a non-director multi-exchange area. In
the diagram. MI. represents .a central exchange
having sub-exchanges ma, mb, mc. and md; Sa, 20
Sb, Sc and Sd represent four satellite exchanges
(having sub-exchanges such as sa—sd) and these
five exchanges form main exchanges for the sub-
exchanges in their respective areas. Tl are groups
of lines connecting the satellite exchanges Sa—8d. ,
to the central exchange M, and T2 are lines con- ~
necting the satellite exchanges: to their sub-ex~
changes. .

In the arrangement illustrated in Figure 15 the
subscribers’ numbers in the area of the central 30
exchange range from 2,000 to 4,999, hence 30 sub-
exchanges are connected to the central exchange
by one of the methods shown in Figure 1; the
sub-exchange outgoers are connected to 1st nu-
merical selectors at the central exchange, which .
would also contain 2nd numerical selectors for
connecting callers to the incomers to sub-ex-
changes in the central exchange area; the incom-
ing junctions from the satellite exchanges are
also connected to 1st numerical selectors.” When 4q
5, 6, 7 or 8 is dialled on a 1st numerical selector,
connection. is made over a junction to a 2nd
numerical selector at one of .the satellite ex-
changes Sa, Sb, Sc or sd respectively, the second
digit dialled connects the. caller to the appro-
priate incomer trunk by stepping the 2nd numeri-
cal selector. :

For the system illustrated in Figure 15 the
numbering schemes of the satellite exchanges-are
as follows: L ‘

Sa exchange 5000-5999, Sb exchange 6000-6999,
Sc exchange 7000-7999, Sd exchange 8000-8999;
thus there are 10 sub-exchanges connected to
each satellite exchange. ‘The sub-exchange out-
goers are connected o discriminating selector re- 55
peaters with- associated outgoer trunk hunters,
which in a well known manner, connect the
outgoer trunk to the central exchange and the
satellite exchange before dialling, and discrimi-
nates to which exchange the call must pass. after
the first digit is dialled. For example, in exchange
Sa when 5 is dialled the connection to the cen-
tral exchange is released and the remaining digits
dialled pass through exchange Sa, the discrimi-
nating selector then acting as a 2nd numerical 65
selector. .

Thus when the invention is applied to a non-
director multi-exchange area the only modifica-
tion required lies in the type of selector to which ¢
the outgoer trunk is connected at the satellite 7,
exchanges, that is to say a discriminating se-
lector repeated instead of a 1st numerical selector.

Figure 16 shows the application of the inven-~
tion to a director system of exchangers XA, XB,
XC, XD, XE, XF, XG, XH, XI, XJ, XK and XL. 75

b0

60

Ks indicates the group .of incomer trunks and
outgoer trunks linking the exchanges to enable
calls to pass-from one to the other; each of:the
exchanges XA—XI, has up to 100 sub-exchanges
connected to it by one of the methods shown in
Figure 1 and as hereinbefore described.

Each outgoer trunk is terminated on a selec~
tor of usual design which, in a well known man- :
ner, provides facilities for storing 7 digits dialled
and translating the first 3 digits into a code. of
1 or more digits in order to route the call to the
correct exchange. For example, when a -caller
in an exchange area makesa call to a subscriber
in the same area, the 3 digits are translated into
1 code digit; if, however, the call is to a sub-
seriber in exchange XL the- first 3 digits ‘are:
translated .into 4 code digits, one to determine
the route in each exchange: passed through.

Each of the exchanges X -contains selectors
with associated -equipment and 1st and 2nd nu-
merical selectors; the latter would connect call-
ers to the incomer trunks to the sub-exchanges.
Thus it will be seen -that the modification re-
quired for applying the improved system to a
director exchange is only in the type of selector
to which the outgoer trunk is: connected at the
main.exchange. ’ "

Iclaim:

1. In an automatic telephone system in com-
bination, a main exchange, sub-district sub-ex-
changes, line connections from subscribers in
the respective sub-districts to the corresponding
sub-exchange, outgoers from each sub-exchange:
to the main. exchange, incomers to each -sub-
exchange from the main exchange, a disengaged
outgoer connecting organisation in each: sub-ex-
change which, when a subscriber puts a call:
through to his sub-exchange automatically con-
nects his line to a disengaged outgoer, switching
mechanism of the group selector type in the
main exchange, associated with the cutgoers and
incomers, which, when the calling subscriber is
connected to an outgoer and dials in succession.
all the digits, except the last two, of the num-

5 ber of the subscriber re is calling, automatically

connects. the said outgoer to an incomer to the
sub~-exchange to which the called subscriber is
connected, final selectors in each sub-exchange
respectively connected to the incomers to the
sub-exchange which, when the two final digits
of the called number are dialled through the
connected incomeér, connects- the latter. to the
line of the called subscriber, a number of junction
points located at points where the routes from
the respective sub-exchanges of a group of sub-
exchanges to the main exchange approach close
together or /intersect,” means at the junction
points by which the corresponding conductors of
corresponding . outgoers - entering the junction
point from a plurality of sub-exchanges of the
said group are connected together and to a single
outgoer leaving the junction point en route for
the main exchange. o .

2. An automatic telephone system in_accord-
ance with claim -1, in which the disengaged out-’
goer connector organisation is a uniselector, one.
for each subscriber’s-line, the combination:with
the driving magnet energising circuit ‘and the
usual line and switching relays of the uniselector
of a relay the winding of which is normally con-
nected, in series with an earthed battery, through
a contact unit of the- switching relay, to the
private wiper-of the uniselector, said testing re-
lay having tWwo contact  units  one, normally:
closed, in the driving magnet energising circuit,
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and one, normally open, in the winding circuit
of the switching relay, the first mentioned of said
two contact units being opened and the second
mentioned being closed when the testing relay
winding is de-energised by movement of the
private wiper onto a contact which is not earthed.

3. An automatic telephone system as claimed
in claim 1, in which the testing wires of the
outgoers are, when disengaged, connected to a
battery negative, and when engaged are earth-
connected, and in which the disengaged outgoer
connector organisation is a uniselector, one for
cach subscriber’s line, the combination with the
elements of the uniselector of a combined switch-
ing and testing relay having two windings, one
cf high resistance and the other of low resistance,
the latter normally connecting the private wiper
of the uniselector to “earth” and when the said
wiper moves into contact with a test wire at
negative potential, being energised, and when
energised opening a relay contact unit in the
energising circuit of the driving magnet and
clesing a relay contact unit in the circuit of the
high resistance winding, whereupon relay con-
tact units of the uniselector are operated to con-
nect the subscriber’s line to a disengaged out-
SOeT.

4. An automatic telephone system as claimed
in claim 1, in which the disengaged outgoer con-
nector organisation is a combined line-finder and
outgcer hunter, the combination with the ele-
ments ¢f such organisation of two relay contact

7

units arranged in series in the circuit including
the driving magnet energising winding, the line
allotter arcs and the wipers therefor, one of the
said contact units being that of an electrically
controlled relay associated with the line find-

. ing circuits of the said organisation, and the
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other contact unit being mechanically controlled
relay operated by the wiper of the two motion
finders of the said organisation, the combined
action of the two relay contact units, upon re-
lease of the said organisation, causing the return
movement of the hunter wipers to the home po-
sition, and preventing, during said return move-
ment, the line-finder part of said organisation
being taken into use.

5. The combination with an automatic tele-
phone system as claimed in claim 1 of at least
one satellite exchange system comprising a satel-
lite central exchange and a number of sub-dis-
trict satellite sub-exchanges, the central ex-
change being connected by sets of outgoers and
incomers to the main exchange, and the satellite
sub-exchanges being connected to the subscribers
in the associated sub-district, and being con-
nected by outgoers and incomers to the central
exchange.

6. The combination with an automatic tele-
phone system as claimed in claim 1 of a plu-
rality of additional exchanges which, together
with the main exchange of the said system, are
interconnected on the director system.
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